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Abstract

Datura metel Linn. (Family: Solanaceae) is a common road side weed that widely distributed
throughout India. The plant is commonly known as throne apple. The present study is aimed at
comparative pharmacognostical studies in terms of macroscopic and quantitative microscopy on
different solvent (chloroform, methanol and water) extracted leaves, stem and root parts of D.
metel, procured from Bangalore soil zone, Karnataka, India. Initially, the soil parameters are
checked for presence of various metals and other physicochemical properties. The results revealed
the soil is sandy loam with the pH of 7.80, organic carbon content 0.32%, electrical conductivity
(EC) was 14.20 mScm–1 and the soil redox potential was 16.20 mV. The quality parameter includes
physicochemical and phytochemical evaluation of the powder as well as the extract was determined
as per the standard method. Macroscopical and microscopical evaluation of leaf, stem and root
gave special identification characters. Phytochemical investigation reveals the presence of
alkaloids, carbohydrate, protein, phytosterols and diterpenes. Thereafter, presence of scopolamine
was identified with HPTLC method and percentage of scopolamine resulted higher of 0.78 in
methanol leaf extract. This may be due to the soil nature of the Bangalore zone and the effect of
solvent where active constituents are soluble maximum to get more yield.
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1.  Introduction

Medicinal plants are continued to provide useful tools for treating
various diseases. The practices of traditional medicine are based on
traditional belief and observations, which predate the development
and discovery of newer medicine and moreover due to minimal side
effects, the prime interest towards herbal field is explored
worldwide.

So, before establishment of any therapeutic efficacy of the plant
species, preliminary standardization, i.e., procurement of plant
species from soil zone and soil behavior are most essential and
based on that chemical constituent, plant growth rate, different
activities will vary. Many literatures revealed that cultural condition
is the most important factor for any plants to establish any strong
result likely, Orhan et al. (2013) reported antioxidant activity varies
with the same Centella asiatica plant collected from Turkey and
India, furthermore, the author also reported varied amount of
constituents present in the same plant. Effect of agropractice is
also plays a significant role for enhancing constituent present and
its effect on therapeutic activities in medicinal plants (Nepovim
et al., 1998; Das and Dang, 2010; Das et al., 2012). Thereafter,

