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Abstract Aspirin (acetylsalicylic acid, ASA) has been
used as an analgesic, antipyretic and antiinflammatory drug
for many years. A new 500 mg aspirin tablet formulation
containing micronized active ingredient and an efferves-
cent component has been developed for potential
improvement in the onset of action for acute pain treat-
ment. This paper describes the dissolution and the
pharmacokinetics of the new formulation in comparison
with regular aspirin tablets, aspirin granules and aspirin
effervescent tablets. Micronized aspirin tablets dissolve
significantly faster over a pH range from 1.2 to 6.8 com-
pared to regular 500 mg aspirin tablets. Plasma
concentration time curve comparison to regular 500 mg
aspirin tablets showed a substantial improvement in the
time to maximum plasma concentrations (7Tj.x) (ASA
17.5 min vs. 45 min) and an increase in maximum plasma
concentration (Cpax) (ASA 13.8 pg/ml vs. 4.4 pg/ml)
while the overall extent of exposure (AUC) remains almost
unchanged. The data suggest a potential improvement for
onset of action in treating acute pain with the new
micronized aspirin formulation.
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Introduction

A major goal of pharmaceutical formulation of analgesics
is to keep improving the efficacy of the product. This can
be achieved by either a faster in vivo dissolution in the
stomach or a faster absorption of the active ingredient
throughout the gastrointestinal (GI) tract, or both.
Acetylsalicylic acid (ASA, aspirin) is a non-steroidal
anti-inflammatory drug used for the treatment of pain and
fever (Hersh et al. 2000; Schror 2009). In general, orally
administrated aspirin is rapidly and completely absorbed
from the GI tract. The maximal plasma levels (Cp.x) of
aspirin are usually reached within less than 30 min. During
intestinal uptake and liver passage ASA is enzymatically
converted in first-pass metabolism to its main active
metabolite salicylic acid (SA). Cpax of SA is reached in a
dose-dependent manner within 2-3 h (Schror 2009).
Although aspirin was first synthesized in 1897 and sold
as a tablet for many decades, new formulations have been
continuously developed and marketed, e.g., dry granules,
effervescent solution, and chewable tablets (Buellesbach
2007). A major challenge of pharmaceutical formulation
activity is increasing the efficacy of the product by
achieving faster dissolution and faster absorption of the
active ingredient, which may lead to a faster onset of action
in acute pain (Doyle et al. 2002). This has been proven to
be extremely challenging since aspirin can exist in two
forms due to its weak acidic nature (pKa = 3.5). At pH
above 5, aspirin is an anion (R-COQO™) that has a higher
aqueous solubility and thus higher dissolution rate, while
lower absorption through lipoid membranes. At pH below
2, aspirin exists as a neutral organic molecule (R-COOH)
which lowers the aqueous solubility dramatically while
enhancing the absorption. The molecule exists as a mixture
of the ionic and neutral forms between pH 2-5. This pH
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dependency, combined with contradictory dissolution and
absorption behaviors thus has a major impact on the
pharmacokinetic profile of aspirin.

This paper describes the in vitro dissolution and the in
vivo absorption of a new aspirin 500 mg tablet formulation
containing micronized ASA and an effervescent compo-
nent. This combination greatly enhances the in vitro
dissolution and pharmacokinetics of aspirin.

Methods
Dissolution study

In vitro dissolution of micronized aspirin 500 mg tablets
has been compared to conventional Aspirin® 500 tablets
(Bayer HealthCare, Germany). The products were tested
following the current USP/NF monograph dissolution
procedure for aspirin tablets and USP general test <711>
“Dissolution”. To capture the dissolution profiles of the
two products, samples were taken at 1, 3, 6 and 15 min in
addition to the USP required Q point at 30 min. A modified
test procedure was also run by using dissolution media
prepared (in accordance with the USP reagents section on
the preparation of buffers) at pH 1.2 and 6.8 in addition to
the standard aspirin tablet dissolution medium pH of 4.5.
Calibration solutions containing ~1 mg/mL of ASA were
prepared in the same pH buffer as the dissolution being
performed. Prior to measurement, the isosbestic point for
acetylsalicylic acid and salicylic acid was determined using
1 mg/mL solutions of each. The samples were collected
and filtered through a 10 um filter prior to measuring, at
the predetermined isosbestic point, in a Cary Model 50
spectrophotometer. The calibration was current for the
equipment employed for the analyses which were con-
ducted in conformity with GMP requirements. Twelve
dosage units of the products were tested and the average
percent dissolution and relative standard deviation
calculated.

