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ABSTRACT

The present study is aimed at the development and evaluation of pharmacognostical and physicochemical
characteristics of four medicinally valued Asparagus species (Asparagaceae) found in Nepal. Of the 300 species of Asparagus
found worldwide, Nepal harbors 7 species, viz. Asparagus lycopodineas (Baker) F.T. Wang & Tang, Asparagus adscendens
Roxb., Asparagus curillus Buch-Ham. ex Roxb., Asparagus filicinus Buch.-Ham. ex D. Don (var. brevipes Baker, and var.
filicinus), Asparagus penicillatus H. Hara (Endemic species from Dolpa), Asparagus racemosus Willd. (var. racemosus, and
var. subacerosus Baker), and Asparagus tibeticus F.T. Wang & C. Chen. One of the species, Asparagus racemosus
commonly known as Wild asparagus (Shatavari) is an important medicinal plant used against various disorders in indigenous
and Ayurveda system of medicine. Besides this Asparagus curillus, A. adscendens and A. penicillatus are also used as
substitutes for A. racemosus. There are very few reports on microscopic evaluation, standardization parameters and chemo
profile of other species of Nepal rather than Asparagus racemosus, to check the identity and purity of the drug. The present
work exemplifies the studies carried out for quality control of drugs as per WHO guidelines which includes macro- and
microscopic features, physicochemical parameters like loss on drying, foreign matter, extractive value, ash value and
preliminary phytochemical screening for the quality assurance of the drug.
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INTRODUCTION
Of the 300 species of Asparagus found the wild. Asparagus racemosus (Kurilo, Shatavari) is

worldwide, Nepal harbors 7 species so far viz. Asparagus
lycopodineas (Baker, and var. filicinus), F.T. Wang &
Tang, Asparagus adscendens Roxb., Asparagus curillus
Buch.-Ham. ex Roxb. Asparagus filicinus Buch.-Ham. ex
D. Don (var. brevipes Baker, and var. filicinus),
Asparagus penicillatus H. Hara (Endemic species from
Dolpa), Asparagus racemosus Willd. (var. racemosus,
and var. subacerosus Baker), and Asparagus tibeticus
F.T. Wang & C. Chen (New record from Mustang), in
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one of the top ten most traded high value MAP species
having therapeutical and nutraceutical importance
(Acharya, 2005; Tiwari, 2004). It is also one of the
prioritized species for conservation viz. Vulnerable,
Cultivation Priority (Bhattarai NK et al, 2002; IUCN,
2004; GoN, 2006). Other species Asparagus curillus,
Asparagus adscendens are also reported to have
medicinal value and used as substitutes or adulterant for
Wild asparagus (Asparagus racemosus). According to
WHO (World Health Organization) the macroscopic and
microscopic descriptions, phytochemical, biochemical
and physiochemical characteristics are some steps
towards establishing the identity and degree of purity for
plant material (WHO, 1998).
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Pharmacognostic characteristics are studied so far for
Asparagus racemosus Willd. (Mandal SC et al., 1996;
Battu & Kumar, 2010; Alok S et al., 2013). Nepalese
Satavar (Pili Satavar) is considered as best quality drug in
the Indian market in relation to its efficacy. But its
pharmacognostic study and phytochemical screening of
different traits from different ecological habitats is still
lacking. While considerable information on A. officinalis
and A. racemosus are available from Nepal, the same are
lacking for other species of the genus. In fact, some of
the Asparagus species have been found adulterated or
substituted in raw material trade but their merit or
harmfulness in terms of their chemical constituents have
not so far been investigated. So it is very urgent need to
characterize the species to prevent frequent adulteration
of Asparagus raw materials. Thus, this study was to
explore the drug potentialities of other species of
Asparagus and to provide referential information for the
correct identification of the crude drug on the basis of
these standardization parameters.

