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Abstract: Low-dose aspirin represents the best option in the secondary prevention of coronary artery
disease, but its extensive use in primary prevention is limited by the occurrence of gastric mucosal
lesions and increased risk of bleeding. We investigated the safety profile of a novel sublingual
aspirin formulation in 200 healthy volunteers, randomly assigned to ten (n = 20 each) different 7-day
once-daily treatment regimens. Gastric mucosal injury based on the modified Lanza score (MLS), the
histopathology of gastric mucosa and the serum determination of thromboxane B, (TXB,) and urinary
11-dehydro-TXB, levels were evaluated at basal as well as after 7 days of each placebo or aspirin
treatment regimen. In Groups A and B (placebo—oral and sublingual, respectively), no changes in
MLS and in gastric mucosal micro-vessel diameter were found at day 7. In contrast, in Groups C
and D (oral standard aspirin—100 and 50 mg daily, respectively), the median MLS was significantly
increased. Very few changes were found in Groups E and F (standard sublingual aspirin—100 and
50 mg, respectively). Groups G and H (oral administration of micronized collagen-cogrinded aspirin)
showed gastric protection compared to Groups C and D. Moreover, Groups I and L (sublingual
collagen-cogrinded aspirin—100 and 50 mg, respectively) showed a significant reduction (Group I)
or total abolition (Group L) of gastric mucosal lesions and no difference compared to the standard
one in serum TXB; and urinary 11-dehydro-TXB; levels. In conclusion, our data show that the
new formulation leads to a better safety profile compared to standard aspirin, representing a better
therapeutic option for extended use in primary and secondary prevention of cardiovascular diseases.

Keywords: aspirin; coronary artery disease prevention; gastric protection; micronization; colla-
gen cogrinding

1. Introduction

Aspirin is the most successful drug in history. It was discovered over a hundred
years ago, and, now, one billion tablets are consumed every year worldwide. In particular,
evidence has been collected showing that low-dose aspirin may play a crucial role in the
secondary prevention of both cardiovascular and cerebrovascular diseases [1-3]. Moreover,
due to its direct, as well as indirect, damaging effect on gastric mucosa, the occurrence of
aspirin-related peptic ulcers is increasing [4-6], and upper intestine bleeding still represents
a major issue in patients chronically using aspirin.
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The effect of aspirin has been assessed in the last forty years. In particular, it is known
that aspirin inhibits cyclooxygenase-1 (COX-1) in platelets, leading to a reduction in platelet
thromboxane A; (TXAj) and the subsequent inhibition of platelet adhesion and aggregation,
which are major steps that contribute to preventing cardiovascular complications [6,7].
However, the activity of aspirin is accompanied by a reduction in the protective activity
exerted by the biosynthesis of gastric mucosal prostaglandin E; (PGE,), an effect that
increases the risk of gastric lesions and bleeding [8]. However, the inhibition of COX-1
as a result of taking aspirin is accompanied by the enhanced production of another class
of COX-related products, namely, leukotrienes, mostly leukotriene B4, which leads to
vasoconstriction and inflammation in gastric tissues, an effect associated with aspirin-
induced gastric injury [9]. Finally, direct gastric mucosal lesion has been found to occur in
patients undergoing long-term low-dose aspirin treatment, mostly due to its direct entry
into gastric mucosal cells via non-ionic mechanisms, an effect associated with the back
diffusion of hydrogen ions into mucosal cells [10].

The occurrence of damage of the gastric mucosa and the bleeding found in patients
undergoing chronic oral treatment with low-dose aspirin have recently been confirmed
in the ASCEND study [11], which elucidated that gastric injury counteracts the benefit
derived from a more extended use of low-dose aspirin in the primary prevention in patients
with diabetes, though further studies are required in this area. This, however, represents the
basis for assessing therapeutic strategies aimed at combining gastro-protective drugs with
aspirin in order to attenuate its potential damaging effect at the gastric level [11,12]. In fact,
the use of protonic pump inhibitors (PPIs), as well as Hj histamine receptor antagonists,
has been proven to be effective in protecting the gastric mucosa in patients undergoing
low-dose aspirin treatment; this strategy, however, is associated with an increase in sanitary
cost and is drug metabolism dependent [13,14]. Moreover, the use of aspirin formulations,
in which the drug is combined with compounds that increase gastric pH, is associated
with impaired aspirin absorption, as its entry into the cells is influenced by changes in its
solubility, which decreases at higher pH levels [15-17]. Thus, the development of a better
aspirin formulation still represents a challenge for researchers working in this area.

Recently, we developed and tested a new aspirin formulation based on an original
process, which includes micronization and cogrinding with collagen of its crystalline form,
thereby achieving a better drug absorption associated with significant protection of gastric
mucosa [18].

In particular, both oral and sublingual administration of the novel aspirin formulation
showed an early occurrence of serum concentration peak response compared to the stan-
dard crystalline drug formulation. This effect was associated with a decrease in both TXB,
serum concentration (the metabolite of platelet TXA;) and urinary 6-keto-PGF1a, which
represents another reliable bio-marker of aspirin efficacy at the COX level [18].

