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Background: The upper belt of Azad Kashmir is a hilly, mountainous, and remote area where the indige-
nous communities mainly believe in traditional medicines for the treatment of different ailments. This
study aimed to conserve scientifically and culturally important medicinal knowledge of Primula species
in Azad Kashmir, Western Himalaya, Pakistan. The additional objective was to evaluate the antibacterial
activity of these plants against pathogenic bacteria.
Methods: The ethnomedicinal data of Primula species was explored by conducting structured interviews
with 40 informants of the study area, especially asking about the medicinal uses of Primula species. The
indigenously used Primula species were further analyzed for their antibacterial activity against both
gram-positive and gram-negative bacteria by using disc diffusion assay supplemented with a more
robust minimum inhibitory concentration assay.
Results: Ethnomedicinal data revealed that indigenous communities living in upper regions of Azad
Kashmir use 5 Primula species for the treatment of various disorders. The highly cited disease category
was ophthalmic disorders. P. denticulata and P. macrophyllawere the most cited plant species with higher
use reports such as 104 and 93, respectively. One or more extracts of different parts of Primula species
showed a noteworthy antibacterial activity against one or more tested bacteria.
Conclusion: This study provides novel information regarding several categories of traditional uses and
antibacterial activity of Primula species in Azad Kashmir, Western Himalaya. The need for novel and more
effective drugs derived from natural products is more important than ever, making future studies on her-
bal remedies both justified and urgently required.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plants have been used by mankind for treating various ailments
and as a source of natural remedies in different parts of the world,
and medicinal plant use is still the predominant form of primary
healthcare services (Kigen et al., 2019). In Latin America, the Mid-
dle East, Asia, and Africa, over 85 percent of the populations mainly
rely on traditional medicine, especially on herbal medicines, for
their health ailments. Approximately, 100 million people in the
European Union and up to 90% of the inhabitants of several coun-
tries still use traditional and herbal medicines (Jamshidi-Kia et al.,
2018) and about 20% of the total plants identified so far are used as
herbal remedies (Khan et al., 2015). Due to the peculiar phytogeog-
raphy and varied climatic conditions, Pakistan is rich in the diver-
sity of medicinal and aromatic plants. It has been estimated that
about 75% of people of Pakistan use plants to fulfill their medicinal
needs and more than 600 plants are being used traditionally or
medicinally in Pakistan (Shinwari and Qaisar, 2011; Hamayun
et al., 2006). However, the major number of medicinal plants is
confined to the Himalayan region of Pakistan, having about 8000
flowering plant species and considered to be a biodiversity hub
for a wide range of medicinal plants (Malik et al., 2015; Ballabha
and Chaurasia, 2009). The Azad Kashmir, where this study took
place, being a part of the western Himalayas has a very rich biodi-
versity with a unique bio-geographical location. The people living
in this region depend on traditional healers for basic health care
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because trained physicians are almost absent in the area. Although
WHO recommends the trained physician-to-population ratio of
1:1000 for rural areas (WHO, 2016). Alternatively, the healthcare
needs of the people are addressed by traditional healers in a more
culturally appropriate manner. Indeed, due to the poor transport
system, difficult access to urban areas and health care centers as
well as high prices of allopathic drugs, people of this area still
use plants to meet their primary healthcare. However, it is very
important to conserve this traditional knowledge before it is disap-
pearing from oral history because it has been reported that tradi-
tional knowledge lose (Pieroni et al., 2002) due to the absence of
transmission of information between older generations and
younger ones and fashions towards adaptation of modern
lifestyles.

From the beginning, the records of traditional knowledge of
medicinal uses of plants create a modern system biology-based
approach to health and healing which provided many important
drugs of modern-day (Lemonnier et al., 2017). With the wealth
of advanced technology, together with chemo-diversity, biological
diversity, great innovations in evolutionary techniques, and a
wealth of knowledge about natural products, it is necessary to
establish a drug library from the screening of plant products.
Humankind needs to learn more from natural products derived
from plants and traditional medicines (Yuan et al., 2016). As it is
noted in the last few decades, infectious diseases have increased
to a great extent in countries with poor living style, poor sanitation,
and hygiene, undernutrition, unsafe water, iron deficiency, indoor
solid smoke, and antibiotics resistance effects become an ever-
growing therapeutic problem (Brundtland, 2002). Therefore, the
use of medicinal plants as accessible and efficient remedies, with
antimicrobial properties, is still the best alternative particularly
in developing countries (Girish and Satish, 2008). Plants contain
natural products as the main source of antimicrobial agents for
treating bacterial infectious diseases (Barbour et al., 2004). There-
fore, it is of great interest to carry out a screening of these tradi-
tionally used medicinal plants to ratify their use in the drug
industry. This may result in the discovery of novel active com-
pounds (Nitta et al., 2002).

Primula, commonly known as Primroses, belongs to family
Primulaceae and grows in cooler and humid regions of the north-
ern hemisphere (Richards, 2003). It is a habitat-sensitive and
low-emerging herb that bears colorful and attractive flowers that
bloom in April, June, and July. The Primula plants are well known
among the inhabitants who cultivate them for medicinal and orna-
mental values (Bas�bülbül et al., 2008; Fico et al., 2007). Primula
species have a very extensive history of traditional uses and have
been mainly used in treating conditions like cramps, paralysis,
rheumatic pain, and insomnia in children (Majid et al., 2014).
The decoction made from these plants is used to cure catarrhs,
cough, bronchitis, nervousness, headache, diaphoretic, rheuma-
tism, gout, and diuretic (Langer, 2012). Leaves of Primula are
known as a remedy against wounds, fevers, ulcers, and sores;
moreover, their oral extracts have been used for the treatment of
diarrhea, sore mouth, and internal bleeding (Shaheen et al., 2012).