Street (2012) concluded that various medicinal plants can accumulate
heavy metals from soil and environments. For example, medicinal
plants like Senecio coronatus (Thunb.) Harv. (Asteraceae), Datura
metal L. (Solanaceae), Datura innoxia, Helichrysum candolleanum,
H. Buek (Asteraceae), Blepharis diversispina (Nees) C. B. Clarke
(Acanthaceae) and Rauwolfia vomitoria  (Apocynaceae) are
accumulator of Ni, Co and Ni, Zn, Cu, Ni and Fe, respectively
(Kelly et al., 2002; Bhattacharjee et al., 2004; Nkoane et al., 2005;
Okem et al., 2014). Therefore, consumption of heavy metals beyond
limits containing medicinal plants or plant products may invite
countless health implications (Street, 2012). Besides, solvent
system plays a major role in extraction of plant constituents and
showed significant medicinal activities as per the research evident
(Sammaiah et al., 2006; Das et al., 2009; Babu et al., 2015). Oflate,
Datura metel Linn. (Solanaceae) is a wild subglabrous spreading
herb plant, which grows throughout India. The plant is perennial,
herbaceous and about 1.5 m in height. The leaves are simple, alternate,
dark green and ovate in shape. The fruits are round with thorns
(Prasanna and Yuwvaranni, 2014). These characters revealed the
pharmacognostic summery for identification of the plant species.
Moreover, this plant is considered as a poisonous plant when
taken in large doses (causes delirium, coma and even death) due to
presence of high content of alkaloids but in low doses it acts as
therapeutic agent (Donatus and Ephraim, 2009) and the activities
depend on various phytoconstituents that present in the whole
plant like alkaloids, flavonoids, phenols, tannins, saponins and
sterols. Specifically constituents like hyoscyamine and
scopolamines are majorly reported by several researchers (Chopra
et al., 1986; Oliver-Bever, 1986). Steroidal constituent, i.e.,
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daturasterol from the leaves (Ali and Shuaib, 1996), hyocine,
hyoscyamine from root were isolated specifically. Seeds and leaves
contain scopolamine. Datura herb contains 0.23% of total alkaloid
among which hyoscine is the main alkaloid while L-hyoscyamine
and atropine are present in very less quantities (Kokate et al.,
2008). These constituents are resulted significant ethanopharmaco-
logical activities like in the treatment of anodyne, antispasmodic,
epilepsy, hemorrhoids, skin ulcers, wounds, used to treat laryngitis
and treacheries (Dabur et al., 2004). Further, it is also used to treat
impotence, asthma, skin diseases and control fever and as a drug for
criminal purposes (Parrotta, 2001). Antimicrobial activity,
antioxidant activity and anti-inflammatory activity was also
reported for this same species (Harbone, 1999; Okwu and Igara,
2009; De Britto and Gracelin, 2011; Alabri et al., 2014) with the
same plant species. Recently seed extract was used for the sedative
activity (Babalola et al., 2015). Overall summery revealed that
pharmacognostical and phytochemical studies are the main
important tools for the preliminary standardization of plant
materials to distinguish it from its related species, isolation of
constituents and screening of various pharmacological activities,
ensuring the quality of the market formulations (Chidambaram and
Aruna, 2013). Based on that, the present comparative study was
carried out to determine the effect of soil health and other cultural
conditions on Datura plant vis-a-vis in relation to identify the
plant species by pharmacognostical and physicochemical
estimations for the various extracted parts and presence of the
constituent (scopolamine) through HPTLC method was identified
in the plant parts with various solvents which has scantly scientific
evidences from Indian originated Datura plant.

2.   Materials and Methods
2.1 Collection of samples

The different parts of D. metel Linn. like leaves, stem and roots
were collected from cultivated land of Indian Institute of
Horticultural Research (IIHR), Bangalore, India and authenticated
by Dr. T. N. Shivananda, Principal Scientist, Medicinal and Aromatic
Plants Division, IIHR, Bangalore. The parts of plants were kept in
department of Pharmacognosy, Al-Ameen College of Pharmacy,
Bangalore, as herbarium for future references (Voucher No: 208).

2.2 Soil analysis

Soil pH was measured with a glass electrode using a 1:1 sample/
water ratio and electrical conductivity (EC) was measured with a
meter and probe as using a 1:5 sample/water ratio (McLean, 1982).
The soil redox potential (Eh) was measured using a standard Pt
electrode (HORIBA redox potential meter, Japan). Mechanical
analysis was carried out by International pipette method (Piper,
1950) to determine the percentages of sand, silt and clay from
soils. Determinations of cation exchange capacity (CEC) were made
in BaCl2 by the Gilman method (Rhoades, 1982) and total organic
carbon was determined by the Walkley and Black wet dichromate
oxidation method (Nelson and Sommers, 1982). PO4

3-was
determined colorimetrically (Varian Cary 50 Bio spectrophotometer,
Australia) according to the method described by Peachey et al.
(1973). Extracted heavy metal concentrations were determined using
atomic absorption spectrophotometer (AAS; Perkin Elmer model:
AAnalyst 100; Australia). Assessment of potentially phytoavailable
metals (Cd, Cr, Cu, Fe, Ni, Pb, and Zn) in soils was conducted
using the DTPA/TEA method, developed by Lindsay and Norvell
(1978).

2.3 Pharmacognostical evaluation

The plant parts were subjected to powder microscopical
examination as per the standard methods (Kokate, 1996).
Preliminary chemical tests were carried out separately for all the
extracts to determine the presence of various chemical constituents
(Harbone, 1994). Quantitative standards like moisture content, total
ash value, acid insoluble extractive values and water soluble
extractive values were determined as per the standard methods (IP-
1996; WHO, 1998) and results were tabulated in the result section.

