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Abstract

Keeping in view the importance of variability in biochemical constituents of Kalmegh germplasm, a
systematic research trial was undertaken to assess its biochemical contents thus to screen out its most
promising cultivar suited for the climatic and edaphic conditions of Jharkhand. 25 Kalmegh germplasm
was collected across its natural growing zone and evaluated under uniform edapho-climatic conditions of
Jharkhand. Plants of Kalmegh of all germplasm were harvested before flowering stage to evaluate its
different biochemical constituents. At before flowering stage, germplasm like JHAP1 (2.39%), JHAP3
(2.21%), OAP:1 (2.00%), CHAP1 (2.36%) and CHAP: (2.03%) gave maximum andrographolide %.
Maximum andrographolide yield was recorded for JHAPs (35.33 kg/ha) followed by OAPi1, OAPs,
CHAP: and MPAP4. Maximum neo-andrographolide % was recorded for JHAPs, (2.93%) followed by
JHAP4, OAP1 and OAP2; however maximum neo-andrographolide yield was recorded for JHAP3 (46.78
kg/ha) followed by JHAPs, OAP1 and MPAPs. Maximum diterpenoid yield in Kalmegh plants was
recorded for JHAP3 (82.11 kg/ha) and OAP:1. So for maximum production of andrographolide, neo-
andrographolide and diterpenoid yield from the plants of Kalmegh germplasm harvested before flowering
stage; JHAP1, JHAP3, MPAP:, OAP: and CHAP1 may be screened out as best germplasm under the
climatic and edaphic conditions of Jharkhand.
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Introduction

Genetic variability is the gift of nature and its fruitful utilization calls for systematic collection,
evaluation, description and grouping based on economic descriptors. Use of crop genetic
resources in crop improvement programme is the ultimate objective of germplasm resource
management and improvement in both qualitative and quantitative characters of a crop should
be the main aim of any breeding programmes (Simmonds, 1962). The main objective of crop
improvement and breeding programme is to screen out the best cultivar of medicinal and
aromatic plants germplasm based upon bio-chemical parameters for particular climatic and
edaphic conditions. Padua et al., (1999) mentioned that the biochemical constituents of
Kalmegh are related with environment, particularly to soil conditions. There are wide
differences in the composition of phytochemicals with respect to part used, geography, season,
genetic variation and time of harvesting (Pholphana et al., 2004). Sabu (2006) also mentioned
that epigenetic variations are mostly induced by the environment in which the plants grow and
are also partially affected by developmental events. Therefore, a great deal of information on
biochemical parameters is necessary. Considerable variation in biochemical characters has
been reported previously in Andrographis paniculata (Tongdonae, 2002). The problem of
variations is further compounded in medicinal plants which apart from displaying visible
variations, synthesize and accumulate an array of plant-specific chemicals.

Medicinal properties in plants are mainly due to the presence of secondary metabolites which
plants need in their natural environments under particular conditions of stress and competition
(Purwanto et al., 2011). Secondary metabolite biosynthesis is controlled by the amount and
kinds of enzymes, so its activity is strongly influenced by environmental factors, particularly
temperature and humidity. A study of variation in the active principles is often an important
element in the investigation of variation in medicinal plants. Considering the diversity and
medicinal importance of Kalmegh, understanding of the biochemical constituents variations is
important to identify superior genotype. Due to considerably increased demands by national
and international pharmaceutical industries of Kalmegh, high production by utilizing improved
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high yielding varieties is required.

