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Abstract

Background: Urolithiasis is a major global health concern due to its high recurrence rate and significant impact on patients’
quality of life. Documenting traditional knowledge of medicinal plants is essential for identifying potential alternative
therapies. This study aimed to investigate plant-based remedies traditionally used for the treatment of urolithiasis in Tunisia.

Methods: An ethnobotanical survey was conducted among 270 participants using semi-structured questionnaires.
Quantitative indices, including Relative Frequency of Citation (RFC), Use Value (UV), and Informant Consensus Factor (ICF),
were calculated. Sociodemographic characteristics were also analyzed.

Results: Women represented 80% of the survey respondents, while among participants reporting previous experience with
urolithiasis, 69.2% were women. Individuals aged 20-40 years (53.8%) constituted the main users of medicinal plants. A total
of 27 plant species were identified, with Petroselinum crispum, Ammi visnaga, and Herniaria hirsuta being the most
frequently cited. Decoction (36.2%) and infusion were the predominant preparation methods. The ICF value for urolithiasis
was 0.95, indicating a strong agreement among informants. Most treatments lasted less than three weeks, and adverse
effects were rarely reported.

Conclusions: The findings highlight the richness of ethnobotanical knowledge related to anti-urolithiatic plants in Tunisia.
The high ICF values suggest promising candidates for further pharmacological validation. Standardization of preparation

methods and clinical investigations are necessary to support their integration into modern therapeutic practices.
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Background

Medicinal plants represent one of the oldest forms of healthcare used by human populations worldwide. They remain a
fundamental component of traditional medicine systems and continue to play an important role in primary healthcare,
particularly in developing countries. Their therapeutic potential is largely attributed to their richness in bioactive compounds
such as flavonoids, alkaloids, and phenolic acids. Kidney stone disease (KSD), also referred to as urolithiasis or nephrolithiasis,
is a common disorder of the urinary tract characterized by the formation of crystalline deposits within the kidneys or
anywhere along the urinary system (Bargagli et al. 2025). Over recent decades, the incidence of KSD has increased markedly,
making it a major global public health concern. This rising trend is associated with high recurrence rates and a substantial
negative impact on patients’ quality of life. Clinically, KSD is typically manifested by severe flank pain, hematuria, urinary
obstruction, and recurrent urinary tract infections.

Epidemiological data indicate a significant global burden of KSD, with prevalence rates ranging from 1-5% in Asia, 5-9% in
Europe, and 7-13% in North America (Khan et al 2016; Scales et al. 2012; Thongprayoon 2020). In China, approximately one
in seventeen adults is affected, with calcium oxalate (CaOx) stones accounting for nearly two-thirds of all reported cases
(Zhangqun et al. 2020). Among the various types of urinary stones, CaOx stones are the most prevalent and represent a
major clinical challenge due to their chronic nature and high recurrence rate, which can reach up to 90% within ten years
(Morgan & Pearle 2016; Rivera et al. 2017). This imposes a considerable economic and healthcare burden.

Despite substantial progress in surgical techniques and pharmacological treatments, recurrence after intervention remains
frequent, and current preventive strategies are often insufficient. Multiple factors contribute to stone formation, including
demographic variables (age, sex, and ethnicity) and lifestyle-related factors such as dietary habits and physical activity
(Ziemba & Matlaga 2017; Romero et al. 2010; Sorokin et al. 2017). Moreover, metabolic disorders, including obesity,
diabetes mellitus, and metabolic syndrome, are strongly associated with an increased risk of KSD, although the underlying
mechanisms remain incompletely understood (Daudon & Jungers 2007; Spatola et al. 2018; Obligado & Goldfarb 2008).

The pathogenesis of urolithiasis is complex and multifactorial, involving interactions between metabolic imbalances, genetic
predisposition, and anatomical or functional abnormalities of the urinary tract. Among these factors, diet plays a pivotal role
by influencing urinary composition and promoting supersaturation of lithogenic substances, thereby increasing both the risk
of stone formation and recurrence (Siener & Hesse 2002; Siener et al. 2005).

Although conventional therapeutic approaches are widely used, their high cost, potential side effects, and limited efficacy in
preventing recurrence have stimulated growing interest in alternative and complementary therapies. While some
pharmacological agents facilitate stone expulsion, effective long-term preventive strategies remain a major unmet clinical
need (Sekkoum et al. 2011).