2.4 Extraction

Three solvents, viz., chloroform, methanol and water were used for
extraction of different parts of the above said plant. The extraction
was done using soxhlet apparatus.

100 g of powdered plant parts was subjected to Soxhlet extraction
with three solvent such as chloroform, methanol and water for 6 h.
separately. Each time before extraction with next solvent, the
powdered material was air dried. All the extracts were concentrated
by using rotary vacuum evaporator at 45oC and further weighed.
The percentage of different extractive values was calculated with
respect to air-dried substance and results are tabulated as calculated
by the following formula:

100
W
WYieldof%

2

1 

where, W1 is the weight of the extract after solvent evaporation,
W2 is the weight of the plant powder.

2.5 HPTLC method

HPTLC method was developed for evaluation of scopolamine
content in D. metel Linn. The following conditions were selected
for the chromatography.

Instrument: HPTLC method was developed for evaluation of
scopolamine in D. metel Linn.

Stationary phase: Merck TLC plates silica gel 60 F 254 (10×10cm).

Mobile phase: Various combinations of mobile phase were used
to standardize the HPTLC system for scopolamine content, viz.,
chloroform: methanol: dietylamine (8.5:1.5:0.1), chloroform:
acetone: dietylamine (5:4:1), chloroform: methanol: 25% ammonia
(85;15:0.7), ethylacetate: methanol: water (95:4:1), chloroform:
methanol: formic acid (8.2:2.0:0.1) and chloroform: methanol
(80:20).

Preparation of standard solution: 10 mg of standard scopolamine
was dissolved in 10 ml methanol to give a concentration of 1 mg /
ml.

Preparation of sample solution: 100 mg of chloroform leave,
methanolic leave, methanolic stem, and methanolic root extracts of
Datura samples were dissolved in 10 ml of methanol and filtered
through Whatman No.1 filter paper.

Standard and sample application: For quantification of each
extracts, scopolamine active extracts 10 µl of all sample solutions
were spotted along with 1-10 l of the standard solution. The
chromatograms were developed and scanned at 191 nm. The amount
of scopolamine present in each extracts was calculated by comparing
the peak area of standard and respective samples.
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Development and scanning:  The spotted plates were individually
developed up to 85 mm in a previously saturated chamber. The
developed plate was scanned in the range of 190- 400 nm. The nm
at which the peak obtained maximum height and area was considered
as max. Chromatogram was scanned at max to compare the peak
area of sample and standard.

Derivatization: 100 ml modified dragondroff’s reagent was used
as spraying reagent.

2.6 Statistical analysis

All the data were replicated thrice and statistically determined Mean
± SEM of mean and the graphs were prepared by Microsoft excel
2010. A linear correlation coefficient analysis was performed in
order to determine relationship among different parameters evaluated
from leaf, stem and root extracts of Datura plant and correlation
between content of phytoconstituents and extract. Differences were
considered significant at p < 0.05.

3.  Results and Discussion

3.1 Soil analysis

Before collection of the plant samples, the soil nature of the Banga-
lore zone was analyzed as per the above procedure, described in
the earlier section and the result was tabulated in Table 1 and
Graph 1.

   Table 1: Preliminary soil sample analysis

Soil parameter Report

pH 7.80±0.02

EC (1:5) (mScm-1) 14.20±0.16

Eh (1:1) (mV) 16.20±0.20

Organic C (%) 0.32±0.01

PO4
3- (mg kg-1) 7.20±0.13

Sand (%) 62.03±0.54

Silt (%) 16.67±0.22

Clay (%) 21.30±0.28

Texture Sandy loam

CEC (cmol kg-1 ) 13.20±0.12

  Values represent mean of three replications ± XSE

Graph 1 : Soil analysis of report of Bangalore zone

 Values represent mean of three replications ± XSE , same letter(s)
in a graph represent non-significant difference between the
metals.