MATERIAL AND METHODS

In the present study, four species of Asparagus
L. viz. Asparagus racemosus, Asparagus curillus,
Asparagus lycopodineus and Asparagus penicillatus were
selected on the basis of availability and accessibility to
compare there pharmacognostic and physico- chemical
characteristics so that they can be differentiated from each
other even in their drug form to avoid adulteration and
maintain purity of the drugs. These four species were
collected from Makwanpur, Rasuwa, Ilam and Rukum
districts respectively. The voucher specimens were
identified from KATH, a National Herbarium of Nepal
and deposited there. Fresh tuberous roots from all these
species were collected, washed and dried and were
powdered  for  further  physico-chemical  and
phytochemical analyses.

The macroscopic characters of roots were
recorded and photographed using digital camera (DSC
W220, Sony Corp, Japan). Size measurements were made
using scale and the microscopic observations were
recorded under stereoscopic photo-microscope (Amscope
software) using a micrometer. For anatomical study of
each species, transverse section of fresh root sample was
made using sliding microtome (Radical RMT-45) and free
hand sections whatever suitable and stained with safranin
5 % and fast green. Cell types were recorded under a
compound microscope. Root powder of each species were
also examined microscopically and photographed under
different magnifications. Photographs were taken by
Amscope microscope eyepiece camera (MD35).

Physico-chemical parameters such as percentage
of total ash, acid-insoluble ash, water soluble ash,
extractive values of water and alcohol were calculated as
per the methods of Indian Pharmacopoeia (Anonymous

1996).

For the preliminary phytochemical analysis,
15gm powdered drug was extracted in soxhlet apparatus
with petroleum ether, ethanol and water successively. The
extracts were dried and weighed. The presence or absence
of different phyto-constituents viz., triterpenoids,
alkaloids, steroids, sugar, tannin, glycosides and
flavonoids, etc. were detected by usual prescribed
methods (Ciulei I, 1985).

RESULTS AND DISCUSSION
Species selection

Among 7 species reported in Nepal, four species
namely A. penicillatus, A. curillus, A. lycopodineus and A.
racemosus were selected for present study. Their
distribution, altitudinal range of occurrence and
ecological habitat are presented in Table 1, Figure 1.

Morphological analysis

Macro-morphological features of four species are
described in Table 2. Among the four species, A.
racemosus and A. curillus are subshrub with basal portion
of stem woody and distal portion herbaceous. Other two
species, A. lycopodineus and A. penicillatus are
herbaceous with not more than 1m plant height. Root
tubers are long and slender in A. curillus, while in A.
lycopodineus swollen parts are not more than 5 cm and
are blackish brown in color (Figure 2).

Microscopic analysis (Figure 3)
Anatomical characters of roots

Transverse section of root of Asparagus reveals
outermost single layered piliferous layer followed by few
layered thick walled hexagonal parenchymatous
exodermis. Below exodermis there lies spherical
parenchymatous cortex. Endodermis is single barrel
shaped layered cells which is followed by single to few
layered pericycle. Vascular bundle is as in all monocot, a
radial type. Central core is filled with thin walled
spherical parenchymatous pith. Besides this, root
anatomical parameters in different species of Asparagus
showed some specific structural modifications.

In A. racemosus also piliferous layer is devoid of
hairs. It is followed by 6-8 rows of thick walled
hexagonal parenchymatous cells of exodermis. Here also
in the cortical zone few layers below the exodermis, 2-3
layers of distinct stone cells are present which are not
present in other 3 species. Few cortical cells also possess
raphids of crystals. Above endodermis there lie 2-3 layers
of thick walled pitted parenchyma cells. Pericycle is
single layered. The number of radial vascular bundle
ranges from 35 to 45 and the diameter of xylem vessel is
17.52-65.53um (Figure 1 a, b).

In A. currilus, piliferous layer is devoid of hairs
followed by 8-10 rows of thick walled hexagonal
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parenchymatous cells of exodermis. In the cortical zone,
scattered and isolated or groups of stone cells were found.
Above endodermis 2-3 layers of thick walled stone cells
are found which are not present in other 3 species.
Pericycle is single layered. The number of radial vascular
bundle ranges from 38 to 40 and the diameter of xylem
vessel is 14.54-118.45um. Metaxylem vessels are more
prominent in this species (Figure 1c, d).

