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Research

Abstract

Background: Citrullus colocynthis (L.) Schrad has been used traditionally for curing ailments in humans and animals
in different parts of the world. The current study was conducted to determine the ethnobotanical importance of C
colocynthis in division Mirpur, Kashmir Himalaya.

Methods: Twelve well-planned ethnobotanical surveys of the study area were arranged. A total of 118 respondents
of varying educational backgrounds, professional affiliations, and age groups were interviewed. Visual appraisal
assessment (VAA) and rapid rural appraisal (RRA) methods were used to collect the qualitative and quantitative
data.

Results: The plant part value (PPV) indicated that fruit as a whole (PPV=90) and its parts, i.e., rind (PPV=83.33), pulp
(PPV=80), and seeds (PPV=90) are mostly used for ethnomedicinal purposes. C. colocynthis was found to be most
commonly used to treat microbial infections (FL=0.91), diabetes (FL=0.86) and obesity (FL=0.84). The informant
agreement ratio (IAR) values indicate that C. colocynthis has antidiabetic (IAR=0.96), antilipidemic (IAR=0.91), and
antimicrobial (IAR=0.88) potential. The conservation status was calculated to be 1.82, and it was stated that C
colocynthis is vulnerable in the study area.

Conclusion: 1t can be concluded that C. colocynthis has been an important ethnomedicinal plant in the study area.
It is still in use by farmers, herbalists, nomadic people, and rural people for the treatment of microbial infections,
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obesity, constipation, and blood purification. Due to its unchecked utilization, there is severe pressure on its
survival, and its conservation is needed immediately.

Keywords: Traditional Ethnomedicines, Mirpur, Conservation Status, Citrullus colocynthis

Background

Plants have been used for medicinal purposes since ancient times (Petrovska 2012). Due to better understanding
of side effects of synthetic medicines people have become more interested in plant-based medicines (Li et al 2022).
Demand for medicinal plants has increased manifold; hence, pressure on these plants has also increased (Caporale
et al. 2020). Plants have a variety of chemical constituents with a variety of pharmaceutical properties (Amaral ef
al 2006, Sultana et al 2022). Phytoconstituents are being widely used for the production of pharmaceuticals. Recent
research advancements have elaborated that there is no difference between medicine and nutrition (Bussmann et
al 2022). Some species of medicinal plants are considered very important for ethnomedicinal as well as commercial
purposes; this poses severe pressure on these plant resources, and sustainable utilization of these ethnomedicinal
resources is needed (Guo et al 2022). Cattle farming is a common practice in rural areas (Varijakshapanicker et al
2019). Cattle farming can alleviate poverty by providing milk, meat, manure, and lather (Banda & Tanganyika 2021).
Healthy cattle give better yield and profits; that is why rural people care for their animals’ health and rely mostly
upon ethnomedicinal practices (Tabuti et al 2003).

Local communities in Pakistan retain sufficient ethnomedicinal knowledge of local medicinal plants. The people
are well aware of the ethnomedicinal uses of a large number of medicinal plants for curing basic ailments (Bibi et
al. 2022). Indigenous medicinal plants in Kashmir are rich source of medicines, flavor, perfumes, foot, and oils (Haq
et al, 2021). The state of Azad Jammu and Kashmir (AJK) has an 82.57% rural population. The rural people of AJK
largely depend upon agriculture and small-scale farming of animals (AJK Bureau of Statistics 2021). Rural people
in AJK use a large number of medicinal plants for curing asthma, fever, dermatitis, dysentery, constipation,
infections, wound healing, epilepsy, diabetes, arthritis, jaundice, cardiovascular disorders, and cancer (Ishtiaq et al
2021, Shaheen et al 2017). Climate change, population explosion, and the growing demand for plants for
commercial purposes have caused severe stress on the flora of AJK. If conservation measures are not taken,
important medicinal plants will become threatened in this area (Khanam et al 2022).

