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Abstract: Objective: The objective of this study was to evaluate the efficacy of a very-
low-absorbable geraniol formulation, administered as a food supplement, in patients with
irritable bowel syndrome (IBS) in a real-world setting in Italy. Methods: This open-label
study was conducted in Italy on patients diagnosed with IBS and treated for 4 weeks
with 240 mg/day of Palmarosa essential oil, absorbed on 960 mg of ginger root powder
to obtain a very-low-absorbable geraniol formulation. Baseline characteristics, including
demographic and symptoms were recorded using the IBS Severity Scoring System (IBS-SSS).
After 28 + 7 days, the patients were asked to complete the IBS-555 questionnaire again. The
primary objective was to confirm the effects of a very-low-absorbable geraniol formulation
on self-reported symptoms of IBS and the quality of life of affected individuals. The
secondary objective was to confirm the effect of the treatment on the different IBS subtypes.
Results: A total of 1585 patients were included in the study, with a mean age of 44.8 years
and 56.4% women. Following the 4-week supplementation period, significant decreases
were observed in the patients’ IBS-5SS (—67.9%) and all the primary IBS symptoms, such as
abdominal distention (—82.3%), unsatisfaction with bowel habits (—46.2%), and interference
with quality of life (QoL) (—64.9%) (all p < 0.01). The patients’ stool type improved
significantly. Treatment was effective in all IBS subtypes. Conclusions: Treatment with
very-low-adsorbable geraniol food supplement was associated with improvements in
symptoms and bowel habits in all IBS subtypes in a real-world setting in Italy. These
findings support the use of geraniol as an effective option for patients with IBS regardless
of the disease subtype.

Keywords: irritable bowel syndrome; geraniol; dietary supplement; IBS-SSS

1. Introduction

Irritable bowel syndrome is currently the most common functional gastrointestinal
disorder [1,2]. It is a chronic relapsing condition that, in the absence of any other causal
disease, can be defined by the presence of certain symptoms without known anatomical
explanations. The main symptoms include abdominal distension (the objective feeling
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of fullness/bloating), abdominal pain, discomfort, and, especially, altered bowel habits
(constipation, diarrhea, or both) [2,3]. According to the Rome IV diagnostic criteria, IBS
can be classified into four subtypes based on the predominant bowel pattern: IBS-C with
constipation; IBS-D with diarrhea; IBS-M mixed with alternating constipation; and IBS-U
unclassified in the previous categories [4]. However, it is possible for the same patient to
experience overlapping subtypes or for bowel patterns to change over time, leading to a
shift from one subtype to another [2].

Observational studies report a substantial (>20%) association with other functional
gastrointestinal disorders (such as dyspepsia, heartburn, gastroesophageal reflux disease,
nausea, etc.) [5] and non-gastrointestinal disorders (such as fibromyalgia syndrome, chronic
fatigue syndrome, migraines, eating disorders, food intolerances, etc.) [6]. Most of these
studies also note the presence of psychiatric comorbidities (like anxiety, depression, somati-
zation, or neurosis). In fact, the entire pathological framework of IBS has been included as a
“somatic symptom disorder” in the Diagnostic and Statistical Manual of Mental Disorders,
5th edition [7], and also in psychiatric or psychosomatic clinical practice [8]. Although IBS
is considered a benign condition, it often significantly impairs quality of life and social
functioning [9,10]; indeed, it is the second leading cause of work absenteeism and has a
significant economic impact on the National Health System. It is estimated that around
25-50% of all gastroenterological consultations are conducted for the management of this
disorder [11].

Epidemiological studies have shown that the prevalence of IBS varies across geograph-
ical areas; although it ranges between 5% and 10% in most regions, it should be considered
that estimates between studies may vary, partly because of methodological heterogeneity
(related to the use of Rome III or Rome IV criteria) [12,13]. Women are two to four times
more likely to develop IBS than men [2] and tend to suffer more from abdominal pain and
constipation, rather than diarrhea, which is more common in the male population [14].
Finally, the prevalence of IBS decreases with age; many cases develop in early childhood,
with the majority occurring in patients under 45 years of age [15].

The etiology of the disease is complex and not yet completely clear. It is certainly
a multifactorial condition, with multiple contributing factors [16] such as genetic predis-
position or family history, psychosocial and emotional factors (e.g., stress), diet and food
intolerances, alterations in intestinal motility, increased intestinal permeability, visceral
hypersensitivity, intestinal dysbiosis, enteric infections, silent chronic inflammation, abnor-
mal immune response, hormonal variations, etc., [17,18]. It has also been observed that the
chronic use of certain medications, such as anti-inflammatories and antibiotics, can worsen
symptoms or alter individual microbiota, promoting the development of IBS [4].

Given the complex pathophysiology and the absence of biological markers, diagnosis
is essentially clinical, and there is no treatment that works for all patients. Symptom
relief is currently the primary goal [1]: treatment is chosen based on the specific clinical
situation and requires a multidisciplinary approach [2]. Traditionally, IBS therapies have
been based on the use of over-the-counter medications aimed at regulating bowel habits
for their widespread availability, low cost, and high level of safety [15]. However, some
of these drugs cannot be administered for long periods, have contraindications or side
effects, and offer few benefits [2]. In recent years, lifestyle interventions (diet and physical
activity) and alternative therapies to conventional medicine (like phytotherapy) have
become increasingly important first-line treatment options [15].

Several studies have also shown that the microbiota of patients with IBS presents
alterations, such as lower microbial diversity, associated with a lower amount of Lactobacil-
lus, Bifidobacterium, and Bacteroides spp., and a higher amount of Pseudomonadota (formerly
known as Proteobacteria), as well as general phylogenetic and functional instability [19-22].
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These findings have led to the belief that probiotics could be used for the management of
IBS due to their effects on improving the intestinal barrier, inhibiting pathogen adhesion to
the intestinal mucosa, and modulating metabolic and nutritional profiles at the intestinal
lumen level [19-21,23,24]. However, the results of studies in which IBS patients were
treated with probiotics have not confirmed the expected outcomes [25], and the results
largely depend on the IBS subtype [26].