Kalmegh (Andrographis paniculata Wall. ex Nees.) is an
important indigenous medicinal plant, native to India,
commonly known as ‘King of bitters’ (Saraswathy et al.,
2004; Chauhan et al., 2009; Gomathinayagam et al., 2009)
found throughout tropical and sub-tropical Asia. It is an erect,
branched annual herb, extremely bitter in taste, grows to a
height of 30-110 cm in moist shady places with glabrous
leaves and white flowers with rose-purple spots on the petals
(Varaprasad et al.,, 2006). It is a hermaphroditic, self-
compatible and habitual inbreeder (Lattoo et al., 2006), low-
diverse, endangered and red-listed plant species because of
self to often cross-pollinated mating system as well as over
exploitation (Valdiani et al., 2012a). All parts of this herb are
bitter because of presence of diterpene lactone compounds
and used extensively as medicine (Prajoubklang, 1998).
Consumption of Kalmegh herb is estimated to be 250 tons
(Kataky and Handique, 2010) and its demand is increasing
day by day (Chauhan et al., 2009). It is one of the 32
prioritized medicinal plants of India with a demand of 2197
tones with annual growth of 3.10% (Anonymous, 2007). The
most important secondary metabolite produced from Kalmegh
is andrographolide (CxHs300s; molecular weight - 350.45). It
is a bitter, colourless and crystalline diterpene lactone found
in the aerial parts of the plant. Other major bitter diterpene
lactone component is neo-andrographolide (C2sH40Os,
molecular weight — 480.59) (Fijita et al., 1984; Matsuda et al.,
1994; Abeysekera et al., 1988).

Andrographolide, the major constituent of Kalmegh having
anti-diabetic  properties (Verma and Vinayak, 2008),
anticancerous properties (Chun et al., 2010); anti
inflammatory properties (Chandrasekaran et al., 2010);
antioxidant and hepatoprotective activity (Kumar et al.,
2012); anti thrombotic properties (Thisoda et al., 2006); anti
herpes properties (Wiart et al., 2005); anti-influenza
properties (Chen et al., 2009); analgesic & antipyretic
properties (Madav et al, 1995); anti-microbial and
antiparasitic properties (Singha et al., 2007), antimalarial
properties (Thiyagarajan et al., 2011), antidiarrheal properties
(Gupta et al., 1993), inhibit pregnancy (Zoha et al., 1989),
protection against rheumatoid arthritis (Burgos et al., 2009),
anti-HIV properties (Calabrese et al., 2000), anti-H:N; (Ko et
al., 2006), anti-bacterial and anti-viral properties (Reddy et
al., 2005), cardio protective properties (Ojha et al., 2009)
protective action against nicotine induced liver, kidney, heart,
lung and spleen toxicity (Neogy et al., 2008), protection
against chronic hepatitis B virus infection (Shukla et al.,
1992). Neo-andrographolide having anti-inflammatory
properties (Parichatikanond et al., 2010); anti-parasitic
properties (Misra et al., 1992); hepatoprotective properties
(Chander et al., 1995); anti-herpes activities (Wiart et al.,
2005) and antioxidant properties (Kamdem et al., 2002).

Materials and Methods

The experimental site was located at Research Farm, Birsa
Agricultural University, Kanke, Ranchi, at 23°26'30" N
latitude and 85°18'20" E longitude in Chotanagpur plateau
situated in north eastern part of India and at an altitude of 646
m above the mean sea level. The soil of the site is lateritic,
developed from granite-gneiss, sandy loam in texture,
sedentary in nature and well drained with low water holding
capacity and poor consistency. The experimental materials
comprised of twenty five germplasm of Kalmegh, for which
seeds were collected from its natural habitat. Out of 25
Kalmegh accessions, 4 were collected from Jharkhand

(JHAP:, JHAP;, JHAPs;, JHAP,), 6 from Odisha (OAP;,,
OAP;, OAP3;, OAPs;, OAPs, OAPg), 4 from Chhattisgarh
(CHAP,, CHAP,, CHAP3;, CHAP,), 4 from Madhya Pradesh
(MPAP;, MPAP;, MPAP3;, MPAPs), 4 from Karnataka
(KAP1, KAP,, KAP3, KAP,), 2 from NBPGR (IC 111286, IC
471890) and 1 from Gujarat (GAP1). Collected seed samples
were germinated, raised in polytubes and maintained under
identical growing conditions and used for analyzing
qualitative and quantitative variations.

