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Background: The purpose of this study was to compare the efficacy of alginic acid alone versus
alginic acid combined with low doses of pure glycyrrhetinic acid and bilberry anthocyanosides
as an addon to conventional proton pump inhibitor therapy in relieving symptoms associated
with nonerosive reflux disease.

Methods: This prospective, randomized, 8-week, open-label trial was conducted at two centers.
Sixty-three patients with persistent symptoms of gastroesophageal reflux disease and normal
upper gastrointestinal endoscopy were eligible for the study. Patients in group A (n=31) were
treated with pantoprazole and a formula (Mirgeal®) containing alginic acid and low doses of
pure glycyrrhetinic acid + standardized Vaccinium myrtillus extract for 4 weeks, then crossed
over to the multi-ingredient formula for a further 4 weeks. Patients in group B (n = 32) were
treated pantoprazole and alginic acid alone twice daily, then crossed over to alginic acid twice
daily for a further 4 weeks. Efficacy was assessed by medical evaluation of a symptom relief
score, estimated using a visual analog scale (0—10). Side effects, tolerability, and compliance
were also assessed.

Results: Of the 63 patients enrolled in the study, 58 (29 in group A and 29 in group B) completed
the 8-week trial. The baseline characteristics were comparable between the two groups. During
the study, significant differences were recorded in symptom scores for both groups. In group A,
symptoms of chest pain, heartburn, and abdominal swelling were less serious than in group B.
Treatment A was better tolerated, did not induce hypertension, and had fewer side effects than
treatment B. No significant differences in compliance were found between the two groups.
Conclusion: Use of low doses of pure glycyrrhetinic acid + bilberry anthocyanosides, together
with alginic acid as addon therapy, substantially improves symptoms in patients with nonerosive
reflux disease without increasing side effects or worsening tolerability or compliance.
Keywords: proton pump inhibitors, alginic acid, glycyrrhetinic acid, anthocyanosides,
nonerosive reflux disease, gastroesophageal reflux disease

Introduction

Gastroesophageal reflux disease (GERD) is a chronic relapsing medical condition
that involves reflux of gastric contents into the esophagus, and causes a multitude of
unpleasant symptoms, including heartburn, sore throat, chest pain, abdominal swell-
ing, cough, and regurgitation. GERD has been demonstrated to have a significant
negative impact on quality of life in affected patients and may even impair their daily
activities.! The prevalence of GERD has markedly increased over the last two decades,
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and affects 20%—-40% of the Western population.>® This
prevalence is expected to rise further with time.® Nonero-
sive reflux disease (NERD) has been defined by the Vevey
NERD consensus group as a subcategory of GERD that is
characterized by reflux-related symptoms, with an absence
of esophageal mucosal erosions or breaks at conventional
endoscopy.” About two-thirds of patients with typical GERD
symptoms, such as heartburn, belching, cough, nausea, sore
throat, and voice changes, do not exhibit any erosive changes
on upper gastrointestinal endoscopic assessment.> The com-
plex pathophysiology of NERD and the exact mechanisms by
which the associated symptoms are caused remain unclear.’
However, it is evident that the degree of acidity and duration
of esophageal exposure to acid play a role in the symptoma-
tology of NERD. These factors are not different from the
precipitants of moderate erosive reflux disease.”"!