3.2  Pharmacognostical evaluation

3.2.1 Microscopic characters

3.2.1.1 Leaf powder

The leaf shows uniformly thick and prominent vein lets forming
well defined vein islets and vein- terminations. The islets (areoles)
are wide and variable in shape. Smaller islets are squarish and larger
ones are rectangular to polyhedral. Vein-terminations are invariably
present in all islets. Majority of the terminations are simple, long,
slightly curved. Calcium oxalate drases are abundant in the vein
islets. Some nonglandular, unisarriate, unbranched trichomes are
observed in the powder (Figure 1). They have thick walls with
watery surface with 150 m long and 20 m wide at the base. The
trichomes have tapering tip and curved shape.

Figure 1: VT= Vein termination; VI= vein lets; CT= Curved
trichome; Dr=Drases
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3.2.1.2 Stem powder

Vessel elements and fibers are common elements in the powder.
They are wide, short, cylindrical with long or short tails at both
ends. They have wide, elliptical, multisaviate lateral wall pits. The
vessel elements are 350-520 m long and 90-110 m wide. Fibers of
two types are seen in the powder, some are wide and thin walled
and some are narrow and thick walled. The narrow fibers are longer
(900 m) and wider ones are (600-700 m) long. Tracheids which are
similar to fibers, lent with district lateral wall pits, these fibers like
tracheids are called fore tracheids. Long, wide uniformly thick-
walled, darkly staining canals are frequently seen in the powder.
They are probably secretary tubes or canals. Parenchyma cells and
the form flaricks are very common in the powder. They are thin
walled with simple pits (Figure 2).

Figure 2 : Fi = fiber; PP = perforation plate; LWP = lateral wall
pits; T = tail; XP = xylem parenchyma; Sc = secretory
canal; WF = wide fiber

3.2.1.3 Root powder

The coarse root powder showed the presence of (i) Vessel elements:
The vessels elements are shorts, cylindrical with shorts tails at

both ends or at one end. The vessels elements have simple, circular,
oblique perforation plate at both ends. Lateral wall pits are elliptical,
crowded and well developed. The vessel elements are 270 m long
and 50 m wide. (ii) Fibers: They are more abundant in the powder.
They are of two types of fibers are observed, viz., narrow, thick
walled, long and gradually repining fibers that are 750 m long and
20 m wide and wide fibers, they are wide in the middle and abruptly
tapering at the ends. Their walls are 700-800 m long and 40 m wide.
(iii) Sclereids: They are frequent in the powder. They are rectangular,
triangular of square shaped. They have thick lignified walls and
wide lumen (Figure 3).

 

Figure 3: Fi = fiber; VE = vessel elements; PP = perforation plate;
NF = narrow fiber; Scl = selereid; WF = wide fiber

3.3 Proximate analysis

All the plant parts were subjected to evaluate moisture content,
total ash, acid insoluble ash, alcohol soluble extractive values and
water-soluble extractive value as per the method describe above.
The results were tabulated in Table 2 and Graph 2.

Graph 2 represented the R2 values for all the parameters from
different parts of plants. Leaf sample showed comparatively higher
R2 value of 0.320 than stem and root part. This may be because of
storage of all the nutrients and other metal ions which enhances the
result of various proximate analyses.

3.4 Yield of extracts

Various solvents, viz., chloroform, methanol and water were used
for the extraction of plant constituents from leaves, stem and root
parts of Datura plant and resulted varied percentage of practical
yield which was calculated as per the formula described in the
earlier section and the results were tabulated in Graph 3. Methanol
leaf extract showed highest percentage of yield of 20.46 ± 0.02*,
followed by stem methanol extract (13.27 ± 0.24).
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     Table 2: Proximate analysis of the leaf, stem and root parts of D. metel Linn.