Citrullus colocynthis (L.) Schrad is a medicinal plant that has been used for numerous medicinal purposes (Hussain
et al 2014). C. colocynthis is widely distributed in Pakistan (Sultan et a/ 2010). Different parts of C. colocynthis are
used for the treatment of diabetes (Drissi ef al 2021, Ghauri et al 2020, Lahfa et al 2017), insulinotropic (Nmila et
al 2000), hyperglycemia (Amamou et al 2011), constipation (Qureshi et al 2010, Upadhyay et al 2007),
hypertension (Eddouks et al 2002), arthritis (Aburjat et al 2007, Marzouk et al. 2010), cancer (Chawech et al 2015,
Saeed et al 2019), microbial infections (Bourhia et al 2021, Degola et al 2019, Hameed et al 2020), baldness
(Qureshi et al 2010), reactive oxygen species (Al-Nablsi et al 2022, Bourhia et al 2021), anti-inflammatory (Bourhia
et al 2021, Marzouk et al 2010), and hyperlipidemia (Dallak et a/ 2011, Daradka et al 2007, Rahbar & Nabipour
2010). Its extracts are given to domestic animals for blood purification (Galvan et al 2021), as an antiparasitic
medicine (Ahmad et al 2020). Inclusion of its seed can lower blood fat and improve the yield of eggs in commercial
layer hens (Alzarah et al 2021). Its fruits are useful to protect the cows from Fasciola hepatica (Chawech et al 2017).
Extracts of C. colocynthishave antiandrogenic ability (Chaturvedi et al 2003). Recently a pesticidal and nematicidal
product (NNRC-82) obtained from C. colocynthis is registered as a patent (Khatri ef a/ 2021). Medicinal plants in
the region of Kashmir also have antidepressant potential (Yousuf et al 2020).

It is important to conserve ethnobotanical knowledge of medicinal plants (Hag & Singh 2020). The study area is a
rural area, and most of its population depends on agriculture and cattle farming. In the study area, C colocynthis
is a prevalently important medicinal plant, used by farmers, rural people, and herbalists for numerous medicinal
purposes. It is being utilized without any conservative measures, due to which this medicinal treasure is under
severe threat. The current study sought to determine the ethnomedicinal significance of C. colocynthis in three
districts of Division Mirpur, AJK, namely Bhimber, Mirpur, and Kotli. It will also find out the conservation status of
C colocynthis in the study area. This study is important to highlight the importance of C colocynthis and its
conservation.
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Materials and Methods

Study area

The state of Azad Jammu and Kashmir comprises only six percent of the state of Jammu and Kashmir. It is located
between 73° and 75° N and 32°and 36° E. The total population of the state of AJK is 4.045 million according to the
2017 census (AJK Bureau of Statistics 2021). The total area of Azad Jammu and Kashmir is 13297 kmZ2. The altitude
of the state varies from 360 m to 6325 m above sea level (ASL) in the north. The study area is the plain region,
including three southern districts, viz.,, Bhimber, Mirpur, and Kotli (Akbar 2016). The district of Bhimber is 459 meters
above sea level. It is mainly a plain area (Ishtiaq et al 2007). Topography of district Mirpur comprises partly plain
and partly hilly areas. It's hot climate and other geographical conditions are ideally suited for agriculture (AJK
Bureau of Statistics 2015). District Kotli district is partly plain and partly hilly territory. Its climate is milder than that
of Mirpur due to its sub-mountainous terrain (AJK Bureau of Statistics 2015). The study area is rich in floral diversity.
Its soil is generally sandy-clay and acidic in nature (Khanum et al 2022).
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Figure 1. Map of the study area; district Bhimber, Mirpur, and Kotli of Division Mirpur AJK, Pakistan
(www.pndajk.gov.pk)

Collection of ethnobotanical data and validation

To collect ethnobotanical data, several field visits were organized. Data were collected by visual appraisal
assessment (VAA) and rapid rural appraisal (RRA) methods from August to December 2021. In VAA, researchers
visited local herbalists, homeopathic stores, and local farms. Data were collected based on observations and
personal evaluation through questionnaire (Haq et al 2022). In the RRA method of data collection, a questionnaire
was prepared about the ethnobotanical use of C. colocynthis for different ailments. Mostly open-ended questions
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were included in the questionnaire. Data were collected from 118 inhabitants. Among the respondents’ older
people, farmers, teachers, herbalists, herb vendors, nomadic tribes, and shepherds were approached.

Ethical approval for data collection

To collect ethnobotanical data, local and native people were selected. All informants were given a detailed
explanation of the interview's purpose and intentions, and their permission was obtained. The principle of "prior
informed consent" (PIC) was strictly followed during the interview. Permission for data collection was accorded by
the departmental ethical committee (DEC), vide letter no. 137/DEC/BOT/2021 dated July 25, 2021.

Plant collection and identification

Plants were collected in the month of July 2021 from Bhimber 32° 28’ 0" N (latitude) and 75 ° 6’ 0" E (longitude),
AJK, Pakistan. Plants were identified by Dr. Muhammad Ishtiaq (Ph. D.), Professor, Department of Botany, Mirpur
University of Science and Technology (MUST), Mirpur (AJK), Pakistan. Identified herbarium was submitted to
herbarium of botany department under reference no. MUST-Bot-MUH-517.

Demographic information of respondents

Overall 34.75% women and 65.25% men were interviewed. The 41 females that were interviewed were also elderly.
Our focus was educated and elderly people that have vast experience of traditional uses of medicinal plants. The
highest percentage of 51% of respondents was from the age group of 51-60 years. Among the respondents
herbalists, herb-vendors, teachers, farmers, shepherds, and nomadic people were approached. Respondents were
having varying educational background ranging from illiterate to Masters Level.

Authentication of ethnobotanical data
The data was arranged in tabular form to carry out quantitative ethnobotanical analysis. To validate the gathered
data, following ethnobotanical indices were applied.

Plant part value (PPV)
To calculate the importance of different parts of a particular medicinal plant (Chaachouay et al 2019) method was
followed. Plant part value (PPV) was calculated by the following formula:

PPV = RU/RUpp

Here, "RU" represents the total number of uses of a medicinal plant (all of its parts) mentioned by the respondent,
and "RUpp" represents the total number of uses of any specific part of the medicinal plant.

Fidelity Level (FL)
From the gathered data, the fidelity level (FL) of C colocynthis for different ailments was calculated following the
procedure published by (Friedman et al. 1986).

FL=/p/ /v x 100

Here, "/," represents the number of respondents who reported specific use of a particular plant, and " /" represents
the total number of respondents who mentioned the plant for any use.

Informant Agreement Ratio (IAR)
The informant agreement ratio (IAR) was calculated following (Heinrich et a/ 1998) by the following formula:

|AR = Nur - Nt/ Nur - 1

Here, "Nu" represents the number of uses of a particular medicinal plant for a particular purpose, and "Nt"
represents the total number of plants used for a particular purpose.

Assessment of conservation status (CS)
To assess the conservation status (CS) of C colocynthis, questions were asked to respondents about the availability

status of this medicinal plant. The CS was calculated using the following formula (Shah et al 2019):

CS=K(OC + AV + CE)/TF x RP
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Here, "CS" represents conservation status, "K" is a constant valued at one, "OC" is occurrence in a particular site,
"AV" is availability, "CE" is conservation efforts, "TF" is threatening factors, and "RP" is reproductive potential. The
frequency of occurrence of a particular plant is quantified as one for rare, two for moderate, and three for abundant.
Availability is quantified as one for decreasing, two for no change, and three for increasing. Conservation efforts
(cultivation, protection from fire, grazing, cutting, fencing, etc.) are quantified as one for each effort made for the
conservation of a particular plant. Threatening factors are quantified as zero for no threat, one for negligible, two
for moderate, and three for extreme. Reproductive potential is quantified as one for low, two for moderate, and
three for extreme.

The result of the conservation equation was used to predict the CS according to the IUCN table. The CS value of
0.1to 1 is considered critically endangered, 1.1 to 1.5 is considered endangered, 1.6 to 2.0 is considered vulnerable,
2.1to 2.5 is considered rare, and 2.6 and above is considered least concerning.

Statistical analysis

The demographic data of respondents is expressed as mean * standard error, calculated by statistical package for
social sciences (SSPS 16.0). The data collected by ethnobotanical surveys were analyzed by plant part value (PPV),
fidelity level (FL), and informant agreement ratio (IAR). To determine conservation status (CS), means (n = 118) of
occurrence (OC), availability (AV), conservation efforts (CE), threatening factors (TF), and reproductive potential (RP)
were used.