Current knowledge does not allow us to establish if the alteration of the microbiota
associated with IBS plays a causal role as a pro-inflammatory factor or is, instead, a
consequence of local inflammation. Certainly, dysbiosis plays a role in the pathophysiology
of the disease and, probably, also in the persistence of intestinal symptoms.

Essential oils have proven useful in modulating the pathophysiology of the colon and
managing intestinal diseases, considering the role of inflammation, immune activation,
oxidative stress, and dysbiosis in their development [27].

Geraniol, specifically, is a non-toxic compound [28], classified as GRAS (Generally
Recognized As Safe) by the FDA (Food and Drug Administration). Its pharmacological
properties, such as selective antimicrobial [29], anti-inflammatory [30], antioxidant [31], and
neuroprotective properties, have long been known; it has also been pointed out that geraniol
possesses anti-nociceptive activities, probably related to the modulation of glutamatergic
neurotransmission [32].

In an in vivo study on a mouse model with Dextran Sulfate Sodium (DSS)-induced col-
itis, orally administered low-adsorbable geraniol (30 and 120 mg/kg per day) reduced the
expression of Cyclooxygenase-2 (COX-2) in the intestinal wall and significantly improved
colitis and dysbiosis [33].

The same low-adsorbable geraniol formulation, administered orally (8 mg/kg per
day), has been shown to be a potent modulator of the microbiota in a pilot study conducted
on patients with IBS, reducing the IBS-Visual Analog Scale (IBS-VAS) scores and improving
the quality of life for these patients [34].

Free geraniol has an absolute bioavailability of 92%, which drops to 50% in low
absorbable forms (microencapsulated in sunflower lecithin) used in mice colitis and in
the pilot study by Rizzello and coworkers [34]. The adsorption of geraniol on vegetable
fiber gives rise to a very-low-absorbable formulation of geraniol, reducing its absolute
bioavailability to 16% and thus delivering about 85% of geraniol to the colon [35].

Ginger (Zingiber officinale) rhizome fiber was selected as the vegetable “carrier” for
geraniol in a double-blind, randomized, placebo-controlled clinical trial on 56 IBS pa-
tients [36]. The results showed efficacy in reducing the severity of the disease and symp-
toms, assessed with the IBS-Severity Scoring System (IBS-SSS), and improving the composi-
tion of the microbiota, especially in the IBS-M subtype. Therefore, this dietary supplement
based on geraniol adsorbed on ginger rhizome fiber could become a valid and interesting
alternative to the use of over-the-counter medications for managing IBS, which can be
safely taken even for long periods of time.

The study by Ricci and coauthors [36] had some limitations, such as the small number
of enrolled patients and the prevalence of the IBS-M subtype, making it difficult to extend
the results to other IBS subtypes. Additionally, the trial was designed and registered before
the release of the Rome IV diagnostic criteria, so the use of Rome III criteria might have
introduced a bias in selecting the study population. Hence, in the present research, we
decided to verify, through a “real-life” open-label study, the effects of a dietary supplement
based on Palmarosa (Cymbopogon martinii) essential oil with a high geraniol content, ad-
sorbed on ginger vegetable fiber, on the intestinal symptoms and habits of a much larger
number of patients with irritable bowel syndrome.
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2. Materials and Methods
2.1. Study Design and Population

The study was an interventional multicenter clinical trial conducted in an open-label
manner with dietary supplements. The total duration of the study was 9 months, and
the enrollment period was 8 months. Each patient in the study was administered a food
supplement based on Palmarosa (Cymbopogon martinii) essential oil titrated in geraniol and
adsorbed on Ginger (Zingiber officinale) vegetable fiber for 30 days. The study was approved
by the Independent Ethics Committee for Nonpharmacological Clinical Investigations on
7 February 2024. The patients were informed of the full nature and purpose of the study
and provided written informed consent before entering the trial. The sites involved in
enrolment were private, and the study was conducted in conformity with the principles of
the Declaration of Helsinki and Good Clinical Practice. The study population consisted of
patients diagnosed with IBS, enrolled by 31 private Italian gastroenterologists. Inclusion
criteria were age between 18 and 65 years; signed informed consent; diagnosis of IBS accord-
ing to the Rome IV criteria; and body weight between 48 kg and 104 kg, with a BMI < 27.
Exclusion criteria were known or suspected hypersensitivity to Palmarosa essential oil,
Ginger, or any excipients contained in the dietary supplement used for the treatment;
diagnosis of IBD, celiac disease, or other severe systemic diseases; severe concomitant
diseases that, in the investigator’s opinion, contraindicate the patient’s participation in the
study; lactose intolerance or confirmed food allergies; use of steroidal anti-inflammatory
drugs, antibiotics, or supplements and/or functional foods containing pre-/probiotics
in the month preceding enrollment; and use of experimental drugs in the two months
preceding enrollment.

The patients were diagnosed according to Rome IV criteria in case of recurrent ab-
dominal pain, which began at least 6 months earlier and was present during the previous
3 months for at least 1 day per week. All of this was associated with a change in the
frequency of evacuations (constipation, diarrhea, or alternation) and a change in stool
consistency [18]. The score was calculated using the validated IBS-SSS questionnaire [37]
(Supplementary Materials, Figure S1). This study was registered in the ISRCTN registry,
ID: ISRCTN12928913.

The patients were divided into 4 subtypes:

IBS-C with constipation (>25% hard stools and <25% soft stools).

IBS-D with diarrhea (>25% soft stools and <25% hard stools).

IBS-M with mixed bowel habits (>25% soft stools and >25% hard stools).

IBS-U not classifiable into any of the previous subtypes (<25% soft stools and <25%
hard stools).

Ll

The Bristol stool chart was used to recognize stool types, with values ranging from 1
(hard, lumpy stools) to 7 (soft, watery stools) [38].