In A. lycopodineus, piliferous layer consist of
numerous unicellular root hairs. Exodermis is composed
of 5-6 layered hexagonal parenchymatous cells. Cortex is
differentiated into outer and inner cortex. Outer cortex
consists of thick walled spherical parenchyma with few
scattered isolated stone cells and abundant raphids of
crystals embedded. Inner cortex consists of thin walled
spherical and large parenchymatous cells. Pericycle is
single layered with large cells. Vascular region possess
minimum xylem and phloem area as compared to rest
three species of Asparagus. The number of vascular
bundle ranges from 30-35 and the diameter of xylem
vessel is 3.9-12.17 um. The xylem vessels are surrounded
by thick walled sclerenchymatous cells (Figure 1 e, f).

In A. penicillatus piliferous layer is devoid of
root hairs. Outer cortex consists of thick walled spherical
parenchyma with few scattered isolated stone cells. Inner
cortex consists of thin walled hexagonal large
parenchymatous cells. Pericycle is double layered.
Vascular region possess minimum xylem and phloem area
as compared to rest three species of Asparagus. The
number of vascular bundle ranges from 30-35 and the
diameter of xylem vessel is 70.32um in average. The
xylem vessels are surrounded by thick walled
sclerenchymatous cells (Figure 1 e, f). These microscopic
features can be used as a rapid inexpensive botanical
identification technique and is useful in standardization
(Kaikade & Ingole, 2015; Nawaz et al., 2012; Raycheva
and Stojanov, 2013). In addition, structural modification
in different species is due to environmental impacts. More
stone cells in A. currilus and A. racemosus than in other
two species may be due to their growth in steep slopes
where water retaining power of soil is comparatively low.

Table 1. Distribution, habitat and ecology of Asparagus species

Powder analysis of roots

Root powder of Asparagus species are creamy
yellow in color, except for A. lycopodineus which is
blackish brown (Fig.4). Acicular raphides, pitted vessel
elements with scalariform thickenings, stone cells are
major elements found in powder analysis of all species.
Similar features are found (Rajbhandary TK et al., 1995
and Gupta et al., 2003).

Physico chemical analysis

The physico-chemical parameters like moisture
content, ash values and extractive values (both water
soluble and alcohol soluble extractive value), were
determined which are given in Table 3&4. These findings
can be used to help in maintaining pharmacopoeial
standards for the drug.

Phytochemical analysis

The phytochemical screening of root tubers of
selected study species was done by using the different
extracts that was extracted through successive solvent
extraction with petroleum ether, ethanol and water. The
yield of water extract (maximum 80.74% in A.
lycopodineus) was more than that of alcohol extract
(minimum 7.04 % in A. penicillatus). Both are in the
range of standard value as given by Department of Plant
Resources and By Indian Pharmacopoeia. Phytochemical
study shows more or less similar phytoconstituents such
as volatile oil, Steroidal glycoside, saponins, reducing
compounds, tannins and coumarins. It was observed that
maximum number of constituents were present in alcohol
and aqueous extract (Table 5). In earlier studies also
Asparagus racemosus showed the presence of steroids/
triterpenoids, alkaloids, flavonoids, carbohydrates and
tannins (Nagamani T et al, 2012; Janani &
Singaravadivel 2014), while A. curillus showed presence
of Oligofurostanosides (curillins G and H) and
spirostanosides (curilloside G and H) (Negi T et al.,
2010).

o Altitude
S.No Taxon Name Distribution in Nepal Range (M) Ecology

1 A. curillus West to Central region 700-2850 In forest, marginal land, plain,
steep slope SW face

2 A. lycopodineus Central to Eastern region 1530-2100 In mixed broadleaved forest

3 A. penicillatus West 1500-1900 In forest, dry stony slope

4 A. racemosus West to East 140-2100 In forest, plain or slc_>py area NE
face, humous rich soil
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Table 2. Morphological features of four study species
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Species Name | Habit Plant Root tuber Cladodes Spiness Flower
height (m) length Color No Size size Color | Size (mm)
(cm) (mm) (cm)
A. curillus Sub- 1-35 8-60 Cream 3-8 |0.3-06 0.5-2.5 | white 3.0-4.0
shrub

A Herb 0.4-1.0 1.5-5 brownish 1-5 0.3-0.5 0 White | 3.0-4.0
lycopodineus black

A. penicillatus | Herb 0.3-0.9 5-15 light yellow 1-4 0.3-0.5 0.3-0.7 | Lilac 4.0

white
A. racemosus | Shrub 1.5-5 6-14 Yellow 3-11 | 0.3-3 0.5-1.5 | White 3.0-5.0

Table 3. Physico-chemical properties of four targeted species

o -
SN Name of Species T?&SL?E:SS)) Moisture (%) Wa;igs((c;/lol;ble AC'E\SIF? Z‘,’/L‘;b'e
1 Asparagus curillus (Rasuwa) 3.52 10.17 1.24 0.66
2 Asparagus lycopodineus (llam) 2.87 6.87 1.51 0.45
3 Asparagus penicillatus (Rukum) 1.5 7.67 15 0.073
4 Asparagus racemosus (Makwanpur) 5.88 6.01 2.34 0.96
Standard value (Gupta et al. 2003) <6 11 NA <1

Table 4. Extract Values of four targeted species compared with Indian Standard value

. % of extractive Standard value Standard Value (Indian
Species names Solvent
values (DPR) Pharmacopoea)
A. curillus Ethanol -
A. lycopodineus Ethanol -
A. racemosus Ethanol 19.48 >15 >9
A. penicillatus Ethanol 7.04
A. curillus Water 62.10
A. lycopodineus Water 80.74
A. racemosus Water 53.32 >34 >34
A. penicillatus Water 48.74
Table 5. Phytochemical screening of study species
Extract type Asparagus racemosus Asparagus Asparagus curillus Asparagus
lycopodineus penicillatus
Petroleum Volatile oil Volatile oil, steroid, | Steroids, fatty acids Steroids, fatty acids
Ether Extract fatty acids
Alcoholic Coumarin, flavonoid, | Catecholic tannin, | Catecholic tannin, | Coumarin, Steroid,
Extract Catecholic tannin, | reducing compound reducing compound reducing compound
reducing compound
Aqueous Polyuronoid,  reducing | Polyuronoid, reducing | Polyuronoid,  reducing | Polyuronoid,
Extract compound, plyoses, | compound, plyoses, | compound, plyoses, | reducing compound,
Saponin, Gallic tannin, | Saponin, Gallic tannin, | Saponin, Gallic tannin, | plyoses, Saponin,
catecholic tannin catecholic tannin catecholic tannin
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Asparagus racemosus

Fig 1. Habit of four studied species of Asparagus

Asparagus
lycopodineus

Fig 2. Roots of Asparagus species
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Annular pitted vessel

Pitted tracheid

Stone cell

Parenchymatous cells with stone cells

Lignified pitted vessel

CONCLUSION

Morphological variation of roots was found
significant while microscopic features are more or less
similar among the 3 species studied. Only slight structural
variation  detected in  anatomical  characters.
Phytochemical constituents are also found similar.
Steroidal saponins, coumarin, flavonoids, are major
compounds detected. Physicochemical parameters and
extractive values are in the range of standard value coated

by Indian Pharmacopeia (Anonymous 1996). However,
the results are found to be significant in proper
identification of different Asparagus species. Asparagus
racemosus is a rich source of steroidal saponin, and also
contains alkaloids, proteins, starch, tannin, mucilage and
diosgenin (Parveen AK et al., 2007). Nepalese Satavar
(Pili Satavar) is considered as best quality drug in the
Indian market in relation to its efficacy. Roots of A.
curillus is generally used as substitutes/adulterants for A.
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racemosus. Asparagus lycopodineaus is insignificant
commercially as well as productivity point of view.
Asparagus penicillatus is endemic to Nepal, and it is also
found to be used as substitute for A. racemosus and
gaining popularity for its vigorous root tubers. Further
detail study of this species is needed to exploit its
potentialities.
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