Finally, experiments in rats have been performed in order to verify the attenuated
impact of the novel aspirin formulation on the gastric mucosa. In particular, aspirin,
either standard or collagen-cogrinded aspirin, at doses previously proven to produce
gastric lesions, was given orally to rats to compare their damaging effects. Under these
experimental conditions, we found that the severity of the aspirin-induced ulceration
of the gastric mucosa was reduced when aspirin was cogrinded with collagen, an effect
confirmed by histopathological studies [18]. Thus, the novel aspirin formulation seems to
possess non-inferiority efficacy compared to standard aspirin and a better safety profile as
evaluated in the experimental models of aspirin-related gastric damage.

The present randomized, double-blind, placebo-controlled study was performed in
healthy volunteers in order to assess the safety profile of the novel formulation based on
micronization and the cogrinding of aspirin with collagen.
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2. Materials and Methods
2.1. Materials

Type I bovine collagen hydrolysate was purchased from LapiGelatin (Pistoia, Italy).
Aspirin (acetylsalicylic acid), maltodextrin, microcrystalline cellulose, sodium carboxy-
methyl starch, sucralose and magnesium stearate were purchased from Sigma-Aldrich
(Milan, Italy).

2.2. Preparation of Aspirin Formulations

A mixture of hydrolyzed bovine collagen and crystalline aspirin was micronized and
cogrinded in a ratio of 1 to 1 by means of a pin rotor mortar, which leads to microniza-
tion of powder particles at <40 um (Pulverisette 14, Fisher, Idar Oberstein, Germany).
Optical microscopy showed, after 20 min, the disappearance of micro-crystals of aspirin,
replaced by amorphous particles surrounded by collagen. The amorphization of aspirin
was confirmed by means of differential scanning calorimetry (DSC), performed with Perkin
Elmer apparatus DSC7 and calibrated with Indium. The samples were examined with a
scanning speed of 5.0 C/min. Granular aspirin was tested, highlighting the melting peak
in the range of 133.9-136.8, which characterizes the crystalline building. In contrast, when
evaluating aspirin micronized and cogrinded with bovine collagen hydrolysate via DSC,
the melting peak between 135 °C and 138 °C disappeared. The aspirin amorphization after
cogrinding with collagen was also confirmed by Raman microspectroscopy, as previously
described [18].

In the second step, standard crystalline aspirin and aspirin micronized and cogrinded
with collagen powders were used to obtain oral and sublingual formulations (tablets) by
means of mechanical compression (Ronchi, Italy) under good manufacturing procedure
(GMP-Institute of Research for Food Safety & Health, University of Catanzaro, Catanzaro,
Italy) conditions. Microcrystalline cellulose, sodium carboxy-methyl starch, sucralose
and magnesium stearate were thus used as excipients. When required, maltodextrin was
used to obtain a homogeneous final weight for each tablet, as well as in the formulations
for placebo. Placebo was obtained by substitution of aspirin and/or collagen in tablets
with maltodextrin.

2.3. Study Design

A randomized, double-blind, placebo-controlled study was performed to evaluate the
effect of oral, as well as sublingual, standard aspirin and micronized and collagen-cogrinded
aspirin on gastric mucosal lesions and on serum TXB, and 11-dehydro-TXB, urinary levels.
The study was carried out in 200 healthy volunteers, and data were compared with a
placebo-treated group. The study complied with the principles of the Good Clinical
Practice International Conference on Harmonization rules, was performed according to the
CONSORT Statement and its checklist (http://www.consort-statement.org/, accessed on
9 January 2022; see Supplementary Materials) and was approved by the Regional Ethics
Committee (extension study of EudraCT N. 2013-002980-24, 1 July 2013). Each study
participant provided written informed consent. Inclusion and exclusion criteria are listed
in the Supplementary Materials.

A total of 200 healthy volunteers were randomized using computerized random
number generation by an independent investigator (CIRM, Milan, Italy) on a double-blind
basis and randomly assigned to 10 groups (20 subjects each) according to the type and dose
of aspirin or placebo (Table 1 summarizes subjects’ demographics). In particular, healthy
volunteers received 7-day, once-daily treatment regimens: Groups A and B received oral
and sublingual placebo, respectively; Groups C and D received standard oral aspirin of
100 mg or 50 mg, respectively; Groups E and F received sublingual aspirin of 100 mg or
50 mg, respectively; Groups G and H received oral micronized and collagen-cogrinded
aspirin of 100 mg or 50 mg, respectively; and, finally, Groups I and L received sublingual
micronized and collagen-cogrinded aspirin of 100 mg or 50 mg, respectively. On day 7,
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healthy volunteers entering the study received two low-fat meals (lunch and dinner at 12
and 18 h, respectively). Only mineral water was allowed.

Table 1. Demographics of healthy volunteers enrolled in the study. Values are expressed as mean =+ SD.

