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Keywords: ABSTRACT:

Non-pharmacological Non-pharmacological home remedies (NPHRs) have the potential to be
readily accessible and widely accepted for the management of common dis-
orders in primary care settings. This study aimed to investigate the preva-
Primary care lence and use of NPHRs in Eastern Libya. A self-administered questionnaire
was disseminated to Eastern Libya's general population from February to
July 2024, examining their knowledge, experience, health status, motiva-
tions for use or non-use, awareness, perception, and commonly used home
remedies and herbs. The study included 637 participants, comprising 64.7%
females and 35.3% males. NPHR use was prevalent (62.8%), and
knowledge was mainly provided by parents (48.3%) and herbalists (28.0%).
Only 27.5% consulted healthcare professionals regarding herbal remedies.
While 36.8% knew of side effects or toxicity, 2.3% reported adverse effects.
The prevalence of NPHRs in Eastern Libya highlights their cultural im-
portance in primary health care. Future research should assess the efficacy
and safety of these remedies and consider their integration into conventional
medicine for more comprehensive patient care.

Home remedies

Eastern Libya.
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INTRODUCTION

Herbal medicines include vitamins, minerals, herbs, and plant extracts, which are used for their
aromatic, flavor, and therapeutic properties. Their global use has increased significantly, with
many individuals managing various health conditions (El-Dahiyat et al., 2020). These prepara-
tions address numerous health issues, including preventing and treating dyslipidemia, hyperten-
sion, diabetes, cancer, and inflammatory bowel disease (Alamgir and Alamgir, 2018).
Traditional and complementary medicine has seen a global resurgence and increased demand in
recent decades. It includes diverse practices, knowledge, and beliefs about various drugs and
therapies for treating, diagnosing, preventing, and maintaining health. Herbal medicine, a plant-
based method, has long been used to treat numerous diseases (Bekele et al., 2024).

Despite advancements in modern medicine (Zheng and George, 2018), traditional medicine
(TM) and nonpharmacological home remedies (NPHR) remain common worldwide. In 2018,
the World Health Organization (WHO) noted that 88% of 194 member states reported using
traditional, complementary, and alternative medicines (Organization, 2019). Herbal medicine
use is rising in developed countries, for instance the United States, and has stabilized in devel-
oping countries, coexisting with modern medicine, even in urban areas (Rashrash et al., 2017,
Van Andel and Carvalheiro, 2013). The COVID-19 pandemic has increased awareness and use
of NPHR (Lam et al., 2021). Although traditional herbal medicine is beneficial for treating
COVID-19 (Aprilio and Wilar, 2021), its use outside modern medical systems indicates that it
may substitute for quality health care, raising concerns about self-medication with herbal medi-
cines (Oberoi et al., 2016, Widayanti et al., 2020).

Humans have historically relied on natural resources for medicine, habitation, food, fragrances,
clothing, flavorings, fertilizers, and transportation. Medicinal plants remain crucial in
healthcare, particularly in developing countries with a strong tradition of herbal remedies (Dar
et al., 2017). Herbal remedies have long been used for the treatment of various ailments (Izah et
al., 2024). The transmission of traditional knowledge about medicinal plants is vital for health,
particularly in rural or remote communities that lack sufficient health care facilities (Da Silva et
al., 2023).

Globally, researchers have shown increased interest in plant-derived alternatives across various
industries, such as medicinal products, pharmaceuticals, dietary supplements, wellness items,
beauty products, and functional foods, owing to their potential safety, cost-effectiveness, and
efficiency compared to traditional options (Ahmed et al., 2023, Vlaicu et al., 2023, Mittal et al.,
2024). The World Health Organization (WHO) has reported that over 21,000 plant species have
potential medicinal properties. Numerous studies have shown that medicinal plants contain bio-
active compounds that are responsible for their therapeutic benefits and biological activities
(Majolo et al., 2019, Banwo et al., 2021, El-Saadony et al., 2023).

In North Africa, many wild plant species show significant promise for medicinal and biotechno-
logical uses. Globally, more than 70,000 plant species are known to have medicinal properties
or are employed in traditional ethnotherapeutic practices. (Abogmaza et al., 2020a). Similar to
other cultures, Libyan culture partially depends on indigenous medicinal plants to treat various
ailments. For millennia, Green Mountain (Al-Jabal Al-Akhdar) inhabitants in Cyrenaica, Libya,
have used native medicinal plants, creating a rich tradition of herbal medicine that has passed
down through generations. Libyan medicinal plants contain active compounds that are effective
against microbial infections, inflammation, cancer, and diabetes (Kollab and Alamen, 2018, El-
Mokasabi et al., 2018a). Table (1) and Figure (1) show the commonly cultivated plants and
trees in various Libyan regions. This study aimed to investigate the prevalence and use of non-

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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pharmacological home remedies in Eastern Libya.
Table 1: Traditional medicinal plants growing in Libya:

Scientific Common Arabic Traditional Uses Biological Properties References
name names names
Ane- Dill Digestive disturb- Insecticidal, antimicrobial, (Hamza, 2017,
thum graveo _ ances, insomnia and anti-inflammatory, anti- Abogmaza et al.,
lens L. il urinary infections. cancer and antidiabetic ac- 2020b)
tivities.
Pelargoni- Rose geranium Various kinds of in- Diarrhea, diabetes, gall (Ennaifer et al.,
um graveo- flammatory diseases.  bladder, 2020)
lens L'Her. Dbl inflammation, liver, and
gastric ulcer.
Aca- Blue-Leaf Cracks of feet and Antioxidant, antibacterial, (Elansary et al.,
cia saligna ( Wattle Jusyt L hands, Abscess and antifungal and anticancer 2020, El-Mokasabi
Labill.) . Constipation. activities. et al., 2018b)
s
Punica Pomegranate Anti-tapeworms, di- Antioxidant, antibacterial, (Singh et al., 2018,
granatum L. arrhea, dysentery and  antifungal, anticancer, liv- Yahya et al., 2018)
ot hemorrhages. er problems and allergies
activities.
Anastati- Rose of Jeri- Labor pain, menstrual ~Antioxidant, antimicrobial, (Zin et al., 2017,
ca hierochu cho ) cramps and uterine hypoglycemic and hypoli- Abd EI-Ghani et
ntica L. g2 < hemorrhage. pidemic effects. al., 2017)
Vibur- Laurustinus Gastritis and anti-in- Neuroprotective, antioxi- (Cometa et al.,
num tinus L. flammatory. dant, diuretic, antispas- 1998, Yilmaz et al.,
Casifialys] modic and sedative proper- 2013)
ties.
Olea euro- Olive Heart disease, anti- Antioxidant, antidiabetic, (Zern and Fernan-
paea L. . diabetic and anti-can- cardioprotective and anti- dez, 2005, Maalej
asl cer activities. inflammatory activities. etal., 2017)
Trigonel- Fenugreek Anti-diabetic and di- Anti-inflammatory, choles- (Kadam and Tech-
la  foenum- i gestive disturbances.  terol lowering, anti- nology, 2018)
graecum L. Glsl) diabetic, liver disorder and
as an anti-fertility agents.
Scabi- Scabiosa are- Anti-diabetic and Antidiabetic, bronchial  (Kiling et al., 2020)
osa arenaria naria Forssk. - respiratory pneumonia, bronchitis,
Forssk problems. influenza and asthma.
Rosmarinus ~ Rosemary Otitis, auricular, liv- Antioxidant, anticancer, (Mena et al.,2016)
officinalis L. er, dermatoses, cough anti-inflammatory and an-
dall ddS) - 601d, and asthma. timicrobial activities.
Artemi- Desert Ant tapeworms, diar- Antinociceptive, antiviral, (Bellili et al., 2017)
sia  herba- Wormwood . rhea, and digestive antidiabetic, anticancer,
alba gl disturbances. antibacterial and antioxi-

dant

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: 1: Medicinal and Aromatic Plants growing in Libya and North Africa.
MATERIALS AND METHODS

Study area and period: This cross-sectional survey, conducted from February to July 2024,
used a self-administered questionnaire targeting the general population in the Eastern Libyan
municipalities of Benghazi, Al Marj, Al Jabal Al Akhdar, Derna, and Al Butnan (Figure 2).

Libya

O Mengghmel
O A Mar
©3 AlJabal Al Akbalar
ﬂ Trernm

Al Pidtiain

Figure 2: Map of the study area.

Study design and data collection: A self-administered paper questionnaire was distributed us-
ing two methods: direct participant completion approached opportunistically by a researcher in
various public locations (shopping malls, universities, schools, hospitals, health centers, work-
places, and corporate offices) and via an electronic link on the Internet. After data collection,
637 out of 650 questionnaires were analyzed, and 13 were excluded because of response inaccu-
racies.

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Sample size determination: The sample size was determined using by KREJCIE and MOR-
GAN (1970). Based on the original population size of 1,386,266 from the latest 2006 census, a
sample of 650 participants was selected. Stratified sampling distributed participants across geo-
graphical areas (Benghazi, Al Marj, Al Jabal Al Akhdar, Derna, and Al-Butnan) with sample
sizes of 316, 87, 97, 76, and 74, respectively (Cochran, 1977).

Data processing and analysis: Descriptive analysis was performed using IBM SPSS Statistics
26 for data entry and analysis and Microsoft Office Excel 2016 for graphical representation,
with frequencies and percentages calculated for the relevant variables. Inferential statistics, in-
cluding chi-squared tests, assessed relationships, and statistical significance among variables.
These findings are derived from the interpretation of the statistical indicators.

RESULTS AND CONCLUSION

The findings of the present investigation offer significant insights into the health status, medica-
tion utilization, and employment of herbal and home remedies within the studied population.
The high prevalence of self-reported "Excellent" or "Good" health status, in conjunction with
the relatively low usage of multiple medications, indicates a generally healthy population.

Distribution of sociodemographic characteristics:

Existing research indicates that a high proportion of patients in primary care settings employ
non-drug-based treatment approaches. (Parisius et al., 2014, Picking et al., 2011, Agbabiaka et
al., 2018). The study surveyed 637 participants, comprising 412 females (64.7%) and 225 males
(35.3%), (Table 2 and Figure 3). This distribution is comparable to that reported by Tolo et al.
(2023), in which the respondents were predominantly females (62.5%). The preponderance of
female participants reflects their primary role as caregivers, particularly for children. Further-
more, in regions lacking modern medical facilities, these women assume the responsibility of
safeguarding their offspring from illnesses, necessitating their familiarity with the use of medic-
inal plants (Torres-Avilez et al., 2016). The responsibility for drying, storing medicinal herbs,
and creating remedies for family healthcare often falls on women, which could explain this
phenomenon. Most participants were under 30 years of age (48.4%), followed by those aged
30-60 years (43.2%), with only 8.5% over 60 years. The findings of our study align with those
reported in ethnobotanical research conducted in other parts of Morocco (Bouyahya et al.,
2017).

A substantial proportion of respondents had undergraduate education (70.6%), 11.9% had pri-
mary education or below, 10.7% had secondary education, and 6.8% held postgraduate qualifi-
cations. Similar findings have also been reported in other studies (Kachmar et al., 2021,
Chaachouay et al., 2019). However, this finding does not preclude other age groups from pos-
sessing valuable knowledge about herbal remedies. Indeed, individuals with undergraduate edu-
cation are expected to provide more reliable information because of their greater exposure to
ancestral knowledge transmitted orally. Regarding residential distribution, the majority (49.0%)
resided in Benghazi, followed by Al-Jabal Al-Akhdar (15.1%), Al-Marj (13.5%), Derna
(11.3%), and Al-Butnan (11.1%). The majority of participants were Libyan nationals (96.9%),
while a minority were non-Libyan nationals (3.1%). Approximately 46.3% of participants were
employed, 25.0% were students, 16.0% were unemployed, 8.3% were self-employed, and 4.4%
were retired. These sociodemographic characteristics indicate a predominantly young, educated,
and employed cohort with substantial representation from various regions across the country,
primarily comprising of Libyan citizens (Table 2).