Pharmacokinetic studies

Two identically designed phase 1 pharmacokinetic studies
were conducted. Both were randomized, open-label, cross-
over, single-dose, single-center studies conducted in healthy
adult male and female subjects. Study treatments in study 1
included two different development candidates of 500 mg
micronized aspirin tablets, 500 mg aspirin tablets (Aspi-
1in®) and 500 mg aspirin dry granules (Aspirin® Effect).
Study 2 investigated the final 500 mg micronized aspirin
tablet formulation in comparison to 3 different 500 mg
aspirin effervescent tablet formulations (Aspirin® Migraine,
Alka Seltzer® Extra Strength, Aspro®). Institutional Review
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Board/Ethics Committee approval of these studies was
obtained. The studies were conducted under Good Clinical
Practice and the Declaration of Helsinki. Subjects gave
written informed consent prior to randomization.

Blood samples for determination of plasma drug con-
centration of ASA and SA were collected in both studies
prior to dosing (time 0) and at 5, 7.5, 10, 12.5, 15, 17.5, 20,
22.5, 25, 30, 35, 40, 45, 50, 55 min and at 1, 1.25, 1.5, 2, 3,
4,5,7,9, 12 and 24 h post-dose. There was a 7-day wash-
out period between dosing on day 1 and each subsequent
treatment period. Acetylsalicylic acid and SA plasma
concentrations were determined, and area under plasma
concentration—time curve from time zero to the time of the
last measurable concentration (AUCy_,), AUC from time
zero extrapolated to infinity (AUC_j,¢), maximum plasma
concentration (Cyy,x), time to reach maximum plasma
concentration (f,,,,) and half-life (¢;,,) were calculated.

Statistical comparisons were performed after log trans-
formation (natural log) of the data and tested for
bioequivalence. Bioequivalence was based on Cp,.x and
AUC_; and AUC_j,¢ using 90% confidence intervals (CI)
and equivalence was concluded if the CI for the ratios is
contained within 80-125%.

Results
Dissolution study

Table 1 shows the average percent of dissolved aspirin of
the final 500 mg micronized aspirin tablet formulation and
the 500 mg aspirin standard tablet at pH of 1.2, 4.5 and 6.8,
respectively, at time points measured. The micronized
aspirin tablet formulation was dissolved to an extent of
92.5, 98.8 and 100.9%, respectively, at 15 min, while at the
same time the aspirin standard tablet was dissolved to an
extent of 47.6, 78.9 and 82.8%, at the three pH values,
respectively. The mean percent dissolution versus time
curves is shown in Fig. 1. The in vitro dissolution data
show that the micronized aspirin tablet enters solution
faster than the aspirin standard tablet at pH 1.2, 4.5 and 6.8.
The rate of dissolution for both products appears dependent
upon the pH of the dissolution medium, with a lower pH
producing a slower rate of dissolution.