Grou N Age Gender Body Weight Body Mass Smokin Concomitant
4 ) (Years) (Male/Female) (Kg) Index (Kg/m?) 8 Treatment
A—placebo oral 20 32+6 10Mand 10 F 68 + 8 23+2 0 0
B—placebo sublingual 20 354 10Mand 10 F 66 =7 25+ 4 0 0
C—oral standard 20 3444 9Mand 11 F 66+ 6 2444 0 0
aspirin 100 mg
D—oral standard 20 3445 11Mand9F 68 4+ 7 23+5 0 0
aspirin 50 mg
E—sublingual
L 20 34+5 11Mand9F 65+ 8 23+3 0 0
standard aspirin 100 mg
F—sublingual 20 35+5  9Mand11F 68+8 2443 0 0
standard aspirin 50 mg
G—oral micronized
collagen-cogrinded 20 33+4 10Mand 10 F 67 +£6 24+ 4 0 0

aspirin 100 mg

H—oral micronized
collagen-cogrinded 20 34£5 11Mand 9 F 66 = 6 25+£3 0 0
aspirin 50 mg

I—sublingual

micronized 20 35+4  10Mand 10 F 66 + 8 25+4 0 0
collagen-cogrinded
aspirin 100 mg
L—sublingual
micronized 20 34 +4 9Mand 11 F 68 £ 8 23+5 0 0

collagen-cogrinded
aspirin 50 mg

Gastroscopy and blood and urine sample collection for analytical tests were performed
in fasted volunteers on days 1 and 7 alongside the administration of the first and last doses
of the drugs or the placebo. All of the procedures required the supervision of an investigator,
who also instructed the healthy volunteers on the correct procedures for taking the aspirin
or placebo at their home. A pill count was performed on day 7 in order to verify the
compliance and adherence of subjects to the assigned treatment, which was 100%. This
was also confirmed by contacting healthy volunteers by telephone on days 2-6. All subjects
were instructed to not eat any meal for at least 6 h after taking the aspirin or placebo.
Finally, drinking water was not allowed for at least 1 h before and after taking the aspirin
or placebo.

Before administration of aspirin formulations or placebo and after the sixth dose, all
subjects performed a 24 h urine collection in order to study the effect of aspirin on urinary
levels of 11-dehydro-TXB; (by means of ELISA immunoassay; BioRad, Milan, Italy).

Plasma TXB; and urinary 11-dehydro-TXB, were validated for precision and accuracy
according to EMA guidelines. The mean serum levels of TXB, and urinary 11-dehydro-
TXB; in healthy volunteers were 306 + 45 ng/mL and 465 £ 58 pg/mg creatinine, re-
spectively. Changes in these parameters were assumed to calculate the % response after
aspirin treatment.

2.4. Endoscopy and Collection of Gastric Mucosal Samples for Histopathology

Gastroduodenal endoscopy was performed in healthy volunteers enrolled in the
study after they fasted overnight, with an Olympus GIF-XQ 240 flexible gastroscope
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(Olympus Corporation, Tokyo, Japan). A blinded endoscopist collected the pictures and
video sequences necessary for assessing the status of gastric mucosa during gastroscopy
in both placebo- and aspirin-treated patients. The extent of gastric lesions was scored
via the so-called modified Lanza score (MLS) system (Grade 0 = no erosion/hemorrhage,
Grade 1 = 1-2 lesions of erosion and/or hemorrhage found in one area of the stomach,
Grade 2 = 3-5 lesions of erosion and/or hemorrhage localized in one area of the stomach,
Grade 3 = 6-9 lesions of erosion and /or hemorrhage detected in one area of the stomach or
no more than 10 lesions in two areas in the stomach, Grade 4 = erosion and/or hemorrhage
detected in three areas in the stomach or no less than 10 lesions in the whole stomach,
and Grade 5 = gastric ulcer). The MLS was assessed as a means of three evaluations
made by three independent endoscopists unaware of the group composition of the subjects
undergoing gastroduodenal endoscopy. Gastric mucosa biopsy was collected from three
different areas representative of the total gastric surface. Gastric specimens were stained
with hematoxylin—eosin, and the sub-epithelial microvessels were measured according to
their short-axis section. A mean of thirty vessels for each subject was taken as representative
for assessing microvascular impairment in the subepithelial vessels.

2.5. Statistical Analysis

For the evaluation of data in our comparison between the groups, we used the sta-
tistical software SPSS version 22. The data were expressed as mean =+ SD, and statistical
comparisons were made by parametric tests (Student’s t-test or repeated measures analysis
of variance, followed by the Student-Newman-Keuls test). The Shapiro-Wilk test was
used to evaluate the distribution of the normality data. A probability value of p < 0.05 was
considered to be statistically significant.

3. Results
3.1. Dissolution Studies

We investigated the in vitro dissolution of standard aspirin, as well as micronized
collagen-cogrinded aspirin, in 50 and 100 mg tablets. The procedures defined by the
USP/NF monograph dissolution procedure for aspirin tablets were followed for dissolution
studies. In particular, the dissolution profiles of the products were defined in samples
determined at times 1, 3, 6 and 15 min with a Q point at 30 min. A modified test procedure
was also performed by using dissolution media prepared in accordance with the USP
reagents section on the preparation of buffers at pH 1.2 and 6.8, respectively.