Even though some ethnobotanical surveys on medicinal plants
have been conducted in the Neelum valley (Ahmad et al., 2017;
Ghufran et al., 2007; Dar, 2003), but no study focused on the use
of this particular taxon ’Primula ’, having deep-rooted traditional
values among the local communities. Besides, no research was
found that combines the ethnobotanical characteristics and
antibacterial properties of Primula plants used by a local commu-
nity. Based on these considerations, this study aimed to provide
the first ethnobotanical report and antibacterial activity of Primula
plants in an attempt to explore and search the healing properties
and useful potential of this indigenous herbal plant. Thus, this doc-
umentation of traditional knowledge concerning the use of Primula
3245
plants in the upper part of Azad Kashmir can play a role in the con-
servation of traditional knowledge for future generations.
2. Methods

2.1. Study area

The state of Azad Jammu and Kashmir lies between longitude
730–750 and latitude 330 – 360 that comprises an area of 5134
square miles (13,297 square kilometers). The topography of the
area is mainly hilly and mountainous with valleys and stretches
of plains. The average annual rainfall is 1300 mm. The elevation
ranges from 360 m in the south to 6325 m in the North. This study
was conducted in 22 villages/sites of upper regions (temperate to
alpine) of Azad Jammu and Kashmir with an altitudinal range of
2195–4017 m (Fig. 1), specifically where the Primula plants grow.
The names of the study villages/sites along with approximate coor-
dinates are provided in Table 1.
2.2. Demography and data collection

For the collection of ethnomedicinal data, multiple field surveys
were conducted from 2018 to 2019 during early snow melting sea-
sons in 22 villages/sites such as Shonther Valley, Shonther Spoon
Lake, Ratti Gali Base, Ratti Gali Top, Khawaja Behak, Kilwan Behak,
Baboon Valley, Baboon Behak, Jabri Behak, Machyara National Park,
Dana Machyara Behak, Seher Machyara Top, Sheesha Mali, Brith-
waar Gali North, Brithwaal Gali Base, Brithwaar Top, Haji Peer,
Shairo Dhara, Sankra, Dao Khan, Peer Hassimar and Peer Chinasi.
Data were collected in two steps (a) observation, formal and infor-
mal interviews of local inhabitants of both genders male and
female to inquire about the medicinal utilization of plants, that
helped in the formulation of a questionnaire (b) Open-ended ques-
tionnaire designed to obtain the information regarding plants local
name, part of the plant utilized, the process of remedy preparation
and medicinal uses from each informant (Weckerle et al., 2018). A
total of 40 informants were interviewed with 10% males and 90%
females. Age wise, 20% of the informants had 30–50 years of age
and 80% informants had an age of about 50 years. This shows that
older women have more traditional knowledge than young ones.
Women are responsible to collect plants for firework and other
domestic uses, so the knowledge of women is more than men
(Tabuti et al., 2003). Before taking the ethnomedicinal survey, all
the participants were informed and explained the aims of the
study and what would be involved in obtaining the data followed
by obtaining a written prior informed consent. A sample of the
questionnaire is provided in Supplementary file 1.
2.3. Plant material, collection, and identification

All the species of Primula, grow wild in nature, were collected
using the standard methodology of Martin (2004). Plant specimens
have been collected, shad-dried, pressed, mounted, and labeled on
herbarium sheets by using the protocol of Seshagirirao et al.
(2016). Identification of all species was done by using the Flora
of Pakistan (Ali and Qaiser, 1993–2007; Ali and Nasir, 1989–
1992; Nasir and Ali, 1970–1979) and scientific names were con-
firmed with http://www.theplantlist.org. The identified specimens
along with their vernacular name were deposited in AKASH Her-
barium, Department of Botany, University of Azad Jammu and
Kashmir Muzaffarabad.

http://www.theplantlist.org


Fig. 1. Map of the study area. In the right lower corner, the map of Pakistan. In the upper right corner, the state of Azad Jammu and Kashmir and on the left side, google map of
study sites from Azad Jammu and Kashmir (Western Himalaya).

Table 1
The study locations where the ethnobotanical survey and collection of plants carried out.

S. NO. Site name District Geo-coordinates

Elevation (m) Longitude E Latitude N

17 Haji Peer Bagh 2940 74.06 33.96
18 Shairo Dhara Bagh 3020 74.00 33.95
19 Sankra Bagh 2939 73.99 33.95
12 Seher Machyara Top Hattian Bala 3370 73.50 34.56
13 Sheesha Mali Hattian Bala 3100 73.79 34.26
14 Brithwaar Gali North Leepa 3320 73.85 34.25
15 Brithwaal Gali Base Leepa 3002 73.51 34.15
16 Brithwaar Top Leepa 3580 73.86 34.24
20 Dao Khan Leepa 2490 73.47 34.15
10 Machyara National Park Muzaffarabad 2195 73.40 34.55
11 Dana Machyara Behak Muzaffarabad 3050 73.56 34.58
21 Peer Hassimar Muzaffarabad 3080 73.54 34.41
22 Peer Chinasi Muzaffarabad 2980 73.36 34.23
1 Shonther Valley Neelum 3200 74.30 34.58
2 Shonther Spoon Lake Neelum 3150 74.47 34.97
3 Ratti Gali Base Neelum 3715 74.39 34.49
4 Ratti Gali Top Neelum 3900 73.59 34.51
5 Khawaja Behak Neelum 3069 74.06 34.46
6 Kilwan Behak Neelum 3070 74.06 34.46
7 Baboon Valley Neelum 3600 73.49 34.41
8 Baboon Behak Neelum 3230 73.83 34.70
9 Jabri Behak Neelum 4017 73.48 34.41
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2.4. Ethnobotanical data analysis