Pharmacokinetic studies

Study 1: micronized aspirin vs. aspirin tablet vs. aspirin
dry granules

Thirty subjects were randomized (17 males, 13 females).
Four subjects discontinued prematurely and 26 subjects
completed the study. The mean (SD) age of randomized
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Table 1 Percentage of dissolved active ingredient from micronized aspirin 500 mg tablet and aspirin 500 mg regular tablet (average% (RSD%))

Time Micronized aspirin 500 mg tablet Aspirn® 500 mg tablet

pH 1.2 pH 4.5 pH 6.8 pH 1.2 pH 45 pH 6.8
1 min 28.8 (29.6) 324 (15.3) 30.3 (24.2) 3.4 (23.8) 5.6 (27.1) 6.1 (20.7)
3 min 64.6 (6.1) 874 (2.9) 86.5 (3.6) 8.4 (16.3) 16.0 (9.6) 16.5 (9.9)
6 min 80.6 (1.2) 95.8 (0.8) 98.1 (0.8) 18.0 (6.2) 34.9 (9.1) 36.4 (5.5)
15 min 92.5 (3.1) 98.8 (0.8) 100.9 (0.7) 47.6 (5.9) 78.9 (9.1) 82.8 3.7)
30 min 101.7 (1.2) 98.9 (0.7) 101.0 (0.7) 84.1 (3.6) 99.3 (1.5) 101.2 (1.6)

Only the final development candidate is shown

Fig. 1 In vitro dissolution
versus time curve of micronized
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subjects was 33.5 (8.58) years, range 24-54. Mean weight
of subjects was 72.4 kg (SD = 13.6), mean height
166.6 cm (SD = 10.1) and body mass index 25.9
(SD = 3.3).

The average maximum plasma concentration levels
(Crax) for ASA and SA were higher for micronized aspirin
compared to aspirin plain tablets and aspirin dry granules
(ASA: 13.8 pg/ml vs. 4.4 and 6.0 pg/ml, respectively, and
SA: 35.1 pg/ml vs. 27.0 and 29.8 pg/ml, respectively)
(Table 2, only the data of the final micronized aspirin
development candidate are shown). With respect to total
extent of absorption AUC_,; and AUC_;,y, all formulations
were equivalent. Acetylsalicylic acid AUCs are between
6.2 and 7.0, SA AUCs are between 177 and 205 (Table 2).
Confidence intervals of the ratios were within the equiva-
lence acceptance range of 80-125% (Table 3).

Plasma concentration versus time curves for ASA and
SA display the increase in Cp,,x for the micronized aspirin
formulation (Fig. 2, only the data of the final micronized

10 125 15 175 20 22,5 25 27.5 30

Time (Minutes)

aspirin development candidate are shown). A decrease in
max for ASA and SA of the micronized aspirin formulation
compared to both comparisons also is shown. Median time
to tmax for ASA and SA was 17.5 and 45.0 min for
micronized aspirin compared to 45.0 and 180 min for the
plain tablet and 25.0 and 120 min for dry granules
(Table 2). Mean half-life (t;,,) of plasma ASA was rela-
tively short for all treatments ranging from 0.35 to 0.54 h.
The respective results for plasma SA were longer, ranging
from 2.5 to 2.8 h (Table 2).

Study 2: micronized aspirin vs. aspirin effervescent tablets

Thirty-two subjects were randomized (20 males, 12
females). Six subjects discontinued prematurely and 26
subjects completed the study. The mean (SD) age of ran-
domized subjects was 34.0 (8.98) years, range 20-52. Mean
weight of subjects was 76.1 kg (SD = 11.9), mean height
168.8 cm (SD = 9.0) and body mass index 26.6 (SD = 2.8).
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Table 3 Ratios of geometric means and 90% confidence intervals of Cp,,x and AUC

Analyte Parameter (unit) Study 1

Study 2

Micronized
aspirin tablet®/
Aspirin® tablet

Micronized aspirin
tablet*/Aspirin®
dry granules

Micronized aspirin
tablet>/Aspirin Migraine®
effervescent tablet

Micronized aspirin
tablet®/Alka Seltzer®
effervescent tablet

Micronized aspirin
tablet> Aspro®
effervescent tablet

ASA Cpax (Hg/mL) 3.29 (292-370) 2.33 (207-262)
AUCqy, (ng h/mL)  0.96 (92-100)  0.92 (88-96)
AUCq_jn¢ (ug h/mL) 0.95 (91-99) 0.91 (87-95)

SA Chax (ng/mL) 1.28 (123-133) 1.18 (113-122)