For calibration procedures, solutions contained aspirin at a concentration of 1 mg/mL
under the same pH conditions as those of the dissolution buffer. Solutions of Img/mL
were also used to obtain the isosbestic point for aspirin. Measurements were performed via
a Cary Model 50 spectrophotometer (Agilent Technologies, Santa Clara, CA, USA), which
were carried out after the collection and filtering of each sample. The procedures were
performed according to GMP requirements.

At the two pH values, the aspirin tablet formulations were dissolved to an extent
of 92.5 £ 2 and 99.2 & 3%, respectively, at 15 min, while at the same time, the standard
aspirin tablet was dissolved to an extent of 47.6 + 3 and 82.8 £ 3%, at the two pH values,
respectively. The dissolution studies carried out in vitro showed that the tablet containing
aspirin micronized and cogrinded with collagen is characterized by a substantially faster
dissolution compared to standard aspirin tablets at pH conditions ranging from 1.2 to
6.8 levels. Moreover, a pH-dependent dissolution capacity was found for both forms of
aspirin, with lower dissolution rates detected at lower pH levels.

In all of the 200 subjects enrolled, the study was completed according to protocols
between January 2018 and December 2019 at the IRC-FSH (Institute of Research for Food
Safety & Health, University of Catanzaro, Catanzaro, Italy). There were no significant
differences in the demographic or clinical characteristics (e.g., age and sex) at baseline
among the different groups (Table 1). None of the subjects experienced any consistent
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adverse events associated with aspirin, such as gastrointestinal hemorrhage or major
abdominal symptoms.

3.2. Gastric Mucosal Injury Induced by Standard Aspirin or Aspirin Micronized and Cogrinded
with Collagen

The changes in the MLS in each subject associated with the different treatments are
shown in Figure 1. The median (range) MLS in Groups A and B (placebo) was 0 (0-1).
A significant increase in the median MLS (3, 0) was observed in Group C, who received
oral standard aspirin (100 mg daily for 7 days), in comparison with that in the groups
receiving placebo (Groups A and B; Figure 1). This effect was moderately attenuated in
Group D, who received 50 mg of oral standard aspirin, and in Groups E and F, who received
standard aspirin sublingually at doses of 100 and 50 mg, respectively. The administration
of oral aspirin micronized and cogrinded with collagen (Groups G and H), at doses of
100 and 50 mg, respectively, produced a further reduction in the aspirin impact on gastric
mucosa. Indeed, the MLS was 2 and 1, respectively, compared to standard aspirin. A
better response was found when micronized and collagen-cogrinded aspirin was given
sublingually at doses of 100 mg (Group I—MLS 1) and 50 mg (Group L—MLS 0), the latter
effect being similar to the one found with the placebo groups (Figure 1). Thus, aspirin
micronized and cogrinded with collagen seems to display a better safety profile compared
to standard aspirin.

4

3.5
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Group A Group B Group C Group D Group E Group F Group G GroupH Group! Groupl

MLS
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Figure 1. Gastric modified Lanza score (MLS) gastroscopy evaluation in healthy volunteers receiving
placebo orally or sublingually (Groups A and B, respectively); receiving 100 or 50 mg of standard
aspirin orally (Groups C and D, respectively); receiving 100 or 50 mg of standard aspirin sublingually
(Groups E and F, respectively); receiving aspirin micronized and cogrinded with collagen orally
(Groups G and H) or sublingually (Groups I and L). § p < 0.05 standard aspirin vs. placebo; * p < 0.05
collagen cogrinded aspirin vs. standard aspirin.

3.3. Gastric Micro-Vessel Vasodilatation Induced by Standard as Well as Micronized and
Collagen-Cogrinded Aspirin

Treatment with oral standard aspirin (Groups C and D; 100 and 50 mg/daily, re-
spectively) for 7 days significantly increased the median diameter of the sub-epithelial
micro-vessels as compared with that of the groups receiving placebo (Groups A and B;
Figure 2). A similar response was seen when standard aspirin, 100 and 50 mg/day, was
given to healthy volunteers (Groups E and F, respectively; Figure 2). In contrast, this effect
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was found to be attenuated when micronized and collagen-cogrinded aspirin was given
to the study population. In particular, in healthy volunteers taking aspirin micronized
and cogrinded with collagen orally (Groups G and I) or sublingually (Groups H and L),
a significant decrease in the diameter was found as compared with that of the standard
aspirin regimen; in fact, the median diameter of the micro-vessels in the sublingual aspirin
group was almost the same as the one found in the placebo group (Figure 2).

25

20

§
15 l " *
10 I ‘ | l l l i

Group A Group B Group C Group D Group E Group F Group G Group H Group | Group L

Microvessel diameter (mM)

(6)]

Figure 2. Gastric sub-epithelial micro-vessel diameter in healthy volunteers receiving placebo orally
or sublingually (Groups A and B, respectively); receiving 100 or 50 mg of standard aspirin orally
(Groups C and D, respectively); receiving 100 or 50 mg of standard aspirin sublingually (Groups
E and F, respectively); receiving aspirin micronized and cogrinded with collagen orally (Groups G
and H) or sublingually (Groups I and L). § p < 0.05 standard aspirin vs. placebo; * p < 0.05 collagen
cogrinded aspirin vs. standard aspirin.