Forty-five days nursery grown old seedlings at 8-10 leaf stage
were transplanted in Randomized Block Design with twenty
five treatments and three replications at 30 cm x 30 c¢cm
spacing level. Ten plants selected randomly from all the
treatments were harvested at before flowering stage for the
estimation of major active principles, viz., andrographolide
and neo-andrographolide using standard HPLC protocol given
by Vijaykumar et al., (2007). Samples of selected accessions
of Andrographis paniculata were dried in a ventilated-electric
oven at 55°C for two days, labeled and numbered. Separated
dried plant materials were chopped into small pieces and
ground into fine powder and kept in zipped plastic bags.
Solvents used for chromatography were methanol (HPLC
grade, Merck, Germany) and distilled water. Ten gram each
of powdered samples were extracted with 100 ml of methanol
for 3 days at room temperature and the process was repeated
several times with the same solvent until the solvent portion
became colourless. The solvent extracts were concentrated
under reduced pressure using a rotary evaporator and
concentrated extracts were transferred into conical flasks for
removal of residual solvent. Well-dried extracts were placed
into small glass containers and after sealing kept in a —20°C
freezer for further estimation of active principles in different
parts of the plant.

Pure grade andrographolide and neo-andrographolide (Sigma-
Aldrich, purity 99.9%) was used as the standard sample. A
stock solution of standard andrographolide and neo-
andrographolide (1 mg/ml) was prepared in HPLC grade
methanol. Quantitative analysis of active principles were done
with Perkin Elmer HPLC system equipped with an automatic
sampler (96 samples), a series 200 LC pump, a column oven
Rl 18 column (4.6 mm X 250 mm, 5 um pore size, used as
stationery phase) and a series 200 photodiode array UV
detector. Finally, 1 ml from each sample was kept in auto
sampler of HPLC apparatus in three replicates before it runs.
The separation was carried out using a Rl 18 column (4.6 mm
x 250 mm, 5 pm pore size) with a injected volume of 10 pl,
isocratic mobile phase of methanol: water (6:4; v/v), flow rate
of 0.8 ml/min, UV detection at 210 nm, ambient temperature
of 36°C and 15 minutes run time.

Yield of methonolic extract (g) in plants at before flowering
stage was calculated by the difference in weight of the flask at
before and after distillation stage. Andrographolide and neo-
andrographolide % in plants at before flowering stage was
calculated by the formula

% of biochemical's in herbage = Methonolic yield factor x %
of biochemical's in extract

Andrographolide and neo-andrographolide yield (kg/ha) in
plants at before flowering stage was calculated by the formula
Biochemical's yield/ha = Yield of herbage / ha x % of
biochemical's in herbage

Diterpenoid lactones vyield (kg/ha) in plants at before
flowering stage was calculated by adding the value of
andrographolide and neo-andrographolide yield. Collected
data on bio-chemical parameters was subjected to analysis of
variance at 5 and 1% level as per Panse and Sukhatme (1989)
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and Box plot analysis for validation of results.

Results and Discussion

Data related to biochemical constituents of different Kalmegh
germplasm harvested at before flowering stage is given in
Table 1 and 2.

Yield of methonolic extract in Kalmegh plants harvested
before flowering

The mean maximum yield of methonolic extract of Kalmegh
germplasm was recorded for IC 471890 (2.10 g) and the
minimum in JHAP; (1.54 g) with the mean value of all the 25
germplasm as 1.81 g and different Kalmegh germplasm
showed highly significant difference among them. Four
germplasm namely KAP;, KAP,4, IC 471890 and GAP; gave
higher value of methonolic extract (more than 2.00 g).

Andrographolide percentage in plants of Kalmegh
germplasm harvested before flowering The maximum
andrographolide % of different Kalmegh germplasm was
recorded in JHAP; (2.39%) and the minimum in KAP3
(0.93%). The mean value of andrographolide % in different
Kalmegh germplasm was calculated as 1.54%. Two
germplasm of Jharkhand JHAP; (2.39%) and JHAP; (2.21%),
one of Odisha, OAP; (2.00%) and two of Chhattisgarh like
CHAP; (2.36%) and CHAP; (2.03%) gave higher percentage
of andrographolide, while the germplasm of Karnataka like

KAP; and KAP, gave lower wvalue. Maximum
andrographolide % was shown by JHAP1, JHAP3; and CHAP;
(more than 2.00%) however least andrographolide % in plants
was observed for KAPz and KAP, (less than 1.00%). Sharma
et al., (1992) reported andrographolide variation between
0.65-0.81% in the plants of Kalmegh in India. Sabu (2006)
found moderate variation in andrographolide content from
147 to 0.95% in different Kalmegh accessions from
Tamilnadu. Patarapanich et al., (2007) also found
andrographolide range varied from 2.76 to 4.39%, in
Kalmegh germplasm collected from Thailand region.