AUCy, (ng h/mL)
AUCq_inr (1g h/mL)

1.07 (104-110)
1.04 (101-107)

0.99 (96-102)
0.98 (95-101)

1.15 (106-125)
1.22 (118-128)
1.23 (118-128)
1.10 (106-113)
1.21 (118-125)
1.23 (119-126)

1.39 (128-151)
1.37 (132-143)
1.37 (132-143)
1.19 (116-123)
1.40 (136-144)
1.42 (137-146)

1.14 (105-124)
1.14 (109-118)
1.13 (109-118)
1.16 (113-119)
1.25 (122-129)
1.27 (123-130)

? Only the final developmental candidate is shown

° Final development candidate

The average maximum plasma concentration levels
(Cimax) ASA and SA were slightly higher for micronized
aspirin compared to aspirin effervescent tablets (ASA:
13.1 pg/ml vs. 11.7, 9.4 and 11.5 pg/ml, respectively and
SA: 31.9 pg/ml vs. 29.2, 27.0 and 27.8 pg/ml, respec-
tively) (Table 2), but 90% confidence intervals of the ratios
were still within the equivalence acceptance range of
80—125% for the comparisons with Aspirin Migraine® and
Aspro®, but not with ASA Alka Seltzer® (Table 3). Mea-
sures of the total extent of absorption (AUC,_, and AUC,_
inp) were also slightly higher (ASA: 6.6 and 6.7 for
micronized aspirin and 4.8-5.8 and 4.9-5.9 for effervescent
aspirin formulations; SA: 175.2 and 183.9 for micronized
aspirin and 129.0-143.1 and 133.5-148.9 for effervescent
aspirin formulation).

Plasma concentration versus time curves for ASA and
SA demonstrated an increase in Cp,,, for the micronized
aspirin formulation (curves not shown). A slightly greater
tmax for ASA of the micronized aspirin formulation com-
pared to Aspirin Migraine® effervescent tablet, but
identical to Alka Seltzer® and Aspro® effervescent tablets
was observed (19.8 min vs. 17.4, 19.8 and 19.8 min,
respectively) (Table 2). With respect to SA data were
49.8 min for micronized aspirin tablet compared to 45.0,
45.0 and 49.8 min, respectively, for Aspirin Migraine®,
Alka Seltzer® and Aspro® effervescent tablets (Table 2).
Mean half-life (#,,,) of plasma ASA was relatively short for
all treatments (0.31 to 0.36 h). The respective results for
plasma SA were longer (2.46 and 2.68 h) (Table 2).

Discussion
Solid material dissolution can be described by the Nernst—

Brunner/Noyes—Whitney equation, which shows that the
dissolution rate is proportional to the surface area available

for dissolution, provided the amount dissolved is less than
the saturation solubility of the material (Neeti et al. 2011).
The published solubility data of aspirin, although not
always consistent, suggest a solubility of more than 4 mg/
mL at 37° C in 0.1 N HCI (Al-Maaieh and Aburub 2005).
The solubility increases with increasing environmental pH
and the solubility of aspirin at starting pH above 3.5 is
limited by the solution buffer capacity. It has been sug-
gested that aspirin solubility can exceed 200 mg/ml (i.e.,
100 g/500 ml) if the solution ending pH can be kept above
5 (Fahmy et al. 2001). It is clear, therefore, that 500 mg
aspirin should be soluble in 500 mL of the dissolution
media at pH 1.2, where the molecule exists at its neutral
form. The incomplete dissolution of the regular aspirin
tablet at pH 1.2 is then not due to saturation solubility but
rather due to the dissolution kinetics.

The pKa of acetylsalicylic acid is 3.5; therefore, at a pH
of 1.2 it will be mostly in the protonated state and have
relatively lower solubility. At a pH of 4.5, it will be mostly
in the ionized state and its solubility will be significantly
greater. At a pH of 6.8, it will be nearly completely ionized
and maximum solubility will be approached. This can be
observed in Fig. 1 where the 1.2 pH dissolution medium
results in both a much lower solubility and lower percent
dissolution profile compared to the pH 6.8 medium and pH
4.5 medium. However, the micronized aspirin tablet
reached >80% dissolution within 6 min and >90% within
15 min at all measured pH. An increase in the dissolution
rate of the new formulation compared to the standard
aspirin tablet was observed at every pH.