3.4. TXB, and Urinary 11-Dehydro-TX B, Determinations

The administration of oral aspirin, as well as sublingual aspirin (100 and 50 mg), either
standard or micronized and cogrinded with collagen, was associated with decreased TXB,
serum levels as detected at day 7 compared to the groups receiving placebo. No significant
changes were seen among the different regimens of aspirin treatment. Moreover, urinary
measurements of 11-dehydro-TXB; showed a similar response, thereby confirming that
aspirin micronized and cogrinded with collagen showed a non-inferiority response to the
COX enzyme compared to the crystalline standard formulation (Table 2).

The administration of standard aspirin and aspirin micronized and cogrinded with
collagen given orally or sublingually did not produce any change in routine blood analytical
biomarkers. In addition, no side effects or adverse drug reactions were described. Finally,
the compliance and adherence were 100% in all groups and all the enrolled subjects in
the study.



Pharmaceutics 2022, 14, 187

8of11

Table 2. The effect of standard aspirin, collagen-cogrinded aspirin and placebo, given orally or
sublingually to healthy volunteers, on serum TXB; (ng/mL) and urinary 6-dehydro-TXB; (pg/mg cre-
atinine) at Time 0 before treatment and after 7 days of treatment. Values are expressed as mean + SD

* p < 0.05 treatment vs. placebo.

Urinary Urinary
Group Seru.m TXB; Serum TXB, 11-dehydro-TXB, 11-dehydro-TXB,
Time 0 7 Days .
Time 0 7 Days
A—placebo oral 302 4 44 278 + 48 485 4 54 490 + 58
B—placebo sublingual 298 £ 38 281 £ 45 498 £ 50 486 + 46
C—oral standard aspirin 286 + 40 38 +12% 485 + 52 86 + 26 *
100 mg
D—oral standard aspirin 295 + 38 71+ 18 * 505 + 48 108 + 27 *
50 mg
E—sublingual standard 304 + 42 48+ 14+ 495 + 50 95 + 18 *
aspirin 100 mg
F—sublingual standard 302 + 35 70 + 15 * 502 + 46 118 + 22
aspirin 50 mg
G—oral micronized 300 + 44 36+ 12* 494 4 54 77 + 16 *
collagen-cogrinded aspirin 100 mg
H—oral micronized 286 + 40 64+ 15*% 506 + 54 106 4+ 20 *
collagen-cogrinded aspirin 50 mg
I—sublingual micronized 290 + 44 30+ 14% 496 + 48 66 + 18 *
collagen-cogrinded aspirin 100 mg
L—sublingual micronized 302 + 38 46 +20* 502 + 48 88 + 18 *

collagen-cogrinded aspirin 50 mg

4. Discussion

The occurrence of gastric lesions in patients undergoing low-dose aspirin treatment
for cardiovascular risk prevention represents a relevant issue, which, in some cases, limits
the extensive use of such an antiplatelet drug [19,20].

In particular, data originating from very recent clinical trials and a meta-analysis
performed on this topic confirmed that the efficacy of low-dose aspirin in the primary
prevention of cardiovascular risk is seriously counteracted by the concomitant increased
risk of gastric bleeding [21-24]. Thus, the limitation of aspirin-induced gastric injury and
the development of a better aspirin may be considered relevant challenges for the research
in this area [18,25,26].

The pathogenesis of aspirin-related gastric injury is complex and involves many
players, including a reduced production of the protective gastric mucous associated with
changes in gastric pH and direct gastrolesive action [27]. Furthermore, the dysregulation
of nitric oxide (NO) production has been shown to contribute to the gastric lesions found
in patients undergoing aspirin treatment. This fits with the evidence showing that aspirin
induces inflammation in the gastric mucosa [28,29] as expressed by the dilatation of gastric
microvessels.

Here, we reported that a better formulation of aspirin may represent an innovative
way to maintain consistent antiplatelet activity as found with standard aspirin with a
significant reduction in gastric injury and a better safety profile.

In particular, the micronization of aspirin and the cogrinding of the crystalline form of
this drug with collagen lead to an innovative formulation that enhances drug absorption,
thereby reducing gastric lesions associated with 7-day treatment with this drug. This con-
firms the previous evidence, in which we measured the serum concentration of aspirin both
standard and micronized and cogrinded with collagen. These data are not surprising, as it
is known that the micronization of crystalline drugs is clearly accompanied by an enhanced
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absorption of aspirin. In particular, evidence has been accumulated that micronization,
which is able to reduce the size of crystalline aspirin, is associated with better drug ab-
sorption throughout both the gastric and sublingual mucosa. This has been confirmed by
evidence obtained by means of Raman spectroscopy, which showed that the micronization
of aspirin leads to a complete de-structuring of the crystalline form of the drug, an effect
that has been demonstrated to increase the speed and rate of the absorption of many drugs,
including aspirin. However, cogrinding aspirin with collagen leads to significant gastric
protection. Indeed, collagen has been shown to produce both direct and indirect protection
of the gastric mucosa, mostly due to its effect on gastric mucous. This effect occurs with
no changes in gastric pH, compared to many of the compounds combined with aspirin
in recent years, which are associated with an elevation of gastric pH. In particular, this
effect is associated with a reduction in aspirin-related gastric injury, with the consequence,
however, of poor aspirin absorption and subsequent reduced aspirin activity.