2.2. Treatment

The food supplement (Eurekol™) was provided by Diadema Farmaceutici S.R.L. (Pisa,
Italy) to each investigator and properly stored in a cool, dry place away from heat sources.
Each package contained 30 gastro-resistant capsules composed of 600 mg of BOintestil™
[Ginger (Zingiber officinale Rosc.—rhizome), Palmarosa essential oil (Cymbopogon Martinii
Will. Watson—aetheroleum)], hydroxypropyl cellulose, microcrystalline cellulose, silicon
dioxide, calcium phosphate, magnesium stearate, and white gastro-resistant coating (with-
out TiO,) [shellac, hydroxypropyl methylcellulose, talc, calcium carbonate, polyethylene
glycol, glycerol]. The daily dosage used in the present trial was 2 capsules/day, correspond-
ing to 204 mg of geraniol. This dosage was very similar to the average dose used in our
previous study [36] of 210 mg/day.
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Table 1 reports the quantitative composition of actives for 2 capsules.

Table 1. Eurekol™ composition.

Contents of Characterizing Ingredients 2 Capsules
Ginger 960.0 mg
of which fiber 138.2 mg
Palmarosa essential oil 240.0 mg
of which geraniol 204.0 mg

Each investigator assigned each enrolled subject two packages of Eurekol™, sufficient
to cover the recommended daily dose for the 30 days of the planned treatment period. Each
patient was asked to return the supplement packs at the end of the experimental process so
that each investigator could proceed with the accounting in order to assess the compliance
(calculated according to the ratio of the number of capsules taken to the number of capsules
theoretically expected).

Patients who consumed less than 90% of the capsules were considered “drop-outs”,
and those who did not undergo follow-up within 7 days of the predetermined date were
considered “lost to follow-up”. Participation in the study could be interrupted at any time
if it was deemed beneficial for the patient’s health or at the patient’s own discretion.

2.3. Aims of the Study

The primary objective of the study was to confirm the effect of a very-low-absorbable
geraniol formulation (Eurekol™ based on BIOintestil™) on self-reported symptoms of
IBS and the quality of life of affected individuals in a large sample of patients.

The secondary objectives were to confirm the effect of treatment with a very-low-
absorbable geraniol formulation on the different IBS subtypes.

2.4. Study-Specific Visits
2.4.1. Visit 1—Baseline

The investigator, after presenting the study to the selected patient and obtaining
informed consent, assessed the inclusion and exclusion criteria to confirm eligibility. For
eligible subjects, a medical history and a clinical examination were performed as per
standard clinical practice, during which some information, in particular about the clinical
history, symptoms, and any concomitant conditions and therapies, was collected. Every
patient was asked to complete the IBS-S5S questionnaire and then received two packages
of Eurekol™. The patients were enrolled sequentially, and the objective of the geraniol
treatment was clearly explained to each patient during the inclusion visit.

2.4.2. Visit 2—Week 4 (£7 Days)

The inclusion and exclusion criteria were verified again to reconfirm the patient’s
eligibility. A recent medical history and a second clinical examination were performed
as per standard clinical practice, during which some information, in particular about the
patient’s symptoms, any changes since the previous visit, adverse events, and therapies
taken, was collected. Every patient was asked to complete the IBS-55S questionnaire again
and return the packages of Eurekol™. Therefore, the investigator proceeded with the
evaluation of compliance.

2.5. Statistical Analysis

All analyses were performed using the SPSS statistical software version 23 (SPSS Inc.,
Chicago, IL, USA).
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The data are presented for the per-protocol population, meaning all patients who
completed the study were in full compliance with the protocol and without any major devi-
ations. Continuous variables are expressed as mean and standard deviation, frequencies as
number, %, and 95% confidence interval. The paired Student t-test was used to compare
continuous variables before and after the treatment. For pre-post frequencies, McNemar’s
Chi-square test was used, or McNemar'’s exact test correction when the contingency table
contained at least one box with a frequency < 5. A p-value < 0.05 or <0.01 was considered
statistically significant.

3. Results
3.1. Population

A total of 1736 patients met the inclusion criteria and were enrolled for the study.
Eighty-two patients were lost to follow-up because they did not undergo V2 within the
protocol timeframe. A total of 69 patients were considered drop-outs for not achieving full
compliance (at least 90% of the capsules consumed); among them, only 34 patients (2%)
stopped taking the supplement due to adverse events potentially related to the intake of
geraniol (unspecified gastric symptoms).

Data from 1585 patients were available (mean age 44.8 + 13.7 years). Among them,
691 (43.60%) were males (mean age 44.7 years), and 894 (56.40%) were females (mean age
44.9 years). A total of 473 patients were diagnosed with IBS-C, 484 with IBS-D, and 474 with
IBS-M. The remaining 154 subjects who could not be included in any of the previous three
categories were considered IBS-U. Tables 2 and 3 show the characteristics of the population
stratified by gender, by type of diagnosed IBS, and by age group.

Table 2. Population characteristics. Subtype of IBS-gender.

Gender
Males Females Total
Number 207 266 473
IBS-C 9, (95%CI)  29.96 (26.65-33.47) 29.75 (26.84-32.83) 29.84 (27.64-32.14)
Number 206 278 484
Subtype of IBS-D o, (95%CI)  29.81 (26.52-33.32) 31.10 (28.14-34.20) 30.54 (28.31-32.84)
Irrétaﬁéerfrive"el Number 207 267 474
y IBSM o/ (95%CI)  29.96 (26.65-33.47) 29.87 (26.95-32.94) 29.90 (27.70-32.20)
Number 71 83 154
IBS-U o, 95%CI)  10.27 (8.22-12.76) 9.28 (7.55-11.36) 9.72 (8.35-11.27)
Number 691 894 1585
Total

% (95%CI)  100.00 (99.45-100.00)  100.00 (99.57-100.00)  100.00 (99.76-100.00)

As shown in the tables, most patients were women, the most diagnosed IBS subtype
was diarrheal, and the most represented age group ranged between 41 and 50 years old.