Results and Discussion

Demographic information about respondents and frequency of citation

Following PIC, 118 respondents were interviewed, and on the basis of the collected data, it was found that male
respondents had more information about traditional ethnomedicinal use of C colocynthis as compared to women.
Male respondents cited an average of 2.44+0.37 parts and 3.67+0.86 uses of C. colocynthis, whereas female
respondents cited an average of 1.96+0.26 parts and 2.54+1.12 uses of C colocynthis (Table 1). It was discovered
that older people know more about TEMs than younger people. It might be due to advancements in technology
and less dependence on traditional medicinal cultures. Herbalists cited the most plant parts (3.51+1.68) and
medicinal uses (3.73+1.16) in their profession. Educated people cited fewer TEMs as compared to the illiterate.

Table 1. Demographic information of respondents’ and frequency of citation

Indicator Distribution of Respondents Frequency of Citation
Number Percentage Plant Parts No. of Uses
Gender
Female 41 34.75 1.96+0.26 2544112
Male 77 65.25 2.44+0.37 3.67+0.86
Age in years
31-40 13 11.02 0.86+0.17 1.34+0.22
41-50 21 17.8 1.58+0.49 2.86+0.71
51-60 68 57.62 2.12+0.45 3.69+1.04
Above 60 16 13.56 273+1.28 3.11+0.77
Profession
Farmer 42 35.59 1.63+0.54 1.92+0.78
Herb Vendor 11 9.32 347+1.23 3.26+0.56
Herbalists/Hakeem 6 5.08 351+1.68 3731116
Nomadic 8 6.78 2.27+1.36 3.08+1.3
Shepherd 27 22.88 1.75+043 3.19+1.42
Teacher 24 20.34 0.72+0.17 1.55+0.24

Education
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Illiterate 23 19.49 241+0.93 402+1.71
Primary (1-5) 18 15.25 246+1.06 3.83+0.55
Secondary (6-10) 21 17.8 2.01+0.58 3.23%1.12
Intermediate (11-12) 35 29.66 1.96+0.77 2.54+0.19
Bachelors (13-16) 12 10.17 1.29+0.16 1.88+0.37
Higher Education 9 7.63 1.51+0.67 1.09+0.24

Data are expressed as mean + standard deviation (n = 118).

Validation of the ethnomedicinal importance of C. colocynthis in study areas of AJK, Pakistan

Citrullus colocynthisis a native plant of AJK territory, and it is prevalently used in different rural areas. The common
uses of C colocynthis in traditional ethnomedicines (TEMs) of AJK have been reported in other parts of the world,
u nderlining the validity of traditional knowledge (Table 2).

Table 2. Traditional ethnomedicinal uses of C colocynthis in different villages of the Division Mirpur AJK, Pakistan,
and their citation in literature

Disease Part used Recipe Previously reported in the
world
Arthritis Fruit Paste is applied on joints (Aburjat et al, 2007;
Marzouk et al, 2010)
Baldness Unripe fruit Paste is applied (Qureshi et al, 2010)
Cancer Fruit or Seeds Tea or decoction (Chawech et al, 2015; Saeed
et al, 2019)
Constipation Pulp Powder is orally taken with (Quresht et al, 2010;
water Upadhyay et al, 2007)
Dermatitis Fruit Paste is applied None
Diabetes Fruit and Raw seeds or powder of whole (Abo et al, 2008; Abdel-
Seeds fruit is taken orally Hassan et al, 2000; Drissi et

al, 2021; Eddouks et al,
2002; Ghauri et al, 2020;
Huseini et al, 2009;
Jayaraman et al, 2009; Lahfa
et al, 2017; Oryan et al,

2014)
Hyperlipidemia Fruit or Seeds Powder or whole seeds are (Dallak et al, 2011; Daradka
orally taken. et al, 2007; Rahbar and
Nabipour, 2010)
Hypertension Whole fruit Decoction (Eddouks et al, 2002)
Inflammation Fruit and Poultice is applied (Aly and Naddaf, 2006;
leaves Bourhia et al, 2021; Marzouk
et al, 2010; Wasfi et al,
1995)
Microbial infections Seeds, pulp, Decoction (Ali et al, 2013; Bourhia et
or/and rind al, 2021; Degola et al,