The majority of patients with GERD use acid-suppressing
medications to control their symptoms. Unlike moderate
erosive reflux disease, the symptoms of NERD are more
difficult to control and tend to have a lower response rate to
treatment, even to the most potent proton pump inhibitors. 13
Nonetheless, initial management of NERD is similar to that
of GERD, and includes use of a proton pump inhibitor or H2-
receptor antagonist, along with alginic acid-based products.
Consequently, we attempted to verify whether it was possible
to ameliorate the initial management of NERD clinically by
also exploiting, for instance, the role played by alginic acid
as a drug delivery system. Standardized Glycyrrhiza glabra
(common licorice) extract is a well known sweetener, and
is also endowed with anti-inflammatory, cytoprotective, and
antiulcer properties." The “sweetener” activity is strictly
related to the presence of a molecule known as glycyrrhizic
acid, hydrolysis of which releases 18-beta-glycyrrhetinic
acid as a result of detachment of a sugar moiety. The latter
is responsible for both the anti-inflammatory, cytoprotective,
and antiulcer activity of this compound. In fact, licorice-based
products devoid of glycyrrhetinic acid or its prodrug are also
devoid of any biological activity." The antiulcer effect of
licorice-based products is observed with doses of glycyr-
rhetinic acid around 400-500 mg/day, and with doses of its
prodrug ranging from 750 mg/day to 1000 mg/day.'®!” In any
case, in most people, these doses induce an increase in blood
pressure, loss of potassium, sodium retention, and weight
gain. These side effects already occur following consumption
of 100 mg glycyrrhizic acid (the glycyrrhetinic acid prodrug),
corresponding to 50 mg of pure glycyrrhetinic acid, a dose
that is about 8—10 times lower than that required to obtain a
clear cytoprotective and antiulcer effect.'® Increased blood

pressure, potassium loss, and weight gain are all side effects
arising from sodium retention induced by glycyrrhetinic acid.
Once glycyrrhetinic acid has been absorbed, and in particular
following liver glucuronidation, it strongly inhibits the kidney
isoform of 11-beta hydroxysteroid dehydrogenase. This
enzyme induces overstimulation of the mineralocorticoid
receptor because of nonmetabolized cortisol, which in turn
results in sodium-dependent hypertension, with weight gain
and loss of potassium.

On the other hand, the mechanism by which glycyr-
rhetinic acid exerts its cytoprotective and antiulcer activity
is quite different. Once glycyrrhetinic acid reaches the
circulation, it spreads into the different organs, including
into gastric tissue, where it inhibits an enzyme known as
15-OH prostaglandin dehydrogenase, which is normally
involved in inactivating two prostaglandins endowed with
strong cytoprotective activity, ie, prostaglandins E2 and
F2a. Glycyrrhetinic acid-containing licorice derivatives
have beneficial effects on the gastric mucosa because they
prolong the presence of these prostaglandins.?® The longer
glycyrrhetinic acid remains in direct contact with the gastric
epithelium, the more it can play a cytoprotective role. The
time required by the bolus to transit an empty stomach is
about 35-40 minutes, and this time is too short to ensure a
good cytoprotective effect, especially if using very low doses
of the active ingredient, glycyrrhetinic acid. On a full stom-
ach, the bolus transit time may be longer, but the presence
of food would limit direct contact between glycyrrhetinic
acid and the epithelium of the stomach.

Therefore, in order to exploit the benefits of glycyrrhetinic
acid to the gastric mucosa without risking serious side effects,
we decided to use alginic acid as a drug delivery system for
low doses of glycyrrhetinic acid which, entrapped inside
the alginate, is released in about 2—-3 hours, according to
the alginate dissolution time in the stomach, allowing long-
lasting direct contact between glycyrrhetinic acid and the
gastric mucosa. Use of low doses of glycyrrhetinic acid,
below the minimum dose known to induce side effects, seems
to reduce the risk of consequences of sodium retention. In
confirmation of earlier reports,*** some authors have recently
reported a strong cytoprotective role at the gastric mucosa
played by anthocyanosides, a class of polyphenols extracted
from Vaccinium myrtillus (the common bilberry).?* On this
assumption, we developed an alginate-based cytoprotective
product containing pure glycyrrhetinic acid from licorice and
anthocyanosides from bilberry. The objective of our study
was to compare the efficacy of low doses of glycyrrhetinic
acid and anthocyanosides, entrapped in an alginate matrix, as
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an addon therapy to proton pump inhibitors in the treatment
of patients with NERD.

