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A B S T R A C T

Ethnopharmacological relevance: From early times man has used medicinal plants for the treatment of
various ailments and basic health care needs. The use of herbal medicines has increased day by day and with
this, so do reports of adverse events, poisoning, and suspected toxicity. Similarly, the indigenous communities
of Neelum Valley in Azad Kashmir commonly use Arnebia benthamii (Wall. ex G.Don) I.M.Johnst. for
medicinal purposes to treat various human aliments. Besides their medicinal uses, it also contains hepatotoxic
pyrrolizidine alkaloids (PAs).
Aim of the study: This explorative study underscores two major aspects about this herbal medicine. Firstly we
aimed to document the traditional therapeutic uses of Arnebia benthamii in Neelum Valley, Azad Kashmir.
Secondly, to determine the presence or absence of hepatotoxic pyrrolizidine alkaloids and if they are within the
suggested limit for the use of herbs in excess.
Materials and methods: Interviews, group discussions, and inquiries were carried out from July to September
2016 with local indigenous and elder people. In the laboratory, the plant was investigated for pyrrolizidine
alkaloids by using high performance liquid chromatography (HPLC).
Results: A total of 30 respondents were interviewed. They explained the preferred preparation, parts used, and
treatment indications. Treatment of fever along with kidney and liver problems are the three principle uses.
Among the different parts of Arnebia benthamii, 43% respondents preferred aerial parts for the herbal
formulation, followed by whole plants, and leaves. Decoction was the major mode of preparation and all herbal
preparations were administrated orally. This study reports, for the first time according to our literature review, a
study of Arnebia benthamii with regard to PA determination. By using column Zorbax SB-Aq and acetonitrile-
water gradient as the mobile phase, HPLC results showed that the aerial parts of the plant were PA positive, and
(1) Europine, Heliotrine (2), Lycopsamine (3), and Echimidine (4) were identified.
Conclusions: This study has revealed two new findings of significance to herbal medicine producers,
practitioners, and consumers of Arnebia benthamii First, local knowledge regarding the medicinal uses of
Arnebia benthamii were documented in five sites of Neelum Valley, Azad Kashmir. The use of this plant by a
large part of the population in the study area shows the importance for their therapeutic benefits. Unfortunately,
the second finding of this study shows that Arnebia benthamii contains hepatotoxic PAs. Hence, we advised to
the government regulatory authorities and non-governmental organizations that use of this plant as herbal
medicine should be excluded before more accurate quality control tests.

1. Introduction

The interaction of humans and plants form a long history that also
extends into today. Humans depend on botanical resources to fulfill
their needs such as food, clothing, shelter, transportation and medicine
(Ahmad et al., 2006). Medicinal plants have played a critical role in
human healthcare throughout history (Letsyo et al., 2017). While used
historically, they also form a major part of present-day human

healthcare (Sadat-Hosseini et al., 2017). The World Health
Organization reported that approximately 65% of people throughout
the world and 90% of people in developing countries depend on
traditional or herbal medicine for primary healthcare (Vandebroek
et al., 2008). Even if one does not rely on herbal medicine, their
healthcare is still touched by plants. Medicinal plants are a major
source of secondary metabolites used in drug discovery. Some esti-
mates assert that plants and their derivatives are involved in 25% of
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commercial drugs (Bodeker and Burford, 2007). This shows their place
in the lives of traditional and herbal medicine users, and even non-
herbal medicine users.

Studies on the place of plants in the lives of humans lands in the
field of ethnobotany. Ethnobotany includes studies on this interaction
of humans and botanical resources (Rodrigues, 2007). Knowledge of
these interactions is often encapsulated in traditional knowledge, but it
can and is lost rapidly, especially in areas of social, cultural and
environmental transformations (da Costa et al., 2017). While this
knowledge is certainly valuable at a local scale, it is also important for
scientific knowledge in general, and especially for conservation in-
itiatives (Cussy-Poma et al., 2017; Muthu et al., 2006). To prevent
losses, and provide benefit to all parties, ethnobotanists play a critical
role in analyzing potential mechanisms of conservation, sustainable,
and safe use of botanical resources (Gandolfo and Hanazaki, 2011).