Plant parts Moisture Total Ash (%) Acid insoluble % alcohol soluble % water soluble
content (%)  ash (%)  extractive extractive

Leaf 5.20 ± 0.04* 14.82 ± 0.01* 2.30 ± 0.01* 22.18 ± 0.01** 16.22 ± 0.11*

Stem 2.42 ± 0.02* 14.64± 0.03* 2.12± 0.20* 18.36 ± 0.02* 9.38 ± 0.03

Root 1.24 ± 0.16 11.31 ± 0.11* 2.04 ± 0.11 17.28 ± 0.23 10.34 ± 0.02

  Values are triplicates and calculated Mean ± XSE . (*) = p<0.05; (**) = p<0.01

Graph 2: Determination of moisture content, total ash, acid in soluble ash and extractive values in different parts of Datura plant

Graph 3: Percentage yields from various parts of Datura plant using different solvents
  All the values were calculated Mean ± XSE  (n=3);  ( * ) significant among the extracts.
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These correlations showed that solvents played major role for
optimization of yield with respect to solubility of the constituents.
Earlier reports also revealed the same research (Wang et al., 2004;
Maji et al., 2010; Varughese and Tripathi, 2013; Dasola et al., 2014;
Das and Tribedi, 2015). Further, all extracts were preliminary
evaluated by chemical test for the presence of chemical constituents.
Chloroform extract of leaves samples showed the presence of
alkaloids, phytosterols, diterpenes whereas methanol and water
extracts showed the presence of carbohydrates, proteins and
diterpenes. Likely, the stem extracted with chloroform showed the
presence of alkaloids, carbohydrate and methanol and water extracts
of stem shows the presence of glycosides, phytosterols, flavonoids,
proteins and diterpenes. Thereafter, chloroform root extracts
showed the presence of alkaloids, methanol root extract showed
presence of alkaloids, proteins whereas aqueous extract showed
presence of alkaloids, proteins and carbohydrate which were
correlated with the earlier reports (Banso and Adeyemo, 2006).

3.5 HPTLC analysis

Among all the above the applied solvent systems, the mobile phase
chloroform and methanol (8:2) gave good resolution with Rf value
of 0.70. Further, the developed method was quantified in term of
limit of detection, limit of quantification and linearity. The limit of
detection of scopolamine was found to be 300 ng and the limit of
quantification was found to be 900 ng after tabulated linearity
graph of scopolamine (1-11 g). The regression value was found to
be 0.99392 % and the standard deviation was found to be 8.42 %
and Y value was 1137.960 + 1393.216* X. Concentration and peak
area of standard scopolamine obtained by linearity are shown in
HPTLC chromatogram and standard scopolamine is shown in Graph
4 and Figure 4.

Graph 4: Linearity curve for standard scopolamine

Figure 4: Detection of standard scopolamine in HPTLC at Rf 0.70

Based on standard curve, all the different extracts were applied and
calculated the percentage content of the same. HPTLC figure showed
that maximum amount of active constituent, i.e., scopolamine con-
tent observed with methanol extract of the Datura leaf part (0.78%),
followed by aqueous leaf (0.58%) and methanolic stem extract
(0.27%), whereas chloroform extract showed very less quantities
of the same but was also showed higher in leaf (0.03%). Interest-
ingly, the content of scopolamine was positively correlated with
the percentage yield when coefficient of correlation was statisti-
cally analyzed (Graph 5) and resulted R2 = 0.961. Das and Dang
(2010) have reported the same results which also showed positive
in this investigation. This may be due to scopolamine which is
highly soluble in methanol. Furthermore, elemental analysis of soil
samples revealed the content of Fe is very high and may be accu-
mulation of all the minerals and other nutrients are more in leaf and,
hence, leaf sample gave comparatively better results. Earlier report
revealed the same concept where leaf sample accumulate maximum
mineral content which resulted maximum yield (Fayed, 2010).
HPTLC track of methanol extract of leaf was depicted in Figure 5
and HPTLC plate was shown for all the extracts along with stan-
dard scopolamine (Plate 1). The scopolamine content (% of dry
weight) of leaves was estimated 0.190%, reported by Hiraoka et al.
(1996) and Issaravanich et al. (2013) reported leaf of D. metel
content 0.56 mg/g (dry wt. basis) scopolamine while estimated by
HPLC method. But our results showed 0.78% scopolamine content
when estimated by HPTLC (after method validation) which is defi-
nitely the impact of cultural condition and soil minerals content.
These minerals were accumulated in the leaf through solublized
form. From the amount of active constituent present, the quality of
the drug can be determined.
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extract
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Plate 1: HPTLC plate for all the extracts along with standard
scopolamine sample

    1     2       3       4     5     6         7      8        9     10     11    12

Track : 1 - 3 Chloroform extract of leaf, stem and root
Track : 4 - 6  Aqueous extract of leaf, stem and root
Track : 7 - 9  Standard scopolamine
Track : 10 - 12 Methanol extract of leaf, stem and root

4.  Conclusion
The present study endow that the D. metel collected from Bangalore
soil zone is healthy and significantly revealed the presence of high
content of scopolamine when compared with stem and root part.
Thereafter, methanol leaf extract showed superior results in all
aspect compared to chloroform and aqueous extracts. Study
confirmed with HPTLC chromatography when the same extract
showed significant positive result between percentage yield and
the scopolamine content. The overall results clearly stated and
indicated that cultural condition, soil properties should consider
for any study with the medicinal plants. Furthermore, solvent
selection will also play a major role for the maximum yield with
phytoconstituents as same was reported in this manuscript.

Conflict of interest

We declare that we have no conflict of interest.

References

Alabri, T.H.A.; Musalami, A.H.S.A.; Hossain, M.A.; Weli, A. M. and Riyami,
Q.A. (2014). Comparative study of phytochemical screening,
antioxidant and antimicrobial capacities of fresh and dry leaves
crude plant extracts of Datura metel L. Journal of King Saud
University of Science, 26:237-243.

Ali, M. and Shuab, M. (1996). Characterization of the chemical
constituents of Datura metel Linn. Ind. J. Pharm. Sci., 5(6):243 -
245.

Babalola, S. A.; Suleiman, M. M.; Hassan, A. Z. and Adawa, D. A. Y. (2015).
Evaluation of Datura metel L. seed extract as a sedative/hypnotic:
A preliminary study. J. Vet. Adv., 5(4):857-862.

Babu, M.P.; Dang, R. and Das, K. (2015). Phytochemical investigations and
characterization of antimicrobial activity of bioguided fractionated
leaves of Agave americana L. Ann. Phytomed., 4(1):61-67.

Bhattacharjee, S.; Kar, S. and Chakravarty, S. (2004). Mineral compositions
of Datura: A traditional tropical medicinal plant. Commun. Soil
Sci. Plant Anal., 35:937-946.

Banso, A. and Adeyemo, S. (2006). Phytochemical screening and
antimicrobial assessment of Albutilon mauritianum, Bacopa
monifera and Datura stramonium. Biokemistri Experi Bio., 18(1):
39-44.

Chidambaram, A.R. and Aruna, A.D. (2013). Pharmacognostic study and
develoment of quality parameters of whole plants of Trichodesma
indicum (Linn.) R.Br. Asian J. of Pharmaceutical and Clinical
Research, 6(3):167-169.

Chopra, R.N.; Nayar, S.L. and Chopra, L.C. (1986). Glossary of Indian
medicinal plants. Council of Scientific and Industrial Research,
New Dehli, pp: 238-240.

Dabur, R.M.; Ali, H. and Singh, J. (2004). A novel antifungal pyrrole
derivative from Datura metel leaves. Pharmazie., 59:568-570.

Das, K.; Dang, R. and Gupta, N. (2009). Comparative antimicrobial potential
of different extracts of leaves of Stevia rebaudiana  Bert.
International Journal of Natural and Engineering Sciences, 3(1):59-
62.

Das, K. and Dang, R. (2010). Influence of biofertilizers on stevioside
content in Stevia rebaudiana  grown in acidic soil condition.
Archives of Applied Science Research, 2(4):44-49.

Das, K.; Dang, R. and Shobha Rani, R.H. (2012). Effect of cultural conditions
on relative sweetness of Stevia cultivated under acidic soil zone of
South India. International Journal of Agriculture and Food Science,
2(3):108-114.

Das, K. and Tribedi, S. (2015). Effect of Zn, Fe and Cu content on
phytochemical investigations and antimicrobial potential of
Alternanthera brasiliana (L.) O. Kuntze leaf extracts procured
from two different states of India. Turk J. Pharm Sci., 12(3): 345-
356.

Dasola, A.M.; Tunbosun, L.A.; Adeyemi, A.L. and Abidemi, O.O. (2014). Effects
of solvent types on the yields and mineral compositions of the
leaf extracts of Moringa oleifera L. African J. of Pure and Applied
Chemistry, 8(9):134-146.

Donatus, E.O. and Ephraim, C.I. (2009). Isolation, characterization and
antibacterial activity of alkaloid from Datura metel Linn leaves.
African Journal of Pharmacy and Pharmacology, 3(5):277-281.

De Britto, A.J. and Gracelin, D.H.S. (2011). Datura metel Linn. : A plant with
potential as antibacterial agent. International Journal of Applied
Biology and Pharmaceutical Technology, 2(2):429-433.

Fayed, T.A. (2010). Effect of compost tea and some antioxidant
applications on leaf chemical constituents, yield and fruit quality
of pomegranate. World J. of Agric. Sciences, 6(4):402-411.

Harborne, J.B. (1994). Phytochemical methods: A guide to modern
techniques of plant analysis. 2nd edn. Chapman and Hall, London,
pp:1-35.

Harbone, J.B. (1999). Phytochemical Dictionary. Taylor and Francis,
London.

Hiraoka, N.; Tashimo, K.; Kinoshita, C. and Hirooka, M. (1996). Genotypes
and alkaloid contents of Datura metel varieties. Biol. Pharm.
Bull., 19(8):1086-1090.

Indian Pharmacopoeia (1996). Govt. of India, Ministry of Health and
Family Welfare, Controller of Publications, New Delhi, A53-A55.

Issaravanicha, S.; Ruangrungsi, N.; Palanuvej, C.; Vipunngeun, N. and
Rungsihirunrat, K. (2013). Microscopic, molecular and scopolamine
content evaluations of Datura metel L. Var. metel and D. metel L.
Var. Fastuosa in Thailand, 4(2):1009-1021.

Kelly, R.A.; Andrews, J.C. and Dewitt, J.G. (2002). An x-ray absorption
spectroscopic investigation of the nature of the zinc complex
accumulated in Datura innoxia plant tissue culture. Microchem.
J., 71:231-245.

Kokate, K.K.; Purohit, A.P. and Gokhale, S.B. (2008). Pharmacognosy, Forty
second edition, Vallabh Prakashan, India, pp:13-44.

Kokate, C.K. (1996). Practical Pharmacognosy. 4th edn. Vallab Prakashan,
New Delhi, pp:10-107.



50

Lindsay, W.L. and Norvell, W.A. (1978). Development of DTPA soil test for
zinc, iron, manganese and copper. Soil Sci. Soc. Am. J., 42:421-
428.

Maji, S.; Dandapat, P.; Ojha, D.; Maity, C.; Halder, S. K.; Das Mohapatra, P. K.;
Pathak, T. K.; Pati, B. R.; Samanta, A. and Mondal, K.C. (2010). In vitro
antimicrobial potentialities of different solvent extracts of
ethnomedicinal plants against clinically isolated human pathogens.
J. Phytol., 2(4):57-64.