The innovative formulation of aspirin micronized and cogrinded with collagen seems
to resolve many of the previous issues found with standard aspirin. Indeed, the extent
of gastric erosions subsequent to oral aspirin was reduced when aspirin was micronized
and cogrinded with collagen as detected via gastroscopy and measured via the Lanza’s
score [30]. In particular, the use of the sublingual formulation of the micronized aspirin
occurred with no changes in the gastric mucosa compared with standard aspirin. However,
this effect was associated with comparable effects of novel aspirin formulation in the
biomarkers of antiplatelet activity. Indeed, both the levels of TXB; (the footprint of aspirin
activity on platelet COX) and the levels of 11-dehydro-TXB; (the urinary metabolite of
TXAj) were comparable when using both sublingual and oral aspirin micronized and
cogrinded with collagen when compared to standard aspirin, suggesting a non-inferiority
profile of the novel formulations in the efficacy of aspirin. The better safety profile of novel
aspirin is confirmed by the data from histopathological studies, which showed that the
diameter of the microvessels of the gastric mucosa is reduced in subjects undergoing 7-day
treatment with novel aspirin compared to the standard one, an effect that may be explained
on the basis of the anti-inflammatory role of collagen when combined with aspirin, as
expected with the micronized formulation compared to the standard, crystalline drug.

5. Conclusions

In conclusion, the present study demonstrated that low-dose standard aspirin induces
gastric mucosal injury in healthy volunteers, an effect associated with the dilatation of
the micro-vessels of gastric tissues. This response was attenuated when aspirin was
micronized and cogrinded with collagen, with no significant changes in the ability of the
new formulations to inhibit thromboxane formation.

Further studies are required in patients to verify the efficacy and safety of better aspirin
formulations in both primary and secondary cardiovascular risk prevention in patients.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/pharmaceutics14010187/s1, Clinical Study Protocol.

Author Contributions: V.M. (Vincenzo Mollace), M.F,, M.V,, B.S. and G.M.R.: conceptualization and
supervision; R.M. (Rocco Mollace) and M.G.: writing—original draft, investigation and methodology;
R.M. (Roberta Macri), A.T., V.M. (Vincenzo Musolino), C.C., ].M., CM. and C.T.: investigation,
methodology and formal analysis. All authors have read and agreed to the published version of
the manuscript.

Funding: The work was supported by the public resources from the Italian Ministry of Research.
PON-MIUR 03PE000_78_1 and PONMIUR 03PE000_78_2. POR Calabria FESR FSE 2014-2020 Asse
12-Azioni 10.5.6 e 10.5.12.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of IRCCS San Raffaele Pisana, Rome, Italy
(protocol ASA-001, EudraCT N. 2013-002980-24, 1 July 2013).


https://www.mdpi.com/article/10.3390/pharmaceutics14010187/s1
https://www.mdpi.com/article/10.3390/pharmaceutics14010187/s1

Pharmaceutics 2022, 14, 187 10 of 11

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: This work was supported by PON-MIUR 03PE000_78_1 and PONMIUR 03PE
000_78_2. POR Calabria FESR FSE 2014-2020 Asse 12-Azioni 10.5.6 e 10.5.12.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Awtry, EH.; Loscalzo, J. Aspirin. Circulation 2000, 101, 1206-1218. [CrossRef]

2. Baigent, C,; Blackwell, L.; Collins, R.; Emberson, J.; Godwin, J.; Peto, R.; Buring, J.; Hennekens, C.; Kearney, P.; Meade, C.; et al.
Aspirin in the primary and secondary prevention of vascular disease: Collaborative meta-analysis of individual participant data
from randomised trials. Lancet 2009, 373, 1849-1860. [PubMed]

3. Schror, K. Aspirin and platelets: The antiplatelet action of aspirin and its role in thrombosis treatment and prophylaxis. Semin.
Thromb. Hemost. 1997, 23, 349-356. [CrossRef] [PubMed]

4. Taha, A.S.; Angerson, W.J.; Knill-Jones, R.P.; Blatchford, O. Upper gastrointestinal haemorrhage associated with low-dose aspirin
and anti-thrombotic drugs—A 6-year analysis and comparison with non-steroidal anti-inflammatory drugs. Aliment. Pharmacol.
Ther. 2005, 22, 285-289. [CrossRef] [PubMed]

5. Serrano, P; Lanas, A.; Arroyo, M.T.; Ferreira, 1.]. Risk of upper gastrointestinal bleeding in patients taking low-dose aspirin for
the prevention of cardiovascular diseases. Aliment. Pharmacol. Ther. 2002, 16, 1945-1953. [CrossRef]

6.  Antiplatelet Trialists” Collaboration. Collaborative overview of randomised trials of antiplatelet therapy-I: Prevention of death,
myocardial infarction, and stroke by prolonged antiplatelet therapy in various categories of patients. BM] 1994, 308, 81-106.
[CrossRef]