In this context, traditional medicine offers valuable insights, as medicinal plants have long been used in the management of
urolithiasis across various cultures (Itoh et al. 2005). Urolithiasis affects nearly 12% of the global population, and several
plant species, including Pistacia lentiscus L., Punica granatum L., and Ziziphus lotus L., are recognized as rich sources of
bioactive compounds such as quercetin, a flavonoid known for its protective role against urolithaisis formation (Aboufatima
et al. 2019; Kachkoul et al.2020; Baddade et al. 2019). Consequently, medicinal plants traditionally used for the prevention
and treatment of urolithiasis have attracted increasing scientific interest. Ethnobotanical surveys play a crucial role in
documenting indigenous knowledge, identifying frequently used anti-urolithiatic species, and providing a foundation for
further phytochemical, pharmacological, and clinical investigations. Therefore, the present study aimed to document
medicinal plants traditionally used in the management of urolithiasis in Tunisia, to describe their modes of preparation and
administration, and to evaluate their perceived efficacy and safety among the surveyed population.

Materials and Methods

Study Design

A descriptive cross-sectional ethnobotanical study was conducted across different regions of Tunisia to document medicinal
plants traditionally used for the prevention and treatment of urolithiasis. A total of 270 participants were included in the
survey. Data were collected using a structured questionnaire prepared in both French and Arabic to facilitate participant
comprehension and improve data reliability.

A geographical map illustrating the distribution of the surveyed regions is presented in Figure 1.
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Study Areas in Tunisia

He T &

un|
S ——ffen douba/ Beja ) \ Legend

/f S

— / Surveyed Regions

} { { Mediterranean Sea = | Jendouba
2 Kef / | Tunis
- _ | Béja

Siliana % ° | Kef

—

| Siliana
a | Sousse

| Gafsa

Other Governorates

ALGERIA - > /
L,/ Governorate Boundaries

- 7
)_/ Gafsa = ( = —— International Borders
f"J “ . t \ [{/\) Water Bodies
gr"’(é_ 0 50 100 150 km
e

\ o~ LIBYA ‘ }

\ X

Figure 1. Map showing the distribution of study areas across different regions of Tunisia

The study covered several Tunisian regions, including Jendouba, Béja, Tunis, Kef, Siliana, Sousse, and Gafsa, representing
northern, central, and southern parts of the country. Tunisia is geographically located in North Africa along the southern
Mediterranean coast, between latitudes 30° and 38° N and longitudes 7° and 12° E. The surveyed regions exhibit diverse
climatic and ecological characteristics, ranging from humid and sub-humid conditions in northwestern areas such as
Jendouba and Béja to semi-arid environments in central and southern Tunisia. This geographical diversity may influence both
the availability of medicinal plant species and their traditional ethnomedicinal uses.

Study Population

The study population consisted of volunteer participants of both sexes, representing diverse age groups (<20, 20-40, 40-60,
and >60 years), professions (healthcare professionals, farmers, students, employees, traders, housewives, and others),
educational levels (illiterate, primary, secondary, and university), and geographic regions. Participants were eligible if they
had personal or familial experience with urolithiasis and/or knowledge of medicinal plant use. Participants were recruited
using a convenience sampling strategy through online dissemination of the questionnaire via social media platforms and
personal networks. Consequently, the study population may not fully represent all Tunisian social categories, particularly
elderly, rural, and illiterate individuals with limited internet access.

Data Collection
Data were collected using a structured online questionnaire designed and distributed via Google Forms. The questionnaire
was available in both French and Arabic to ensure accessibility and comprehension among participants. It consisted of closed-
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and open-ended questions addressing socio-demographic characteristics (sex, age, profession, region, and education level),
participants’ knowledge of urolithiasis, sources of information, and perceived symptoms associated with the disease.

Participants were also asked about their knowledge and use of medicinal plants against urolithiasis. For each cited plant,
information was collected on the local name, plant parts used (leaves, roots, seeds, fruits, whole plant, or others), methods
of preparation (infusion, decoction, powder, or fresh plant), and modes of administration (oral intake as a beverage or food).
Additional data included the duration of use, traditionally perceived therapeutic effectiveness (good, moderate, or weak),
reported adverse effects, and the origin of the plant (wild-harvested or cultivated). Because the questionnaire was
distributed online through Google Forms, the study population may be biased toward younger, educated, and digitally
connected participants. Consequently, elderly, rural, and illiterate individuals, who may possess substantial traditional
ethnobotanical knowledge, were likely underrepresented. Therefore, the findings should be interpreted as reflecting the
knowledge of the accessible surveyed population rather than the entire Tunisian population.