Pareek et al., (2007) evaluated 30 Kalmegh germplasm with
andrographolide content ranged from 1.14% to 2.60%. Lattoo
et al., (2008) recorded minimum andrographolide for APJois
(2.67%) and maximum for APJgg and APJus (5.94%).
Sharma et al., (2009) observed andrographolide content in 15
Kalmegh germplasm of Chhattisgarh and adjoining states
ranged from 0.69 to 1.85% with a mean value of 1.23%.
Anonymous (2009) reported andrographolide content as
1.20%, 1 to 2% and 2.15% for improved varieties of Kalmegh
namely AK-1, CIM-Megha and Kls respectively. Pandey and
Mandal (2010) found andrographolide content from 0.35 to
2.35% in various plant parts of Kalmegh germplasm collected
from Madhya Pradesh and Chhatisgarh. They identified AP
and APs as promising accessions of Kalmegh having high
andrographolide content.

Table 1: Yield of methonolic extract, andrographolide % and its yield in plants of Kalmegh germplasm harvested at before flowering stage

Treatments | Yield (g) of methonolic extract in 10g herbage | Andrographolide (%) | Andrographolide yield (kg/ha)
JHAP 1.68 2.39 17.05
JHAP, 1.54 1.66 25.56
JHAP; 1.67 221 35.33
JHAP4 1.64 1.57 21.19
OAP1 1.70 2.00 27.49
OAP2 1.73 1.61 9.87
OAP3 1.80 1.46 14.20
OAP4 1.74 1.58 14.41
OAPs 1.72 1.76 21.55
OAPs 1.85 1.43 18.93
CHAP: 1.60 2.36 23.27
CHAP2 1.56 2.03 14.01
CHAP3 1.84 1.39 15.94
CHAP,4 1.56 1.24 11.43
MPAP: 1.73 1.32 9.23
MPAP> 1.86 1.53 15.13
MPAP3 1.92 141 10.01
MPAP, 1.93 1.30 21.12
KAP1 2.02 1.07 9.61
KAP> 1.99 1.60 16.97
KAP3 1.97 0.93 10.05
KAP4 2.09 1.02 11.45

IC 111286 1.93 1.18 9.28
IC 471890 2.10 1.19 13.05
GAP1 2.06 1.23 18.58

Grand Mean 1.81 154 16.59
S.E.(m) 0.023 0.029 1.057
C.D.5% 0.065 0.083 3.015
C.D.aw 0.085 0.107 3.911
C.V.%) 2.178 3.286 11.038

Andrographolide yield from plants of
germplasm harvested before flowering stage

The maximum andrographolide yield from plants of different
Kalmegh germplasm was recorded in JHAP; (35.33 kg/ha)
and the minimum in MPAP; (9.23 kg/ha). The mean value of
different Kalmegh germplasm was calculated as 16.59 kg/ha

Kalmegh

and different Kalmegh germplasm showed highly significant
relation among them. In general, higher andrographolide yield
was observed for all Jharkhand germplasm, while lower value
was observed in Karnataka germplasm. All the germplasm of
Jharkhand (JHAP; to JHAPs), OAP;, OAPs, CHAP; and
MPAP,4 gave highest andrographolide yield (more than 20.00
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kg/ha), while germplasm like OAP;, MPAP:1, MAPAP;,
KAP;, KAP; and IC 111286 gave low andrographolide yield
(less than 10.00 kg/ha).