After completing the fieldwork, all the questionnaires were
brought to the Lab and processed for data analysis, i.e., data was
transferred to excel sheets. All the parameters were analyzed
through descriptive statistics. Firstly, the frequency of citation
(FC) for each Primula species was calculated, conversing the trans-
parency of this study. FC is simply the total number of participants
interviewed that use a certain Primula species for a specific event
or disease (Schultz et al., 2020). The value of the FC varies from 0
(The Primula is not used by any informant for a specific event) to
3246
40 (The Primula species is used by all the informants interviewed).
The use reports and consensus upon the uses, applications, and
plant parts were calculated by following the methods adopted by
Carabajal et al. (2020). To find which Primula species are recog-
nized as therapeutic ones for specific medicinal uses, a use-
report (UR) for each species was calculated as individual reports
for a single species being useful for certain symptoms or diseases
(URsp). The consensus upon the use of plants to the disease cate-
gories (CUuse) was calculated by dividing the number of infor-
mants that mentioned the use of each Primula species per
disease category to the total informants interviewed � 100. The
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use-report for each ailment (URail) was defined as the number of
informants that mentioned the ailments (nail) that had been trea-
ted with these plants. Use-report for each disease category (URuse)
was defined as the total sum of the nail into the same use-category.
The consensus of uses for the method of application (CUapp) in
each use-category was calculated as use-reports for each method
of application (URapp) divided by the total informants
interviewed � 100. URapp is defined as the number of informants
that mentioned the method of application that had been used for
the treatment of each use category. The same formula was used
for the calculation of plant parts used (CUparts).

2.5. Preparation of extracts

Freshly harvested plant parts such as roots, leaves, and flowers
of 5 Primula species were dried in shade at room temperature and
ground into a fine powder using an electrical grinder. The extracts
of each plant part were prepared non-subsequentially using 5 sol-
vents; distilled water, methanol, ethanol, acetone, and petroleum
ether purchased from local markets (Merck KGaA Germany). For
extraction, the ground plant material and solvent, in a ratio of
2 g/45 mL, the mixture was vortexed, followed by sonication (RK
510H model: Bandelin, Berlin, Germany) in a cold-water bath for
1hr. After that, the mixture was filtered through Whatman no. 42
filter paper and extracts were then concentrated under reduced
pressure in a rotary evaporator (Base-Hel- Vap, Germany). The con-
centrated extracts were transferred into pre-weighed glass vials
and used for antibacterial testing.

2.6. Microorganisms and inoculum preparation

The antibacterial activity was examined against two Gram-
positive bacteria (Staphylococcus aureus, Bacillus cereus) and three
Gram-negative bacteria (Achromobacter xyloxidans, Escherichia coli,
Pseudomonas aeruginosa). The choice of these microbes was attrib-
uted to their significance as pathogens cause human disorders. A
ubiquitous bacterium P. aeruginosa causes infection in the lungs,
burn wounds, and eyes (Lyczak et al., 2000). A. xylosoxidans is con-
sidered as a potential pathogen in patients with skin and soft tissue
infections (Tena et al., 2014). S. aureus release toxins on the skin
surface, cause cutaneous infections, and create skin blisters
(Ghalehnoo, 2018). E. coli causes bacterial infections, urinary tract
infections, diarrhea, phenomena, and intestinal infections (Johnson
et al., 2010). B. cereus is associated mainly with food poisoning, eye
infections, anthrax, and fulminant sepsis (Bottone, 2010). All these
bacterial strains were collected and identified from the Laboratory
of Mayo Hospital Lahore. A loop of isolated bacteria was separately
streaked on sterilized agar medium and incubated at 37�C for 24 h
before experiments.

2.7. Antibacterial activity

The antibacterial activity of root, leaf, and flower extracts of 5
Primula species was determined using the agar disc diffusion assay
(Ibraheem et al., 2016). Nutrient agar media were prepared by sus-
pended 28 g of nutrient agar in 1000 mL of sterile distilled water.
The mixture was gently stirred to dissolve all components, and
then autoclaved the whole mixture at 121 �C for 15 min. The auto-
claved nutrient agar was allowed to cool and poured into sterilized
Petri dishes (9 cm diameter) under aseptic conditions in laminar
airflow. One loop full of 24 h old pure each bacterial colony was
transferred into distilled water aseptically and vortexed for obtain-
ing suspension. A 100 mL bacterial suspension was then inoculated
into Petri plates followed by the addition of liquid nutrient agar.
The Petri dishes were then allowed to cool until the medium was
solidified. The filter paper discs (6 mm) were impregnated with
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plant extracts (1 mg/mL) and placed on the agar medium in the
Petri dishes at their marked places. The paper disc of antibiotic
Ampicillin (10 mg/disc) was used as a positive control. All the plates
were allowed to diffuse the extracts for 1 h and then were incu-
bated for 24 h at 37 �C. The diameter of the zone of inhibition
was measured in millimeter (mm) using a ruler (Prabhu et al.,
2010). All the tests were performed in triplicates.