Ethical Considerations

Participation in the study was voluntary and anonymous. Electronic informed consent was obtained from all participants
prior to completing the questionnaire. No personally identifiable information was collected, ensuring confidentiality and
compliance with ethical standards for ethnobotanical research.

Data Analysis

The collected data were analyzed using descriptive and inferential statistical methods. Medicinal plant species were
categorized according to frequency of citation, plant parts used, preparation methods, and traditionally perceived
therapeutic effectiveness. Results were expressed as frequencies and percentages.

Statistical analyses were performed using IBM SPSS Statistics software version 26.0 (IBM Corp., Armonk, NY, USA).
Frequencies and percentages were calculated for categorical variables. Associations between sociodemographic
characteristics and awareness of medicinal plants were assessed using the Chi-square test. Odds ratios (OR) and 95%
confidence intervals (Cl) were calculated to estimate the strength of associations. Statistical significance was established at
p < 0.05.

Ethnobotanical Indices
Quantitative ethnobotanical indices were used to assess the relative importance of the recorded plant species.

The Relative Frequency of Citation (RFC) was calculated as RFC = FC/N, where FCis the number of participants citing a species
and N is the total number of respondents; higher RFC values indicate greater local importance.

The Use Value (UV) was calculated as UV = YU/N, where U represents the number of uses reported per species and N is the
total number of respondents; higher UV values reflect a broader range of traditional uses.

Informant Consensus Factor (ICF) was used to quantify agreement among informants regarding plants used for the
investigated ailment category (urolithiasis) and was calculated as: ICF= (Nur— Nt)/(Nur —1)

Where (Nur) is the number of use reports in a category and (Nt) the number of taxa used. Ailments were grouped following
ICD-11.

In the present study, the number of use reports (Nur) for urolithiasis was 270, while the number of recorded taxa (Nt) was
27, resulting in an ICF value of 0.95, indicating a high level of agreement among informants.

Results and Discussion

Sociodemographic profile of respondents

As part of this study, an ethnobotanical survey was conducted across various regions of Tunisia to identify the primary
medicinal plants employed in the treatment of urolithiasis. A total of 270 individuals were interviewed. The data on the
gender of medicinal plant users for the treatment of urolithiasis revealed a striking imbalance, with women accounting for
an overwhelming majority of 80%, in contrast to only 20% of men. The sex distribution differed significantly from an equal
distribution (x? = 97.20, p < 0.001), indicating a clear predominance of female participants. This resulted in a sex ratio of 4:1
(female to male), which may reflect women's traditionally greater involvement in family healthcare and their broader
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knowledge of medicinal plants, as observed in other ethnobotanical studies (see Table 1). This finding is consistent with
studies conducted in Tunisia and the Maghreb, where women are often recognized as key holders of traditional medicinal
knowledge (Bouasla & Bouasla 2017; Bencheikh et al. 2021, Bennour et al. 2026; Tabouii et al. 2026). The superior familiarity
of women with conventional phytotherapy knowledge may be attributed to their roles within the family unit; they are
frequently responsible for childcare and maintaining family health using accessible and cost-effective remedies. The
importance of gender in the preservation and transmission of ethnopharmacological knowledge across generations is
underlined by their central role in plant collection, preparation, and administration. The predominance of female
respondents (80%) may be explained by greater engagement of women in health-related surveys and their traditionally
recognized role in household healthcare management. In addition, the online distribution of the questionnaire may have
favored participation from individuals with higher digital accessibility, potentially contributing to gender imbalance in the
sample.

The age distribution of participants was significantly different across categories (x? = 295.87, p < 0.001), with the 20-40-year
age group being the most represented (68.1%), followed by those aged 40-60 years (23.7%), while individuals under 20 years
old accounted for only 3.7% and those over 60 years old represented 4.4% of the sample (Table 1). Similar findings have
been reported in other studies, highlighting variations in responses across different age groups. This suggests that both young
adults and middle-aged individuals are actively involved in the use of medicinal plants, while the lower proportion of older
respondents may reflect limited participation in the survey or a gradual erosion of traditional knowledge, possibly due to
weakening intergenerational transmission within families and local communities. Comparable age-related patterns have
been reported by other researchers, where middle-aged and younger participants constitute the majority of informants
(Hamrouni et al. 2026; Nouri et al. 2025). The predominance of the 20-40-year age group (68.1%) is likely related to the
online dissemination of the questionnaire, which tends to reach younger, more digitally active individuals. Older age groups
may have been underrepresented due to lower internet accessibility.