2019; Hadizadeh et al,
2009; Hameed et al, 2020;
Kim et al, 2014; Marzouk et

al, 2009)
Obesity Fruit or its Tea or cooked (Amamou et al, 2011)
parts
Pest attacks Whole plant Aqueous extract is sprayed (Ahmad et al, 2020;

Chawech et al, 2017; Khatri
et al, 2021)
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Plant Part Value (PPV)

Plant part value (PPV) results indicated that fruit and its parts, i.e., rind, pulp, and seeds, are mostly used by local
people for ethnomedicinal as well as ethnoveterinary purposes. The highest PPV was 90 for whole fruit and seeds.
Rind and pulp showed the second- and third-highest PPVs of 83.33 and 80, respectively. The leaves, stem, and
roots showed PPVs of 26.67, 20, and 6.67, respectively (Figure 2).

Roots Stem

1% 5% Le;;;es
e

_—

Figure 2. Plant parts value (PPV) estimation of C colocynthis

Fidelity Level (FL)

Data analysis for fidelity level (FL) shows that most commonly, C. colocynthis is used for treatment of microbial
infections (FL = 0.91), diabetes (FL = 0.86), and obesity (FL = 0.84). Results have shown that C. colocynthis is used
for the treatment of constipation, hyperlipidemia, inflammation, pest attacks, baldness, cancer, dermatitis, and
arthritis (Table 3).

Table 3. Fidelity Level (FL) of different parts of C. colocynthis in Division Mirpur AJK, Pakistan

Part of Plant Ip lu F.L.% = (/o / k) x 100
Arthritis 7 118 0.06
Cancer 19 118 0.16
Constipation 96 118
0.81

Dermatitis 18 118
0.15
Diabetes 101 118 0.86
Hyperlipidemia 87 118 0.74
Hypertension 67 118 0.57
Inflammation 25 118 0.21
Microbial infections 108 118 0.91
Baldness 21 118 0.18
Obesity 99 118 0.84
Pest attacks 21 118 0.18

FL = Fidelity level; /» = number of respondents who reported specific use; /» = number of respondents who
mentioned the plant for any use

Informant Agreement Ratio (IAR)
The informant agreement ratio (IAR) is an index for measuring the usability of certain plants in the treatment of
any particular disease. IAR values of C colocynthis for different diseases depict that the highest IAR value is 0.96
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against diabetes (Table 4). The second-highest IAR value was calculated for hyperlipidemia and obesity, i.e., 0.91,
which shows the importance of C colocynthis as an antilipidemic agent. The third and fourth highest IAR values
were calculated for constipation and antimicrobial activity, which were 0.89 and 0.88, respectively. IAR values
indicate that C colocynthis has significant antidiabetic, antilipidemic, antimicrobial, and antioxidant potential.

Table 4. Informant Agreement Ratio (IAR) of C colocynthis for different diseases/ailments in Division Mirpur AJK,
Pakistan

Disease N: Nur Nur - Nt Nur- 1 IAR = (Nur- Nt) / (Nur- 1)
Arthritis 5 7 2 6 033
Baldness 13 21 8 20 0.4
Cancer 17 19 2 18 011
Constipation 11 96 85 95 0.89
Dermatitis 8 18 10 17 0.59
Diabetes 5 101 96 100 0.96
Hyperlipidemia 9 87 78 86 091
Hypertension 12 67 55 66 0.83
Inflammation 8 25 17 24 0.71
Microbial infections 13 108 95 107 0.88
Obesity 10 99 89 98 091
Pest attacks 7 21 14 20 0.7

Nt = All species reported for a disease; Nur = Citation of C. colocynthis for this disease

Mode of administration

The results of the ethnobotanical survey indicated that the preparations of C colocynthis used in TEMs include
cooked fruits, decoctions in water, ingested parts, applied as paste or poultice, oral intake as powder with water,
and tea formation. It was discovered that it is most commonly used as ingested parts (36%), applied paste (22%),
or decoction (16%). Details of modes of administration are given in Figure 3.