Consumers of herbal medicine, often called ethnomedicine, provide
alternatives for treatment. People often seek these ethnomedicines in
hopes that they have less side effects and be safer than pharmaceutical
medications (Rates, 2001). However, ethnomedicines can be consid-
ered to have harmful or toxic effects if taken in excess (Ahmad et al.,
2015). Unfortunately, the testing and critical role of pharmacovigilance
in local ethnomedicinal markets is often lacking to non-existent
(Debbie et al., 2012). These dangers can be magnified with issues of
product quality, processing methods, correct identification of species,
and knowledge of potential physiological effects (Shaw, 2010).

One common source of herbal product toxicity comes from
pyrrolizidine alkaloids. Pyrrolizidine alkaloids (PAs) are secondary
metabolites which are accumulated in plants that may cause hepato-
toxicity in humans, and be hazardous to livestock and other wildlife
(Avula et al., 2015). These accumulate in plants as PA-N-oxides that
serve as defense compounds. They are produced by around 6000 plant
species, which represents 3% of all angiosperms (Letsyo et al., 2017).
Of these, the three families of Boraginaceae, Fabaceae, and Asteraceae
contain largest number of PA producing species (Coulombe, 2003). Of
these, the Boraginaceae has particular fame of having toxic PAs and
their oxides (El-Shazly and Wink, 2014). According to previous studies,
PAs are mutagenic, carcinogenic, and hepatoxic. This affects humans,
wildlife, and livestock who ingest them (Mattocks, 1986; Prakash et al.,
1999). The presence of PAs in herbal products and foodstuffs could
lead to liver damage and then subsequently, hepatic veno-occlusive
disease (Chen and Huo, 2010). If ingestion of these herbal products or
foodstuffs with elevated concentrations of PAs is constant, death can
result. Unfortunately, in animals and humans symptoms are not seen
immediately. So the toxic effects are often diagnosed when it is too late.
Exposure can come from direct consumption of foodstuffs, dietary
supplements, herbal teas, or herbal products contaminated with PA
containing plant material (Zhu et al., 2016). Sometimes, they can enter
the food supply as a result of co-harvesting PA containing plant
material with edible grains. (El-Shazly and Wink, 2014). Worldwide,
around 10,000 PA poisoning cases have been reported (Dai et al., 2007;
Fu et al., 2004).

Moreover, recently numerous cases of intoxications due to PAs are
on the rise and researchers are pointing to PAs in herbal medicines
(IRIN Asia, 2008a, 2008b; Molyneux et al., 2011; Edgar et al., 2011).
The European Medicines Agency (EMA), implemented a limit of oral
ingestion of herbal products containing PAs. This limit is 1 μg/day as a
transitional measure for three years, then the threshold will be lowered
to 0.35 μg/day for adults and 0.14 μg/day for children following a limit
of 0.007 μg/kg body weight (BfR, 2011; EMA, 2016). For instance, the
German Federal Health Administration limits internal exposure to no
more than 1 μg/day (0.017 μg/kg/day for a 60 kg human) of PAs for no
more than six weeks (German Federal Health Bureau, 1992).
Furthermore, Belgium recommends a limit for PAs in herbs at 1 ppm
(Dharmanada, 2013). Considering the risk of human exposure to these
alkaloids, the World Health Organization (WHO) established the
Health and Safety Guide (International Programme on Chemical

Safety, 1989) on PAs and provided guidelines on the prevention of
exposure with the dose limit of 15 μg/kg/day (IPCS, 1989).

One potential route of PA toxicity comes from Arnebia Forsskål
(1775: 62) (Boraginaceae, Lithospermeae) with ca. 30 species distrib-
uted in the Himalayan region, Northeast Africa, Central and
Southwestern Asia, and the Southeast Mediterranean region (Coppi
et al., 2015). Arnebia benthamii (Wall. ex G.Don) I.M.Johnst. is a
monocarpic perennial herb up to 2.7 feet tall with a swollen base. Its
thick roots exude a red or purplish dye. It's simple, hollow, and solitary
stem arises from a cluster of large basal leaves that are covered with
long hairs that are 2–2.6 mm long. In Pakistan, it is distributed in the
Pan-Himalayan region like in the Neelum Valley, Dir, Hazara (Flora of
Pakistan, 1989). The present study has three aims: (1) Determine the
presence of PAs in Arnebia benthamii. (2) Investigate and document
the ethnobotany and use practices of Arnebia benthamii in the Neelum
Valley, Pakistan (3) Assess if cultural practices fall within the EMA,
IPCS, and German Federal Health Administration guidelines or if
safety recommendations must be issued.

2. Materials and methods

2.1. Study area

This explorative study was carried out in Neelum Valley, Azad
Kashmir, Pakistan. Neelum Valley is the largest district of Azad
Kashmir having an area of 3621 square kilometers. It lies between
73–75°E longitude and 32–35°N latitude at an altitude of 900-6325 m
above sea level (Ahmad et al., 2012; Mahmood et al., 2011; Dar, 2003).

The climate of Neelum Valley is temperate with cold winters and
severe weather from mid-November until then end of April when
temperatures average − 2.0 °C. While summers are moderate and very
short lasting from June to August with an average temperature of
37.0 °C. The average rainfall is 165 cm annually (Ahmad et al., 2012;
Qamar et al., 2010). The majority of the area is covered with thick
vegetation, dominated by wild Ficus palmata Forssk. forests (Khan,
2008).

The main ethnic groups of the study area are the Gujars, Syed,
Kashmiris, and Awan. Frequently spoken languages are Kashmiri,
Hindko, and Gujri (Ishtiaq et al., 2012) (Fig. 1)

2.2. Ethno-pharmacological data collection and interviews with local
people

Ethnobotanical data were collected from local respondents through
open and semi-structured interviews (Martin, 1995; Cotton, 1996)
between July and September of 2016. We conducted all interviews with
prior informed consent regarding our academic research following the
International Society of Ethnobiology Guidelines (2006). Due to the
Line of Control (LOC), security risk, and the dangerous situation in this
disputed area of Kashmir, we consulted with the security agency;
Pakistan Army, local police and Forestry Department; and it was
decided to conduct the research in five main localities (Athmuqam,
Keren, Sharda, Kel, and Tao Butt). With the help of the local forestry
department and inhabitants, 51 traditional healers and knowledgeable
herbalists were identified in the five main localities. Of these, 30 agreed
to voluntary interviews.

We interviewed the local people in public areas such as hotels and
shops. Due to cultural and language differences, we selected the
national language, Urdu, for interviews. For these ethnobotanical
interviews, we conducted group discussions and asked questions
regarding the local name of the plants, ethnomedicinal use, parts of
the plants used, collection times, modes of preparation, route of
administration, herbal preparation, and side effects if any.
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2.3. Botanical collection, identification and deposition in herbarium

From July to September 2016 we visited five sites three time each
since this season is the flowering and fruiting season. We focused on
Boraginaceae for these interviews in order to focus on our research
question regarding PAs in this family. Whole plants were pressed for
herbarium specimens and fresh plant material was collected in silica
gel for phytochemical analysis. Arnebia benthamii (Wall. ex G.Don)
I.M.Johnst. (voucher specimen number: BNU 0032542) along with
other Boraginaceae members were brought to Beijing Normal
University in Beijing, China where Prof. Quan-Ru Liu identified and
compared the plants voucher specimens in the Chinese National
Herbarium (PE) and Herbarium of Beijing Normal University. After
complete identification, plants were assigned voucher specimen num-
bers and deposited as a ready reference for future studies.

2.4. Experimental

2.4.1. Chemicals and reagents
Reference standards of pyrrolizidine alkaloids, i.e. Europine (1)

Heliotrine (2), Lycopsamine (3), and Echimidine (4) were purchased
from ChemFaces (Hubei, China). All reagents were of HPLC grade.
Methanol and acetonitrile was obtained from DikmaPure (USA).
Formic acid was from Fluka (Sigma–Aldrich Co., Spruce St., Louis,
USA). Ultra-pure water was used throughout the experimental process.