Materials and methods

We conducted a prospective, randomized, 8-week, open-
label two-center study in patients with a diagnosis of NERD.
Patients considered eligible for enrollment had to be over
18 years of age, suffer from persistent typical or atypical
symptoms of GERD, and have a negative upper gastroin-
testinal endoscopy. Exclusion criteria were age younger
than 18 years or over 75 years, any allergy to established
medications, any degree of esophagitis or mucosal damage
at upper gastrointestinal endoscopy, pregnancy, or use of
a proton pump inhibitor or H2-receptor antagonist in the
2 weeks prior to enrollment in the study. Sixty-three patients
who attended the two study medical centers with persistent
GERD symptoms and a normal upper gastrointestinal endos-
copy were considered candidates for the study. After signing
their written informed consent, the patients were asked to
complete a questionnaire concerning their personal data.
They were then randomized by an independent investigator
using a computer-generated random number table to one of
two groups: one receiving pantoprazole as well as Mirgeal®
(PharmExtracta, Pontenure, Italy, group A) and one receiv-
ing pantoprazole along with alginate (group B). Patients in
group A were allowed a maximum oral pantoprazole dose
of 40 mg (20 mg tablets, twice daily) along with Mirgeal
containing the same dose of alginate as that administered in
group B (see below), plus 50 mg of pure glycyrrhetinic acid
(25 mg, twice daily) + 40 mg of anthocyanosides (20 mg,
twice daily); those in group B were allowed the same dosage
of pantoprazole as that used in group A, along with 1000 mg
alginate (500 mg sachets, twice daily). Twenty-nine of the
31 patients in group A and 29 of the 32 patients in group B
completed the study, indicating good adherence. Only these
58 individuals were considered valid for statistical analysis.
Seven of the 29 subjects in group A were receiving concomi-
tant therapy that was not considered to have an effect on the
study results. These seven patients were being treated with
antihypertensives, statins, levothyroxine, ticlopidine, or low-
dose aspirin. Nine of the 29 subjects in group B were also on
treatment with other drugs, ie, low-dose aspirin, levothyrox-
ine, statins, or antidepressants. During the first 4 weeks of the
study, group A subjects was treated daily with pantoprazole
and Mirgeal, and then crossed over to Mirgeal alone for a
further 4 weeks. Similarly, group B subjects were treated for
4 weeks with pantoprazole and alginate, then crossed over to
alginate alone for a further 4 weeks. One of the researchers

was responsible for contacting the patients by phone on a
daily basis over the 8-week study period to assess the number
of pills and sachets taken, the need for rescue medication, and
the occurrence of adverse events. Every 15 days until the end
of the 8-week study period, patients were asked about their
global symptom relief, along with side effects, tolerability,
and compliance.

The study was done in a routine clinical practice set-
ting, following international guidelines and in line with
the principles outlined in the Declaration of Helsinki. This
study was carried out in two Italian outpatient clinics, ie,
the Department of Gastroenterology, Giussano Hospital,
Monza-Brianza, and the Digestive Endoscopic Department,
Ceva Hospital, Ceva, Italy, after informing the local ethical
boards. In Italy, pantoprazole and alginate are registered as
over-the-counter drugs. Mirgeal, in agreement with Italian
law number 169/2004, was notified to the Minister of Health
on July 5, 2011 (registration number pending) and registered
as a food supplement.

The primary efficacy endpoints of the study were assessed
according to relief of subjective global symptoms (chest pain,
heartburn, regurgitation, abdominal swelling, hoarseness,
cough, throat pain), using an adapted version of the visual
analog scale (scale 0—10) developed by Scott and Huskisson.?
Secondary endpoints included the occurrence of side effects,
tolerability, and compliance. Tolerability and compliance
were scored as very poor, poor, fair, good, and excellent.