Raw Tea Cooked
Powder 39, 6% 1%

4%

™~

Figure 3. Mode of administration of C. colocynthis for the treatment of different diseases

Assessment of conservation status (CS)

Citrullus colocynthisis an important medicinal plant, and its unchecked utilization has threatened its survival in this
study area. In this study, we surveyed 20 different villages in the study area and interviewed 118 local people. It
was noticed that in 11 villages, C. colocynthis has completely vanished from the wild and is being cultivated by
farmers for ethno-veterinary uses. C. colocynthis was found in the wild only in nine villages. On the basis of the
collected data, the mean values for occurrence, availability, conservation efforts, threatening factors, and
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reproductive potential were calculated as 1.28, 1.39, 2.05, 1.91, and 0.68, respectively. The conservation status
calculated by the formula was found to be 1.82, and it was stated that C colocynthis is considered vulnerable in
the study area.

Discussion

In this study, 118 people of various gender, age, profession, and educational background were interviewed. It was
found that males had a better understanding of the traditional medicinal uses of C. colocynthis as compared to
female respondents. It might be due to the fact that males have a direct link with flora and fauna for domestic
utilization. The older people reported more uses and mentioned more parts of C colocynthis used for
ethnomedicinal purposes. It clearly depicts that knowledge of ethnomedicinal uses of medicinal plants is being
corroded in the study area. The results of our research are similar to previously reported ethnobotanical studies in
the study area (Khanum et al 2022). Thirty different uses of C. colocynthis were cited by respondents, out of which
only 12 uses were cited by more than one respondent. All 12 ethnomedicinal uses of C. colocynthis in the study
area were also found in previously published literature, except the treatment of dermatitis. The results of this
research are in accordance with (Meena et al 2014), who cited 39 uses of C. colocynthis in Rajasthan, India. Most
of the uses cited in this study were also cited by respondents of previous research. On the basis of the findings of
the ethnomedicinal survey and literature review, the ethnomedicinal uses of C. colocynthis in the study area are
valid.

The quantitative analysis of ethnobotanical data by plant part value showed that the most important parts of C
colocynthis are its fruit and seeds. The published literature also cites fruit and seeds as having tremendous
ethnomedicinal value, as documented by Hussain et al (2014). The phytochemical analysis of fruit and seeds depicts
that all the active ingredients in C. colocynthis are found in these parts (Khatri et a/ 2021). The values of fidelity
level and informant agreement ratio indicated that C colocynthis is mostly used for the treatment of microbial
infections, obesity, hyperlipidemia, diabetes, and cancer. Previously Rahimi et al (2012) and Li et al (2022) have
documented that in traditional Iranian medicinal (TIM) culture, C. colocynthis was used for the treatment of
diabetes, microbial infections, hyperlipidemia, and digestive system disorders.

Citrullus colocynthisis an important medicinal plant in the study area. It is used for the treatment of several ailments
in humans and cattle. Due to its great ethnomedicinal properties and extensive use by farmers, shepherds, and
nomadic people, there is a great pressure on its survival in the study area. The conservation status of C. colocynthis
was found to be vulnerable in the study area. Similar results have been reported by Ishtiaq et al. (2021) for several
medicinal plants including C colocynthis in the study area. Results of our study have found that C colocynthis is
an important medicinal plant in the study area. Recently, in the neighboring area, a study was carried out by Munir
et al. (2022), who also found that C. colocynthis has a relative importance of 0.81 as an ethnomedicinal plant. Similar
results for important medicinal plants in the region of Kashmir have been reported by Mir et al. (2021). They have
reported 19% plants are endangered and 6% plants are vulnerable in Ladakh, Kashmir.

Conclusion

It can be concluded that C colocynthisis a restorative plant. The fruits, rind, pulp, and seeds are its important parts.
C colocynthis is mostly used for the treatment of microbial infections, diabetes, obesity, and hyperlipidemia. C
colocynthis is vulnerable in the study area, and immediate conservative measures should be taken to save this
medicinal plant.
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