2.4.2. Medicinal plant material and sample preparation
The medicinal plant samples for HPLC were prepared according to

the methods used by Avula et al. (2012, 2015). Briefly, dried aerial

parts (500 mg) of mature flowering Arnebia benthamii was weighed
and crushed in a mortar and pestle with liquid nitrogen. The sample
was sonicated for 35 min with 3 mL of methanol immediately followed
by centrifugation for 15 min at 4000g. After centrifugation the super-
natant was transferred to another clean tube. The above procedure was
repeated thrice and the respective supernatants combined. The final
volume was adjusted to 10 mL with methanol and mixed thoroughly.
Prior to injection, 20 μL of sample was passed through a 0.45 µm
FitMax Syringe Filter membrane (Dikma).

2.4.3. Preparation of standards
Stock solutions of Europine, heliotrine, lycopsamine, and echimi-

dine in methanol were prepared separately at concentrations of
1.0 mg mL−1 (Avula et al., 2012, 2015; Griffin et al., 2013). The
standards were characterized by NMR, and their purity was > 98%.

2.4.4. High performance liquid chromatography and
chromatographic conditions

The liquid chromatographic system was the Waters Alliance 2695
Separation Module with water 2487 dual UV absorbance detector
comprised of the following modular components: built-in quaternary
pump, 4 channel degasser, auto-injector, and auto-sampler with 120
vials. The separation of the PAs from Arnebia benthamii was achieved
on a Zorbax SB-Aq; 4.6 × 250 mm; 5 µm particle size column (Agilente,
USA).

A gradient LC method was developed to separate the PAs from the
aerial parts of Arnebia benthamii. The HPLC system was optimized
with the mobile phase consisting of water with 0.1% formic acid (A)
and acetonitrile with 0.1% formic acid (B) at a flow rate of 0.5 mL/min,

Fig. 1. Map of study area.
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with the following gradient elution: 0–15 min: 87% B; 15–17 min: 50%
B; 17–35 min: 0% B; 35–40 min: 0%; 40–53 min: 87% B. The total run
time for analysis was 53 min. Before moving to the next sample, the
system is washed by methanol for 25 min. Column temperature and
injection volume were at room temperature and 20 μL, respectively.
Column and chromatographic peaks were assigned with respect to
comparison of the retention times to those of reference standards and
the detection wavelength was set at 280 nm.

3. Results and discussion

3.1. Socio-demographic data

A total of 30 local inhabitants aged between 40 and 76 years old
were interviewed in five different sites. We observed that most of the
respondents belonged to an age between 51 and 80 years (Table 1).
Most respondents were illiterate with education levels at illiteracy
(33%), elementary school (23%), secondary school (26%), high school
(10%), and university (6%) (Table 1). Ninety percent of respondents
were married. Four of the interviewed people were government
employees, 12 pastoralists, 4 herders, and 10 farmers. Most of them
have monthly incomes of $150 USD or less.

When asked, 'In the last month, how many times did you use
Arnebia benthamii as a medicine?' 48% of respondents answered one
time, 20% not at all, 18% two times, 9% three times, and 5% five times.
According to the questionnaire results the vast majority of respondents
were involved in the collection of Arnebia benthamii with 43%
collecting 0.5 kg per capita per month, 30% (1 kg per capita per
month), 12% (1–2 kg per capita per month), and 10% (2–3 kg per
capita per month).

3.2. Ethnopharmacological use of Arnebia benthamii

Arnebia benthamii (Wall. ex G.Don) I.M.Johnst. Locally known as
Gao-zaban is a perennial herb with a flowering period from July to
September. The studied samples of A. benthamii were collected from
upper Taio Butt, Neelum Valley with an altitude of 2313 m.

According to the questionnaire results, this species is used for three
main ailments: kidney problems, liver problems, and fever (Fig. 2). In
our literature search we found that A. benthamii has previous
ethnopharmacological reports from Mahmood et al., (2011, 2012).
They reported that the juice of leaves and flowers, and the decoction of
the root are used for navel pain, fever, burning urine, and thirst.
Interestingly, this species has the same local name in Indian Kashmir
and is used for jaundice, cough, fever, blood purification, and chronic
constipation (Lone et al., 2013).

3.3. Parts used, ethnomedicine preparation and intake of Arnebia
benthamii

Different parts of Arnebia benthamii are used for three main
ailments regarding kidneys, liver, and fever. During interviews, thir-
teen respondents mentioned the use of aerial parts as a remedy, seven

used whole plants, four used the roots, three used basal leaves, and two
respondents used flowers (Fig. 3). The uses of these parts were also
recorded in studies by Mahmood et al. (2011, 2012). The local people
collect the plant and bring it to their homes. The whole plant or aerial
parts of the plant are stored as dried powders in closed bottles or the
whole plant is dried under shade and placed in a clean place.

When asked, ‘What is the best way of herbal medicine preparation
with Arnebia benthamii?’ twenty-six answered that decoction is the
best way, and the remaining mentioned fresh juice of the flowers and
leaves could be considered as the best preparation method. Almost all
respondents mentioned that oral administration is the best way to
intake this medicine. Two to three teaspoons of plant powder are added
to 250–350 mL of boiling water, and sometimes local people mix in
honey or sugar. In traditional herbal formulation, decoction is an easy
way to prepare ethnomedicines, and it is one of the most common
routes of internal administration in Pakistan (Nadembega et al., 2011;
Mahmood et al., 2011).

3.4. Separation and determination of PAs in Arnebia benthamii
extracts

HPLC with UV detection is the most common method of analysis of
pyrrolizidine alkaloids (Schaneberg et al., 2004). In the HPLC chro-
matogram, we used acetonitrile and water with 1% formic acid as a

Table 1
Number of respondents of each area in ethnobotanical surveys.

Survey site Aathmuqam Keren Sharda Kel Tao Butt

Total respondents 03 04 04 06 13
Age range 40–75 40–65 45–75 40–70 43–74
Education level
Illiterate 0 0 1 3 6
Elementary school 0 2 1 1 3
Secondary school 1 1 1 2 3
High school 1 0 1 0 1
University 1 1 0 0 0

Fig. 2. Respondents mentioned the plant used for three main ailments.

Fig. 3. Percentage of respondents who use various parts of Arnebia benthamii.
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mobile phase. The addition of 1% formic acid eliminates the tailing
peak and shortens retention time (Zhang et al., 2007). The detector
wavelength was set at 280 nm for maximum sensitivity. In this
phytochemical investigation of Arnebia benthamii from Neelum
Valley, the PAs present were determined and characterized by HPLC.
Four PAs served as authentic reference samples, namely: Europine (1),
Heliotrine (2), Lycopsamine (3), and Echimidine (4) and their chemical
structures shown in the Fig. 4. These were used to identify the
corresponding PAs in aerial parts of the plant. Using the HPLC

1                                                                             2

3                        4
Fig. 4. Chemical Structure of 4 pyrrolizidine alkaloids.

Table 2
HPLC results of the pyrrolizidine alkaloids standards.

# Compound
name

Retention time
(min)

Formula Molecular
weight

1 Europine 10.21 C16H27NO6 329.1838
2 Heliotrine 10.77 C16H27NO5 314.1962
3 Lycopsamine 37.16 C15H25NO5 299.1733
4 Echimidine 46.64 C20H31NO7 398.2173

Fig. 5. Base peak chromatograms of standard mix and leave of Arnebia benthamii.
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conditions stated above, the three standards of europine, heliotrine,
lycopsamine, and echimidine were separated with retention times of
10.21, 10.77, 37.16, and 46.64 min respectively (Table 2). After
identification of the retention time of standards, 20 μL of plant sample
was injected and the retention times were compared to those of
reference standards. Obtained data revealed that besides the four
known peaks there were several unknown PAs or other compounds
with different retention times shown in the HPLC chromatogram of
Arnebia benthamii (Fig. 5).

This study shows, for the first time reported in the literature, the
pyrrolizidine alkaloid profile of Arnebia benthamii. One of the diffi-
culties in analysis of PAs is the unavailability of reference standards on
the market (Wuilloud et al., 2004), and so the four available standards
europine, heliotrine, lycopsamine, and echimidine have been used for
this study. Pyrrolizidine alkaloids have been reported in some other
Arnebia species such as A. decumbens (Vent.) Coss. & Kralik (El-
Dahmy and Ghani, 1995), A. euchroma (Royle) I.M.Johnst. (Roeder
and Rengel-Mayer, 1993), and A. hispidissima (Lehm.) A.DC. (Wassel
et al., 1987). In this study we focused on the commonly harvested and
consumed member, Arnebia benthamii.

In plants, PAs occur mainly as their N-oxides and these cannot be
directly converted to the Hydroxy-PAs, but upon oral ingestion they are
reduced in the liver microsomes by NADPH or by enzymes in the gut to
free bases. Therefore they show equal toxicity to that of the free bases
(Chou et al., 2003; Wang et al., 2005). Unfortunately in our study, all
respondents reported oral administration in the form of decoction or
juice. Heliotrine is classified as a heliotridine-type PA (Chen et al.,
2010). These have been shown to induce chromosome damage and
mutagenesis (Wiedenfeld and Edgar, 2011; Chen et al., 2010). In
addition to this, it is especially carcinogenic to the liver (Chen et al.,
2010). Additionally, lycopsamine is also shown to be hepatoxic and
damage the liver (Liu et al., 2009).

Previously it was well established that PAs are hazardous for human
health. According to Steyn (1933) nearly 100 years ago, liver disease
was widespread in South Africa and this was shown to be caused by the
consumption of bread contaminated with seeds from Senecio spp.
which is high in PAs. In Russia, Heliotropium lasiocarpum Fisch. and
C.A.Mey. contaminated foods like bread caused various liver diseases
(Milenkov and Kizhaikin, 1952). In Afghanistan in 1976, due to
contamination of cereal crops and food stuffs by Heliotropium popovii
subsp. Gillianum Riedl 8000 people were affected and 3000 of them
were severely poisoned with many fatalities (Mohabbat et al., 1976).
There was a similar situation in Tajikistan in 1992, approximately 4000
people were hospitalized because of contamination of grain by
Heliotropium lasiocarpum Fisch. and C.A.Mey. (Chauvin et al., 1994).

Based on documented historical cases and the known chemistry of
PAs, we recommend that herbal products which contain high amounts
of toxic PAs should be excluded from the market to safeguard the
health of the numerous people who use these products. Moreover, the
use of known PA containing plants in herbal preparation should be
restricted and there is also a need for awareness among farmers,
harvesters, transporters, and producers that the contamination of
harvested herbs with PA weeds could result in higher PA levels
(Letsyo et al., 2017).

4. Conclusion

This study has revealed two new findings of significance to herbal
medicine producers, practitioners, and consumers of Arnebia bentha-
mii. First, determination of toxic PAs lycopsamine, echimidine, and
heliotrine in the Arnebia benthamii from Neelum Valley of Azad
Kashmir has shown that besides their highly traditional therapeutic
significances, the species is also a source of hepatoxic PAs. It is
necessary that their potential health risks be recognized. Secondly,
survey results revealed that nearly all-local people either use or collect
this species for their traditional therapeutic value. Given this, we

recommend that the use of Arnebia benthamii should be excluded from
the local markets, and their herbal formulation should not be sold
before PA levels are tested. We also suggest to the local forestry
department, non-governmental organizations, and governmental orga-
nizations to motivate, encourage, and create awareness among the local
people, harvesters, herbalists, farmers, herders, pastoralists, and
transporters who use this herbal medicine should be monitored
according to the European Medicines Agency implemented limits (i.e.
1 μg/day).
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