Sabu (2006) selected APss, the Kalmegh population which
yielded  highest  concentration of  andrographolide.
Prathanturarug et al., (2007) have selected Tzga, T31a and Tasa
Kalmegh accessions as potentially superior sources for
breeding and improvement of cultivars and higher
phytomedicine production. Singh et al., (2011) observed
maximum andrographolide yield of 67.80 kg/ha for AP;
Kalmegh germplasm and minimum for AHgs (37.80 kg/ha) at
pre-flowering stage. Subramanian et al., (2012) reported high
level of andrographolide in Kalmegh just before the flowering
season (after 90 days) which gradually falls. Valdiani et al.,
(2012a) found andrographolide percentage ranged from 1.32
to 2.63% in different Kalmegh accessions. They mentioned
that andrographolide yield per hectare and andrographolide
content per plant tended to increase negligibly with increasing
genetic distance. Pholphana et al., (2004) reported wide
variation in phytochemicals in Kalmegh with respect to part
used, geography, season, genetic variation and time of
harvesting. Lattoo et al., (2008) documented that geographical
origin can affect both quality and quantity of the active
constituents of Kalmegh.

Neo-andrographolide % in plants of Kalmegh germplasm
harvested before flowering stage

The maximum mean neo-andrographolide % in plants of
Kalmegh germplasm harvested before flowering stage was

recorded for JHAP; (2.93%) and the minimum for CHAP,
(0.83%). The mean of neo-andrographolide % of all the 25
Kalmegh germplasm was calculated as 1.33% with highly
significant difference among them. On the average basis, the
neo-andrographolide % in plants varied from 1.00 to 1.50%,
but lowest neo-andrographolide % was observed in JHAP;
and CHAP,. Bhan et al., (2006) noticed neo-andrographolide
concentration ranged from 1.08% (accession 7), 1.81%
(accession 6), 2.23 % (accession 1) to 2.81% (accession 3) in
Kalmegh. Patarapanich et al., (2007) also found neo-
andrographolide varied from 1.42 to 1.89% in Kalmegh
germplasm of Thailand region.

Neo-andrographolide vyield from plants of Kalmegh
germplasm harvested before flowering stage

The maximum mean neo-andrographolide yield from plants
of Kalmegh germplasm was recorded in JHAP; (46.78 kg/ha)
and the minimum in CHAP; (5.72 kg/ha). The mean value of
neo-andrographolide yield for all the 25 germplasm was
calculated as 14.63 kg/ha with highly significant difference
among them. More than 45.00 kg/ha of neo-andrographolide
yield was noticed in case of JHAP3;, but CHAP,, MPAP;,
MPAP3;, KAP;, IC 111286 gave lowest neo-andrographolide
yield. Singh et al., (2011) observed maximum neo-
andrographolide yield for AP3; (11.50 kg/ha) and minimum for
AHgy (6.80 kg/ha). Pholphana et al., (2004) found appreciable
variation in the active components of Kalmegh, which was
attributed to difference in genotypes, growing environment,
time of harvesting, age of leaves at harvest etc.

Table 2: Neo-andrographolide %, neo-andrographolide yield and Diterpenoid lactones yield in plants of Kalmegh germplasm harvested at
before flowering stage

T Neo-andrographolide Neo-andrographolide yield | Diterpenoid lactones yield (kg/ha) in plant
reatments i
(%) (kg/ha) (before flowering)
JHAP, 1.45 10.36 2741
JHAP; 0.87 13.35 38.91
JHAP3 2.93 46.78 82.11
JHAP, 1.62 21.82 43.01
OAP1 1.72 23.56 51.05
OAP; 1.91 11.73 21.59
OAP;3 1.43 13.89 28.09
OAP4 1.38 12.61 27.02
OAPs 1.42 17.35 38.89
OAPs 1.45 19.16 38.09
CHAP; 1.55 15.25 38.53
CHAP; 0.83 5.72 19.72
CHAP; 1.45 16.67 32.62
CHAP4 1.21 11.12 22.55
MPAP; 1.11 7.73 16.95
MPAP; 1.47 14.55 29.68
MPAP3 1.23 8.73 18.74
MPAP4 1.06 17.26 38.38
KAP: 0.99 8.85 18.46
KAP> 1.07 11.29 28.26
KAP3 0.92 9.94 19.99
KAP,4 1.06 11.91 23.36
IC 111286 1.01 7.97 17.25
IC 471890 1.08 11.84 24.89
GAP1 1.07 16.20 34.78
Grand Mean 1.33 14.63 31.21
S.E.m) 0.022 0.916 1.922
C.D.s% 0.062 2.612 5.483
C.D.iw 0.081 3.390 7.112
C.V.%) 2.807 10.846 10.667
Bhan et al, (2006) mentioned that deviation in probably arose due to non-uniformity in flowering time and

andrographolide and neo-andrographolide concentration was

extended phenological phases in different accessions. Further
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they mentioned that andrographolide and neo-andrographolide
is continuously produced during the plant growth due to
simultaneous dehydration and glycosylation.