2.8. Minimum inhibitory concentration (MIC)

The MIC of each plant extract was determined through the
nutrient broth micro-dilution method as described by Asadollahi
et al. (2019) with some modifications. The plant extracts were
diluted into 5 serial dilutions such as 1, 0.5, 0.25, 0.125 and
0.0625 mg/mL. An aliquot of 5 mL of each dilution (plant extract)
was added to fresh sterile media (95 mL) followed by the addition
of bacterial sus = pension (100 mL) into different wells of 96-well
microplate. The microplate was placed in a shaking incubator at
37 �C for 24 h and then antibacterial activity was detected using
a colorimetric method by the addition 10 mL of 0.5% aqueous solu-
tion of iodonitrotetrazolium chloride (INT) and placed further at
37 �C for 30 min. The MIC was defined as the lowest concentration
of plant extracts that inhibited the growth of bacteria, indicated by
a change in color of the INT treated media from purple to pale yel-
low. The experiment was conducted thrice.
3. Results

3.1. Collection and identification of Primula species

A total of seven Primula species were collected from the Wes-
tern Himalayan region (Azad Kashmir) of Pakistan but only five
species were recognized by the local informants that have eth-
nomedicinal uses. The scientific names, life-forms, local names,
and detail of voucher specimens of those five species are listed in
Table 2. The voucher specimens of all the identified species were
deposited in the Herbarium of the University of Azad Jammu and
Kashmir Muzaffarabad. The voucher specimen numbers are pro-
vided in Table 2.

3.2. Ethnobotanical knowledge

We identified five species of Primula from the study area that
are being used as ethnomedicine for different disease categories.
The number of informants (FC) that claim the use of particular spe-
cies at all are shown in Table 2, verifying the traditional use of
selected medicinal plants. According to FC, P. denticulata was used
medicinally by 32 participants (80 %). P. rosea and P. macrophylla
were mentioned by 27 participants each (67.5%). P. elliptica and
P. stuartii were used by less than half of the informants as 14
(35%) and 6 (15%) participants, respectively.

By compiling the information about the particular use of each
species, we have identified nine disease categories being treated
with these plants. These disease categories are named as diseases
of the digestive system, diseases of the respiratory system, diseases
of the circulatory system, diseases of the kidney and urinary sys-
tem, musculoskeletal, diseases of neurological (insomnia, head-
ache), Injury, poisoning and certain other consequences of
external causes, ophthalmic and general and unspecified (cold
fever, toothache). For the determination of predominant species
being used for the treatment of these disease categories, a use
report for each species (URsp) was calculated as shown in Table 2.
P. denticulata and P. macrophylla were the dominant species that
exhibited a higher number of use reports such as 104 and 93,
respectively. The high use reports reflect the frequent use of these



Table 2
List of the Primula plants used as ethnomedicinal and related frequency of citation, confirming the traditional use of these species in rural communities of Western Himalaya,
Azad Kashmir, Pakistan.

Botanical name Local
name

Voucher
number

Part (s)
used

Mode of preparation Ethno-medicinal uses Use
report
for
species

Frequency
of citation

Primula denticulata Sm. Mameera SK001 Root,
leaves,
flower

The stem of a plant is used, leaves infusion, leaves,
and roots are used to make tea, powder of the
whole plant is mixed with Sinopodophyllum
hexandrum (Royle) T.S. Ying
and taken as orally

Insomnia,
Urinary infection, (UTI)
Wound healings,
Eye disorders
Cough and cold, Dysuria,
Red urination in animals,
Bronchitis

104 32

Primula elliptica Royle SK005 Mucilage of root Toothache, Sleeplessness,
Eye ailments

19 14

Primula macrophylla D.
Don

Chit
patra,
Khakhri
Thandi
jari

SK003 Flower,
root,
leaves

The powdered form of leaf is mixed with kohl (eye
cosmetic)

Increased bronchial
secretion, making phlegm
less thick,
asthma,
red urination in animals, and
joint pain. Given to children
in fever, diarrhea, and to
increase eyesight

93 27

Primula rosea Royle Meo SK002 Whole
plant

Powdered root mixed with honey Blood purifier, eye ailments,
Pain of muscles
Cramps

53 27

Primula stuartii Wall. SK004 Leaves Leaf powder Narcotic action,
kidney pain

13 6

Table 3
Use reports for each ailment and disease categories. The disease categories were following International Classification of Primary Care-2 with some modifications (n = 40).

Use-Report per ailment (URail)

Disease-Categories General and unspecified (cold fever, toothache) Toothache (5), Cough and cold (10), Fever in kids (9)
Diseases of the digestive system Diarrhea (6)
Diseases of the respiratory system Making phlegm less thick (19), Asthma (14), Bronchial secretion (10)
Diseases of the circulatory system Blood purifier (9)
Diseases of the urinary system Urinary infections (23), Red urination in animals (21)
Musculoskeletal muscles cramps (17), Joint pain (7)
Diseases of neurological Insomnia (24), headache (6)
Ophthalmic To increase eyesight (27), Eye disorders (28), Eye infections (25)
Injury, poisoning and certain other consequences of external causes Wound healing and disinfectant (17)
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plants for the treatment of a large variety of diseases and medical
disorders. A reasonable number of use reports were also reported
for P. rosea and P. elliptica i.e., 53 and 19, respectively. The lowest
number of use reports were recorded for P. stuartti.

When we calculated the use reports per ailment (URail), the ail-
ments related to eyes (ophthalmic) gained the highest use reports
followed by insomnia (URail 24) as shown in Table 3. It is worth
mentioning that ophthalmic, disease of the urinary system, and
diseases of the respiratory system were the most cited disease cat-
egories among the participants. A consensus was made upon the
use of each plant species (CUuse) for the treatment of a particular
disease category and results are shown in Table 4. According to
consensus, P. denticulata, P. rosea, and P. macrophylla were mainly
used for the treatment of ophthalmic diseases. Among them, P.
denticulata was the most cited remedy for ophthalmic diseases
with the highest CUuse values of 70%. It was also mentioned as a
potent remedy in diseases of the kidney and urinary system, injury,
poisoning and certain other consequences of external causes, and
disease of respiratory system with the CUuse values of 60, 42.5,
and 37.5%, respectively.

Based upon the consensus of the informants, tea/decoction,
powder and mucilage were the most popular methods of
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preparation (Table 5). Making tea/decoction is mainly used against
the disease of the respiratory system with CUapp value of 30%.
Powder is mainly used against diseases of the digestive system,
musculoskeletal, and diseases of neurological (insomnia, head-
ache) with CUapp value of 17.5% each. The treatment mucilage is
commonly used against diseases of neurological (insomnia, head-
ache), general and unspecified (cold fever and toothache) and
Injury, poisoning and certain other consequences of external cau-
ses with CUapp values of 37.5, 32.5, and 30%, respectively. The
detailed recipe for the preparation of treatment is provided in
Table 6.

A consensus was also developed upon the use of plant parts for
the treatment of particular disease categories and results are shown
in Table 5. According to consensus, roots, leaves, and flowers of the
plants were being used for the treatment of different ailments. The
roots were mainly used in the treatment of disease of the respira-
tory system, disease of neurological (insomnia and headache), mus-
culoskeletal, disease of the urinary system, and disease of the
circulatory system with CUparts values of 55, 47.5, 25, 25, and
22.5%, respectively. The leaves and flowers were largely used
against injury, poisoning, and certain other consequences of exter-
nal causes with CUparts values of 27.5, and 12.5%, respectively.



Table 5
Consensus upon the use of a method of application (CUapp) and plant parts used (CUparts) against each disease category mentioned by informants (n = 40).

Methods of Application Plant Parts Used

Disease-Categories Tea Powder Mucilage Roots Leaves Flowers

URapp CUapp URapp CUapp URapp CUapp URparts CUparts URparts CUparts URparts CUparts

General and unspecified (cold fever.
toothache)

3 7.5% 7 17.5% 13 32.5% 3 7.5% 1 2.5%

Diseases of the Digestive system 1 2.5% 7 17.5% 2 5%
Diseases of the Respiratory system 12 30% 4 10% 2 5% 22 55%
Diseases of the circulatory system 7 17.5% 2 5% 9 22.5% 4 10%
Diseases of the urinary system 3 7.5% 2 5% 10 25% 3 7.5%
Musculoskeletal 5 12.5% 7 17.5% 1 2.5% 10 25% 5 12.5%
Diseases of neurological (insomnia,

headache)
1 2.5% 7 17.5% 15 37.5% 19 47.5%

Ophthalmic 2 5% 9 22.5% 1 2.5% 1 2.5%
Injury, poisoning and certain other

consequences of external causes
4 10% 1 2.5% 12 30% 11 27.5% 5 12.5%

Table 4
Use reports for uses (URuse) and consensus upon the uses of plants against each disease category (CUuse) according to informants (n = 40).

P. denticulata P. rosea P. macrophylla P. stuartii P. elliptica

Disease category URuse CUuse URuse CUuse URuse CUuse URuse CUuse URuse CUuse

General and unspecified (cold fever. Toothache) 10 25% 9 22.5% 2 5% 5 12.5%
Diseases of the Digestive system 6 15%
Diseases of the Respiratory system 15 37.5% 14 35%
Diseases of the circulatory system 9 22.5%
Diseases of the urinary system 24 60% 21 52.5% 5 12.5%
Musculoskeletal 17 42.5% 7 17.5%
Diseases of neurological (insomnia, headache) 10 25% 6 15% 14 35%
Ophthalmic 28 70% 27 67.5% 25 62.5%
Injury, poisoning and certain other consequences of external causes 17 42.5% 1 2.5%

Table 6
The traditional mode of preparation for herbal remedies.

Application Therapeutic Procedure

Tea/infusion Add fresh leaves, flower or powdered form into boiling
water add sugar and drink as a tea

Powder Make a paste by using the powder form of root, leaf or
flower and honey and apply in eyes preventing infections

Mucilage Make a paste in simple water or oil for wound healing
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3.3. Antibacterial activity

The antibacterial activity was evaluated by disc diffusion assay
supplemented with a more robust MIC assay. The five extracts such
as aqueous, methanol, ethanol, acetone, and pet ether of roots,
leaves, and flowers of five Primula species were evaluated against
five bacteria, including both gram-negative and gram-positive bac-
terial strains (Table 7). According to MIC values, a varying antibac-
terial activity of different extracts of different parts of different
plants was observed against all the tested bacteria. The MIC values
of 0.0625 mg/mL were marked as noteworthy antibacterial activity
in this study. The extracts showing MIC values of 0.125 mg/mL
were also considered as effective antibacterial while the extracts
having MIC values more than 0.5 mg/mL were considered as poor
antibacterial. In the case of P. denticulata, the noteworthy antibac-
terial activity (MIC = 0.0625 mg/mL) was observed for methanol
extract of leaves against B. cereus, an aqueous extract of flowers
against E. coli, A. xyloxidans, B. cereus, and P. aeruginosa and metha-
nol and ethanol extract of flowers against E. coli. The aqueous
extract of flowers of P. denticulata was found active against all
the tested bacteria.

For P. rosea, a noteworthy antibacterial activity (MIC = 0.0625
mg/mL) was recorded for ethanol extract of roots against B. cereus
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and P. aeruginosa and methanol extract of flowers against
P. aeruginosa. When different extracts of roots, leaves, and flowers
of P. macrophylla were tested, a noteworthy antibacterial activity
was demonstrated only by ethanol extract of flowers (MIC = 0.06
25 mg/mL) against B. cereus. Some of the other extracts also dis-
played effective antibacterial activity (MIC = 0.125 mg/mL) as
shown in Table 6. For P. stuartii, the ethanol extract of leaves and
flowers was found to have noteworthy antibacterial activity
(MIC = 0.0625 mg/mL) against B. cereus and A. xyloxidans respec-
tively. In the case of P. elliptica, a noteworthy antibacterial activity
(MIC = 0.0625 mg/mL) was observed for ethanol extract of roots
against A. xyloxidans.
4. Discussion

4.1. Ethnobotanical knowledge

The occurrence of wild medicinal plant knowledge, particularly
in the high altitudinal areas may be associated with the cultural
difference and topography of these areas. While the disappearance
of indigenous knowledge from the urban areas has been associated
with urbanization and industrialization (Łuczaj et al., 2012). The
strong traditional knowledge in our study area may be linked to
the following reasons. Firstly, the area is comprising of different
ethnic groups having different descendent that possess diverse tra-
ditional knowledge. Secondly, the study area is one of the remote
areas of Azad Kashmir with no infrastructure of roads, hospitals,
and access to allopathic medicines is very limited, because people
are living in far-flung rural areas. It was observed that local com-
munities are well aware of the medicinal uses of the herbal plants,
and they use herbal remedies to combat infectious and non-
infectious diseases. In this study, we have collected seven species
of Primula from the study area where they grow wild in nature.



Table 7
Antimicrobial activity in the form of the zone of inhibition (ZOI) and minimum inhibitory concentration (MIC) against gram-positive and gram-negative bacterial strains.

Solvent extracts B. cereus S. aureus A. xyloxidans E. coli P. aeruginosa

ZOI (mm) MIC (mg/mL) ZOI
(mm)

MIC (mg/mL) ZOI (mm) MIC (mg/mL) ZOI
(mm)

MIC (mg/mL) ZOI (mm) MIC (mg/mL)

P. denticulata Root Aqueous 8 0.25 7.3 0.25 7.3 0.25 – –
Methanol 11.33 0.125 4.6 0.5 12.33 0.125 12.4 0.125 4.7 0.5
Ethanol 12 0.125 8.3 0.5 12 0.125 10 0.125 4.7 0.5
Acetone 8 0.25 10.66 0.25 10.66 0.125 11.66 0.125 5 0.25
Pet ether – 4.6 0.5 – – –

Leaves Aqueous – – – 7.33 0.5 –
Methanol 11 0.0625 8.7 0.25 12.3 0.125 13.3 0.125 12.3 0.25
Ethanol 9.66 0.25 7.3 0.25 10 0.125 11 0.125 7.33 0.5
Acetone 10 0.125 10.33 0.25 9.66 0.125 10.66 0.25 –
Pet ether 7 1 5 1 7.33 0.5 7.3 1 –

Flowers Aqueous 12.7 0.0625 13.7 0.125 14.33 0.0625 14.7 0.0625 16.7 0.0625
Methanol 11.7 0.125 9.3 0.25 11.7 0.125 12.7 0.0625 12 0.25
Ethanol 9 0.125 9.7 0.25 11.7 0.125 12 0.0625 10.7 0.125
Acetone 10 0.125 8.7 0.5 10.66 0.25 11 0.125 8.33 0.5
Pet ether 7.7 0.5 4.6 1 7.6 1 11.7 0.25 –

P. elliptica Root Aqueous – – – – –
Methanol 7.7 1 9 0.25 10.3 0.125 10.7 0.25 10.7 0.25
Ethanol 11.7 0.5 – 15 0.0625 9.6 0.25 13.3 0.125
Acetone 13.3 0.25 8 1 10.6 0.5 10.7 0.25 10.7 0.25
Pet ether – – – – –

Leaves Aqueous – – – – –
Methanol 8 0.5 7.3 1 9 0.25 11 0.125 8.7 0.5
Ethanol 12.3 0.25 4.7 1 10 0.25 10.6 0.25 13 0.125
Acetone – – 13 0.125 – 13 0.125
Pet ether – – – – –

Flowers Aqueous – – 11 0.25 10.7 0.5 –
Methanol 7.6 0.5 8.3 0.5 11 0.25 11 0.25 9.7 0.5
Ethanol 4.3 1 – 12.3 0.125 9.7 0.25 11.7 0.25
Acetone 11.3 0.125 5.7 1 11 0.25 9 0.5 12.3 0.25
Pet ether 11.3 0.25 – 13.3 0.25 – 13.3 0.25

P. macrophylla Root Aqueous 7 1 11.7 0.25 7.7 1 8 1 10 0.5
Methanol 7 0.5 7.7 0.5 10 0.25 2.7 1 7.3 0.5
Ethanol 11.3 0.25 11.3 0.25 10.3 0.25 11.6 0.125 7.7 0.5
Acetone 7 1 8.7 0.5 7.6 0.5 6.7 1 7.3 1
Pet ether 4.8 1 – – – 6.7 1