7. Warner, T.D.; Nylander, S.; Whatling, C. Anti-platelet therapy: Cyclo-oxygenase inhibition and the use of aspirin with particular
regard to dual anti-platelet therapy. Br. J. Clin. Pharmacol. 2011, 72, 619-633. [CrossRef]

8. Schoen, R.T.; Vender, R.J. Mechanisms of nonsteroidal anti- inflammatory drug-induced gastric damage. Am. . Med. 1989, 86,
449-458. [CrossRef]

9.  Halter, F. Mechanism of gastrointestinal toxicity of NSAIDs. Scand. |. Rheumatol. Suppl. 1988, 73, 16-21. [CrossRef]

10. Yeomans, N.D.; Lanas, A.IL; Talley, N.J.; Thomson, A.B.R.; Daneshjoo, R.; Eriksson, B.; Appelman-Eszczuk, S.; Langstrom, G.;
Naesdal, J.; Serrano, P.; et al. Prevalence and incidence of gastroduodenal ulcers during treatment with vascular protective doses
of aspirin. Aliment. Pharmacol. Ther. 2005, 22, 795-801. [CrossRef]

11. Bowman, L.; Mafham, M.; Stevens, W.; Haynes, R.; Aung, T.; Chen, F,; Buck, G.; Collins, R.; Armitage, ].; The ASCEND Study
Collaborative Group. ASCEND: A Study of Cardiovascular Events iN Diabetes: Characteristics of a randomized trial of aspirin
and of omega-3 fatty acid supplementation in 15,480 people with diabetes. Am. Heart J. 2018, 198, 135-144. [CrossRef]

12.  Derry, S.; Loke, Y.K. Risk of gastrointestinal haemorrhage with long term use of aspirin: Meta-analysis. BMJ 2000, 321, 1183-1187.
[CrossRef] [PubMed]

13. Pilotto, A.; Franceschi, M.; Leandro, G.; Paris, E.; Cascavilla, L.; Longo, M.G.; Niro, V.; Andriulli, A.; Scarcelli, C.; Di Mario, F.
Proton-pump inhibitors reduce the risk of uncomplicated peptic ulcer in elderly either acute or chronic users of aspirin/non-
steroidal anti-inflammatory drugs. Aliment. Pharmacol. Ther. 2004, 20, 1091-1097. [CrossRef]

14. Huang, M.; Han, M.; Han, W.; Kuang, L. Proton pump inhibitors versus histamine-2 receptor blockers for stress ulcer prophylaxis
in patients with sepsis: A retrospective cohort study. J. Int. Med. Res. 2021, 49, 03000605211025130. [CrossRef] [PubMed]

15. Dotevall, G.; Ekenved, G. The absorption of acetylsalicylic acid from the stomach in relation to intragastric pH. Scand. ].
Gastroenterol. 1976, 11, 801-805. [CrossRef] [PubMed]

16. Cooke, A.R,; Hunt, ].N. Relationship between pH and absorption of acetylsalicylic acid from the stomach. Gut 1969, 10, 77-78.

17.  Mitra, A.; Kesisoglou, F. Impaired drug absorption due to high stomach pH: A review of strategies for mitigation of such effect to
enable pharmaceutical product development. Mol. Pharm. 2013, 10, 3970-3979. [CrossRef] [PubMed]

18. Mollace, V.; Rosano, G.; Malara, N.; Di Fabrizio, E.; Vitale, C.; Coluccio, M.; Maiuolo, J.; Wasti, A.A.; Muscoli, C.; Gliozzi, M.; et al.
Aspirin wears smart. Eur. Heart |. Cardiovasc. Pharmacother. 2017, 3, 185-188. [CrossRef]

19. Lavie, C.J.; Howden, C.W,; Scheiman, J.; Tursi, ]. Upper Gastrointestinal Toxicity Associated With Long-Term Aspirin Therapy:
Consequences and Prevention. Curr. Probl. Cardiol. 2017, 42, 146-164. [CrossRef]

20. Sostres, C.; Lanas, A. Gastrointestinal effects of aspirin. Nat. Rev. Gastroenterol. Hepatol. 2011, 8, 385-394. [CrossRef]

21. Garcia Rodriguez, L.A.; Vora, P,; Brobert, G.; Soriano-Gabarro, M.; Cea Soriano, L. Bleeding associated with low-dose aspirin:
Comparison of data from the COMPASS randomized controlled trial and routine clinical practice. Int. J. Cardiol. 2020, 318, 21-24.
[CrossRef]

22. Cea Soriano, L.; Lanas, A.; Soriano-Gabarr6, M.; Garcia Rodriguez, L.A. Incidence of Upper and Lower Gastrointestinal Bleeding
in New Users of Low-Dose Aspirin. Clin. Gastroenterol. Hepatol. 2019, 17, 887-895.e6. [CrossRef]