3.2. Results from the Analysis of the IBS-SSS Questionnaires

The IBS-SSS Score was calculated as described in the Supplementary Materials
(Figure S1) for each patient at V1 and V2. Table 4 reports the main results of the IBS-
SSS questionnaire and the % of responders.
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Table 3. Population characteristics. Age range—gender.
Gender
Males Females Total
Number 86 131 217
<30 % (95%CI) 12.45 (10.19-15.11) 14.65 (12.48-17.12) 13.69 (12.08-15.47)
Number 147 190 337
31-40 % (95%CI) 21.27 (18.39-24.48) 21.25 (18.69-24.05) 21.26 (19.31-23.34)
Number 253 269 522
41-50 % (95%CI) 36.61 (33.10—40.27) 30.09 (27.17-33.17) 32.93 (30.66-35.28)
Age Number 127 180 307
51-60 % (95%CI) 18.38 (15.66-21.43) 20.14 (17.63-22.88) 19.36 (17.49-21.38)
Number 78 124 202
>60 % (95%CI) 11.29 (9.13-13.86) 13.87 (11.75-16.29) 12.74 (11.11-14.47)
Number 691 894 1585
Total % (95%CI)  100.00 (99.45-100.00) 100.00 (99.57-100.00) 100.00 (99.76-100.00)

Table 4. Main results of the IBS-SSS questionnaire.

Mean + S.D. p Value
IBS-SSS queries
Abdominal pain V1 38.37 + 25.64 0.01
Abdominal pain V2 5.86 4+ 12.88 <0
Days with abdominal pain in the last 10 days V1 4.68 £+ 2.60 0.01
Days with abdominal pain in the last 10 days V 2 123 +£1.83 <
Abdominal distension V1 42.29 £+ 26.26 0.01
Abdominal distension V2 7.47 4+ 13.06 <U
Satisfaction with bowel habits V1 64.39 4+ 13.36 0.01
Satisfaction with bowel habits V2 34.64 + 17.56 <
Interference with daily activities V1 46.82 + 22.20 0.01
Interference with daily activities V2 16.45 + 18.25 <
Clinical outcomes
IBS-SSS Score V1 238.66 + 82.91 0.01
IBS-555 Score V2 76.69 + 65.35 <
IBSS-SSS Score variations (Delta mean score V1-V2) 161.97
Responders (reduction of 50 points) 1187 (74.89%)
IBS-C n =473
IBS-SSS Score V1 227.74 + 88.45 0.01
IBS-SSS Score V2 82.44 + 65.61 <0
Responders (reduction of 50 points) 346 (73.15%)
IBS-D n =484
IBS-SSS Score V1 243.61 + 84.17 0.01
IBS-SSS Score V2 80.16 + 68.86 <U
Responders (reduction of 50 points) 369 (76.24%)
IBS-M n =474
IBS-SSS Score V1 239.06 + 82.44 0.01
IBS-SSS Score V2 79.80 £ 65.40 <U-

Responders (reduction of 50 points)

362 (76.37%)
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Table 4. Cont.
Mean + S.D. p Value
IBS-U n =154
IBS-SSS Score V1 255.52 + 54.09 0.01
IBS-SSS Score V2 38.75 £ 33.32 <U-
Responders (reduction of 50 points) 110 (71.43%)

Statistical analyses identified significant differences in the participants’ symptoma-
tology between V1 and V2. Figure 1 demonstrates a highly significant reduction, with
p-value < 0.01, in the total score after the 30 days of treatment, with the mean value drop-
ping from 238.66 £ 82.91 to 76.69 £ 65.35.

IBS-SSS total score
350

300

250

200

Score

150

100

50

mV1l mV2

Figure 1. IBS-SSS total score at V1 and V2 (mean and S.D.) * p < 0.01.

The same highly significant result (p < 0.01) of the difference in the degree of severity
by total IBS-SSS score between the V1 and V2 was also confirmed in each subtype of IBS
(Figure 2). In particular, the greatest benefits were observed in the subtype of IBS-U, for
which the mean value decreased from 255.52 £54.09 to 38.57 + 33.32 (Figure 2D). The
mean of the score decreased from 227.74 4 88.45 to 82.44 & 65.61 in subtype C (Figure 2A),
from 243.61 & 84.17 to 80.16 + 68.86 in subtype D (Figure 2B), and from 239.06 £ 82.44 to
79.80 £ 65.40 in subtype M (Figure 2C).

During treatment with geraniol, the average symptomatology score of the disease
changed positively from moderate to mild severity. This can also be seen through the
stratification of the analysis in relation to the different IBS subtypes. The following is the
analysis of scores by individual question on the IBS-SSS questionnaire, both for the total
population and for the IBS subtypes.
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A IBS-SSS SCORE IBS-C B IBS-SSS SCORE IBS-D

350 350
300 300
250 250
200 200

o @
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Figure 2. IBS-SSS score (mean and S.D.) at V1 and V2 stratified for IBS types. IBS-C, panel (A), IBS-D,
panel (B), IBS-M, panel (C) and IBS-U, panel (D). * p < 0.01.

3.2.1. IBS-SSS Single Scores

The abdominal pain mean score decreased from 38.37 + 25.64 to 5.86 £ 12.88, p < 0.01
(Figure 3A). The mean abdominal pain score decreased from 33.48 + 25.80 to 6.46 & 13.20
in IBS-C patients; from 38.20 & 25.38 to 6.21 & 13.43 in IBS-D patients; from 40.14 + 25.86
to 6.66 £ 13.53 in IBS-M patients; and from 48.50 £ 21.65 to 0.41 + 3.38 in IBS-U patients
(p < 0.01 in every subtype).
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70

60

50

40

30

20

10

90

80

70

60

20

10

ABDOMINAL PAIN SCORE B ABDOMINAL DISTENSION
SCORE
80
70
60
o 50
S
? 40
30
20
10
0
mV1 mV2 mV1l mV2
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0
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Figure 3. Abdominal pain score (mean and S.D.) at V1 and V2 (A); abdominal distension score (mean
and S.D.) at V1 and V2 (B); satisfaction with bowel habits (mean and 5.D.) at V1 and V2 (C); degree
of interference with quality of life/daily activities score (mean and S.D.) at V1 and V2 (D). * p < 0.01.