McLean, E.O. (1982). Soil pH and lime requirement. In : Page, A. L., R. H.
Miller and D. R. Keeney (eds.) Methods of Soil Analysis. Part 2 -
Chemical and microbiological properties. (2nd Ed.), Agronomy,
9:199-223.

Nelson, D.W. and Sommers, L.E. (1982). Total carbon, organic carbon and
organic matter. In: Methods of Soil Analysis, Part 2: Chemical and
Microbiological Properties, Second ed., pp:561-593.

Nepovim, A.; Drahosova, H.; Valicek, P. and Vanek, T. (1998). The effect of
cultivation conditions on the content of stevioside in Stevia
rebaudiana Bertoni plants cultivated in the Czech Republic.
Pharmaceut. Pharmacol. Lett., 8:19-21.

Nkoane, B.B.M.; Sawula, G.M.; Wibetoe, G. and Lund, W. (2005). Identification
of Cu and Ni indicator plants from mineralised locations in
Botswana. J. Geochem. Explor., 86:130-142.

Oliver-Bever, B. (1986). Medicinal plants in Tropical West Africa.
Cambridge University Press Cambridge, pp:80-81.

Okem, A.; Southway, C.; Stirk, W.A.; Street, R.A.; Finnie, J.F. and Van Staden, J.
(2014). Heavy metal contamination in South African medicinal
plants: A cause for concern. S. Afr. J. Bot., 93:125-130.

Okwu, D.E. and Igara, E.C. (2009). Isolation, characterization and
antibacterial activity of alkaloid from Datura metel Linn leaves.
African Journal of Pharmacy and Pharmacology, 3(5):277-281.

Orhan, I.E.; Atasu, E.; Senol, F.S.; Ozturk, N.; Demirci, B.; Das, K. and Sekeroglu,
N. (2013). Comparative studies on Turkish and Indian Centella
asiatica (L.) Urban (gotu kola) samples for their enzyme inhibitory
and antioxidant effects and phytochemical characterization.
Industrial Crops and Products, 47:316-322.

Parrotta, J.A. (2001). Healing plants of India . CABI Publishing
Wallingford, UK and New York, pp:917.

Peachey, D.; Roberts, J.L. and Scot-Baker, J. (1973). Rapid colorimetric
determination of phosphorus in geochemical survey samples. J.
Geochem. Explor., 2:115-120.

Piper, C.S. (1950). Soil and Plant Analysis. Hans Publishers. pp:59, 82,
187, 200.

Prasanna, K . and Yuwvaranni, S. (2014). Preliminary phytochemical
screening and antibacterial activity of Datura metel and Vitex
negundo against bacterial cold water disease causing organism.
Int. J. of Pharmacy and Pharmaceutical Sciences, 6(5):230-233.

Rhoades, J.D. (1982). Soluble Salts. In: A. L. Page, R.H. Miller and D. R.
Kenney (eds.) Methods of Soil Analysis Part 2, Chemical and
Microbiological properties. Agronomy Monograph, 9:167-178.

Sammaiah, G.; Srivastava, R.S. and Ascervadam, T. (2006). Antmicrobial
activity of whole plant extract of Polygala erioptera . Indian J.
Nat. Prod., 22(2):31-33.

Street, R.A. (2012). Heavy metals in medicinal plant products - An African
perspective. S. Afr. J. Bot., 82:67-74.

Varughese, B. and Tripathi, J. (2013). Phytochemical evaluation of different
solvent extracts of Aegle marmelos fruit at different stages of its
ripening. Advances in Life Science and Technology, 8:8-12.

Wang, H.; Provan, G.J. and Helliwell, K. (2004). Determination of rosmarinic
acid and caffeic acid in aromatic herbs by HPLC. Food Chem.,
87:307-311.

WHO (1998). Quality Control Methods for Medicinal Plant Materials,
Geneva, pp:10-31.