23. Cea Soriano, L.; Gaist, D.; Soriano-Gabarré, M.; Garcia Rodriguez, L.A. Incidence of intracranial bleeds in new users of low-dose

aspirin: A cohort study using The Health Improvement Network. J. Thromb. Haemost. 2017, 15, 1055-1064. [CrossRef] [PubMed]


http://doi.org/10.1161/01.CIR.101.10.1206
http://www.ncbi.nlm.nih.gov/pubmed/19482214
http://doi.org/10.1055/s-2007-996108
http://www.ncbi.nlm.nih.gov/pubmed/9263351
http://doi.org/10.1111/j.1365-2036.2005.02560.x
http://www.ncbi.nlm.nih.gov/pubmed/16097994
http://doi.org/10.1046/j.1365-2036.2002.01355.x
http://doi.org/10.1136/bmj.308.6921.81
http://doi.org/10.1111/j.1365-2125.2011.03943.x
http://doi.org/10.1016/0002-9343(89)90344-6
http://doi.org/10.3109/03009748809104664
http://doi.org/10.1111/j.1365-2036.2005.02649.x
http://doi.org/10.1016/j.ahj.2017.12.006
http://doi.org/10.1136/bmj.321.7270.1183
http://www.ncbi.nlm.nih.gov/pubmed/11073508
http://doi.org/10.1111/j.1365-2036.2004.02246.x
http://doi.org/10.1177/03000605211025130
http://www.ncbi.nlm.nih.gov/pubmed/34182815
http://doi.org/10.1080/00365521.1976.12097190
http://www.ncbi.nlm.nih.gov/pubmed/12558
http://doi.org/10.1021/mp400256h
http://www.ncbi.nlm.nih.gov/pubmed/23844623
http://doi.org/10.1093/ehjcvp/pvx017
http://doi.org/10.1016/j.cpcardiol.2017.01.006
http://doi.org/10.1038/nrgastro.2011.97
http://doi.org/10.1016/j.ijcard.2020.06.048
http://doi.org/10.1016/j.cgh.2018.05.061
http://doi.org/10.1111/jth.13686
http://www.ncbi.nlm.nih.gov/pubmed/28371181

Pharmaceutics 2022, 14, 187 11 of 11

24.

25.

26.

27.

28.

29.

30.

Li, L.; Geraghty, O.C.; Mehta, Z.; Rothwell, PM.; Oxford Vascular Study. Age-specific risks, severity, time course, and outcome of
bleeding on long-term antiplatelet treatment after vascular events: A population-based cohort study. Lancet 2017, 390, 490-499.
[CrossRef]

Scheiman, J.M. Strategies to reduce the GI risks of antiplatelet therapy. Rev. Cardiovasc. Med. 2005, 6 (Suppl. 4), S23-S31. [PubMed]
Zhao, C.; Wang, J.; Xiao, Q. Efficacy of Teprenone for Prevention of NSAID-Induced Gastrointestinal Injury: A Systematic Review
and Meta-Analysis. Front. Med. 2021, 8, 647494. [CrossRef] [PubMed]

Nishino, M.; Sugimoto, M.; Kodaira, C.; Yamade, M.; Shirai, N.; Ikuma, M.; Tanaka, T.; Sugimura, H.; Hishida, A.; Furuta, T.
Relationship between low-dose aspirin-induced gastric mucosal injury and intragastric pH in healthy volunteers. Dig. Dis. Sci.
2009, 55, 1627-1636. [CrossRef]

Kitay, A.M.; Ferstl, ES.; Geibel, ].P. Induction of Secretagogue Independent Gastric Acid Secretion via a Novel Aspirin-Activated
Pathway. Front. Physiol. 2019, 10, 1264. [CrossRef]

Lanas, A.; Wu, P.; Medin, J.; Mills, E. Low doses of acetylsalicylic acid increase risk of gastrointestinal bleeding in a meta-analysis.
J. Clin. Gastroenterol. Hepatol. 2011, 9, 762-768.e6. [CrossRef]

Lanza, FL.; Royer, G.L., Jr.; Nelson, R.S.; Chen, T.T.; Seckman, C.E.; Rack, M.F. A comparative endoscopic evaluation of the
damaging effects of nonsteroidal anti-inflammatory agents on the gastric and duodenal mucosa. Am. J. Gastroenterol. 1981, 75,
17-21.


http://doi.org/10.1016/S0140-6736(17)30770-5
http://www.ncbi.nlm.nih.gov/pubmed/17710073
http://doi.org/10.3389/fmed.2021.647494
http://www.ncbi.nlm.nih.gov/pubmed/33898483
http://doi.org/10.1007/s10620-009-0920-3
http://doi.org/10.3389/fphys.2019.01264
http://doi.org/10.1016/j.cgh.2011.05.020

	Introduction 
	Materials and Methods 
	Materials 
	Preparation of Aspirin Formulations 
	Study Design 
	Endoscopy and Collection of Gastric Mucosal Samples for Histopathology 
	Statistical Analysis 

	Results 
	Dissolution Studies 
	Gastric Mucosal Injury Induced by Standard Aspirin or Aspirin Micronized and Cogrinded with Collagen 
	Gastric Micro-Vessel Vasodilatation Induced by Standard as Well as Micronized and Collagen-Cogrinded Aspirin 
	TXB2 and Urinary 11-Dehydro-TX B2 Determinations 

	Discussion 
	Conclusions 
	References