Educational level distribution also differed significantly (x2 = 358.29, p < 0.001), as most participants had university education
(73.3%). In terms of education level, followed by secondary (20%) and primary (6.3%) levels. llliterate individuals represented
only 0.4% of the sample (Table 1). These findings suggest that educational attainment may influence the use and perception
of medicinal plants. Higher education levels may be associated with improved access to information and a greater ability to
integrate traditional knowledge with scientific understanding. However, ethnobotanical knowledge has also been reported
among both illiterate and highly educated individuals, as observed in Tabarka and Ain Draham (Jdaidi et al. 2022). The high
proportion of university-educated participants (73.3%) may be explained by the online nature of the survey, which facilitated
participation among younger and educated individuals with internet access. Consequently, certain population groups,
particularly elderly and illiterate individuals traditionally considered important holders of ethnobotanical knowledge, were
probably underrepresented. This sampling limitation should be considered when interpreting the representativeness of the
reported ethnobotanical data.

Table 1. Demographic characteristics of participant

Variable Category Number of informants (N=270) % Test P

Sex Male 54 20.0 X?=97,20 P< 0,001
Female 216 80.0

Age <20 10 3.7 X2 =295,87 P< 0,001
20-40 184 68.1
40-60 64 23.7
>60 12 4.4

Education level llliterate 1 0.4 X2 =358,29 P< 0,001
Primary 17 6.3
Secondary 54 20.0
University 198 733

The distribution of participants by profession (Figure 2) shows that knowledge of medicinal plants is widespread across
different social groups. The largest groups were students (35.93%) and employees (33.33%), indicating that the use of
medicinal plants is maintained among younger and working-age individuals. The important role of housewives (19.26%)
reflects their traditional involvement in family healthcare. In contrast, healthcare professionals (5.56%) and farmers (1.48%)
were underrepresented. The low representation of farmers (1.48%) and rural populations may be attributed to the online
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nature of the survey, which likely favored participation from students, employees, and individuals with higher education
levels who are more active on digital platforms.

Overall, the findings indicate that the use of medicinal plants in different regions of Tunisia is widespread and inclusive,
spanning diverse age groups, educational backgrounds, genders, and occupations. This highlights that ethnobotanical
knowledge is widely shared and not limited to any specific social group.

Healthcare professional L 5.55

Student I 35.92

Employee [N 33.33

Housewife [N 19.26

Farmer F 1.48
1

0 10 20 30 40 50 60 70 80 90 100

Figure 2. Sociodemographic profile of participants: Profession

Geographical distribution of participants across the studied localities in different regions of Tunisia

The distribution of participants across Tunisia's regions shows that the highest numbers of respondents were recorded in
the northern regions of Jendouba (24.8%) and Tunis (24.1%), possibly due to higher population density or easier access to
participants. Béja (18.1%) also showed a relatively high level of participation. In contrast, other localities such as Kef, Siliana,
Sousse, and Gafsa had lower participation rates (Figure 3). These differences may be explained by geographical distance,
accessibility constraints, or lower population density. This uneven distribution suggests that knowledge of medicinal plants
may be more representative of highly sampled areas. Therefore, the overrepresentation of certain regions may influence
the overall findings, particularly regarding plant diversity and traditional uses. Consequently, it is important to consider this
spatial variability when interpreting the results and to emphasize the need for a more balanced sampling strategy.

%

Tunis
Sousse
silyana

not reported
Nabeul
Mahdia

KEF

kassrine
Kairouane
Jendouba
Gafsa

Bizerte

Ben arous

Beja

0 5 10 15 20 25 30

Figure 3. Geographical distribution of participants
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Awareness of urolithiasis disease

A total of 270 respondents participated in this survey, of which 66% reported being aware of urolithiasis, while 34% declared
having no knowledge of this condition (Figure 4a). The main sources of information about urolithiasis disease (Figure 4b)
show that indirect information is the most common, with 51.5% of participants reporting that they had heard about or read
about the condition. This suggests that knowledge is primarily acquired through informal channels such as media, education,
and community discussions. Additionally, 47% of respondents reported that a family member had experienced urolithiasis,
making family experience the second most important source of knowledge. In contrast, only 9.6% of participants reported
having experienced the condition themselves. The most commonly reported symptoms (Figure 4c) were difficulty urinating
(70%), followed by lower back pain (57.8%) and hematuria (32.6%). Similar trends have been reported in previous studies
(Almaghlouth et al. 2023; Sorokin et al. 2017).

These findings indicate that knowledge about urolithiasis is primarily acquired through indirect sources rather than personal
experience. This highlights the important role of social interactions in the transmission of health-related knowledge,
particularly in traditional communities. The high prevalence of urinary symptoms reported suggests that local herbal
practices may prioritize plants with diuretic properties.