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table 2: Distribution of the studied population according to sociodemographic character-

istics (n=637):

Socio-demographic Characteristics (n=637) Frequency Percent (%)
Gender Male 225 353
Female 412 64.7
Age Under 30 308 48.4
30 to 60 275 43.2
Over 60 540 8.50
Educational Status Primary or lower 760 11.9
Secondary 680 10.7
Undergraduate 450 70.6
Postgraduate 430 6.80
Place of Residence Benghazi 312 49.0
Al-Marj 860 13.5
Al-Jabal Al-Akhdar 960 15.1
Derna 720 11.3
Al-Butnan 710 11.1
Nationality Libyan 617 96.9
Non-Libyan 200 3.10
Employment Status Student 159 25.0
Employee 295 46.3
Retired 280 4.40
Unemployed 102 16.0
Self-employed 530 8.30

Health status and medication use among participants:
The health status of the participants exhibited variation: 35.3% reported excellent health, 44.9%
reported good health, and 19.8% reported health issues. The most prevalent health conditions
were diabetes (37.3%), hypertension or cardiovascular disease (30.2%), endocrine disorders
(11.1%), respiratory problems (11.1%), renal disorders (4.0%), and other conditions (34.1%)
(Table 3). This finding aligns with the results of Winkler et al. (2022), wherein the majority of
participants reported regular utilization of home remedies primarily for preventive purposes.

Table 3: Health status and health issues treated with home remedies in the study popula-

tion (N = 637):

Health Frequency Percent (%)
Health status Excellent 225 353
286 44.9
Some health issues 126 19.8
637 100
Health issues Blood pressure or heart dis- 38 302
Diabetes 47 37.3
Endocrine disorders 14 11.1
05 04.0
Respiratory system 14 11.1
43 34.1

The majority of participants reported regular medication use: 56.5% utilized one medication,
25.3% utilized two medications, 8.9% utilized three medications, and 8.3% used four or more
medications. Only 0.9% of patients did not use any medication. Descriptive characteristics of

the three latent classes are presented in Table 4.

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Jabal Academy Journal of Pure and Applied Sciences 3 (1): 01-15, 2025

Table 4: Frequency and percentage of medications taken by participants:

Do you take any medications? Frequency Percent (%)
0 006 0.9

1 360 56.5

2 161 25.3

3 057 8.9

4< 053 8.3

Total 637 100

Participant's expectations and reasons for the using (or not using) of NPHRs:

Most participants (62.8%) reported using NPHRs, whereas 37.2% did not. This finding suggests
a high prevalence of herbal and home remedies among the surveyed population, with over 60%
employing alternative healthcare methods (Table 5). This result is similar to that of Parisius et
al. (2014), who found that approximately 42% of respondents used home remedies in Germany.
Furthermore, a subsequent investigation by Winkler et al. (2021), demonstrated that 64.4% of
participants incorporated home remedies into their health management strategies.

The primary motivations for using NPHRs were preventive health and illness avoidance
(33.8%), complementary use of traditional medicine (21.5%), seeking alternatives to conven-
tional treatments (13.3%), reducing the intake of traditional medications (12.8%), and avoiding
the side effects of conventional medications (8.8%). A minor proportion employed herbal reme-
dies for self-treatment without consulting a specialist (8.5%), whereas factors such as distrust of
traditional medicine, difficulty in accessing healthcare, and high medication costs were cited
less frequently (Table 5). This finding aligns with the results of Winkler et al. (2022), wherein
the majority of participants reported regular utilization of home remedies primarily for preven-
tive purposes.

The primary reasons for avoiding NPHRs included a preference for specialist physicians
(43.9%), predilection for conventional medicine over herbal remedies (16.9%), and limited
knowledge regarding herbal remedies (16.5%). Additional factors included perceptions of the
inefficacy of herbal remedies (7.2%), accessibility of medical services (3.8%), and miscellane-
ous reasons (11.8%) among the surveyed population (Table 5).

Use of NPHRs or herbal remedies by sociodemographic characteristics:

The results indicated a statistically significant association between sex and use of herbal or
home remedies. Notably, 66.5% of the female participants reported employing such remedies
compared to 56.0% of the male participants. Conversely, 44.0% of males reported not utilizing
these remedies, unlike 33.5% of females. This statistically significant difference suggests that
female participants demonstrated a higher propensity to use herbal or home remedies than their
male counterparts did (Table 6).

The results demonstrated a statistically significant correlation between age and the use of herbal
or home remedies, with the usage increasing with age. Among participants under 30 years of
age, 54.2% employed herbal or home remedies, whereas 45.8% did not. In the 30-60 years age
group, 69.8% used these remedies and 30.2% did not. Among those over 60 years of age, 75.9%
reported using herbal or home remedies and only 24.1% reported not utilizing them. This signif-
icant increase in usage with age indicates that older individuals are more inclined to utilize
these remedies than are younger individuals (Table 6).

The results indicated no statistically significant association between the place of residence and

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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the use of herbal or home remedies. Utilization rates were comparable across various locations;
59.9% employed herbal or home remedies, whereas 40.1% did not. In Al Marj, 61.6% used such
remedies and 38.4% did not. In Al-Jabal and Al-Akhdar, 70.8% employed them, whereas 29.2%
did not. In Derna, 61.1% used these remedies and 38.9% did not. In Al Butnan, 67.6% em-
ployed them and 32.4% did not. Despite these variations, these differences were not statistically
significant, suggesting consistent utilization of herbal or home remedies across geographic loca-
tions within the study area (Table 6).

A chi-square test was conducted to examine the association between employment status and uti-
lization of NPHRs or herbal remedies. The results were as follows: Among the students, 50.3%
(80 out of 159) used herbal or home remedies. Retired individuals exhibited a 60.7% (17 out of
28) utilization rate. Unemployed individuals demonstrated the highest utilization rate of 73.5%
(75 out of 102). Self-employed individuals reported a 58.5% (31 out of 53) utilization rate.
These findings indicated a statistically significant association between employment status and

the use of herbal or home remedies, with the highest prevalence observed among unemployed
individuals (Table 6).

Table 5. Participant's expectations and reasons for the using (or not using) of NPHRs:

Frequency Percent (%)
Do you use Yes 400 62.8
NPHRs?
No 237 37.2
Total 637 100
What is the rea- g, preventive purposes and to avoid illness 135 33.8
son for using . o o
NPHRSs? Because I can treat myself without visiting a specialist 34 2.5
doctor
As an alternative to traditional medicine 53 13.3
To reduce the intake of traditional medications 51 12.8
To avoid side effects of traditional medications 35 8.8
Because I don't trust traditional medicine 11 2.8
Due to difficulty accessing a treating doctor and ob- 08 0
taining a prescription ’
As an additional and complementary treatment with
. .. 86 21.5
traditional medicine
Because of the high prices of medications in pharma- 1 23
cies
Other reasons 55 13.8
Total 479 100
What is the rea- [ 450 know any type of herbal remedies 39 16.5
son for not us- . . o
ing NPHRs? I'prefer using traditional medicine over herbal reme- 40 16.9
dies
I prefer visiting a specialist doctor 104 43.9
I have easy access to medical services and don't need
. 09 3.8
to take herbal remedies
I believe herbal remedies are not effective 17 7.2
Other reasons 28 11.8
Total 237 100

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table 6: Frequently use nonpharmacological home remedies (NPHRs) by sociodemo-
graphic characteristics:

Frequency Percent (%) Chi-Square  P-Value

Gender Male Yes 126 56.0 6.874 0.009
No 99 44.0
Female Yes 274 66.5
No 138 33.5
Age Under 30 Yes 167 54.2 19.483 0.000
No 141 45.8
30 to 60 Yes 192 69.8
No 83 30.2
Over 60 Yes 41 75.9
No 13 24.1
Place of Benghazi Yes 187 59.9 4.588 0.332
residence No 125 40.1
Al-Marj Yes 53 61.6
No 33 38.4
Al-Jabal Al-Akhdar Yes 68 70.8
No 28 29.2
Derna Yes 44 61.1
No 28 38.9
Al-Butnan Yes 48 67.6
No 23 324
Employment Student Yes 80 50.3 18.108 0.001
status No 79 49.7
Al-Employee Yes 197 66.8
No 98 33.2
Retired Yes 17 60.7
No 11 39.3
Unemployed Yes 75 73.5
No 27 26.5
Self-employed Yes 31 58.5
No 22 41.5

Sources of knowledge about NPHRs:

Regarding sources of knowledge of NPHR usage, respondents reported the following: parents
(48.3%), herbalists (28.0%), internet (19.8%), doctors or pharmacists (12.3%), friends (6.3%),
and other unspecified sources (6.8%). These findings suggest that NPHR utilization is influ-
enced by traditional familial knowledge, professional advice from traditional practitioners, and
contemporary sources, such as the Internet (Table 7 and Figure 4). This result is consistent with
that of Parisius et al. (2014), who found that the respondent group's knowledge about home
remedies primarily originated from family members.

Table 7: Sources of knowledge about NPHRs:

Sources Frequency Percent (%)
How did you learn about the usage of these Herbalist 112 28.0
herbal remedies? Internet 079 19.8

Friend 025 06.3

Parents 193 48.3

Doctor or pharmacist 049 12.3

Other 027 06.8

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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0.0% 20.0% 40.0%

From the herbalist —28-0%
From the internet —19-8%
From a friend =6-3%

Sources of knowledge

60.0%

prommy parerts (I -5

From a doctor or pharmacist =12'3%
Other =6'8%

Figure 4: Sources of knowledge about NPHRs.

Pharmacist consultation patterns and awareness of side effects in NPHR Use:

Despite the high use of herbal remedies, the data revealed some concerns. A low rate of
healthcare professional consultations and limited awareness of potential side effects or toxicity
raises safety and efficacy questions. Additionally, reasons for not using herbal remedies, such
as preference for specialist care and distrust in their effectiveness, indicate the need for better
education and integration of herbal medicines in mainstream healthcare.
Table 8 shows that 27.5% of respondents consulted a healthcare professional about herbal rem-
edies, whereas 72.5% did not. Regarding the awareness of side effects or toxicity, 36.8% of the
participants reported being cognizant, whereas 63.2% did not indicate such awareness. Moreo-
ver, only 2.3% of patients reported experiencing adverse effects, whereas 97.8% did not report
such occurrences. This aligns with a UK survey that found that only 12% of such cases involved

general practitioner consultation (Elliott et al., 2011).

Table 8: Pharmacist consultation patterns and awareness of side effects in NPHR Use:

Questions Answers Frequency Percent (%)
Did you consult a pharmacist or doctor about your use of Yes 110 27.5
herbal remedies? No 290 72.5
Total 400 100
Are you aware of any side effects or toxicity of these rem- Yes 147 36.8
edies? No 253 63.2
Total 400 100
Have you experienced any side effects from using these Yes 09 02.3
home remedies? No 391 97.8
Total 400 100

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The Commonly Medicinal Plants Used NPHRs and Herbs:

The study included 24 plant species that were used for therapeutic purposes by Libyan partici-
pants. The most frequently employed home remedies were honey (28.5%), Mint (21.0%) fol-
lowed by anise (19.3%), thyme and lemon (18.0%), and lavender (16.0%), whereas coriander
seeds (2.5%), turmeric, and coriander (2.8%), and flax seeds (3.0%), respectively were the least
commonly, used (Table 9 and Figure 7). This result is similar to that of Segall (1990), who re-
ported findings comparable to those of the present study, with research conducted in Winnipeg,
indicating that the most frequently used home remedies in Canada were teas, followed by honey
and hot lemon beverages.

On the other hand, the plant species were categorized into 11 families; the most prevalent fami-
lies were Fabaceae (8 species), followed by Apiaceae (3 species), Asteraceae, Myrtaceae, Um-
belliferae, and Zingiberaceae (2 species each), and Linaceae, Oleaceae, Ranunculaceae, Ru-
taceae, and Vitaceae (1 species each), as presented in Table 9 and Figure 7. Research conducted
in Libya (El-Mokasabi et al., 2018a) and southeastern Morocco (Kamagaju et al., 2013) has
demonstrated the prevalence of these families, and their substantial influence was evident in
both investigations.

Table 9: The commonly medicinal plants used NPHRs and Herbs in Libya:

Plant families Scientific names Vernacular names Frequency Percent (%)
Honey Honey Honey 114 28.5
Apiaceae Cuminum cyminum Cumin 41 10.3
Petroselinum crispum Parsley 17 4.30
Pimpinella anisum Anise 77 19.3
Asteraceae Artemisia absinthium Wormwood 34 8.50
Saussurea lappa Costus 14 3.50
Fabaceae Trigonella foenum-graecum Hilba 51 12.8
Rosmarinus officinalis Rosemary 22 5.50
Thymus capitatus Thyme 72 18.0
Lavandula multifida Lavender 64 16.0
Salvia ofﬁcin?lis Sage 25 6.30
Mentha piperita .
Origanum majorana MmT 84 21.0
Cinnamomum verum Marjoram 15 3.80
Cinnamon/Gerfa 50 12.5
Linaceae Linum usitatissimum Seeds Flax 12 3.00
Myrtaceae Syzygium aromaticum Clove 50 12.5
Psidium guajava Guava 21 5.30
Oleaceac Olea europaea Olive/Zaytun 45 11.3
Ranunculaceae  Nigella sativa Black seeds 14 3.50
Rutaceae Citrus limon Lemon 72 18.0
Umbelliferae Coriandrum sativum Coriander 11 2.80
Coriandrum sativum Coriander Seeds 10 2.50
Vitaceae Vitis vinifera Raisins 12 3.00
Zingiberaceae  Zingiber officinale Ginger 36 9.00
Curcuma longa Turmeric 11 2.80

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure 5: Number of medicinal plants in each family mentioned by the respondents.
CONCLUSION

In conclusion, this study significantly contributes to the understanding of herbal and home rem-
edy utilization within the study population and elucidates important sociodemographic patterns,
health status, and the prevalence of non-prescribed herbal remedies (NPHRs) among the Libyan
population, emphasizing the necessity for enhanced awareness and integration of traditional and
modern healthcare practices. Future research endeavors should prioritize longitudinal studies to
monitor changes in traditional medicine use as well as clinical trials to evaluate the efficacy and
safety of specific traditional remedies, thereby ensuring their judicious integration into the na-
tional healthcare system.
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Keywords: ABSTRACT:

Mentha piperita This study investigated the antifungal effects of the ethanol extract of Men-
tha piperita (M. piperita) against standard and clinical Candida albicans
isolates, compared its activity with that of fluconazole 100 mg (reference
Candida albicans drug), and evaluated its potential synergistic effect when combined with di-
clofenac sodium (50 mg). The ethanolic extract of M. piperita was prepared
using the maceration method with ethanol (75%). Antifungal activity was

Antifungal activity

Synergistic effect

Fluconazole evaluated using the agar well diffusion method and was measured by ob-
) ] serving the inhibition zones (mm). The results demonstrated that M. piperita
Diclofenac sodium. ethanolic extract exhibited antifungal activity with inhibition zones (mm)

ranging from (9.00+0.80 to 16.3+£0.90 mm), and it was highly effective
against 19% of C. albicans tested, while Fluconazole was effective against
9.5%. Furthermore, the combination of the extract and diclofenac sodium
did not exhibit a synergistic effect; instead, a decrease in the activity of the
extract was observed. These findings indicate that M. piperita ethanolic ex-
tract possesses various activities against the tested C. albicans isolates. Of
all tested isolates, 71.4% demonstrated resistance to fluconazole. No syner-
gism was observed between the extract and diclofenac sodium.
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INTRODUCTION

Candida spp. are commonly identified as one of the most prevalent fungal infections in dermatology.
Candida albicans is specifically responsible for 80-90% of infections (Bolognia et al., 2018,
Browning, 2018).

The azole antifungal is the most frequently used class of drugs for treating Candida infections. Azole
antifungal agents, such as fluconazole, are often preferred for the treatment of numerous Candida
infections because of their cost-effectiveness and availability for oral administration; however, owing
to the inappropriate use of antifungal agents, fluconazole resistance has developed in several Candida
species (Whaley et al., 2017). The toxicity, interactions, and resistance of the currently employed
antifungal therapies are well-documented (Nami et al., 2019). The toxicity of antifungal drugs is ex-
tensively documented due to the similarities between fungal cells and human host cells, as they are
both eukaryotes (Denning and Hope, 2010) ; (Scorzoni et al., 2017); (Silva et al., 2019).

Similar to bacteria, fungi can develop resistance to multiple drugs, increasing the risk of infection. A
recent study on fungal infections found that there are 150 million cases of severe fungal infections
annually, with 1.7 million of those cases resulting in mortality (Kainz et al., 2020). The resistance
rate continued to increase.

The resurgence of interest in natural remedies and traditional medicine has contributed to the support
for herbal medicine, which purports to treat a wide range of ailments without adverse effects on pa-
tients (Loolaie et al., 2017). Mentha piperita L. is an aromatic plant belonging to the Lamiaceae
family and is frequently used as a food condiment (Raja, 2012). The family comprises 250 genera
and over 7000 species (Stankovic, 2020). Botanists classify it as astringent, antiseptic, antipyretic,
antispasmodic, anticatarrhal, antimicrobial, stimulant, and anti-aging (Mukhtar, 2017). M. piperita
extracts exhibit significant antibacterial and antifungal properties against numerous pathogens (Patil
et al., 2023). This study aimed to investigate the antifungal effects of the ethanol extract of M. piperita
against standard and clinical C. albicans isolates and to examine the potential synergistic interactions
between the extract and diclofenac sodium.

MATERIALS AND METHODS

Materials

Chemicals and Drugs

The chemical used in this investigation was ethanol (Sigma Aldrich, Germany). Sabouraud Dextrose
Agar (SDA) and Mueller-Hinton Agar (Hi Media Laboratories Pvt. Ltd., India) were employed. The
pharmaceutical agents used were diclofenac sodium 50 mg (Votrex, Hikma, batch no.
6251065012062) and fluconazole 100 mg (Fluzole, Biofarma, batch n0.869957151102).

Candida albicans Used

This study included 21 samples. One standard (C. albicans ATCC 7596) was obtained from the La-
boratory of Microbiology, Faculty of Pharmacy, Omar Al-Mukhtar University, and 20 pre-identified
isolates were collected between May and September 2024 from Al-Akeed Laboratory, Benghazi,
Libya. The isolates were obtained from diverse sources.

Collection of plant materials and preparation

Fresh of M. piperita leaves (Figure 1) were collected from Derna City in Aljabal Alakhdar, Libya,
during the spring of 2024. Taxonomists at the Herbarium Department of Botany, Faculty of Sciences,
Omar Al-Mukhtar University, Al-Bayda, Libya, identified and authenticated the plant specimen,
thereby ensuring the validity and reliability of the research. The plant leaves were washed, acrobically
dried at ambient temperature, ground, and stored in sealed containers for extraction.

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (1): Fresh Mentha Piperita leaves.

Methods

Preparation of crude extract

The plant was extracted using an overnight maceration process, following Harbone (1984). A weight
of 40 g was macerated in 400 ml of 75% ethanol for three days at room temperature. The supernatant
was decanted after random shaking for 24 hours at room temperature. The extract was then dried and
concentrated using a hood. The residue was weighed (g), and the yield is listed in Table (1) after
being calculated in Table 1 as follows:

Yield (%) = (weigh of extract/weigh of the plant) x 100
The extract was stored at 4 °C until further use.

Antifungal activity

The antifungal activity of each extract, diclofenac sodium, and fluconazole was evaluated using the
Agar Well Diffusion Method, as described by Hossain et al. (2022). In this assay, the agar plate sur-
face was inoculated by spreading 100 uL of the fungal suspension over the entire agar surface. The
suspension was prepared from a fresh culture in 0.9% normal saline and standardized to 0.7 McFar-
land solution. A sterile cork borer was used to create aseptic circular wells (6—8 mm) on the agar. A
volume of 100 pL of each tested extract and drug was introduced into each well (Magaldi et al.,
2004); (Valgas et al., 2007). Each sample was analyzed in triplicate. The Petri dishes were incubated
at 37°C for 2448 h. The inhibition zones were measured in millimetres (mm).

Statistical analysis
All experiments were conducted in triplicate, and the results are presented as Mean + Standard Devi-
ation (M+SD) and percentages (%). All assay results were analyzed using Microsoft Excel (2019).

RESULTS

Yield of crude extract
Table 1 shows the crude extract percentage yield. M. piperita crude ethanolic extract yielded 13.7%.
A viscous consistency and a blackish-green hue characterized the extracted material.

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1): Description and yield percentage of ethanolic extract of M. piperita:

Parameters Ethanolic extract
Weight of plant (g) 80
Yield (g) 11
Yield (%) 13.7
Color Blackish-green
Consistency Gummy

Percentage and Distribution of Isolates from Various Sources
Fifty percent of the total C. albicans isolates were obtained from urine samples, 40% from vaginal
swabs, and 10% from sputum samples, as depicted in Figure (2).

Sputum
10%

Urine
50%

vagina 40%

ESputum @EVagin BUrine

Figure (2): Percentage and Distribution of Isolates from Various Sources.

Antifungal activity of M. piperita extract against C. albicans isolates:

The results of this investigation indicated that the ethanolic extract at 100 mg/ml exhibited varying
antifungal efficacy against C. albicans isolates. The observed inhibition zones (mm) ranged from
(9.00+0.80 to 16.3+0.90 mm). Among the tested samples, the ethanolic extract was ineffective
against 11(52.4%) of the tested samples, partially effective against 6(28.6%), and effective against
4(19%) of the tested samples, as illustrated in Figure (3).
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Figure (3): Antifungal activity of M. piperita extract against C. albicans.
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Antifungal activity of combination of extract with Diclofenac sodium
This study investigated the synergistic effect of a combination of extract with diclofenac sodium
against two isolates (more and less sensitive isolates).

In the lowest sensitive sample (code-11), the extract showed antifungal activity with an inhibition
zone (mm) of 9.00+0.80, but exhibited no activity when combined with diclofenac. This result
indicated a lack of synergistic or additive effects.

In the more sensitive sample (code-18), the extract exhibited antifungal activity with an inhibition
zone (mm) of 16.3+0.90, and the ethanolic extract combined with diclofenac sodium showed a close
effect to the extract alone (16.0+2.40 mm), as detailed in Table (2).

Table (2): Antifungal activity of extract combined with diclofenac sodium:

Samples No. Extract Diclofenac sodium Extract with diclofenac sodium
Code-11 9.00+0.80 0.00+0.00 0.00 + 0.00™W
Code-18 16.3+0.90 0.00+0.00 16.0 +£2.40W

Key: (A)= Antagonism.

DISCUSSION

Individuals experience infections caused by highly resistant fungal strains because although antifun-
gal drugs are generally efficacious, certain fungal infections may resist specific medications, neces-
sitating alternative treatment modalities (Kainz et al., 2020). Plants contain naturally occurring com-
pounds with antimicrobial properties that can serve as sources of antimicrobial agents against infec-
tions (Mayekar et al., 2021). Plant-derived natural substances have been utilized in medicine for ex-
tended periods of time owing to their diverse therapeutic applications. Numerous researchers have
considered natural resources to be essential for the development of antifungal medications.

The potential of M. piperita as a source of natural antifungal agents is significant because its extracts
demonstrated inhibitory effects on the growth of various fungi in laboratory studies. However, the
majority of published research has focused on investigating the antifungal or antimicrobial properties
of M. piperita essential oils rather than exploring its other constituents (Ilboudo et al., 2016).

The primary objective of this study was to investigate the antifungal activity of M. piperita leaf eth-
anolic extract against C. albicans isolates. The results demonstrated that 52.4% of C. albicans 1solates
exhibited resistance to the ethanolic extract of M. piperita leaves. Previous studies have primarily
focused on the antifungal properties of M. piperita essential oils, leaving other constituents less ex-
plored. Understanding the antifungal potential of the various constituents of M. piperita can contrib-
ute to the development of new natural antifungal agents. Our findings align with those of (Wenji et
al., 2019), who also reported the weak antifungal activity of ethanolic extracts. In contrast,
(Doddanna et al., 2013), reported a higher inhibition zone for ethanolic extracts. The study by
(Hofling et al., 2010), supports our findings by reporting moderate activity of ethanolic extracts and
no activity for dichloromethane extracts.

On the other hand, this study represents the first investigation into the combined effects of ethanolic
M. piperita extract and diclofenac sodium on C. albicans. To the best of our knowledge, no previous
research has explored this specific interaction, thereby contributing a novel perspective to the field of
antifungal research.

© 2025 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Although this study contributes significantly to the screening and expansion of knowledge regarding
the potential therapeutic applications of M. piperita leaf extract against standard and isolated C. albi-
cans and its synergistic effects, it is constrained by the absence of phytochemical screening and cy-
totoxicity analysis of the active compounds. Therefore, further investigation of the phytochemicals
and cytotoxicity of M. piperita is warranted.

CONCLUSION

In conclusion, the ethanolic extract of M. piperita exhibited significant antifungal activity against C.
albicans isolates, demonstrating superior efficacy compared to fluconazole for a substantial propor-
tion of isolates. Subsequent investigations should elucidate the mechanisms underlying the antifungal
properties of M. piperita and examine potential modifications to enhance its efficacy and synergistic
potential with other antifungal agents.
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Keywords: ABSTRACT:

Anabolic Steroids, Anabolic-androgenic steroid (AAS) abuse has significant detrimental ef-

fects on male fertility, mainly through its influence on hormonal balance.

This study aims to investigate the impact of AAS abuse on the hypotha-

abuse, bodybuilding. lamic-pituitary-gonadal (HPG) axis and associated fertility hormones in
male bodybuilders. Sixty participants were divided into two groups: 30 in-
dividuals with a self-reported history of AAS abuse and 30 control partici-
pants. Blood samples were collected and analyzed for total testosterone lev-
els, estradiol, prolactin, luteinizing hormone (LH), and follicle-stimulating
hormone (FSH). The AAS group showed significantly elevated levels of
total testosterone (11.5 + 1.1 ng/ml) and estradiol (34 =+ 3.2 pg/ml), along
with increased prolactin levels (3.4 = 0.16 ng/ml) when compared to the
control group (P < 0.05). In contrast, LH levels (0.38 £ 0.1 mlU/ml) and
FSH levels (1.01 = 0.08 mlU/ml) were significantly decreased in the AAS
group (P < 0.005). The abuse of AAS causes hormonal imbalances that can
severely affect reproductive health and lead to male sterility. However,
these issues can be prevented through awareness, education, and proactive
strategies targeted at bodybuilders.
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INTRODUCTION

Anabolic-androgenic steroids (AAS) are synthetic derivatives of testosterone that are abused for
muscle-building and performance-enhancing effects (Pope et al., 2014). AAS abuse is a global
health concern, affecting both athletes and non-athletes (Kanayama et al., 2015). While their ef-
fects on muscle growth and physical appearance are widely acknowledged, less is known about
their disruptive impacts on the endocrine system, particularly the hypothalamic-pituitary-gonadal
(HPG) axis, which regulates reproductive hormones and fertility (Kanayama et al., 2015).

The HPG axis is a complex system where the hypothalamus, pituitary gland, and gonads (testes
in males and ovaries in females) interact to regulate hormone production (Santen & Bremner,
2006). In males, gonadotropin-releasing hormone (GnRH) from the hypothalamus stimulates the
pituitary gland to release luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH
stimulates the Leydig cells in the testes to produce testosterone, while FSH acts on the Sertoli
cells to support spermatogenesis. Exogenous AAS disrupts the HPG axis through harmful feed-
back mechanisms, suppressing natural hormone production (Handelsman, 2018). and, thus,
changes in fertility potential. The prolonged suppression of these hormones can permanently
damage the reproductive system. Even after stopping AAS abuse, some individuals never fully
recover their natural sperm production or testosterone levels, leading to long-term sterility (John-
son et al., 2020).

The suppression of the HPG axis has been noted in many studies (Pitteloud et al., 2005). This
study investigates the alterations in key fertility hormones associated with AAS abuse, highlight-
ing the potential long-term implications for reproductive health.

MATERIALS AND METHODS

Participants for this study were recruited from Male bodybuilding athletes frequenting gyms in
Al Bayda City, Libya, between January and mid-February. A total of 60 participants were enrolled
and categorized into two equal groups: 30 individuals with a self-reported history of anabolic
steroid abuse and 30 individuals with no reported history of anabolic steroid use, serving as the
control group. The AAS group participants ranged in age from 25 to 35 years, while the control
group participants ranged from 22 to 30 years. To be included in the steroid abuse group, partic-
ipants were required to report consistent anabolic steroid abuse for a minimum of six months and
be active gym members. Participants were excluded from the study if they reported pre-existing
cardiovascular, hypertensive, and other chronic diseases.

In this cross-sectional study, a self-administered questionnaire was developed to address the fol-
lowing areas: Dose, duration, name of anabolic steroidal drugs, and other drugs used as Ancillary
Drugs.

After an ethical approval, Blood samples were collected between 8:00 AM and 11:00 AM after a
12-hour fast. Venipuncture was performed, and 15 ml of blood was drawn into EDTA-free tubes
per participant. Samples were then centrifuged at 3500-4000 rpm for 20 minutes. The serum was
separated and stored at -20°C in 1.5 ml in Eppendorf tubes. Hormonal analyses were performed
in a clinical laboratory setting. Serum samples were analyzed using the COBAS e411 (immuno-
assay analysis). This analyzer (Roche Diagnostics, Indianapolis, Indiana, USA) was used to quan-
tify the following hormones: total testosterone, estradiol (E2), prolactin (PRL), LH, and FSH.

Data are presented as mean values with associated measures of dispersion for group comparisons.
To assess differences in hormone levels, biochemical markers, and other continuous variables
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between the anabolic steroid abuse group and the control group, Welch's t-test was employed.
Prior to analysis, data for specific markers were transformed to achieve normality. Specifically,
a square root transformation was applied to FSH and PRL data. LH data were subjected to a
natural logarithm transformation. Statistical analysis was performed using SPSS version 23. A p-
value of less than 0.05 was considered statistically significant.

Ethical approval for this study was obtained from the National Bioethics Committee (NBC) (Ref-
erence Number: NBC:007.24.19). Informed consent was obtained from all participants after ex-
plaining the study objectives and methods. Participant confidentiality was maintained throughout
the study.

RESULTS

Analysis of self-reported drug usage data (table 1) revealed that the total dose of anabolic steroidal
drugs received across all cycles is approximately (6423.50 = 500 mg) during (7.5+ 0.62weeks), the
total dose during one week is approximately (865+ 50 mg).

Testosterone enanthate was the most commonly used AAS (86.7%), followed by nandrolone decano-
ate (53.3%), oxymetholone (Anadrol) (36.7%), methandrostenolone (Dianabol) (33.3%), and ancil-
lary drugs (8%): (Anastrozole, Clomiphene Citrate, Cabergoline, HCG and Tamoxifen). Most partic-
ipants used multiple anabolic steroids concurrently, accounting for 83.3%, whereas single AAS cy-
cles were a minority at 16.7% (Tables 1 and 2).

Table 1: Dosage, Duration, and Drugs Used by Anabolic Steroid Abusers

. .. . Duration Total Dqse
Abuser. AAS Ancillary  Route of Administration AAS received
(weeks)
(mg)
1 Oxymetholone o 12 9000
2 Nandrolone Decanoate LM
Testosterone Enanthate LM 8 5800
Methandrostenolone (@)
3 IM
Testosterone Enanthate
Testosterone Propionate LM 15 6000
Clen- (@)
buterol
4 Testosterone Enanthate LM 8 2000
5 Testosterone Enanthate .M 8 9000
6 (@)
Oxymetholone M 8 10500
Boldenone Undecylenate
Testosterone Enanthate M
Anastro- (@)
zole
7 Testosterone Enanthate IL.M 16 8000
8 Testosterone Enanthate IL.M 2 500
9 Oxymetholone I(li/[
Testosterone Enanthate M ] 1175
Trenbolone IM
Boldenone Undecylenate O
Masterolone Anasiro- 0
zole
10 Testosterone Enanthate LM 8 6000
Oxymetholone o
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Abuser.

11

12

13

14

15

16

17
18

19

20

21

22

23

24

Duration Total Dose
AAS Ancillary  Route of Administration AAS received
(weeks)
(mg)
IM
IM
Nandrolone Decanoate
(@) 8 10800
Testosterone Enanthate 0
Oxymetholone .
Clomi- (0]
Mesterolone
phene o
Cabergo-
line
Testosterone Enanthate LM 8 9800
Nandrolone Decanoate LM
Methandrostenolone (@)
Testosterone Enanthate .M
Nandrolone Decanoate IL.M 8 10800
Methandrostenolone (@)
Testosterone Propionate M
Trenbolone Acetate .M 6 13600
Oxandrolone o)
IM
Testosterone Enanthate LM 8 9800
(@)
Nandrolone Decanoate
Anastro- (@)
Methandrostenolone
zole (@)
Clomi-
phene
Testost E that LM
estosterone Enanthate M D 10450
Nandrolone Decanoate 0
Methandrostenolone 0
Mesterolone Clomi- 0
phene
Methandrostenolone O 4 900
Testosterone Enanthate LM 8 4000
Nandrolone Decanoate LM
Testosterone Enanthate LM 6 3000
Nandrolone Decanoate .M
IM
Testosterone Enanthate M 6 9000
Nandrolone Decanoate
(@)
Oxymetholone
Mesterolone o
Clomi- (0]
phene
Testosterone Enanthate LM
Nandrolone Decanoate IM 12 10600
Methandrostenolone 0
HCG S.C
I.M
Testosterone Enanthate M 8 7800
(@)
Nandrolone Decanoate Cabereo- o
Methandrostenolone CTE0
line (0]
Tamoxi-
fen
Testosterone Enanthate LM 4 4000
Nandrolone Decanoate LM
Testosterone Enanthate IL.M 5 4150
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. .. . Duration Total D(?se
Abuser. AAS Ancillary  Route of Administration AAS received
(weeks)
(mg)
Nandrolone Decanoate LM
Methandienone (0]
25 Testosterone Enanthate M
Nandrolone Decanoate .M 13 6760
Methandienone (0]
26 Testosterone Enanthate LM
Nandrolone Decanoate LM 2 1620
Oxymetholone o
Methandienone 0
27 Methandienone (0] 4 2550
Oxymetholone o
28 Oxymetholone 0] 4 1500
29 Methandrostenolone (0] 4 1800
30 Methandrostenolone 6] 4 1800
O, orally; I.M, intramuscular; S.C, subcutaneous; ASA, anabolic steroid abusers.
Table 2: Most common AAS used in a combination
Combination Frequency Percentage (%)
Testosterone Enanthate + Nandrolone Decanoate + Methandrostenolone 5 16.7
Testosterone Enanthate + Nandrolone Decanoate 5 16.7
Testosterone Enanthate + Oxymetholone 2 6.7
Testosterone Enanthate + Nandrolone Decanoate + Methandrostenolone + Ox- 1 33
ymetholone
Oxymetholone, Boldenone Undecylenate, Testosterone Enanthate 1 33
Oxymetholone, Testosterone Enanthate, Trenbolone, Boldenone 1 33
Testosterone Enanthate + Testosterone Propionate 1 33
Testosterone Propionate + Trenbolone Acetate + Oxandrolone 1 33

Estradiol level was significantly higher in the anabolic steroid abusers group (34 + 3.2 pg./ml) com-
pared to the control group (21 + 0.61 pg/ml) (Figure 1).

P

70.07

60.0

50.07

40.0

30.09

20.071 ?

10.0

Estradiol { pg / ml)

C AEI;A
Groups
Figure (1). The level of Estradiol in anabolic steroid users. C represents healthy non-anabolic

users, and ASA represents anabolic steroid abusers. The results were calculated by median;
data were analyzed using Welch test ***p < 0.001(Significant).
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The total testosterone level was significantly higher in the anabolic steroid abusers group (11.5+ 1.1
ng/ml) compared to the control group (4.7 + 0.2 ng/ml) (Figure2).

25.0- b
T 2007
=]
c
2 15.07
=]
=
1]
a
8
& 1007
L1}
|_
=
A
2 5.0
0.0
I I
C ASA
Groups

Figure: (2). The testosterone level in anabolic steroid users. C represents healthy non-anabolic
users, and ASA represents anabolic steroid abusers. The results were calculated by median;
data were analyzed using Welch test ***p < 0.001(Significant).

The prolactin level was significantly higher in the anabolic steroid abusers group (3.4 £ 0.16 ng/ml)
compared to the control group (2.4 + 0.07 ng/ml (Figure 3).The luteinizing hormone level was sig-
nificantly lower in the anabolic steroid abusers group (0.38 £ 0.1 mIU/ml) compared to the control
group (1.2 = 0.08 mlU/ml (Figure 4).

6.0

ww

5.0

4.0

3.0

Prolactin ( ng I ml)

1.0

—

I
C ASA
Groups

Figure: (3). The prolactin level in anabolic steroid users. C represents healthy non-anabolic
users, and ASA represents anabolic steroid abusers. The results were calculated by median;
data were analyzed using Welch test ***p < 0.001(Significant).
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Luteinizing hormone ( miU I ml)
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ASA

[e 28

Groups

Figure: (4). The level of luteinizing hormone in anabolic steroid users. C represents healthy
non-anabolic users, and ASA represents anabolic steroid abusers. The results were calculated
by median; data were analyzed using Welch test ** p < 0.005 (Significant).

The follicle-stimulating hormone level was significantly lower in the anabolic steroid abusers group
(1.01 = 0.08 mlU/ml) compared to the control group (2.4 + 0.09 mlU/ml) (Figure 5).

3.57

1.07]

Follicle-stimulating horomne { miU I ml)

T
c ASA

Groups

Figure: (5) The level of follicle-stimulating hormone in anabolic steroid users. C represents
healthy non-anabolic users, and ASA represents anabolic steroid abusers. The results were cal-
culated by median; data were analyzed using the Welch test *** p <0.001 (Significant).

DISCUSSION

The results from this study reveal significant hormonal disruptions associated with AAS use. The
self-reported data (Table 1) indicate a substantial average AAS dose of 6423.5 mg over 7.5 weeks,
with a weekly average of 865 mg. Notably, testosterone enanthate was the most frequently used AAS,
often combined with other AAS, reflecting the complex nature of AAS abuse. As presented in Table
2 and Figures 1-5, the AAS group exhibited significantly higher E2, testosterone, and PRL levels.
Conversely, LH and FSH levels were markedly lower in the AAS group (p < 0.005 and p < 0.001,
respectively), consistent with HPG axis suppression. These findings align with prior research
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documenting hormonal imbalances associated with AAS use (Kovac & Lipshultz, 2017; Bhasin et
al., 2000). The presented findings demonstrate the detrimental effects of AAS abuse on the hypotha-
lamic-pituitary-gonadal axis. The exogenous administration of testosterone derivatives disrupts the
hormonal balance, leading to elevated testosterone and estradiol levels, with the suppression of cru-
cial reproductive hormones like LH and FSH. This hormonal dysregulation stems from the HPG axis's
harmful feedback mechanisms, which significantly impede natural hormone production and spermat-
ogenesis, ultimately risking male fertility. Furthermore, the increase in prolactin further complicates
the issue. The clinical consequences of these hormonal imbalances extend beyond reproductive is-
sues, contributing to a range of health concerns, including sexual dysfunction, mood disorders, and
metabolic disturbances. Excess testosterone is converted to estrogen (a potent estrogen) via aroma-
tase. High estradiol acts as a potent negative feedback signal on the hypothalamus, suppressing the
Gonadotropin-Releasing Hormone release. This suppression is mediated through estrogen receptors
in the hypothalamus (Carreau et al., 2003).

Increased serum prolactin levels directly affect spermatogenesis and negatively impact male fertility
by inhibiting the anterior pituitary gland's pulsatile release of gonadotrophins (Dabbous & Atkin,
2018).

The use of ancillary drugs, such as aromatase inhibitors and SERMs, was reported by some AAS
abusers, potentially in an attempt to mitigate the estrogenic side effects or restore HPG axis function.
However, the persistence of significant hormonal imbalances despite ancillary drug use suggests their
limited effectiveness in fully counteracting the effects of AAS.

These results confirm that this hormonal pattern seriously affects male reproductive health. Potential
limitations of this study include reliance on self-reported drug use and its cross-sectional design; fu-
ture research should investigate these parameters using longitudinal

CONCLUSION

This study provides compelling evidence of significant hormonal disruptions in male bodybuilders
who abuse anabolic-androgenic steroids (AAS). The findings reveal a concerning pattern of elevated
testosterone, estradiol, and prolactin levels, coupled with suppressed luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) levels. This hormonal imbalance, stemming from the disruption
of the hypothalamic-pituitary-gonadal (HPG) axis due to AAS use, poses a serious threat to male
reproductive health by impairing natural hormone production, spermatogenesis, and overall fertility.
These results underscore the detrimental effects of AAS abuse on the endocrine system and highlight
the urgent need for increased awareness and preventative measures to mitigate the long-term repro-
ductive health consequences associated with AAS use. While limitations like self-reported data and
the cross-sectional design exist, the study's findings strongly suggest the need for longitudinal re-
search to investigate further these parameters and their lasting impact on male fertility.
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ABSTRACT:

Traditional medicine and the pharmaceutical industry rely heavily on medic-
inal and aromatic plants (MAPs), making biodiversity preservation essential.
Northeastern Libya, particularly Al Jebel Akhdar, supports many endan-
gered MAP species threatened by climate change, environmental degrada-
tion, and unsustainable foraging. This study evaluates environmental factors
affecting MAP growth and proposes preservation strategies using field sur-
veys, satellite imagery, and interviews with herbalists and conservation ex-
perts. Findings reveal that desertification, climate variability, and soil ero-
sion significantly damage MAP habitats, especially in semi-arid and desert
regions, with species decline rates of 40% and 60%, respectively. Unsus-
tainable harvesting contributes to a 30% reduction in some species' popula-
tions. The research advocates for a combination of in situ and ex situ con-
servation, sustainable farming, and protected area management. It highlights
the urgency of developing national policies that engage local communities
to safeguard biodiversity, ensure sustainable development, and preserve tra-
ditional knowledge under increasing environmental stress.
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INTRODUCTION

The pharmaceutical industries together with traditional medicine deploy medicinal and aromatic
plants (MAPs) for their vital role in ecological sustainability. Al Jebel Akhdar contains a wide
range of MAP species across its Mediterranean to desert climate zones because herbal and natu-
ral healing practices have been using these plants for centuries (Abogmaza et al., 2020). The
plants maintain major importance because they serve therapeutic functions while they serve a
critical role in preserving biodiversity and protecting ecological structures. The plants face seri-
ous threats to their survival since they face environmental changes in combination with habitat
degradation and unsustainable harvesting practices.

The distinctive geography and climate of Al Jebel Akhdar has enabled the development of nu-
merous medicinal plants particularly in El-Jabal El-Akhdar but conservation plans exist to pro-
tect endangered species according to Saaed et al. (2022). Pharmaceutical and cosmetic indus-
tries drive the escalating MAP demand which results in excessive harvesting along with envi-
ronmental degradation and climate change variables that cause plant species to fade. Studies
show that more than 30% of North African MAP species including those in Al Jebel Akhdar
face environmental threats to their survival (Shukla et al., 2025).

The preservation of MAPs demands worldwide attention according to findings about seed bank-
ing combined with ex situ conservation practices for endangered species in the combination ar-
ea of Tunisia and northern Morocco (Libiad et al., 2020). The created strategies can assist The
mountain with establishing its conservation programs although they remain in their initial de-
velopment phase. Phylogenetic analysis shows that the Mediterranean and Middle Eastern wild
plants possess genetics with potential applications for sustainable cultivation as well as conser-
vation (Alrhmoun et al., 2025).

Scientists have recognized intercropping MAPs together with fruit trees and field crops in the
Mediterranean Basin as a sustainable farming method which enhances environmental diversity
and promotes soil wellness (Marotti et al., 2023). Studies in Tunisia confirm the success of La-
miaceae plant cultivation in arid rangelands because these plants simultaneously produce me-
dicinal products and help stabilize soils and restore ecosystems (Gamoun & Louhaichi, 2024).
Research shows that MAPs hold significant economic value primarily in North-West Africa
through the establishment of market value chains and conservation activities that boost their
market potential (Weber et al., 2020).

Al Jebel Akhdar government encounters substantial barriers to protect MAPs despite scientific-
confirmation of their importance. The combination of deficient regulatory systems with urban
growth destruction and climate change effects makes these plant species vulnerable (Ahmed et
al., 2023). The study of MAPs in Sudan shows that various threats spread throughout North Af-
rica which requires immediate conservation action (Ahmed et al., 2023). Bio-regulators demon-
strate potential for research-based application to enhance seed germination rates and plant sur-
vival as a vital aspect for Al Jebel Akhdar to advance its MAP cultivation efforts (Gordani¢ et
al., 2021).

The research examines environmental effects on Al Jebel Akhdar MAP growth by investigating
the combination of climate changes and soil conditions along with increasing human activities.
The research identifies methods which protect these valuable plant species with focus on estab-
lishing effective conservation strategies. Synthesizing existing conservation research about me-
dicinal plants in North Africa and the Mediterranean allows this study to present an all-
inclusive report about Al Jebel Akhdar is medicinal flora preservation difficulties and available
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solutions. Comprehensive studies on the conservation of MAP in Al Jebel Akhdar have re-
mained few, in spite of the well-known threats. This study aims at identifying the environmental
stressors affecting MAP growth and eventually proposing specific conservation measures.

The influence of climate change on Medicinal and Aromatic Plants (MAPs) stands as the first
section in this review.Environmentally damaging effects from climate change overwhelmingly
affect medicinal and aromatic plant populations in North Africa together with the Mediterrane-
an countries. The habitat conditions deteriorate and plant populations decrease as climate ad-
justments accelerate temperature levels and decrease water availability in the region. Wild me-
dicinal plants in Crete experience mounting crisis because of both drought stress and unpredict-
able rainfall patterns as Bariotakis et al. (2023) report. The small distribution range of Erica
sicula makes this species highly susceptible to climate-induced threats according to Pasta et al.
(2024). The 1.5°C rise in temperature since the last decade combined with an 8-12% yearly
rainfall decrease poses a survival threat to native MAP species in Al Jebel Akhdar.

Soil Degradation and Its Effects on Plant Growth

The survival of medicinal flora heavily depends on the condition of the soil. The poor quality of
the soil results in suboptimal physiological performance combined with reduced therapeutic po-
tential for medicinal plants because it exhibits low organic matter, pH imbalance and depleted
nutrients. The diminishing nutrients and organic content in plant samples according to Lahlou et
al. (2022) leads to reduced concentrations of bioactive compounds in significant medicinal spe-
cies. Research conducted at Al Jebel Akhdar shows that desert regions possess 0.8% soil organ-
ic matter but semi-arid areas have 3.2%. Map degradation becomes worse because of erosion
while harmful land practices also contribute to the problem (Ahmed et al., 2023).

Sustainable Agricultural Practices for Conservation

Sustainable agricultural practices help protect MAPs from environmental damage thus support-
ing their continued existence. Research confirms that integrating MAPs with fruit trees or field
crops improves soil stability and enhances biodiversity while supporting plant production ac-
cording to Marotti et al. (2023). Lamiaceae species farming in arid rangelands of Tunisia pro-
duces dual benefits for ecological restoration while advancing economic development according
to Gamoun & Louhaichi (2024). The techniques demonstrate value for Al Jebel Akhdar due to
the soil destruction and biodiversity reduction from traditional agricultural methods.

3.4 Global Conservation Strategies and Regional Applications

International MAP conservation projects offer adaptable models which Libyan authorities can
implement. Both seed banking and botanical garden practices of ex-situ conservation have
shown success in preserving endemic species throughout Morocco and Tunisia according to Li-
biad et al. (2020). The genetic diversity of Mediterranean MAPs stands out according to the
phylogenetic research by Alrhmoun, Sulaiman and Pieroni (2025) which demonstrates our need
to protect these species along with their genetic makeup. Strategies for local adaptation in Al
Jebel Akhdar area are still being established because traditional methods combined with modern
technologies show great potential for development according to research from Abogmaza et al.
(2020) and Weber et al. (2020).

MATERIALS AND METHODS

Data Collection

The analysis of environmental effects on medicinal and aromatic plants in Al Jebel Akhdar required
multiple data collection methods. The research design merged data from direct field site observa-
tions with satellite imaging analysis as well as specialized expert opinions together with climate and
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soil information databases in order to examine all vital environmental growth elements.

Field Surveys and Sampling

A series of field surveys was executed throughout Al Jebel Akhdar is ecological areas starting from
the coastline then moving into semi-arid environments before reaching desert regions for analyzing
plant distribution patterns together with growth characteristics. The choice of fifty sampling stations
happened according to vegetation arrangement and known plant distribution records. Five one-
meter squared quadrats were randomly located within each site to examine plant occurrence and
population density together with their condition. The survey team documented which plants existed
within each area together with plant height measurements as well as leaf size and environmental
stresses indicators (drought, erosion, and pollution). Data collected from 250 quadrats successfully
delivered an adequate statistical sample which accurately captured the growth conditions of the
studied region.The range of the 50 sampling stations reflected vegetation diversity mapping to se-
cure sound ecological representation.

Soil and Climatic Data Analysis

The evaluation of soil and climate's effect on plant growth started through collecting 100 soil sam-
ples from all three major category soil types: sandy, clay and loamy. Authorities tested the samples
through analyses of pH values and moisture levels together with organic matter percentages and nu-
trients including phosphorus and potassium and nitrogen availability. Soil data from Al Jebel
Akhdar National Meteorological Center showed 10-year research (2014-2024) with climatic meas-
urements for temperature trends and annual precipitation amounts and humidity levels. Over the
past decade the temperature measurements indicated an increase of 1.5 degrees Celsius but rainfall
decreased by about 8—12% yearly in arid areas.

Remote Sensing and GIS Mapping

The changes in vegetation coverage throughout the years were analyzed through data collected from
Landsat 8 and Sentinel-2 satellites. Studying plant health along with density required the application
of Normalized Difference Vegetation Index (NDVI) analysis techniques. NDVI values spanned
from 0.1 for sparse vegetation to 0.7 for dense vegetation as arid and semi-arid areas experienced a
15 percent reduction in vegetation cover in the previous five years. The system used GIS applica-
tions to show how medicinal and aromatic plants distributed based on environmental stressors in
particular locations.

Interviews and Surveys with Local Experts

Structural interviews were performed to understand traditional knowledge and conservation prob-
lems with 50 farmers and medical practitioners and botanists in the area. The research investigated
techniques used to maintain cultivated plants together with recorded observations of environmental
challenges and recorded preservation work. A questionnaire survey with 200 respondents collected
data about plant usage patterns together with habitat modification and knowledge levels on sustain-
able harvesting practices. A research study showed that sixty-five percent of participants noticed
decreased plant resources because of excessive harvesting techniques and eighty percent of re-
spondents identified that climate change threatened plant survival rates. Interviews entailed answers
from participants in accordance with an open format based on the study from field ethnobotanical
surveys. The participants’ informed consent was received.

As table 1 The combination of research methods created a detailed understanding of Al Jebel
Akhdar medicinal and aromatic plant environmental challenges which helped develop solid conser-
vation groundwork.
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Table 1 :Data collection summary

Data Collection

Method Description Key Findings

Conducted across coastal, semi-arid, and desert regions with 50
Field  Surveys sampling stations. Used 5 quadrats per site (total 250 quadrats)
and Sampling  to measure plant occurrence, height, leaf size, and environmen-
tal stressors.

Provided a statistically accurate rep-
resentation of plant distribution and
growth conditions.

Collected 100 soil samples from sandy, clay, and loamy soils.

Analyzed pH, moisture, organic matter, and nutrients (phospho- Found a 1.5°C increase in tempera-
rus, potassium, nitrogen). Used Al Jebel Akhdar National Mete- ture and an 8—12% annual decrease
orological Center data (2014-2024) for temperature, rainfall, in rainfall in arid regions.

and humidity trends.

Remote Sensing Used Landsat 8 and Sentinel-2 satellite images for NDVI analy- 15% reduction in vegetation cover
and GIS Map- sis to assess vegetation health and density. Mapped vegetation over the last five years, with NDVI
ping cover and environmental stressors. values ranging 0.1-0.7.

Soil and Climat-
ic Data Analysis

Conducted 50 structured interviews with farmers, medical prac- 65% reported declining plant re-
titioners, and botanists. Collected 200 questionnaire responses sources due to overharvesting; 80%
on plant usage, habitat modification, and conservation aware- identified climate change as a major
ness. threat to plant survival.

Interviews and
Surveys  with
Local Experts

RESULTS

Process

The research team executed diverse stages to properly analyze and interpret data they obtained for
evaluating environmental influences on medicinal and aromatic plant development in Al Jebel
Akhdar. The research process included five main stages which were data organization followed by
laboratory analysis and satellite image processing then adding GIS mapping and statistical analysis
before expert validation.

Data Organization and Cleaning

We digitized field data from 50 sampling areas and 250 quadrats before sorting this information in-
to digital spreadsheets that separated data into plant species types together with growth conditions
and environmental stress indicators. The team checked data points with missing or inconsistent in-
formation which totaled five percent of the full dataset. Both field notes provided verification when
data correction was successful or the points were removed if documentation could not verify their
validity.

Laboratory Analysis of Soil Samples

The laboratory conducted analysis of 100 soil samples which originated from across different areas
to determine critical soil growth factors affecting plant health. Standardized testing methodologies
determined the following parameters in the soil analysis process:

The pH analysis spanned from 6.2 until 8.5 revealing a wide range of soil acidity and alkalinity
across the different geographical areas.

The coastal soils contained an average moisture content of 12% whereas desert zones contained 4%
moisture content.

. Organic matter percentage: Highest in semi-arid zones (3.2%) and lowest in desert regions
(0.8%).

Testing of nutrient availability through three key elements demonstrated that degraded lands con-
tained 30% less active nutrients than fertile ground.
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Satellite Image Processing and GIS Mapping

Processing steps of remote sensing data acquired from Landsat 8 and Sentinel-2 involved utilization
of software platforms ArcGIS and ENVI. The evaluation of vegetation health through NDVI
showed that dense vegetation areas decreased by 15% within the previous five years. GIS mapping
technology produced visual presentations which combined plant mapping data with soil degradation
hotspots along with climate change effects information. The distribution of annual rainfall less than
200 mm showed maximum destruction of vegetation across the study area.

Statistical Analysis of Climatic Trends and Plant Growth

Statistical evaluations of environmental-to-plant health relationships were performed by using SPSS
software. Key findings included:

Research findings demonstrated that plant density declined while temperature levels increased at a
correlation value of -0.72.

The robust link between water availability in soil and plant health showed itself in a study result
with high positive association (+0.81).

The annual rainfall dropped by 8—12% amounting to serious changes that directly influenced plant
population distribution and growth.

Validation through Expert Consultation

A qualitative assessment involved 50 structured interviews with farmers, herbalists and botanists for
verifying the study results. A significant proportion of 85% among the interviewed experts docu-
mented substantial plant reduction because environmental damage combined with reckless harvest-
ing methods. Survey respondents indicated that 60% of them believed controlled harvesting and re-
forestation initiatives should be put into practice.

The organized analysis procedure confirmed the validity of the collected data while generating reli-
able conclusions about Al Jebel Akhdar medicinal and aromatic plants' environmental decline.

Data Analysis

Statistical evaluation combined with trend identification and a correlation analysis and GIS-based
spatial assessment helped determine environmental effects on Al Jebel Akhdar medicinal and aro-
matic plant growth during the data analysis phase. The evaluation concentrated on examining soil
quality because it analyzed climatic trends and vegetation health as well as human activities which
impact plant survival.

Soil Quality and Its Impact on Plant Growth

The analysis of 100 samples demonstrated that different regions contained substantially divergent
pH values as well as moisture content levels and organic matter content and nutrient availability
rates. Soils in coastal zones and areas with semi-arid climates were most appropriate for plant
growth whereas desert soil conditions remained severely damaged. The results from the correlation
analysis indicated:

The analysis revealed a high degree of positive relationship (0.79) which shows higher plant popu-
lations develop in soils containing greater organic matter content.

Highly alkaline soils above 8.0 pH had a negative impact on plant health based on a moderate nega-
tive correlation of (-0.65) as figure 1 .

Plant density in areas further than 10% moisture content presented 40% more plants when com-
pared to areas with lower moisture levels.
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Soil degradation especially in arid and desert territories acts as a primary growth limit for medicinal
and aromatic plant species.
Impact of Soil Quality on Pjgnt Growth
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Figure 1 Impact of Soil Quality on Plant Growth

Climatic Trends and Their Effects on Vegetation
Relying on climate data analysis from 2014 through 2024 accessed from Al Jebel Akhdar National
Meteorological Center indicated substantial temperature elevation together with decreasing precipi-
tation rates.
The temperature has risen 1.5 degrees Celsius during the last ten years leading to elevated rates of
evapotranspiration and drier soils.
Plants endure greater drought-related stress because semi-arid and desert areas reported annual rain-
fall decreases between 8—12%.
The evidence shows that plant density decreased as temperature levels increased across the study
area (-0.72).
As figure 2 The population decline of medicinal and aromatic plants becomes most severe when
temperature rises combined with reduced rainfall in regions that receive less than 200 mm of annual
rainfall.
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Figure 2 Effects of Climatic Trends on Vegetation
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In Al Jebel Akhdar, there exists a straight relationship linking the increase in temperature to the
consequent decrease in plant density. Areas exhibiting less than 200 mm annual rainfall have shown
the steepest drop in vegetation cover according to this study, which thereby indicates the combined
stress from heat and drought on plant survival.

The evaluation of vegetation health with satellite observation technology serves as the basis
for this assessment

The analysis of remote images from Landsat 8 and Sentinel-2 through NDVI (Normalized Differ-
ence Vegetation Index) values delivered information about vegetation health. The NDVI analysis
showed:

The observation of a 15% decrease in dense vegetation areas through the last five years represents
worsening environmental conditions.

The vegetation health status of regions having NDVI values below 0.3 brought about a 50% reduc-
tion in plant density leading to major biodiversity loss. figure 3

The areas with highest NDVI values exceeding 0.6 were located in semi-arid regions combined
with coastal areas but desert regions displayed very low values of below 0.2 indicating sparse plant
cover.

GIS mapping displayed severe degradation zones because more than sixty percent of desert areas
experienced major plant cover reduction because of soil erosion and climate change impacts.
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Figure 3 Assessment of vegetation health using satellite observation technology

The areas having NDVI value < 0.3 mostly belong to desert zones where plant density decreased by
50%, indicating severe vegetative stress and susceptibility to desertification. The contrast semi-arid
and coastal regions having NDVI values above 0.6 maintain healthier plant cover.

Human Impact and Conservation Challenges

A combined survey and interview process with 200 participants and 50 experts generated essential
human data related to plant conservation development:

Survey participants indicated that medicinal plant resources declined by 65% because of excessive
harvesting together with soil destruction.
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Round eighty percent of interviewed experts associated climate change with dying plants as survey
data validated observations based on climatic analysis.

Experts indicate that the combination of disciplined forest harvesting and tree planting should serve
as essential conservation strategies.

As figure 4 The survey outcome statistically verified the relationship between deforestation and
overgrazing and plant reduction through its p-value of <0.05.
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Figure 4 Human Impact and Conservation Challenges

Statistically, it shows a significant effect (p < 0.05) of the human activities of deforestation and

overgrazing on the decline of MAP populations. Survey data confirm that over 65% of the respond-

ents directly relate the loss of plants to overharvesting.

Comparative Analysis of Affected Regions

The research identified plant population differences based on varied ecological areas through quan-
titative evaluationas figure 5 .

The plant density stood highest in coastal areas with an average of 85 plants per square meter and
then decreased to 60 plants per square meter in semi-arid areas but reached its lowest point at 20
plants per square meter in desert zones.

Extremely harsh environmental conditions caused a 25% reduction in plant species diversity in arid
regions compared to the coastal regions.
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Comparative average on the mean plant densities across ecological zones shows coastal areas hav-
ing the highest mean plant density at 85 plants/m? followed by semi-arid areas at 60 plants/m?
while the densities in desert zones were the lowest at 20 plants/m?. This indicates an association be-
tween adverse environmental conditions and the biodiversity they house.

Summary of Findings

The data analysis established climate change together with soil degradation and human activities as
the main causes behind the medicinal and aromatic plants decline in Al Jebel Akhdar. The areas that
suffered from limited rainfall alongside degraded soil and abundant human activity showed maxi-
mum decreases in plant populations. These important plant species need immediate protective
measures involving regulated harvesting practices and both restoration efforts for habitats and sus-
tainable cultivation techniques to protect them from environmental dangers.

A systematic assessment conducted in Al Jebel Akhdar demonstrates the extensive
environmental factors which negatively affect medicinal and aromatic plant cultivation there.
The research outcomes demonstrate how soil degeneration combined with climate shifts and
human disturbances affects plant spread patterns together with population density and general
health condition. The study combines on-site measurements with laboratory evaluations
alongside satellite imagery collection and questionnaire responses for delivering complete
knowledge about these important flora species' challenges.

Declining Plant Density and Distribution

The observations at 50 sites documented complete decreases in medicinal and aromatic plant
occurrences while these plants became sparser throughout arid along with desert areas. The
plant densities in different ecological zones appeared largely dissimilar to each other.

Field observations measured an average of 85 plants/m? in coastal areas which serve as the
most suitable environment zone.

The semi-arid zones have an average plant density level of 60 plants per square meter which
demonstrates moderate plant population growth.

The plant density in desert regions reaches only 20 plants per square meter due to unfavorable
desert environments.

Plant density decreased by about 40% throughout semi-arid areas and 60% in desert territories
during the last decade particularly affecting areas that experience annual rainfall below 200
mm. Studies confirm extreme environmental conditions cause plant populations to decrease
because arid zones now contain only 75% as many plants as coastal regions do.

Climate change manifestations through increased temperatures and reduced precipitation turn
out to be the principal threats against medicinal and aromatic plant populations in Al Jebel
Akhdar

Soil Degradation and Its Effects on Plant Growth

Analysis of 100 soil samples obtained from different geographic areas produced essential
information regarding land fertility together with its influence on plant development. The key
findings include:

Plants reached maximum density at soil pH levels between 6.5-7.5 while the measured pH
values spanned from 6.2 to 8.5.

Data showed that coastal areas had an average soil moisture of 12% increasing to over 4% in
desert regions because drought conditions proved detrimental to plant development.

Soil fertility decreases as desertification intensifies because semi-arid regions offered 3.2%
organic matter while desert areas maintained only 0.8%.

Research yielded a +0.79 positive correlation indicating that productive soil environments lead
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to denser plant populations.

Low moisture retention along with depleted nutrients in the soil represent the main
environmental factors causing unsustainability of medicinal and aromatic plants throughout
The Al Jebel Akhdar

Climate Change and Its Impact on Vegetation

Analyzing climate data collected through the Al Jebel Akhdar National Meteorological Center
for 10 years (2014-2024) demonstrated that both temperature elevation and rainfall
degradation have adverse effects on plant existence. The data showed:

Temperature increases by 1.5°C during the last ten years have caused greater evaporation rates
which depleted soil moisture reserves.

The semi-arid and desert areas endure deteriorating drought conditions because annual rainfall
fell 8—12 percent.

The negative relationship (-0.72) indicates that rising temperatures cause plant numbers to
decrease effectively.

The decrease in plant density reached 40% across water-deficient areas receiving less than
150mm of rainfall yearly. Waterscarcity has been shown to negatively impact vegetation
growth in this region.

Remote sensors have revealed a decreasing state of vegetation health in the region.

Effects on vegetation caused by the last five years emerged from satellite image analysis
conducted using Landsat 8 and Sentinel-2. A remote sensing examination of vegetation
showed decreased values of NDVI (Normalized Difference Vegetation Index).

The survey shows shifting dense vegetation patterns indicating growing land degradation by
15%.

Plants in areas with NDVI value lower than 0.3 witnessed a fifty percent reduction in
population density which signals severe plant stress and potential desertification.

The NDVI values in coastal and semi-arid regions exceeded 0.6 while desert areas recorded
values lesser than 0.2 which indicates extensive vegetation density fluctuations throughout the
study area.

Remote sensing analysis exposes swift plant habitat deterioration mostly existing in desert and
arid territories which demonstrates an immediate requirement for protective procedures.

Human Activities and Their Impact on Plant Conservation

A total of 200 individuals who worked as farmers and herbalists and conservationists
participated in surveys that documented human-caused threats to medicinal and aromatic
plants. Additionally 50 experts gave interviews about this subject. The key findings include:

The survey revealed medication plants experienced significant reduction in abundance because
of excessive harvesting together with habitat destruction among the 65% of respondents.

The survey results where 80% of interviewees established plant loss connections to climate
change changes corresponded to the data evaluation findings about climate change effects.

Experts indicated that controlled harvesting together with reforestation and water conservation
practices should be used to help conserve these plants (60%).

The analysis determined that both overgrazing and deforestation and declining plant
populations are directly connected through human activities because their association was
statistically significant (p < 0.05).

The study reveals unsustainable harvesting practices along with improper land management as
main human factors which speed up the reduction of medicinal and aromatic plants in Al Jebel
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Akhdar Summary of Key Findings as table 2

1. The number of plants in desert zones is below their original levels by 60% and desert
bordering regions show a 40% decrease yet coastal vegetation remains stable.

2. The decline of plant growth emerges from soil degradation symptoms which include
diminished organic matter levels combined with decreased moisture content.

3. Plants currently experience a +1.5°C temperature increase and 8—12% rainfall reduction
which count as the primary atmospheric causes of plant reduction.

4. Remote sensing analysis demonstrated that vegetation has dwindled by 15% throughout
the previous five years thus demonstrating deteriorating environmental circumstances.

5. Research data shows that overharvesting together with land degradation exists as primary
human-caused threats to plant survival based on feedback from 65% of participants.

The study demonstrates an immediate necessity for protective measures like sustainable
harvesting alongside habitat restoration and climate adaptation programs since they represent
critical steps for medicinal and aromatic plants' survival in Al Jebel Akhdar

Table 2 : Results summary

Results Category

Key Findings

5.1. Declining Plant
Distribution

Density and

5.2. Soil Degradation and Its Effects on
Plant Growth

5.3. Climate Change and Its Impact on
Vegetation

5.4. Remote Sensing and GIS Analysis

5.5. Human Activities and Their Impact
on Plant Conservation

- Coastal regions: 85 plants/m? (highest density). - Semi-arid zones:
60 plants/m? (moderate density).

- Desert regions: 20 plants/m? (lowest density).

- 40% decrease in semi-arid areas and 60% decrease in desert zones
over the last decade.

- Areas with < 200mm rainfall saw the most significant plant
losses.

- Optimal plant growth occurs at pH 6.5-7.5, but soil samples
ranged from pH 6.2 to 8.5.

- Coastal soils had 12% moisture, while desert soils had only 4%
moisture.

- Organic matter: 3.2% in semi-arid areas, 0.8% in desert regions.

- Positive correlation (+0.79) between soil fertility and plant
density.

- Temperature increased by 1.5°C (2014-2024).

- Annual rainfall declined by 8-12% in arid areas.

- Negative correlation (-0.72) between rising temperatures and plant
density.

- 40% decline in plant density where rainfall is < 150mm/year.

- NDVI values dropped by 15% over the past five years.

- Areas with NDVI < 0.3 saw 50% plant density reduction.

- Coastal/semi-arid areas: NDVI > 0.6 (healthy vegetation).

- Desert areas: NDVI < 0.2 (severe plant stress and desertification).
- 65% of surveyed farmers/herbalists reported plant reduction due
to overharvesting and habitat destruction.

- 80% linked plant loss to climate change.

- 60% of experts recommended controlled harvesting, reforestation,
and water conservation.

- Overgrazing and deforestation showed statistical significance (p <
0.05) in plant decline.
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DISCUSSION

This study reveals that Al Jebel Akhdar medicinal and aromatic plants experience severe environ-
mental threats throughout their habitat. Plants face high risk of endangerment because of reduced
populations in addition to deteriorating soils and changing climate as well as human interference in
their habitats. Research worldwide about plant conservation support these findings thus demonstrat-
ing immediate action is necessary.

Impact of Environmental Factors on Plant Growth

Plant populations in Al Jebel Akhdar have decreased widely across desert and semi-arid environ-
ments just like Morocco showed according to Lahyaoui et al. (2025) who studied medicinal plant
reduction because of environmental stressors. Increased habitat loss occurs due to the 40% density
decline in semi-arid regions and the 60% decrease in plant density in desert zones which results
from deteriorating climate conditions and rising temperatures and reduced rainfall. According to
Perrino and Perrino (2020) climate-induced habitat fragmentation in Mediterranean areas causes
crop wild relatives to lose their natural distribution area.

The results confirm that poor organic matter levels (0.8% in desert areas) together with low water
content (4%) affect plant development negatively. Lahlou et al. (2022) showed that soil decay to-
gether with nutrients loss obstructs medicinal plant biochemical operations thereby reducing their
phytochemical power. Plant viability depends crucially on the condition of soil which justifies im-
mediate intervention for soil restoration.

Climate Change and Its Role in Plant Degradation

Research data supports climate change as the main factor that causes Al Jebel Akhdar medicinal
and aromatic plants to become unhealthy. Temperature elevations of 1.5°C combined with a de-
crease in rainfall has reached 8—12% which has created severe drought situations during the last ten
years. Wild medicinal plants in Greece face extinction due to climate alterations so ex situ preserva-
tion methods must be used for safeguarding genetic diversity according to Bariotakis et al. (2023).
Research by Pasta et al. (2024) indicates that plants with extensive habitat distributions face rising
risks from environmental variations similarly to Al Jebel Akhdar populations.

Plant density shows a strong negative relationship of -0.72 with temperature rise indicating that ex-
treme heat stress leads to severe disruptions of plant physiological processes. The research by Per-
rino et al. (2023) proved that rising temperatures combined with dwindling water levels lead to de-
creased levels of therapeutic compounds in medicinal plants which impacts their medicinal potency.
The situation requires implementing climate adaptation techniques including irrigation improve-
ment and genetic preservation systems to reduce natural climate variations impacts.

Overharvesting and Human-Induced Threats

The study results showed a medicinal plant stock decrease of 65% because of researchers identified
poor resource management and unregulated resource extraction as the main contributors to this de-
cline.

The study results support Ogidi's (2023) observation about African plant overutilization which de-
stroys biodiversity thereby complicating conservation strategies. Overharvesting stands as the pri-
mary environmental threat facing European endangered medicinal plants at present with special fo-
cus on the species Artemisia granatensis Boiss according to Lorite (2024).

The data from expert interviews showed that suspension of plant populations stems from climate
change-related effects since 80% of respondents backed this connection which accords with world-
wide scientific findings about habitat degradation from temperature rise and unpredictable rainfall.
Analysis shows the essential correlation (p < 0.05) between human-driven actions such as overgraz-
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ing and deforestation that results in endangered plant decline.
Conservation Strategies and Sustainable Solutions

Conservation methods for medicinal and aromatic plants in Al Jebel Akhdar need urgent implemen-
tation because their preservation faces an alarming situation. The literature published by Yarkwan
(2023) joins several other studies in showing how protected areas and plant harvesting regulation
and sustainable land-use promotion contribute to conservation results. The researchers Alshhibi and
Othman (2024) identified Nat Al-Batnan Plateau as an essential habitat for medicinal plants which
requires conservation efforts.

The research suggests ex situ conservation methods such as seed banking and controlled cultivation
should be adopted to address this issue (Bariotakis et al. 2023). Medicinal plant populations in Crete
are maintained through successfully implemented controlled environments for preservation. To
promote plant survival land managers should execute programs focused on forest regeneration and
soil enhancement which help regenerate damaged land areas.

Implications for Future Research and Policy Development

These study results form an essential base for additional research which studies the extended influ-
ence of climate change and human actions on medicinal plants. Future investigations must focus on
two main goals: they must examine how medicinal plants adapt genetically to extreme climates and
create cultivation methods that strengthen plant populations against climate change effects.

Pandita and Pandita (2021) showed that biotechnological tactics including genetic modification and
hydroponic cultivation need implementation to increase medicinal plants' resistance against envi-
ronmental threats.

The implementation of firm regulations regarding plant harvesting and land management is neces-
sary from a policy perspective. Traditional knowledge should be combined with contemporary con-
servation approaches to create more effective plant protective measures according to Perrino and
Perrino (2020). Local communities require training on plant conservation practices from govern-
ment agencies and environmental organizations which collaborate with each other to fund eco-
friendly agricultural infrastructure.

The analysis explains Al Jebel Akhdar medicinal and aromatic plants struggle from various dimen-
sions such as climate change and soil erosion because of human activities. The research results
match international scholarship which emphasizes the immediate necessity of developing sustaina-
ble plant preservation approaches. Protecting Al Jebel Akhdar is medicinal flora demands both sci-
entific research and environmental policy reforms as well as community conservation initiatives to
safeguard these important plant species.

CONCLUSION

Pandita and Pandita showed that biotechnological tactics including genetic modification and hydro-
ponic cultivation need implementation to increase medicinal plants' resistance against environmen-
tal threats.

The implementation of firm regulations regarding plant harvesting and land management is neces-
sary from a policy perspective. Traditional knowledge should be combined with contemporary con-
servation approaches to create more effective plant protective measures. Local communities require
training on plant conservation practices from government agencies and environmental organizations
which collaborate with each other to fund eco-friendly agricultural infrastructure.

The analysis explains Al Jebel Akhdar medicinal and aromatic plants struggle from various dimen-
sions such as climate change and soil erosion because of human activities. The research results
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match international scholarship which emphasizes the immediate necessity of developing sustaina-
ble plant preservation approaches. Scientific studies together with policy changes in environmental
protection and local conservation activities will protect Al Jebel Akhdar isl medicinal plant species
so they survive for generations to come.

Local harvest regulations, protected areas, and community training in sustainable cultivation prac-
tices are measures that local governments may consider in an attempt to mitigate plant loss. In addi-
tion, formal institutionalization will also be established with collaboration between traditional heal-
ers and local farmers in order to support accumulation of knowledge transfer and conservation
awareness.
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Tamarisk, absorption, Environmental protection and sustainable development are among the major
cement, workability, challenges facing modern societies, as the search for effective solutions to reduce
compressive strength. the environmental impact of industrial activities becomes increasingly important.

The cement industry is one of the largest sources of carbon dioxide emissions,
necessitating the development of innovative strategies that include the use of
alternative materials to reduce these emissions and protect the environment. Given
the significance of this issue, the study examined the effect of tamarisk plant
powder on the mechanical and physical properties of cement mortar, using cubes
and beams of specific dimensions to enhance the accuracy of results. Various
proportions of tamarisk powder (0.5%, 1%, and 2%) were used as a partial
replacement for cement weight, with samples evaluated at different ages (3, 7, and
28 days) compared to a reference sample that did not contain tamarisk. Laboratory
tests included several indicators, such as workability, density, absorption,
compressive strength, and flexural strength. The results showed that the mechanical
and physical properties of the mortar were clearly affected by the increased
tamarisk content, with noticeable effects at 2%, suggesting that tamarisk plant
powder could serve as a partial replacement for cement. This opens new
possibilities for improving the sustainability of construction materials and reducing
environmental impact.
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Tamarisk, absorption, Cement production is considered one of the major industrial processes with a

cement heat significant environmental impact, as it notably contributes to greenhouse gas
2 &

emissions, particularly carbon dioxide. Research indicates that the cement industry is
responsible for a substantial percentage of these emissions, raising concerns about its
environmental effects. Additionally, high temperatures pose a major challenge in
construction, negatively affecting the properties of cement mortar, leading to cracks
and shrinkage in concrete, thereby reducing the durability and structural strength.To
address this issue, a comprehensive laboratory study was conducted on cubes to
evaluate the physical and mechanical properties of cement mortar containing different
proportions of tamarisk powder, which accounted for 0.5%, 1%, 2%, and 4% as a
partial substitute for cement, along with a reference sample that did not contain
tamarisk. All samples were exposed to high temperatures (20, 40, 60, and 80°C) after
28 days of curing, reflecting the harsh environmental conditions that construction
materials may face on-site. The tests included measurements of mortar spread, wet
density, absorption, compressive strength, and failure patterns. The results showed
that mechanical and physical properties decreased with increasing tamarisk content
and temperature, with significant effects observed particularly at 4% tamarisk and
80°C. These findings help determine the optimal ratios that can be used to mitigate
the impacts of high temperatures.
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landfill management - The city of Al-Bayda in the Libyan state suffers from the problem of the lack of a safe
sanitary landfill for disposing of solid waste, as the current landfill is considered an

random landfill - landfill open landfill that does not comply with environmental specifications and standards,

and since the city has witnessed remarkable population and urban growth and the re-
sulting increase in the production of waste that is Dispose of in landfill, the environ-
rehabilitation -  Al- mental and health risks that accompany it require taking the necessary measures to
address this problem and preparing a study to evaluate the process of managing and
operating this dump, determine the extent of its suitability, and work to mitigate the
environmental impacts resulting from it by rehabilitating it, this is a process that must
be carried out according to a specific methodology to help develop the most appropri-
ate options and solutions, technology to reduce its environmental impacts to the max-
imum extent for this purpose, one of the internationally approved approaches used by
the United Nations Environment Program (UNEP) was used to evaluate the risks re-
sulting from waste dumps in developing countries and support the decision to deter-
mine the most appropriate options for conducting treatment and rehabilitation, based
on the level of risks resulting from the landfill. this tool is known as (INTEGRATED
RISK BASED APPROACH), (IRBA) which is a decision- making tool to determine
the possibility of rehabilitating and reclaiming waste landfills, in which a group of
characteristics is measured so that each characteristic has its own specific weight
based on the strength of its impact and the degree of risk it poses, and the total weights
distributed are On 27 properties It is 1000, and based on the measurements made for
each characteristic, its intensity on the sensitivity index is determined, which ranges
between (0 - 1), so that zero represents the lack of intensity of the effect or the absence
of the characteristic measured on the sensitivity index, while the correct one represents
the maximum intensity on the sensitivity scale, For 27 properties, the final value is
The cumulative sum of the results of multiplying the weight of the characteristic by
the amount of sensitivity to all studied variables. Based on this sum, the obtained result
is evaluated to determine the level of risk resulting from the landfill and suggest the
appropriate recommended procedure, through which it became clear that the total sum
of the risk index of the (IRBA) methodology in a city landfill the Al-Bayda one was
An amount of (602.32) and this value, according to the risk assessment criteria for
landfills, indicates the possibility of a high risk and the need to close the landfill even
though there are no more landfills in the area. According to the guide issued by the
National Solid Waste Management Committee of the Japan International Cooperation
Agency regarding the lock Safe waste disposal sites, the rehabilitation and safe closure
processes that are compatible with the Al Bayda City landfill include stabilizing crit-
ical slopes and slopes, erecting retaining barriers, implementing a final cover for the
landfill’s surface, implementing rainwater drainage facilities, gas disposal wells, a
leachate collection pond, and constructing a fence around the landfill’s perimeter, And
warning signs there is a guard gate at the main entrance.

evaluation -

Bayda city landfill..
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