The European Medicines Agency on the Investigation of
Bioequivalence has defined that for an immediate release
drug product very rapid dissolution means the in vitro
dissolution is >85% in less than 15 min (European Medi-
cines Agency 2010). The new micronized aspirin 500 mg
tablet is much faster dissolving than the regular aspirin
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500 mg tablet and reaches more than 90% dissolution
within 15 min for the pH range from 1.2 to 6.8. The
interesting feature is that even at acidic conditions, repre-
sentative of the stomach fluid, the new product is highly
dissolved although the non-ionized form of aspirin, mainly
existing in the stomach, is of very poor solubility (Schror
2009). In addition to the fast dissolution, the new aspirin
formulation has a significantly shorter #,,,x compared to
marketed Aspirin® formulations tablet and dry granules. A
reduction of 30% (7.5 min) and 61% (27.5 min), respec-
tively, for ASA and a reduction of 62% (75 min) and 75%
(135 min), respectively, for SA compared to the aspirin dry
granules and aspirin tablets was observed. It is quite rea-
sonable to anticipate that this may lead to an improvement
in the onset of analgesia. On the other hand, total drug
exposure is almost identical to existing formulations. AUC
ratio of the micronized aspirin tablet and aspirin regular
tablet showed equivalence (90% confidence intervals of the
ratios are within 80-125%) of total exposure of the two
formulations. With comparable outcomes relative to the
effervescent formulations Aspirin  Migraine®, Alka
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Seltzer® and Aspro®, it could be considered that the overall
efficacy and safety profile of aspirin has not changed. With
respect to Cp.x the new formulation shows an increase
compared to the tablets (as a consequence of the faster
fmax), but still shows equivalence with pre-dissolved
effervescent formulations Aspirin Migraine® and Aspro®.

The observed pharmacokinetic behavior can be
explained by a pH-dependent ionization model of acetyl-
salicylic acid. The cell membranes are lipoid and allow
lipophilic drugs to diffuse most rapidly. Unionized forms
of a drug substance are more lipophilic and diffuse readily
across the membrane. The improvement in absorption for
the micronized aspirin tablet is predicted by the degree of
ionization of the drug. The distribution of acetylsalicylic
acid between its non-ionic, lipophilic form and its ionic,
negatively charged hydrophilic form is strongly dependent
on pH. Although the lipophilic form can be absorbed eas-
ily, the ionic form is less dissolvable at an acidic pH. An in
vitro simulation of local stomach pH of different aspirin
products after dosing with water showed that the micron-
ized aspirin tablet did not raise the pH of the stomach
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significantly as compared to other acetylsalicylic acid
formulations. As the pKa of acetylsalicylic acid is 3.5, the
micronized aspirin tablet would have a very low degree of
ionization, while other products would be mostly ionized,
leading to more rapid absorption of the drug for the
micronized aspirin tablet. Given the rapid dissolution of the
micronized tablet even in low pH environments and low
ionization of the drug, it is reasonable that the rate of
absorption (Cy,.x) is almost identical to pre-solubilized
effervescent tablets.

Whether the improved dissolution and pharmacokinetic
data will result in a improvement of onset of action in
treating acute pain needs to be proven in a clinical study.

Conclusions

The new micronized aspirin tablet is a very rapid dissolv-
ing aspirin formulation showing a substantial improvement
of time to maximum plasma concentration compared to
regular aspirin tablets. This suggests that this new formu-
lation has a faster onset of analgesic effect. Total extent of
exposure is almost identical with the regular tablet and
Chax values are comparable to effervescent solutions of
aspirin suggesting no major changes in overall tolerability
of the drug.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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