Diterpenoid lactones yield from plants of different
Kalmegh germplasm collected before flowering stage

The mean maximum diterpenoid lactones yield in plants of
different Kalmegh germplasm was recorded in JHAP; (82.11
kg/ha) and the minimum in MPAP; (16.95 kg/ha). The mean
of diterpenoid lactones vyield from all the 25 Kalmegh
germplasm was calculated as 31.21 kg/ha with highly
significant difference among them. Germplasm like OAP; and
JHAP;, also gave higher diterpenoid lactones yield. Minimum
yield was recorded in case of IC 111286, KAP3, KAP;,,
MPAP; and CHAP,. Bhan et al, (2006) recorded
andrographolide yield (61.83 kg/ha) in Kalmegh. Ayudhya et
al., (1990) found total lactones content in the aerial parts of
Kalmegh collected from various provinces of Thailand varied
from 3.91-10.29%. As per Department of Medical Sciences,
(1995) Kalmegh produce highest yield of total lactones during
the blossom period, therefore the suitable time for harvesting
is from the beginning of the flowering period to about 50%
flowering, or when a plant is about 110-120 days old. Gupta
and Pareek (1981) opined that the total leaf area and plant
height were significantly correlated with active ingredients.
Nemade et al., (2003) recorded that the date of harvesting had
a significant influence on yield attributes and andrographolide
content.

Bhan et al., (2006) noticed significant variations in chemical
characters of different Kalmegh accessions because of their
different geographical locations with different genetic
makeup. Mean andrographolide concentration across different
harvesting dates varied from 4.09% in accession 8 to 3.26% in
accession 3. They screened out the last week of October ideal
for obtaining maximum andrographolide yield (61.83 kg/ha).
Jaleel et al., (2006) found crucial role of growth regulatory
compounds in the regulation and coordination of plant
growth, morphogenesis, metabolism and role in biosynthesis
of secondary metabolites. Singh et al., (2011) observed
slightly higher value of total diterpenoid lactones yield at
flowering stage (75.70 kg/ha) than at pre-flowering stage
(75.50 kg/ha) in Kalmegh germplasm.

Box plot analysis of andrographolide % in Kalmegh plants
collected before flowering stage indicated positive skewness;
however more number of Kalmegh germplasm showed their
presence between 25" to 50" percentile than of 50" to 75%
percentile. Box plot analysis of andrographolide yield from
Kalmegh plants collected before flowering stage also showed
positive skewness but more number of Kalmegh germplasm
showed their presence in 50" to 75 percentile than of 25" to
501 percentile.

Box Plot for Andrographolide (%) in plant (before flowering)

Andrographolide (%) in pl e e o S e

X X

0.8 1 12 14 1.6 1.8 2 22

Graph 1: Box plot analysis of andrographolide % in plants of
different Kalmegh accessions (before flowering)

Box Plot for Andrographolide yield in plant (before flowering)
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Andrographolide yield in o I— —

Graph 2: Box plot analysis of andrographolide yield in plants of
different Kalmegh accessions (before flowering)

Box plot analysis of neo-andrographolide yield from Kalmegh
plants collected before flowering stage indicated positive
skewness and more number of Kalmegh germplasm showed
their presence in 50" to 75" percentile than of 25" to 50™
percentile. Box plot analysis for diterpenoid lactones yield of
Kalmegh plants collected before flowering stage also
indicated positive skewness and more number of Kalmegh
germplasm showed their presence between 50" to 75t
percentile than 25™ to 50 percentile.