Statistical analysis

The statistical analysis used to check the data variations was
the between/within-subjects analysis of variance applied to
two factors, ie, treatment and period. The Tukey—Kramer
method was used for multiple comparative analysis. The
Wilcoxon/Kruskal-Wallis method was used to evaluate the
global outcome with regard to symptoms.

Results

The main aim of our trial was to compare the efficacy of low
doses of GA and anthocyanosides, entrapped in an alginate
matrix, as an add-on therapy to pantoprazole, to treat patients
with NERD. To reach our objective, we compared 2 types
of therapy. The first — Group A — consisted of pantopra-
zole along with alginate, which were mixed with 2 other
active compounds — GA and anthocyanosides from bilberry
fruits — at lower doses than those normally used; the second —
Group B — consisted of pantoprazole along with alginate as is.
As shown in Table 1, the personal and baseline characteristic
of the 2 groups did not differ statistically.
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Table | Personal and baseline characteristics of subjects (n = 29
per group)

Variable Group A Group B P

Age (years) 529+ 152 473+ 12,6 0.1358
Height (cm) 164.3 + 24.4 167.1 +19.5 0.6317
Weight (kg) 719+11.0 716+ 138 0.9249
Treatment 65.7£9.0 63.1 £ 4.0 0.1734
duration (days)

Males ] 15 0.2909
Females 18 14 03167

Note: Results are presented as the mean + standard deviation.

With regard to chest pain, as shown in Table 2, Group A
treatment exhibited a better reduction in the score value. This
had been statistically significant since the second medical
check. From the third examination onwards, differences became
even more important. Treatment B showed a reduction in the
scores until the second medical check. From the third medical
check onwards, no further reduction was observable.

With regard to heartburn, as shown in Table 3, Group A
treatment exhibited a better reduction in the score value.
This had been statistically significant since the second
medical check. From the third examination onwards, differ-
ences became even more important. Treatment B showed a
reduction in the scores until the second medical check. From
the third medical check onwards, no further reduction was
observable.

With regard to abdominal swelling, as shown in Table 4,
Group A treatment shows a better reduction in the score
value. This is statistically significant since the second medi-
cal check. From the third examination onwards, differences
became even more important. Treatment B show a reduc-
tion in the scores until the second medical check. From
the third medical check onwards, no further reduction was
observable.

With regard to regurgitation, as shown in Table 5,
Group A treatment exhibited a better reduction in the score
value only at the end of the treatment (medical checks 4
and 5) as the curves of the 2 treatments overlapped from the
baseline till the 3rd medical check.

Table 2 Symptom scores for chest pain

With regard to hoarseness, as shown in Table 6, Group A
treatment exhibited a better reduction in the score value only at
the end of the treatment (medical checks 4 and 5) as the curves
of the 2 treatments overlapped from the baseline till the 3rd
medical check. With regard to cough, as shown in Table 7, only
at the 5th medical examination did the 2 treatments show some
statistically significant differences. With regard to throat pain,
no differences were seen between the 2 treatments even if a
slight tendency to improvement was still observed (Table 8).

As shown in Table 9 (pooling of all scores), the evaluation
of the global outcome is similar in the 2 groups at baseline.
Starting from the 2nd medical check the clinical action played
by the treatment A versus treatment B become very relevant
and statistically significant.

As for side effects (data not shown in the tables above),
they affected 10 individuals. Two (6.90%) belonging to
group A, and 8 (27.59%) belonging to group B. This differ-
ence appears significant (P = 0.0370) in favor of Group A. It
is worth noting that, especially for Group A treated with pure
GA (licorice derivative), none of the individuals reported any
increase in terms of blood pressure or weight gain (data not
shown). With regard to tolerability (Table 10), treatment A
seemed to be better tolerated. In terms of compliance, the
2 treatments resulted to be totally overlapping (Table 11).