(a)

“ag
\
95.2
OYes CINo
(b) (c)
Sufferd from kidney stones 9.63 Lower back pain 57.8
A member of family suffers from Hematuria
kidney stones 47.03 32.6
Read/heard about it Difficulty urinating
51.48 70.0
1 1 1 L ] 1 L 1 1 )
0 20 40 60 80 100 0% 20% 40% 60% 80% 100%

Figure 4. Awareness of urolithiasis disease (a), sources of knowledge regarding urolithiasis (b), and the main symptoms of
this condition (c)

A specific analysis of individuals who have experienced urolithiasis reveals a predominance of women, accounting for 69.2%
of cases compared to 30.8% for men (Figure 5a). Although global data often indicate a higher prevalence in men, this trend
may reflect greater participation of women in surveys or a higher reliance on traditional medicine among women in Tunisia
(Alaya et al. 2012). In terms of age distribution (Figure 5b), the condition was most prevalent among individuals aged 20-40
years (53.8%), followed by those aged 40-60 years (42.3%). This distribution highlights the potential socio-economic impact
of the disease on the active population.

Use of medicinal plants for the treatment of urolithiasis

The survey results reveal a marked homogeneity in the distribution of ethnobotanical knowledge within the study population
(Figure 6). Although women represent most informants, statistical analysis shows no significant association between gender
and the awareness of medicinal plants (p = 0.65). The Odds Ratio (OR = 0.87), being very close to unity, along with the 95%
confidence interval (Cl: 0.47-1.61) which includes the value 1, confirms that the probability of possessing this knowledge is
nearly identical for both men and women. These findings suggest that the knowledge of natural remedies, particularly for
the treatment of urolithiasis, constitutes a shared cultural foundation. Similar to other studies where demographic factors
such as age or educational level do not significantly influence the recognition of medicinal properties, our data indicate that
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the transmission of this traditional knowledge occurs uniformly across different social groups, regardless of the informant’s

gender.
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Figure 5. Distribution of sex (a) and age (b) of people who suffered from urolithiasis.
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Figure 6. Awareness about medicinal plants

Ethnobotanical investigation

The ethnobotanical investigation revealed a variety of medicinal plants used by local populations in Tunisia for treating
urolithiasis (Table 2). Among these, P. crispum was the most frequently cited species, with a Relative Frequency of Citation
(RFC) of 0.267 and a Use Value (UV) of 0.344. E. japonica followed with RFC = 0.141 and UV = 0.056, while A. visnaga (RFC =
0.119, UV = 0.141), H. hirsuta (RFC = 0.056, UV = 0.063), and H. vulgare (RFC = 0.041, UV = 0.056) were less frequently
mentioned. Furthermore, U. dioica, T. aucheriana, P. granatum, and B. vulgaris exhibited low citation frequencies and use
values (RFC =0.02, UV = 0.02) and (RFC = 0.01, UV = 0.01), while other species were cited fewer than three times.

In fact, P. crispum has a long history of use in traditional medicine, mainly due to its strong antioxidant activity associated
with the presence of various bioactive compounds, including tocopherols, flavonoids, and carotenoids. The plant is also
recognized for its diuretic and anti-inflammatory properties. It is widely recommended for the treatment of urinary tract
infections and urolithiasis, as its diuretic effect facilitates toxin elimination and helps prevent Urolithiaisi formation (Bauer
Petrovska 2012; Rezazad & Farokhi 2014). When compared to conventional medications, ethnomedicinal plants provide
significant therapeutic advantages. They can synthesize a wide range of secondary metabolites, such as alkaloids, terpenoids,
flavonoids, carotenoids, phenolic acids, isoprenoids, and phytoestrogens. These compounds have been linked to a variety of
biological activities, including antioxidant, anti-inflammatory, anticarcinogenic, and hypoglycemic properties. Consequently,
medicinal plants are a valuable natural resource for treating various diseases, including kidney disorders. Commonly cited
species include A. visnaga, P. crispum, and H. vulgare (Abu-Serie et al. 2019).
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E. japonica is esteemed for its nutritional value, with a low caloric content enhanced by antioxidants, fructose, and citric
acid. Its leaves also exhibit multiple biological activities and display a broad spectrum of pharmacological properties,
encompassing antidiabetic, immunomodulatory, and nephroprotective characteristics. It has been linked to enhanced renal
function through improved filtration and toxin removal, as well as beneficial effects on digestive and visual health. In
addition, it may help to regulate blood pressure, ease symptoms of gastrointestinal disturbances such as constipation and
colic, and reduce nasal congestion. Moreover, it has been found to have therapeutic potential in the treatment of urolithiasis
(Huang et al. 2007; Liu et al. 2016; El-aouni et al. 2025).

A. visnaga (Khella Baldi) and H. hirsuta are two plants that are well known in traditional medicine for their ability to treat
urolithiasis, as they exhibit complementary pharmacological activities. The long-standing use of A. visnaga as a diuretic and
antispasmodic agent is attributed to the bioactive constituents of the plant, including essential oils, flavonoids, and y-pyrones
such as khellin and visnagin. These compounds protect renal epithelial cells against calcium oxalate crystal-induced damage
and may reduce hypercalciuria by increasing the soluble fraction of urinary calcium through chelation, thereby inhibiting
crystal formation and promoting oxalate excretion.

Concurrently, H. hirsuta, a plant endemic to the Mediterranean region with a long history of traditional use, has been shown
to possess notable antilithiasic and lithotriptic properties. It facilitates the dissolution and expulsion of urinary stones, as
evidenced by ethnobotanical practices and in vitro studies demonstrating its inhibitory effect on calcium oxalate
crystallization. The traditionally reported anti-urolithiatic potential of H. hirsuta is largely associated with its antioxidant and
anti-inflammatory metabolites, which help to mitigate the processes involved in stone formation. Previous in vitro studies
have demonstrated that aqueous extracts of H. hirsuta inhibit calcium oxalate crystallization (Gerstenbluth & Resnik 2004;
Atmani & Khan 2000; Aly Mohammed 2025).

Furthermore, the anti-urolithiatic activity of the other plants cited in this study has been confirmed by many in vivo and in
vitro studies. For example, H. vulgare (Shah 2012), U. dioica (Belmamoun et al. 2022; Keles et al. 2020), P. granatum (Arra et
al. 2024; Kachkoul et al. 2020), and B. vulgaris (Jyothilakshmi et al. 2013) have been shown to reduce and prevent the
formation and growth of urinary stones. These effects are likely attributed to their diuretic, antioxidant, and
nephroprotective properties.

A strong cultural consensus regarding the traditionally therapeutic effectiveness of P. crispum, E. japonica, A. visnaga, and
H. hirsuta is reflected by these findings, which is likely associated with their ecological availability and longstanding empirical
validation. These medicinal plants may represent promising candidates for further pharmacological investigation. However,
although several experimental studies support their biological activities, their traditional anti-urolithiatic uses remain largely
based on ethnomedicinal knowledge and require additional pharmacological and clinical validation before therapeutic
application.

The predominance of P. crispum, A. visnaga, and H. hirsuta in the present survey is consistent with ethnobotanical studies
conducted in other North African and Mediterranean countries. Similar anti-urolithiatic uses of A. visnaga and H. hirsuta
have been reported in Morocco and Algeria, where these species are traditionally employed for their diuretic and litholytic
properties (Bencheikh et al. 2021; Bouasla & Bouasla 2017). Likewise, P. crispum has been frequently cited in Mediterranean
traditional medicine as a preventive remedy for urinary disorders due to its recognized diuretic activity. These similarities
suggest a shared ethnopharmacological heritage across Mediterranean populations and reinforce the cultural importance
of these species in traditional urinary disease management.
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Table 2. Ethnobotanical data of medicinal species identified for anti-urolithiasic use in Tunisia

Species Local name Family FC FC(%) RFC p1V) U (%) uv ICF
Petroselinum crispum (Mill.) Fuss Persil (maadnous) Apiaceae 72 26.67 0.267 93.00 34.44 0.344 0.95
Eriobotrya japonica (Thunb.) Lindl. Néflier du Japon (mespilier) Rosaceae 38 14.07 0.141 15.00 5.56 0.056
Ammi visnaga (L.) Lam. Khella / Bisnaga Apiaceae 32 11.85 0.119 38.00 14.07 0.141
Herniaria hirsuta L. Herniaire / Herbe a rupture Caryophyllaceae 15 5.56 0.056 17.00 6.30 0.063
Hordeum vulgare L. Orge (chair) Poaceae 11 4.07 0.041 15.00 5.56 0.056
Urtica dioica L. Ortie (harriga) Urticaceae 5 1.85 0.019 6.00 2.22 0.022
Tamarix aucheriana Decne. & Bunge Tamaris Tamaricaceae 5 1.85 0.019 5.00 1.85 0.019
Punica granatum L. Grenadier (roman) Lythraceae 4 1.48 0.015 6.00 2.22 0.022
Berberis vulgaris subsp. cicla Epine-vinette Berberidaceae 4 1.48 0.015 4.00 1.48 0.015
Citrullus lanatus (Thunb.) Matsum. & Nakai Pasteque (della3 / batikh) Cucurbitaceae 3 1.11 0.011 4.00 1.48 0.015
Pistacia lentiscus L. Lentisque (dharw) Anacardiaceae 3 1.11 0.011 3.00 1.11 0.011
Mentha spicata L. Menthe verte (na’naa) Lamiaceae 2 0.74 0.007 2.00 0.74 0.007
Arbutus unedo L. Arbousier (seddra) Ericaceae 2 0.74 0.007 2.00 0.74 0.007
Olea europaea subsp. europaea Olivier (zitoun) Oleaceae 2 0.74 0.007 2.00 0.74 0.007
Salvia officinalis L. Sauge (salmiya) Lamiaceae 2 0.74 0.007 2.00 0.74 0.007
Myrtus communis subsp. communis Myrte (rayhan) Myrtaceae 2 0.74 0.007 2.00 0.74 0.007
Globularia alypum L. Tasse d’argent (zriga) Plantaginaceae 1 0.37 0.004 1.00 0.37 0.004
Origanum majorana L. Marjolaine (mardgouch) Lamiaceae 1 0.37 0.004 1.00 0.37 0.004
Zea mays L. Mais (dhra) Poaceae 1 0.37 0.004 1.00 0.37 0.004
Ricinus communis L. Ricin (kharwaa) Euphorbiaceae 1 0.37 0.004 1.00 0.37 0.004
Laurus nobilis L. Laurier (wrak rih) Lauraceae 1 0.37 0.004 1.00 0.37 0.004
Daucus carota subsp. carota Carotte sauvage (khizrouna) Apiaceae 1 0.37 0.004 1.00 0.37 0.004
Polygonum aviculare L. Renouée (lissane el ard) Polygonaceae 1 0.37 0.004 1.00 0.37 0.004
Spinacia oleracea L. Epinard (sabeneh) Amaranthaceae 1 0.37 0.004 1.00 0.37 0.004
Cichorium intybus var. intybus Chicorée sauvage (hindiba) Asteraceae 1 0.37 0.004 1.00 0.37 0.004
Phoenix dactylifera L. Palmier dattier (nakhla) Arecaceae 1 0.37 0.004 1.00 0.37 0.004
Cynodon dactylon (L.) Pers. Chiendent (njem) Poaceae 1 0.37 0.004 1.00 0.37 0.004
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Perceived efficacy

The evaluation of perceived efficacy (Figure 7) shows that the species most frequently cited benefit from strong empirical
validation by users. Notably, A. visnaga (89.7%) and H. hirsuta (88.2%) exhibit the highest satisfaction rates, consistent with
their long-standing traditional use in dissolving calcium oxalate crystals. Over 50% of users consider the effect of P. crispum
to be significant, while approximately 45.2% report a “moderate” effect, confirming its primary role as a diuretic and
preventive agent within the local pharmacopoeia.

Effects of most frequent plants

2.6
O Not reported
OLow
E Moderate
H Good

P.crispum E. japonica A.visnaga H.hirsuta H.vulgare

100%

80% r
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40%

20%
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Figure 7. Perceived therapeutic efficacy of the most frequently cited medicinal plants

Distribution of preparation methods of medicinal plants used by respondents

The analysis of preparation methods revealed that decoction was the most commonly used method among respondents
(Table 3). It was reported in most cases, either alone or in combination with other preparation forms. Infusion was the second
most frequently cited method, while powder and the use of fresh plants were less commonly reported. Responses including
multiple preparation methods were counted separately for each category. Some respondents indicated the use of combined
preparation methods, particularly decoction associated with infusion or fresh plant usage, reflecting a diversity of traditional
practices. The predominance of decoction suggests a cultural preference for thermal extraction methods, which are often
considered more effective for extracting bioactive compounds from plant materials.