Box Plot for Neo-andrographolide yield in plant (before flowering)

Neo-andrographolide yield M “pRaas =) |

T T T T 1 T

0 10 20 30 40 50

Graph 3: Box plot analysis of neo-andrographolide yield in plants of
different Kalmegh germplasm (before flowering)

Box Plot for Diterpenoid lactones yield in plant (before flowering)
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Graph 4: Box plot analysis of diterpenoid yield in plants of different
Kalmegh germplasm (before flowering)

Conclusion

At before flowering stage, mean andrographolide % in plants
of Kalmegh germplasm was recorded maximum for JHAP;
(2.39%) followed by JHAP; (2.21%), OAP; (2.00%), CHAP;
(2.36%) and CHAP, (2.03%). Mean maximum
andrographolide yield was recorded for JHAP; (35.33 kg/ha)
which showed highly significant difference with other
Kalmegh germplasm. Higher andrographolide yield in plants
at before flowering stage was observed for all the germplasm
of Jharkhand (JHAP; to JHAP.), OAP;, OAPs, CHAP; and
MPAP,. Maximum mean neo-andrographolide % was
recorded for JHAP3 (2.93%) which showed highly significant
difference with other Kalmegh germplasm. Maximum mean
neo-andrographolide vyield was also recorded for JHAP;
(46.78 kg/ha) with highly significant difference from other
Kalmegh germplasm. Maximum mean diterpenoid lactones
was recorded for JHAP; (82.11 kg/ha) which showed highly
significant difference with other Kalmegh germplasm. So for
maximum production of  andrographolide, neo-
andrographolide and diterpenoid yield from the plants of
Kalmegh germplasm collected before flowering stage; JHAP;,
JHAP;, MPAP;, OAP; and CHAP; may be screened out as
best germplasm under the climatic and edaphic conditions of
Jharkhand.

References

1. Abeysekera AM, De Silva KTD, Silva WSJ, Ratnayake
S, Labadie RP. H and C-NMR  spectral analysis  of
Andrographolide. Fitoterapia. 1988; 59:501-505.

2. Anonymous. National Medicinal Plants Board, Asia-
Pacific Forestry Sector Outlook Study Il. Country report.
Ministry of Environment & Forests, New Delhi. 2007.

3. Anonymous. High yielding varieties of some medicinal
and aromatic plants with general guidelines for seed
production and certification. National Medicinal Plants
Board. Department of AYUSH. Ministry of Health and
Family Welfare. Government of India. 2009; 16-17.

4. Ayudhya DA, Techadamrongsin YT, Jirawattanapong W.
Phytochemical Study on Andrographis paniculata.
Division of Medicinal Plant Research and Development,
Department of Medicinal Sciences. 1990; 106(2):310-

~ 565"~



Journal of Pharmacognosy and Phytochemistry

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

318.

Bhan MK, Dhar AK, Khan S, Lattoo SK, Gupta KK,
Choudhary DK. Screening and optimization of
Andrographis paniculata  (Burm.f.) Nees for total
andrographolide content,  yield and its components.
Scient. Horti. 2006; 107(4):386-391.

Burgos RA, Hancke JL, Bertoglio JC, Aguirre V,
Arriagada S, Calvo M. Efficacy of an Andrographis
paniculata composition for the relief of rheumatoid
arthritis symptoms: A prospective randomized
placebo-controlled trial. Clini. Rheu. 2009; 28(8):931-
946.

Calabrese C, Berman SH, Babish JG, Ma X, Shinto L,
Dorr M et al. A phase | trial of andrographolide in HIV
positive patients and normal volunteers. Phyto. Res.
2000; 14(5):333-338.

Chander R, Srivastava V, Tandon JS, Kapoor NK.
Antihepatotoxic activity of diterpenes of Andrographis
paniculata (Kalmegh) against plasmodium berghei-
induced hepatic damage in mastomys natalensis. Int. J.
Pharmacog. 1995; 33:135-138.

Chandrasekaran CV, Gupta A, Agarwal A. Effect of an
extract of Andrographis paniculata leaves on
inflammatory and allergic mediators in vitro. J.
Ethnopharmacol. 2010; 129:203-207.

Chauhan JS, Tomar YK, Singh NI, Ali S, Badoni A,
Debarati RA. Assessment of compatible substratum for
Andrographis paniculata standard seed germination
testing. J. Am. Sci. 2009; 5:70-75.

Chen JX, Xue HJ, Ye WC, Fang BH, Liu YH, