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Abstract
Fritillaria roylei  is an endangered herb, thrive well in sub-alpine and alpine pastures of Himalayan region and valued for medicinal
properties.  The  species  is  important  constituent  of  Astavarga,  Chyavanprash   and  other  Ayurvedic   preparations.  The  herb   has
anti-asthmatic, anti-rheumatic, anti-tussive properties and is widely used for the treatment of different diseases. Presently, as a result of
biotic and abiotic pressures, F. roylei  has become critically endangered in  Western Himalaya.  In an effort to arrest the declining
population of this species, it is imperative that suitable conservation strategies along with sustainable utilization are earnestly undertaken.
An attempt has been made to compile and highlight all possible information on the species biology, population and biochemistry,
concerns and opportunities of the herb. In addition,  effective conservation measures to restore the dwindling population of this herb
in its natural surroundings are also discussed. This study will assist in understanding the ecological complexity of  F.  roylei  so that
necessary steps can be taken to check its exploitation.
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INTRODUCTION

Fritillaria roylei  Hook.  is  among  the  36  species  of
globally  significant  medicinal  plants  of  Western  Himalaya
(www.undp.org). The herb locally known as kakoli (Himalayan
Fritillary) thrives generally in sunny meadows of sub-alpine
and alpine pastures. The bulbs of the herb are important
constituents  of  Astavarga,  Chyavanprash,  Mahatraiphala
Ghritham,  Jeevanthyadi  Ghrutham  and  Danwantharam
Thailam,  the  Ayurvedic  preparations  in  Indian  system of
medicine (ISM)1,2.  Presently,  F.  roylei   is among the 18 species
which  are  in  active  trade3  and the demand for this species
is increasing while, supply is gradually decreasing4. Besides the
harvesting of this species is banned in Uttarakhand, India5, the
illegal collection is continued and presently most of the supply
of bulbs comes from Har-Ki-Doon, Uttarakashi and Panwali
Kantha, Tehri Garhwal, Uttarakhand and India3. However, the
collection of bulbs from wild is legally allowed to the natives
of Himachal Pradesh6.

Very  little  scientific  information  is  available  regarding
F.  roylei  such as trade volume, cultivation technique, impact
of climate change on the species germination behavior in
nature etc.7-9. Being an endangered and potential herb and
restoring its population in nature is the key concern. Thus,
effective in situ  conservation, interventions of policies and
strategies  for  promotion  of  cultivation  and  to  harness
optimum returns from cultivation is prerequisite. The present
communication is a comprehensive compilation of available
information on species distribution,  biology,  indigenous use
and future opportunities of the herb. To sustain supply,
effective conservation measures,  priorities and interventions
of policies for conservation and mass scale cultivation is also
discussed.

The Western Himalaya is structurally complex with
altitudes ranging from 300 to over 6000 m a.s.l and supports
rich biodiversity. The mountains rise abruptly, resulting in a
diversity of ecosystems that range from alluvial grasslands,
subtropical broad leaved forests to dominance of conifers in
the temperate zone to alpine meadows above the tree line.
Native communities of the area depend on their immediate
medicinal plants resources for their primary healthcare need.
The inhabitant of the study area was most familiar with the
medicinal plants of the surrounding area.

It is now well understood that proper knowledge about
plants of a given region is essential for the proper and
effective utilization of these resources. 

Biology: Family Liliaceae is cosmopolitan in distribution with
50 genera  and  about  600  species  worldwide  with  majority

of them found in tropical regions (www.wikipedia.org). This
family includes a diversity of herbs and climbers with annual
or evergreen aerial shoot and rhizomes and bulbs. In India,
family  Liliaceae  comprises  of  important medicinal  plants
such as Fritillaria  spp., Lilium  spp., Gloriosa  superba,  Paris
polyphylla  etc. The genus Fritillaria  was initially placed under
the tribe Tulipeae by Hutchinson10 then under tribe Lilieae by
Dahlgren et al.11.

The centre of diversity for the genus Fritillaria  is East
Mediterranean region. The possible  centre  of  evolution  of
the genus is Iran12. According to Rix13 the genus Fritillaria  is
represented by 165 species worldwide while, Saklani et al.14

reported 130 species, Ronsted et al.15 reported 100 species and
Kamari and Phitos16 reported 145 species worldwide. Turkey
represents largest number of taxa (33) followed by China (30)
Greece (24) and California (18)16. India represents only 6 taxa1

and two of them (F. roylei and F. cirrhosa) are found in
Uttarakhand17.

Fritillaria  roylei   is  perennial,  glabrous and  bulbous 
herb, 15-60 cm high and have mottled stem. The leaves are
opposite or whorled, linear-lanceolate, flowers are solitary,
noddingbu and yellowish-green to brownish-purple with
chequered pattern in yellowish-green or dull-purple. Flowers
are bell shaped, hanging looking down, borne singly on the
stem but sometimes in a group of two or more. Petals are
narrow ovate 4-5 cm long. Leaves are 5-10 cm long, linear
lanceolate often long pointed, arranged oppositely or in
whorls of 2-6. The marked morphological variations in
populations is due to the differences in ecological niche,
altitude, micro-environment and genetic variability8.
Flowering takes place during June-July and fruiting during
July-August. Seeds are arranged in two rows in each valve.
Bulbs are globose, small and covered with membranous
scales. The species is adopted to complete the vegetative and
reproductive phenophases in short season (April-September).
The seeds contain deep morphophysiological dormancy18.

The structure of pollen grain in Fritillaria  has been
studied19-21. The chromosome number in F.  roylei  is 24 and
shares its karyotype with most other species of the genus22,23.
Fritillaria  roylei  exhibits intraspecific variation in the amount
of condensed chromatin (Heterochromatin)24. 

Distribution  in  Western  Himalaya:  In  Western  Himalaya,
F.  roylei  is  distributed  from  Kashmir  to  Uttarakh  and within
the altitudinal range of 2400-4000 m a.s.l.,1 while, in
Uttarakhand it is also reported between   2800-4000  m a.s.l.25 
between 2900-4200 m a.s.l.9 and between 3250-6919 m a.s.l.,26 
(Table 1, Fig. 1a). It grows well in light sandy or medium  loam
well drained acidic soil. The open sunny areas with moderate
slope  and  having  rich  humus  are  the  habitats  preferred  by
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Fig. 1(a-d): (a) Fritillaria  roylei  in natural habitat, (b, c) Natural habitats of F. roylei and (d) Grazing at natural habitat of F. roylei

Table 1: Distribution of F.  roylei  in Western Himalaya
Area Altitude (m a.s.l.) Habitat Density (plant mG2) TBC (cm2 mG2) Reference
Dayara alpine meadow, Uttarakhand, India 3000-3400 Open meadow 3.80 6.48 Chauhan et al.3

Dronagiri alpine meadow, Uttarakhand, India 3200-3500 Partial shade 2.40 2.43
Kedarnath alpine meadow, Uttarakhand, India 2900-3500 Open meadow 4.20 4.81
Kunwari pass alpine meadow, Uttarakhand, India 3000-3200 Open meadow 1.10 9.54
Rudranath alpine meadow, Uttarakhand, India 3000-3200 Partial shade 3.80 4.28
Tungnath alpine meadow, Uttarakhand, India 3200-3600 Partial shade 0.40 18.92
Valley of flowers National Park, Uttarakhand, India 3000-4200 Open meadows 1.80 12.94
Valley of flowers National Park, Uttarakhand, India 3250-6919 Open meadows 6.14 - Kala26

Kedarnath wildlife sanctuary, Uttarakhand, India 1160-7068 - - -
Kibber wildlife sanctuary, Uttarakhand, India 3600-6700 - - -
Karakoram wildlife sanctuary, Uttarakhand, India - - - -
Pin Valley National park, Uttarakhand, India 3300-6632 - - -
Hemis National park, Uttarakhand, India 3300-6930 - - -
Changtbang wildlife sanctuary, Uttarakhand, India - - - -
Minimarg, Gurez valley, Jammu and Kashmir, India 3300-3900 - 0.12 - Dad and Reshi55

TBC: Total basal cover

Fritillaria  roylei  (Fig. 1b, c). In Uttarakhand, it is found naturally
in different alpine meadows such as Kedarnath, Rudranath,
Valley of flowers, Dayara, Dronagiri and Tungnath. In Jammu
and Kashmir and India, the herb was found to thrive in
Minimarg and Gurez valley (Fig. 2).

Phyto-chemistry: The bulbs contain three major alkaloids,
peimine [(C27H45O3N, melting point 224EC, molecular weight
431.66), Synonym:  (3b,5a,6a)-cevane-3,6,20-triol, Zhebeinine,
Wanpeinine A],  peiminine  [(C27H43O3N,  melting  point  135EC,

molecular weight 429.64), Syonym: Verticinone, Kashmirine,
Fritillarine, Zhebeinone, 3beta,20-Dihydroxy-5alpha-cevan-6-
one] and peimisine [(C27H41O3N, melting point 270EC,
molecular weight 427.62) Synonym: Ebeiensine, Peimissine,
veratraman-6(5H)-one, (3$)-17,23-Epoxy-3-hydroxy
veratraMan-6(5H)-one] peimiphine (C27H46O3N, melting point
127EC) peimidine (C27H45O2N, melting point 222EC),
peimitidine (C27H44O3N, melting point 188EC), fritimine
(C38H62O3N2, melting point 167EC), fritillarin (C28H62O3N, melting
point  167EC),  verticin  (C19H32O2N,  melting  point  224EC)  and
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Fig. 2: Map of Uttarakhand indicating sites of F. roylei

Fig. 3(a-c): Chemical structures of isolated compounds in F. roylei, (a) Peimine, (b) Peiminine and (c) Peimisine

verticilline (C19H33O2N, melting point 148-150EC). The bulbs
also contain a neutral constituent, propeimin (C29H48O3N,
melting point 188-189EC) and a sterol1,27-32 (C27H46O, melting
point 137EC) (Fig. 3). 

Ethno-medico-botany:     It       possesses     anti-asthmatic,
anti-rheumatic,  galactogogue,  febrifuge,  haemostatic,
ophthalmic    and      oxytocic1,8,33,      anti-tussive,    anti-viral,
anti-microbial34,35,       anti-tumor36,         Anti-ulcer37        and
anti-hypertensive   properties38.   The   bulbs   of   F. roylei
(usually collected in 3rd year) are used traditionally in the
treatment of asthma, bronchitis, burns, stomach troubles and
as a stimulant25. In Indian system of medicine, it is also used as

aphrodisiac2. The roots are used for  healing  wounds,  corms
in Ayurvedic  and Unani  medicine. In Jammu and Kashmir,
India, F. roylei  is used traditionally for rheumatism, asthma,
tuberculosis and as a tonic39. The bulb of the species is boiled
with orange peel and given in the treatment of tuberculosis
and asthma40. In Uttarakhand, India the bulb powder is given
with milk as tonic for body weakness41. It is also believed that
F.  roylei  is very strong cough suppressant (Anti-tussive) and
source of expectorant drug in traditional Chinese medicine42.
In Indian Himalayan region, the roots of the species are used
for the treatment of asthma, bronchitis and stomach disease43.
It is also used for the treatment of bronchial disorder and
pneumonia in Chinese system of  medicine.  The  bulbs  are  an
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important constituent of a Chinese drug, Szechuan-Pei-Mu
used as anti-pyretic, expectorant and lactagogue1. In Pakistan,
the powder of dry bulbs mixed with butter is used to treat
urinary tract infections and to soften and soothe the skin44.
The bulb of the species is also useful in the treatment of fever,
hemorrhage and milk deficiency2.

Statement of problem: The growth and distribution of a
particular plant species is depends on its adaptability
attributes and growth conditions45. Habitat degradation,
illegal and unscientific collection, climate change and
anthropogenic  activities  has  created  a  heavy  pressure  on
the population of F.  roylei  in Western Himalaya. Following
various   biotic   and   abiotic   pressures,   the   populations  of 
F.  roylei  showed  marked  decline  of  58-77%  during  the  last
few decades in Western Himalaya9. This decline is attributed
to  obstruction  in  reproductive phase with  early  snowfall
which   prevents    seed    maturation    and    regeneration46 
and  grazing47  (Fig.  1d).   Conservation  Assessment  and
Management  Prioritization  (CAMP)  assigned  global  status
of   this   herb   under   endangered   category48.   Moreover,
IUCN assigned critically endangered status for North-West
Himalaya and endangered status  for  Jammu   and  Kashmir 
state  of  India49,50. For Uttarakhand, the species assigned
critically endangered status51. Further continued harvesting of
the herb from the wild to meet the demands of the herbal
pharmaceuticals is another concern. 

Strategies for future prospects: Documentation and
conservation through systematic approach and its traditional
knowledge system is the most important aspect. The
Convention on Biological Diversity (CBD) states that the
systematic study for conserving medicinal plants plays a vital
role in environment management and development through
traditional as well as scientific practices52.  It is well established
that  the  cultivation  of  such  potential  and endangered herb
is  prerequisite48. Also,  regeneration  protocols  for  F. roylei
through in  vitro  bulblet method53 and seed8 are available.
These two direct approaches may contribute significantly to
the population restoration and sustainable availability, beside
the cultivation has moderate level of difficulties. Thus, strategy
for the future prospects of this species is to be worked out.
This may include (i) In situ conservation, (ii) Ex situ  cultivation,
(iii) Sustainable harvesting and (iv) Policy interventions for
conservation, development and harvesting (CDH) plan. To
achieve this goal the following conservation methods should
be considered: (i) A thorough survey on F. roylei  should be
carried out to gather details information about its natural
habitats,     preferences,       adaptability,       growing      season,

interferences,   vegetative    and    reproductive    phenology,
(ii) Policies and strategies for harnessing optimum economic
returns from cultivation, (iii) In situ  conservation through
Medicinal Plants Conservation Area networks (MPCA), National
Parks (NPs), sanctuaries and Ex situ  conservation through
botanical garden and herbal garden etc., (iv) Development of
appropriate agro-technology for mass scale commercial
cultivation and (v) Proper training on scientific methods of
conservation, development, harvesting and management etc.
to the persons engaged in the harvesting54.

CONCLUSION

Considering the high demand due to medicinal values
and the critically endangered status of the herb and  priority
for its in situ conservation and ex situ cultivation should be a
prerequisite. Population assessment using standard ecological
methods should be carried out for the quantification of the
existing stock of this species in its natural habitats. Unscientific
and illegal collection should be strictly prohibited from natural
habitats. These strategies will be useful in the conservation
and sustainable availability of this potential herb.
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