Discussion

The aim of our study was to compare the efficacy of low doses
of glycyrrhetinic acid and anthocyanosides entrapped in an
alginate matrix as an addon to proton pump inhibitor therapy
in patients with NERD. To this end, we tested two treatment
patterns: in group A we used oral pantoprazole 20 mg tablets
twice daily along with Mirgeal® (a multi-ingredient formula-
tion containing alginate 500 mg + pure glycyrrhetinic acid
25 mg and bilberry anthocyanosides 20 mg) twice daily; in
group B we used the same dose of pantoprazole as in group A,
along with alginate 500 mg sachets twice daily. At the end
of the 8-week study, 29 of the 31 patients enrolled in group
A and 29 of the 32 enrolled in group B completed the study,
indicating good adherence with therapy.

Group n Baseline MC 2 MC 3 MC 4 MC5
A 24 4.08 £2.50 1.96 £ 1.88 113 £1.33 1.08 £ 1.50 1.08 £ 1.84
B 22 5.06 £2.32 382+2.11 423+ 148 3.64+1.99 3.59+2.24
P value NS <0.05 <0.05 <0.05 <0.05

Note: Results are presented as the mean + standard deviation.
Abbreviations: MC, medical check; NS, not statistically significant.
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Table 3 Symptom scores for heartburn

Group n Baseline MC 2 MC 3 MC 4 MC5

A 24 583+ 1.99 1.96 + 1.68 1.21 £ 1.10 0.96 £ 1.00 1.50 £ 1.32
B 27 593 +238 341 £2.56 326+2.16 341 +£1.95 3.19+£2.09
P value NS <0.05 <0.05 <0.05 <0.05
Note: Results are presented as the mean + standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.

Table 4 Symptom scores for abdominal swelling

Group n Baseline MC2 MC3 MC 4 MC5

A 24 5.75+2.57 3.08+2.26 221 £ 1.96 225+ 1.54 221+ 1.74
B 24 6.71 £2.22 521 £2.19 533+ 1.88 5.04 + 1.68 454+ 191
P value NS <0.05 <0.05 <0.05 <0.05
Note: Results are presented as the mean * standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.

Table 5 Symptom scores for regurgitation

Group n Baseline MC 2 MC 3 MC 4 MC5

A 15 5.67 £2.26 2.00 £ 1.77 120 £ 1.42 080 £ I.15 0.60 £ 0.91
B 19 4.00 +2.89 .16 £ 1.71 1.95 +2.46 295+276 2.89 +2.85
P value NS NS NS <0.05 <0.05
Note: Results are presented as the mean * standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.

Table 6 Symptom scores for hoarseness

Group n Baseline MC 2 MC 3 MC 4 MC5

A I 4.27 +2.41 191 £ 1.76 145+ .51 1.09 = 1.30 091 £1.14
B 14 4.50 +2.85 2.57 +3.01 257 +£2.44 3.00 +2.83 3.21 £2.86
P value NS NS NS <0.05 <0.05
Note: Results are presented as the mean * standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.

Table 7 Symptom scores for cough

Group n Baseline MC 2 MC3 MC 4 MC5

A I5 2.80 +2.34 1.13 £ 1.77 093 £1.36 .13+ 1.64 047 £ 1.13
B 17 276 £2.99 1.59 £2.27 1.65£2.15 1.94 £2.54 2.00 +2.85
P value NS NS NS NS <0.05
Note: Results are presented as the mean + standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.

Table 8 Symptom scores for throat pain

Group n Baseline MC 2 MC 3 MC 4 MC5

A 14 4.00 + 3.09 1.43 £ 1.50 0.64+£0.93 1.14 £ 1.66 0.36 £0.63
B 14 371 £2.20 1.79 £ 2.22 1.57 + 1.87 1.79£2.19 2.07 £2.09
P value NS NS NS NS NS

Note: Results are presented as the mean * standard deviation.