Regarding the days (0 to 10 out of 10 days) on which patients report having abdominal
pain, the average changed from 4.68 & 2.60 to 1.23 + 1.83 (p < 0.01). In particular, the
average changed from 4.52 £ 2.83 to 1.42 £ 1.88 for IBS-C patients; from 4.94 + 2.55 to
1.30 £ 1.97 in IBS-D patients; from 4.63 £ 2.62 to 1.24 £ 1.77 in IBS-M patients; and from
4.44 + 1.68 to 0.31 & 0.78 in IBS-U patients (p < 0.01 for all the subtypes).

The abdominal distension mean score changed from 42.29 + 26.26 to 7.47 & 13.06,
p < 0.01 (Figure 3B). The abdominal distension mean score decreased from 41.29 + 26.59 to
8.48 + 14.34 in IBS-C patients; from 41.10 £ 29.96 to 7.77 & 13.73 in IBS-D patients; from
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41.08 £ 25.70 to 7.97 £ 13.97 in IBS-M patients; and from 52.87 £ 22.33 to 1.92 & 6.94 in
IBS-U patients (p < 0.01 for every subtype).

The mean score regarding the degree of satisfaction with bowel habits (p.n. in this
question, a higher score corresponds to lower satisfaction) decreased from 64.39 + 13.36 to
34.64 £+ 17.56, p < 0.01 (Figure 3C). In particular, the score changed from 64.26 + 14.65 to
36.30 £ 17.36 in IBS-C patients; from 65.01 £ 13.95 to 35.77 & 17.81 in IBS-D patients; from
64.24 + 12.86 to 35.18 £ 17.47 in IBS-M patients; and from 63.32 & 7.55 to 24.36 £ 14.02 in
IBS-U patients (p < 0.01 for every subtype).

Regarding the degree of interference of IBS with quality of life/daily activities, a
significant decrease in the mean score was observed, which changed from 46.82 4 22.20
to 16.45 & 18.25, p < 0.01 (Figure 3D). The mean score for the interference with quality
of life went from 43.44 + 23.95 to 16.95 £ 18.08 in IBS-C patients; from 49.83 & 22.78 to
17.38 £ 19.33 in IBS-D patients; from 47.26 + 21.82 to 17.53 £ 21 in IBS-M patients; and
from 46.40 £ 12.57 to 8.68 £ 10.93 in IBS-U patients (p < 0.01 for every subtype).

3.2.2. Stool Changes

In IBS-C patients, the mean score in the Bristol Stool Chart (BSC) declined from
1.77 + 0.72 to 3.72 & 1.16 (Figure 4A), changing from typical constipation (1-2) to a normal
score (score 3-5). In IBS-D patients, the BSC mean score decreased from 6.14 £ 0.75 to
4.54 £ 1.14 (Figure 4B), once again normalizing from a score indicative of diarrhea to a score
indicative of almost normal stools. Differences in BSC average type were not detectable
(obviously) in IBS-M and IBS-U patients (Figure 4C,D) since, at V1, these two IBS subtypes
present very different stool types within the group. We observed, however, that at V2,
the standard deviation was significantly reduced; therefore, also in these two groups,
substantial normalization of the bowel was observed.

BRISTOL STOOL CHART IBS-C B BRISTOL STOOL CHART IBS-D

Score
IS wn

w

0
mV1 mV2 mV1l mV2

Figure 4. Cont.
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Figure 4. Bristol stool chart (mean and S.D.) at V1 and V2. IBS-C, panel (A), IBS-D, panel (B), IBS-M,
panel (C), and IBS-U, panel (D). * p < 0.01.
3.2.3. Percentage of Responders

A reduction in IBS-SSS score > 50 points was considered a clinically significant
improvement, as previously described [36,37]. Based on this definition, 1187 out of
1585 patients (74.89%; 95%Cl: 72.70-76.96) can be considered responders.

3.3. Frequencies of Responses

Analyzing the data from the point of view of the frequencies of the given answers
yields highly significant results: p < 0.01 for every question (Table 5 and Figure 5).

Table 5. Frequencies of answers to the IBS-SSS queries; total enrolled population (N = 1585).

Vi V2
How severe is your abdominal pain?
Very severe 95 (5.99%) 7 (0.44%)
Severe 477 (30.10%) 16 (1.01%)
Quite severe 480 (30.28%) 105 (6.62%)
Not very severe 320 (20.19%) 281 (17.73%)
No pain 213 (13.44%) 1176 (74.20%)
How severe is your abdominal distension?
Very severe 124 (7.83%) 2 (0.13%)
Severe 577 (36.40%) 25 (1.58%)
Quite severe 443 (27.95%) 143 (9.02%)
Not very severe 224 (14.13%) 358 (22.58%)
No distension 217 (13.69%) 1057 (66.69%)
How satisfied are you with your bowel habits?

Very unhappy 270 (17.03%) 14 (0.88%)
Unhappy 1135 (71.61%) 257 (16.21%)
Quite happy 175 (11.04%) 817 (51.55%)

Very happy 5(0.32%) 497 (31.36%)




Nutrients 2025, 17, 328

13 of 22

Table 5. Cont.