Leaves Aqueous 7 1 9 0.5 7 1 8.3 0.5 10 0.25
Methanol 16.7 0.06225 12.3 0.25 13.3 0.125 8.3 0.5 8.7 0.5
Ethanol 12.3 0.125 11 0.5 7.7 0.5 11.7 0.25 11.7 0.25
Acetone 2 1 12 0.25 7 1 8.7 0.5 9.3 0.5
Pet ether 6.3 1 8.7 0.5 8.7 1 – 7.3 1

Flowers Aqueous 9.7 0.5 7.3 1 6.7 1 8.7 1 10.3 0.25
Methanol 13.3 0.125 12 0.1225 11.7 0.125 7.7 0.5 13.3 0.125
Ethanol 15 0.0625 13.6 0.25 10.3 0.25 12.7 0.25 8 0.5
Acetone 13.3 0.125 12.3 0.25 11 0.25 8.7 1 10.3 0.5
Pet ether 4.6 1 9 0.5 8.7 0.5 – 7.3 1

P. rosea Root Aqueous 11.3 0.25 – 8.7 0.25 10.7 0.5 12.3 0.25
Methanol 13 0.125 12.3 0.25 9.3 0.25 11.7 0.25 14.3 0.125
Ethanol 15.7 0.0625 10.3 0.25 13 0.125 11.3 0.25 14.33 0.0625
Acetone 8.33 0.5 8 1 7.66 0.5 8 0.5 10 0.5
Pet ether 10 0.25 – 2.33 1 10 0.5 12 0.125
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Table 7 (continued)

Solvent extracts B. cereus S. aureus A. xyloxidans E. coli P. aeruginosa

ZOI (mm) MIC (mg/mL) ZOI
(mm)

MIC (mg/mL) ZOI (mm) MIC (mg/mL) ZOI
(mm)

MIC (mg/mL) ZOI (mm) MIC (mg/mL)

Leaves Aqueous 9 0.5 7.3 1 – 8.6 1 11.3 0.25
Methanol 10.7 0.125 10.3 0.25 10.7 0.25 9.7 0.25 15.7 0.0625
Ethanol 13.3 0.125 10.3 0.5 12 0.125 12.7 0.25 14.3 0.125
Acetone 7.66 0.5 8 1 8.33 0.5 8 1 7.7 0.5
Pet ether 9.33 0.5 – – 10.7 0.35 8.6 1

Flowers Aqueous 10 0.5 7 1 – 7 1 14 0.25
Methanol 13 0.125 11 0.25 11 0.25 15 0.125 16 0.125
Ethanol 11.3 0.25 10 0.25 12.33 0.125 12.3 0.25 16 0.25
Acetone 2.33 1 4.6 1 10.66 0.25 9.33 0.5 5.33 1
Pet ether 4.7 1 – – 10.3 0.5 12.7 0.25

P. stuartii Root Aqueous – 7.3 0.5 2.7 1 10.3 0.5 –
Methanol 13.33 0.125 10 0.125 11.7 0.125 12.33 0.125 9 0.5
Ethanol 12.3 0.125 14.7 0.125 12.6 0.25 12.3 0.25 14 0.125
Acetone 9.7 0.5 11 0.5 10.3 0.25 11.7 0.25 10 0.25
Pet ether 10.33 0.25 7.8 1 5.7 0.5 – –

Leaves Aqueous – – 7 1 7.3 1 –
Methanol 13.7 0.125 12.3 0.25 9.7 0.125 13.6 0.125 10.3 0.25
Ethanol 13.3 0.125 18 0.0625 12 0.25 11 0.5 16.3 0.125
Acetone 11 0.25 12 0.125 8.7 0.5 10.7 0.25 10.7 0.5
Pet ether 7.7 1 7.33 0.5 8.7 1 7.3 1 –

Flowers Aqueous – 9.3 1 – 9 0.5 7.3 1
Methanol 12 0.25 11.3 0.25 9 0.25 14 0.125 12 0.125
Ethanol 14 0.125 10.3 0.25 17.3 0.0625 13.3 0.125 13 0.25
Acetone 11 0.25 11 0.25 11.6 0.25 aq111 0.25 11.7 0.5
Pet ether 6 1 9.7 0.5 9 0.5 11 0.25 –

Ampicillin 13.3 12.7 14 14.3 13.7
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Only five species were identified by all the 40 informants, used as
ethnomedicine. Two species were found unknown to all the infor-
mants and therefore not considered for further study. The remain-
ing five species focused in this study have already been reported to
be used as ethnomedicine in different parts of the world (Sher
et al., 2020; Bano et al., 2014; Khan et al., 2013; Shaheen et al.,
2012; Haq, 2012; Sekar and Rawat, 2011; Hassan and
Mohammad, 2010; Najmus-Saqib et al., 2009; Kala, 2005; Chopra
et al., 1986), however, we have reported some new uses of these
species as well. The selection of these species as study objects
was done before the survey and based on the formal/verbal inter-
views from the traditional healers of the study area. The genus
Primula was chosen because it was cited as playing a very impor-
tant role in local traditional medicines. The survey results con-
firmed the accuracy of pre-assessment that five species of
Primula were found to have ethnomedicinal uses in the study area.
Among the five species, the highest use reports were recorded for
P. denticulata and P. macrophylla. The highest use reports were
expected for P. denticulata, P. macrophylla, and P. rosea as these
are frequently used in different parts of the world. However, an
unexpected result was obtained in terms of use reports for P. stu-
artii because no particular medicinal use of this species was found
in previous studies. This might be the first report of medicinal uses
of P. stuartii.

A total of nine disease categories were found to treat with these
five Primula species as shown in results (Table 3). Particularly, P.
denticulata was the most cited remedy for ophthalmic diseases
with the highest CUuse values of 70%. P. denticulata had already
been documented as ethnomedicine against cough and cold
(Kala, 2005), ophthalmic, wound healing and urinary infection,
air tonic, red urination in animals, fever, dysentery, and hepatic
fever (Bano et al., 2014; Khan et al., 2013; Haq, 2012). We first time
reported the use of P. denticulata in insomnia. However, in
literature, P. macrophylla is found to be used in insomnia
(Najmus-Saqib et al., 2009; Chopra et al., 1986). This substitution
might be due to different distribution of plants in a region with dif-
ferent climate and vegetation and local people can always choose a
substitute plant to mitigate the problem of distribution. Because
both these plants belong to the same genus and have high morpho-
logical similarity, they can easily be interchangeable. P. rosea was
the second most cited species against ophthalmic disease with
CUuse value of 67.5%. It was also mentioned as a potential remedy
against musculoskeletal with CUuse value of 42.5%. The use of P.
rosea in ophthalmic was also reported by Sher et al. (2020) along
with some other uses such as wound healing, cough in the child,
and high fever. The evidence of its use in musculoskeletal is also
provided by Kala (2005). The other most mentioned species against
the ophthalmic diseases was the P. macrophylla with CUuse value
of 62.5%. P. macrophylla was also used frequently for the treatment
of kidney and urinary diseases and diseases of the respiratory sys-
tem with CUuse value of 52.5 and 35%, respectively. In literature,
the medicinal uses of P. macrophylla are found against cough, joint
pain, and asthma (Kala, 2005). There is a common consensus that
exists upon its use in insomnia (Najmus-Saqib et al., 2009;
Chopra et al., 1986) but in our study, none of the participants cited
P. macrophylla against insomnia. Diseases of neurological
(insomnia, headache) were treated with only three species such
as P. elliptica P. denticulata and P. stuartii with CUuse values of
35, 25, and 15%, respectively. The role of P. elliptica and P. stuartii
in treating insomnia is not reported previously, however, P. elliptica
is documented to be used for pimples and to kill lice (Sher et al.,
2020; Sekar and Rawat, 2011). The ethnomedicinal uses of
P. stuartii are not mentioned previously, suggesting a novel species
with therapeutic uses.
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4.2. Antibacterial activity

In this study, an effort was also made to investigate the antibac-
terial activity of five ethnomedicinally used Primula species. The
antibacterial results revealed the different levels of activities
according to plant species, plant parts, and extraction solvents
tested. For example, the aqueous extract of flowers of P. denticulata
was found active against all the tested bacteria which support the
traditional use of flowers of P. denticulata as herbal tea (Bas�bülbül
et al., 2008). The antibacterial activity of this plant has already
been reported. Shafi et al. (2016) reported a strong antibacterial
activity of ethyl acetate extract against E. coli and Aslam et al.
(2015) reported a strong antibacterial activity of ethanol extract
of P. denticulata against both gram-positive and gram-negative
pathogens.

For P. rosea, a noteworthy antibacterial activity (MIC = 0.0625
mg/mL) was recorded for ethanol extract of roots against B. cereus
and P. aeruginosa and methanol extract of flowers against P. aerug-
inosa. The results are well supported by previous work that ethanol
and methanol extracts exhibit more antibacterial activity
(Majhenic et al., 2007). When different extracts of roots, leaves,
and flowers of P. macrophylla were tested, a noteworthy antibacte-
rial activity was demonstrated only by ethanol extract. Previously,
Najmus-Saqib et al. (2009) carried out an antibacterial activity of
different extracts of P. macrophylla and found no antibacterial
activity. In contrast to this, we reported a considerable antibacte-
rial activity of this plant. This difference may be due to the differ-
ent protocols adopted during these two studies. Firstly, they have
used only the ethanol extract, and secondly, they have used the
whole plant. Moreover, the different environmental and
experimental conditions can also affect the antibacterial activity
of the plant extracts. No previous record of antibacterial activity
of P. stuartii and P. ellipticawas found and we are reporting the first
time in this paper.

Overall, among all the tested bacterial strains, B. cereus, a gram-
positive bacterium, was found the more sensitive bacterial strains.
This result is in agreement with previous reports that gram-
positive bacteria are more sensitive than gram-negative bacteria
(Chariandy et al., 1999; Rabe and van Staden, 1997) because the
outer membrane of gram-negative bacteria presents a barrier to
various antibacterial molecules (Sleigh and Timbury, 1998). B. cer-
eus is an infectious bacterium associated with food poisoning and
eye infections (Bottone, 2010), supporting the use of Primula spe-
cies in ophthalmic diseases as described in ethnobotanical knowl-
edge of Primula.
5. Conclusions

This study documented the ethnomedicinal knowledge and
antibacterial activity of five Primula species from western Himala-
yan regions (Azad Kashmir) of Pakistan. The selection of these spe-
cies was made based on a prior survey of the area as well as
ethnobotanical studies already conducted in the area. We observed
that Primula plants are widely used among the local communities
against various disorders and previously no study has reported
their uses in our study area. The ethnomedicinal data confirmed
the uses of Primula species in different disease categories, most sig-
nificantly in ophthalmic disorders. The different extracts of plants
exhibited effective antibacterial activity against both gram-
positive and gram-negative bacteria with more evident activity
against B. cereus (MIC 0.0625 mg/mL). This traditional medicinal
knowledge can help in conservation and future drug discovery
endeavors of five reported Primula species. Further biological
assays and phytochemical screening of these plant will be per-
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formed for better scientific interpretation of traditional knowledge
of them.
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