Abbreviations: MC, medical check; NS, not statistically significant.
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Table 9 Mean global outcome Table || Results for compliance

Group Baseline MC2 MC3 MC 4 MC5 Compliance Group A (n) Group B (n) P
A 20.9 8.8 55 55 5.0 Fair 3 I NS
B 23.7 14.2 14.9 15.4 15.1 Good 17 19 NS
Wilcoxon S 974.5 1063.5  1206.5 1211.5 1201.0 Excellent 9 9 NS
P value 0.0637 0.0012  <0.0001  <0.0001  <0.0001

Note: Results are presented as the mean + standard deviation.
Abbreviation: MC, medical check.

Analysis of our data show that both therapies were effec-
tive in ameliorating symptoms. However, comparison of the
two treatment options showed that Mirgeal® as an addon to
proton pump inhibitor therapy in patients affected by NERD
was more effective than use of alginate alone in controlling
both typical and atypical symptoms. In particular, the use
of the multi-ingredient formula, rather than alginate alone,
resulted in a statistically significant reduction in chest pain,
heartburn, and abdominal pain from the second medical
check onwards. Regurgitation and hoarseness was found to be
improved at the fourth medical check, and cough was found
to have improved significantly only at the fifth medical check,
while no statistically significant changes were observed in
throat pain.

Even when the statistical analysis did not show any major
difference, treatment with glycyrrhetinic acid + anthocyano-
sides added to alginate achieved a slight improvement versus
use of alginate alone. Mirgeal also showed advantages in
terms of side effects (two subjects of 29 versus eight of 29)
and tolerability. It is of note that use of glycyrrhetinic acid at a
25 mg dose (which is 8-10 times lower than the dose reported
to determine cytoprotective and antiulcer activity) did not
result in any increase in blood pressure or weight gain.

In conclusion, this trial seems to suggest some important
data. First, glycyrrhetinic acid (or even licorice extract con-
taining glycyrrhetinic acid or the glycyrrhetinic acid prodrug)
can enhance the results obtained using proton pump inhibitor
therapy without risking hypertension simply by using very low
doses in a pharmaceutical formulation (alginate matrix) that
allows the active ingredient to remain in direct contact with the
gastric mucosa for 2—3 hours. Such low doses are required to
avoid the sodium retention problem with the consequences of

Table 10 Tolerability outcome

Tolerability Group A (n) Group B (n) P
Poor 0 2 NS
Fair 7 10 NS
Good Il 17 NS
Excellent Il 0 0.002

Abbreviation: NS, not statistically significant.

Abbreviation: NS, not statistically significant.

increased blood pressure and weight gain. Second, consistent
with recent papers describing the cytoprotective role played
by anthocyanosides, this trial seems to confirm the results
obtained in animal studies since the 1980s.

Our pilot study has some limitations, in particular its
open-label nature. Although patients were randomized to
different arms, they were aware of the treatment arm they
had been allocated to. This may have created some bias,
especially if these patients had been previously treated with
products similar to those they were assigned to. Further, given
the lack of dose-response observed in many proton pump
inhibitor studies treating patients with NERD, the results
of the current study appear quite remarkable, particularly if
we consider that all patients were already treated with both
a proton pump inhibitor twice daily and alginic acid twice
daily. Moreover, from a scientific standpoint, the study does
not clarify if the benefits are mainly due to the presence of
glycyrrhetinic acid or to bilberry anthocyanosides, or both.
An experimental rat model of mild gastric ulcers induced
by low doses of indomethacin is under way in an attempt to
answer this question. The study sample size was also rela-
tively small, and further investigations in a larger number
of patients are necessary to corroborate our data. Finally,
our study duration was short and did not evaluate a possible
on-demand approach in terms of use of pantoprazole during
the second 4 weeks of the study, where the only treatment
possible was alginate with or without glycyrrhetinic acid +
anthocyanosides.

Disclosure
FDP is the main formulator of Mirgeal. The remaining
authors report no conflicts of interest in this work.
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