Vi V2
To what extent does IBS condition/interfere with your life?
Completely 162 (10.22%) 14 (0.88%)
Quite a lot 1071 (67.57%) 254 (16.03%)
Not much 313 (19.75%) 751 (47.39%)
Not at all 39 (2.46%) 566 (35.71%)
A Abdominal pain B Abdominal distension
1;/&;\/ severe 1g/oeory severe
1000 1000
800 800
600 600
No pain 400 Severe No distension 400 Severe
200 200

=

Not very

Quite severe
severe

—V1 —V2

C Satisfaction with bowel habits

Very unhappy
1200

1000
800
600
400

200
Very happy 0 2 Unhappy

Quite happy

—V1 —V2

0\'

Not very

Quite severe
severe

—V1 —V2

D Interference with quality of life

Completely
1200

1000
800
600
400
200

—0 \/> Quite a lot

Not at all

Not much

—V1l —V2

Figure 5. Abdominal pain (A) responses shifted from a prevalence of “severe/quite severe” to-
ward “not very severe/no pain” (p < 0.01). Abdominal distension (B) responses shifted from a
prevalence of “severe/quite severe” toward “not very severe/no distension” (p < 0.01). Satisfaction
with bowel habits (C) responses shifted from a prevalence of “unhappy/very unhappy” toward
“quite happy/very happy” (p < 0.01). Interference with quality-of-life (D) responses shifted from a
prevalence of “Quite a lot” toward “not much/not at all” (p < 0.01).

Statistical significance, as for all the scores, is maintained even when dividing the
population by IBS subtype (p < 0.01 for every query and all four subtypes).

3.3.1. Abdominal Pain Response Frequencies

Abdominal pain response frequencies are reported in Table 6 and Figure 6.
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Table 6. Abdominal pain response frequencies in IBS subtypes.
IBS-C IBS-D IBS-M IBS-U
How severe is your V1 V2 V1 V2 V1 V2 V1 V2
abdominal pain?
Ver . 27 2 31 2 37 3 0 0
ery severe (5.71%) (0.42%) (6.40%) (0.41%) (7.80%) (0.63%) (0.00%) (0.00%)
Sever 104 5 132 7 144 4 97 0
evere (21.99%)  (1.06%)  (27.27%)  (1.45%)  (30.38%)  (0.84%)  (62.99%)  (0.00%)
Quite severe 140 35 165 33 142 36 33 1
(29.60%) (7.40%) (34.09%) (6.82%) (29.96%) (7.60%) (21.43%) (0.65%)
Not very severe 122 95 90 86 100 98 8 2
y (25.79%)  (20.08%)  (18.60%)  (17.77%)  (21.10%)  (20.68%) (5.19%) (1.30%)
No pain 80 336 66 356 51 333 16 151
P (16.92%)  (71.04%)  (13.64%)  (73.55%)  (10.76%)  (70.25%)  (10.39%)  (98.05%)
Total 473 473 484 484 474 474 154 154
A Abdominal pain IBS-C B Abdominal pain IBS-D
Very severe Very severe
400 400
300 300
200 200
No pain 100 Severe No pain 100 Severe
o] <]
Notvery Quite severe Not very i
Sevare ST Quite severe
—V1 —V2 —V1 —V2
C Abdominal pain IBS-M Abdominal pain IBS-U
Very severe Very severe
400 200
300 150
200 100
No pain 100 Severe No pain Severe

og 52 %

Not very
severe

Not very
severe

Quite severe Quite severe

—V1 —V2 —V1 —V2

Figure 6. Abdominal pain response frequencies. IBS-C (A) responses shifted from a prevalence of
“quite severe/not very severe” toward “no pain”; IBS-D (B) responses shifted from a prevalence
of “severe/quite severe” toward “no pain”. IBS-M (C) responses shifted from a prevalence of “se-
vere/quite severe” toward “no pain”. IBS-U (D) responses shifted from a prevalence of “severe/quite
severe” toward “no pain” (p < 0.01).
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3.3.2. Abdominal Distension Response Frequencies

Abdominal distension response frequencies are reported in Table 7 and Figure 7.

A Abdominal distension IBS-C

No distension

Not very
severe

Very severe

300

250

200

150

100 Severe

Sglj

Quite severe

—V1 —V2

C Abdominal distension IBS-M

No distension

Not very
severe

Very severe
400

300
200
100

57

Severe

Quite severe

—V1 —V2

B Abdominal distension IBS-D

No distension

Not very

Very severe
400

300
200
100

o@

Quite severe

Severe

severe

—V1 —V2

D Abdominal distension 1BS-U

No distension

Not very
severe

Very severe
150

100

50 Severe

0%

Quite severe

—V1l —V2

Figure 7. Abdominal distension response frequencies for IBS subtypes. IBS-C (A) responses
shifted from a prevalence of “severe/quite severe” toward “not very severe/no distension”; IBS-D
(B) responses shifted from a prevalence of “severe/quite severe” toward “not very severe/no dis-
tension”; IBS-M (C) responses shifted from a prevalence of “severe/quite severe” toward “not
very severe/no distension”; IBS-U (D) responses shifted from a prevalence of “severe” toward “no

distension” (p < 0.01).

Table 7. Abdominal distension response frequencies in IBS subtypes.

IBS-C IBS-D IBS-M IBS-U
How severe is your ! V2 %! V2 ! V2 \l V2
abdominal distension?
Verv severe 27 2 40 0 30 1 6 0
y (G71%)  (042%)  (826%)  (0.00%)  (633%)  (0.21%)  (3.90%)  (0.00%)
Severe 104 5 162 10 168 7 109 1
(21.99%)  (1.06%)  (3347%)  (2.07%)  (35.45%)  (1.48%)  (70.78%)  (0.65%)
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Table 7. Cont.
IBS-C IBS-D IBS-M IBS-U
Quite severe 140 35 143 42 139 47 19 1
(29.60%)  (7.40%)  (29.55%)  (8.68%)  (29.32%)  (9.92%)  (12.33%)  (0.65%)
Not ver . 122 95 56 118 74 112 2 15
otvery severe (25.79%)  (20.08%)  (11.57%)  (24.38%)  (15.61%)  (23.63%)  (1.30%)  (9.74%)
No distension 80 336 83 314 63 307 18 137
(1691%)  (71.04%)  (17.15%)  (64.87%)  (1329%)  (64.76%)  (11.69%)  (88.96%)
Total 473 473 484 484 474 474 154 154

3.3.3. Satisfaction with Bowel Habits Response Frequencies

Satisfaction with bowel habits response frequencies are reported in Table 8 and Figure 8.

A Satisfaction with bowel habits IBS-C B

Very unhappy
400

300
200
100
Very happy 0

Quite happy

—V1 —V2

C Satisfaction with bowel habits IBS-M D

Very unhappy
400

300
200
100
Very happy

Quite happy

—V1—V2

{> Unhappy

0 ll> Unhappy

Very happy

Very happy

Very unhappy
400

300
200

Satisfaction with bowel habits IBS-D

100
0 ’> Unhappy

Quite happy

—V1 —V2

Very unhappy
150

100
50

Satisfaction with bowel habits IBS-U

o ———— Unhappy

Quite happy

—V1 —V2

Figure 8. Satisfaction with bowel habits response frequencies in IBS subtypes. IBS-C (A) responses
shifted from a prevalence of “unhappy/very unhappy” toward “quite happy/very happy”; IBS-D
(B) responses shifted from a prevalence of “unhappy” toward “quite happy/very happy”; IBS-M
(C) responses shifted from a prevalence of “unhappy” toward “quite happy/very happy”; IBS-U
(D) responses shifted from a prevalence of “unhappy” toward “quite happy/very happy” (p < 0.01).
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Table 8. Satisfaction with bowel habits response frequencies in IBS subtypes.
IBS-C IBS-D IBS-M IBS-U
How satisfied are you with V1 V2 V1 V2 V1 V2 V1 V2
your bowel habits?
Verv unha 92 3 95 4 75 7 8 0
y unhappy (19.45%) (0.63%) (19.63%) (0.83%) (15.82%) (1.48%) (5.19%) (0.00%)
314 90 333 91 348 71 140 5
Unhappy 0 0 0 0 0 0 0 0
(66.39%) (19.03%) (68.80%) (18.80%) (73.42%) (14.98%) (90.91%) (3.25%)
Ouite ha 65 252 54 247 50 258 6 60
PPy (13.74%) (53.28%) (11.16%) (51.03%) (10.55%) (54.43%) (3.90%) (38.96%)
Verv ha 2 128 2 142 1 138 0 89
Y happy (0.42%) (27.06%) (0.41%) (29.34%) (0.21%) (29.11%) (0.00%) (57.79%)
Total 473 473 484 484 474 474 154 154

3.3.4. Interference with Quality-of-Life Response Frequencies

Interference with quality-of-life response frequencies are reported in Table 9 and

Figure 9.

A Interference with quality of life IBS-C

Not at all

—V1l —V2
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Not much

Quite a lot

C Interference with quality of life IBS-M

Not at all

Completely
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300
200
100

B

D

Interference with quality of life IBS-D

Not at all

Completely
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300
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100

0 [\> Quite a lot

Not much
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Interference with quality of life IBS-U
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Not much

—V1l —V2
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100

50
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Figure 9. Interference with quality-of-life response frequencies in IBS subtypes. IBS-C (A) responses
shifted from a prevalence of “quite a lot” toward “not much/not at all”; IBS-D (B) responses shifted
from a prevalence of “quite a lot” toward “not much/not at all”; IBS-M (C) responses shifted from
a prevalence of “quite a lot” toward “not much/not at all”; IBS-U (D) responses shifted from a
prevalence of “quite a lot” toward “not much/not at all” (p < 0.01).
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Table 9. Interference with quality-of-life response frequencies in IBS subtypes.
IBS-C IBS-D IBS-M IBS-U
To what extent does IBS
condition/interfere with V1 V2 V1 V2 Vi1 V2 V1 \
your life?
Completel 46 6 65 4 49 4 2 0
pletely 9.73%)  (127%)  (1343%)  (0.83%)  (10.34%)  (0.84%)  (1.30%)  (0.00%)
Quite a lot 283 68 333 95 322 86 133 5
(59.83%) (14.38%) (68.80%) (19.63%) (67.93%) (18.14%) (86.36%) (3.24%)
Not much 123 252 74 205 97 226 19 68
otmuc (26.00%)  (5327%)  (15.29%)  (42.35%)  (20.46%)  (47.68%)  (12.34%)  (44.16%)
Not at all 21 147 12 180 6 158 0 81
(4.44%) (31.08%) (2.48%) (37.19%) (1.27%) (33.34%) (0.00%) (52.60%)
Total 473 473 484 484 474 474 154 154

4. Discussion

This real-world clinical study assessed the effect of the oral administration of a very-
low-adsorbable geraniol formula in a wide cohort of patients with IBS. Pharmacological
proprieties of geraniol were initially investigated by our research group in a mouse model of
colitis, in which geraniol was able to reduce colon inflammation via inhibiting inflammatory
cytokine synthesis, decreasing the intestinal COX-2 expression, and the strong amelioration
of intestinal microbiota [33]. These multiple effects were particularly evident when geraniol
was administered via enema, with an overall anti-inflammatory effect comparable to
orally administered corticosteroids. Further pharmacokinetic studies confirmed that the
efficacy of orally administered geraniol was strongly reduced by its rapid and massive
intestinal absorption, which strongly limited its availability in the colon [35]. For this
reason, we decided to develop a soy lecithin microencapsulated geraniol formula with
reduced intestinal absorption (about 50%) to perform a first pilot study on 19 patients
affected by IBS [34]. Using this formulation, geraniol (8 mg kg~! die) proved to be a
powerful modulator of the intestinal microbial ecosystem, capable of selectively decreasing
the relative abundance of pathobionts taxa and increasing the relative abundances of
Faecalibacterium, a well-known health-promoting butyrate producer often found decreased
in patients with IBS [39]. Moreover, microencapsulated low-adsorbable geraniol strongly
improved the clinical symptoms of IBS patients and significantly reduced the VAS-IBS
questionnaire score (—30.2%) after 4 weeks of treatment. We then moved on to a very-
low-adsorbable geraniol formulation by using a patented procedure capable of absorbing
geraniol on ginger fibers, which allowed us to further reduce its intestinal absorption to
16% [35]. We tested this new very-low-adsorbable formulation in a double-blind placebo-
controlled clinical trial involving fifty-six patients with IBS [36]. With this formulation,
geraniol administered at an average dose of 210 mg/die was able to significantly reduce
the IBS-SSS score compared to the placebo (195 vs. 265, p = 0.001); in particular, the rate of
responders was 52.0% in the active arm and only 16.7% in the placebo arm. Differences
with respect to the placebo group were also evidenced in the microbiota composition.
In particular, a significant decrease in the genus of Ruminococcaceae and Oscillospira was
observed, while an increase in Faecalibacterium was confirmed [36]. The strength of this
double-blind study was limited by the reduced sample size; moreover, the IBS population
was not properly represented since the enrolled patients were predominantly of the IBS-M
classification. For this reason, we decided to perform the present study in a real-world
setting on a higher number of patients. In the present study, patients at baseline showed
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an average of moderate disease severity as recorded by the IBS-SSS questionnaire. After
4 weeks of geraniol treatment, a significant reduction in symptoms was observed, with a
scoring system reporting an average mild disease after treatment. The IBS-SS5 decrease
was associated with a significant improvement in symptoms such as intestinal swelling
and discomfort. Our results confirm the effectiveness of geraniol treatment in improving
all primary IBS severity parameters, including abdominal distension/pain and intestinal
transit, as well as patients’ quality of life. It is interesting to note that this improvement
was present in all IBS subtypes and was particularly strong in the IBS-U subtype. The
high number of treated patients also allowed us to highlight the effects of geraniol on the
type and consistency of stool. In fact, a significant normalization of the Bristol stool type
toward normal values was observed in the IBS-D and IBS-C subtypes, while a reduction
in the standard deviation of the Bristol scale values was observed in the IBS-M and IBS-U
subtypes, indicating the normalization of stool consistency. This may reduce patients’
needs for certain conventional IBS medications, such as laxatives and antidiarrheals.

Rather unexpected data included the percentage of responders, which was close to
75%, indicating that three patients out of four self-reported significant benefits from the
geraniol-based treatment. This value is higher than the one found in the double-blind
controlled study, which was 52%. However, these data must be interpreted considering
the open-label experimental design and the absence of a placebo arm. Considering these
factors, we can reasonably consider a placebo effect of approximately 35%, as already
reported by Jafari and collaborators in a similar study [40]. In this scenario, the actual
efficacy of geraniol could be estimated at about 40% of responders. Overall, the observed
improvement in IBS symptomatology and QoL associated with the pharmacological effects
of geraniol are in line with results from our previously reported clinical trials [36].

Similar results were also obtained in IBS patients with other food supplements, for ex-
ample, with the oral daily administration of 400 mg of berberine and 98 mg of standardized
Curcuma extract for two months. This treatment significantly improved patients’ symptoms
in all IBS sub-types, with 79% of them being willing to continue the supplementation at the
end of the study [41]. Compared with these compounds, the effect of geraniol was faster,
with symptom improvement and efficacy achieved after 4 weeks of treatment. Compared
to other botanicals or conventional IBS medications, very-low-adsorbable geraniol offers
the advantage of exerting an intestinal-only activity with no systemic and fewer adverse
gastric effects. Furthermore, very-low intestinal absorption reduces the burden on the liver
and kidneys, which are physiologically involved in the metabolization and detoxification
of xenobiotics, including essential oils and phytoextracts, derived from Curcuma [42]. It
also minimizes the risk of geraniol interfering with the modulation of the expression and
activity of cytochrome CYP enzymes, changing the pharmacokinetics of drug therapies [35].

Finally, the present study also implies the excellent safety and tolerability of very-low-
adsorbable geraniol in the management of IBS. All things considered, we have recorded only
2% of generic gastric side effects linked to the intake of Palmarosa essential oil, which, even
if in an enteric-coated formulation, in some situations can be partially released in the stom-
ach and interact with a mucosa probably already inflamed due to pre-existing conditions.

We recognize the inherent limitations of our study; first of all, the absence of a placebo
group precludes not only the assessment of a placebo effect but also the evaluation of other
potential confounding factors, such as diet and lifestyle changes that may have occurred
during the study. Moreover, the observational nature of the study implied the absence
of other treatment arms, such as a “ginger alone “treatment arm or a “Palmarosa alone”
treatment arm. The absence of these control groups was justified by our previous studies,
where the efficacy of geraniol alone was tested both on mice [33] and on humans [34].
Furthermore, the literature available to date excludes the possibility of ginger alone having
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a beneficial effect on IBS patient’s symptoms [43,44]. Also, data on geraniol safety from
biochemistry analysis of blood and urine were not collected in this study for logistical
reasons, but these analyses were already performed in our previous pilot study, confirming
the safety of geraniol [34,36]. Moreover, the hepatotoxicity of geraniol was previously ruled
out by our pharmacokinetic study [35]. Conversely, the strength of this study lies in its
routine clinical practice setting involving a large cohort of patients with IBS recruited with
broad inclusion criteria. This “real-life” approach provides data that can be generalized to
a less selected and more realistic population of patients with IBS. Moreover, the results of
this study confirm the safety and tolerability profile of this geraniol formulation in addition
to its efficacy, suggesting that this supplement could be a good option as a complementary
therapy for the management of IBS.

5. Conclusions

In conclusion, geraniol supplements may alleviate the severity of IBS symptoms in
all IBS subtypes. Our findings confirm that very-low-adsorbable geraniol has the po-
tential to alleviate symptoms in patients with IBS, with very few side effects limited to
gastric mucosa.
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