Table 3. Frequency and Percentage of Medicinal Plant Preparation Methods

Preparation method Frequency (n) Percentage (%)
Decoction 139 51.48

Infusion 48 17.78

Fresh plant 15 5.56

Powdered 4 1.48

The survey revealed significant knowledge gaps regarding the standardization of herbal medicine preparation. Notably,
practitioners lack precise information regarding the appropriate weight and proportions of plant materials, as well as the
optimal preparation time required for different plant parts. Despite these limitations, decoction (51.48%) remained the most
widely used method, followed by infusion (17.78%), fresh plant (5.56%), and powdered plant (1.48%) (Table 3). The local
population's preference for decoction and infusion is often attributed to their perceived ability to provide higher
concentrations of active compounds, enhanced therapeutic efficacy, and antimicrobial properties (Fotakis et al. 2016;
Guimardes et al. 2011; Martins et al. 2015).

Cross-analysis of preparation methods and treatment duration (Figure 8) reveals distinct usage patterns among the
population. Decoction, the predominant method, is largely associated with short-term cycles of less than one week (30.7%)
or one to three weeks (36.2%), suggesting its use for managing acute symptoms such as renal colic. In contrast, infusion is
often not reported in terms of duration (55.9%), which may correspond to more irregular or long-term preventive
consumption. Furthermore, the use of powdered plants is almost exclusively reported without a precise timeline (83.3%),
highlighting a significant lack of standardization in the administration of these herbal remedies.
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Figure 8. Distribution of treatment duration according to the different preparation methods.

Safety and origin

The survey results indicate a high perceived safety profile for the medicinal plants used in the treatment of urolithiasis, as
no adverse effects were reported by the majority of respondents (69.3%). In contrast, only a small proportion of participants
(9.3%) experienced adverse reactions associated with certain plant species (Figure 9a). Among these, A. visnaga was the
most frequently mentioned species, with a limited number of participants reporting self-perceived dental problems
potentially associated with its prolonged use. However, this observation was not clinically verified and should therefore be
interpreted with caution. This perceived safety likely contributes to the continued reliance on traditional phytotherapy in
these Tunisian communities. However, it is important to note that the low reporting of adverse effects may be due to the
lack of clinical monitoring, highlighting the need for further pharmacological and toxicological studies.

Regarding the acquisition of medicinal resources, the data show a clear preference for cultivated plants (54.5%) compared
to wild-harvested species (35.2%) (Figure 9b). This reliance on cultivated plants suggests that key species used for urolithiasis,
such as P. crispum and H. vulgare, are readily available in local agriculture or home gardens. This trend may also reflect
reduced availability of wild flora or a shift toward more sustainable practices. However, the continued use of wild plants
highlights the importance of regional biodiversity and traditional harvesting practices in Northern Tunisia. In addition, the
safety data reported in this study were based exclusively on self-declared participant perceptions and were not supported
by clinical evaluation or toxicological monitoring. Therefore, underreporting, recall bias, or misinterpretation of adverse
effects cannot be excluded.

(a) (b)

90O

= Safe = with side effects = not reported = Wild = Cultivated = not reported

Figure 9. Perceived safety profile of medicinal plants used for urolithiasis management (a) and origin of the reported plant
species (b).

A major limitation of this study is the exclusive use of an online survey, which may have introduced selection bias toward
younger, educated, and digitally connected participants. Indeed, university-educated respondents represented 73.3% of the
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sample, whereas illiterate individuals accounted for only 0.4%. Elderly and rural populations, traditionally considered
important holders of ethnobotanical knowledge, were likely underrepresented. Therefore, the findings should be
interpreted cautiously and may not fully reflect the complete diversity of traditional medicinal knowledge in Tunisia. Future
ethnobotanical investigations should incorporate direct field interviews and rural sampling strategies to improve
representativeness.

Conclusion

In conclusion, this study documents for the first time at a national level the richness of phytotherapeutic practices against
urolithiasis in Tunisia. Nevertheless, the use of an online survey represents a significant methodological limitation, inducing
a sampling bias toward a young, connected, and highly educated population, to the detriment of rural or illiterate
demographics who are often the primary holders of traditional ethnobotanical knowledge. Quantitative analysis identified
P. crispum, A. visnaga, and H. hirsuta as the most significant species, based on their high Relative Frequency of Citation (RFC)
values and perceived therapeutic success. The predominance of decoction as a preparation method and the preference for
short-term treatments reflect standardized traditional practices passed down through generations. While the perceived
efficacy of these plants is high, there is a clear lack of standardization regarding dosage and long-term safety. This study
provides a valuable foundation for future research. We recommend that the species highlighted here, particularly those with
high RFC and UV values for each ailment, undergo rigorous phytochemical and pharmacological investigations. Such
investigations are essential to validate their safety, elucidate their mechanisms of action, and potentially integrate these
traditional remedies into modern therapeutic protocols for managing urolithiasis.
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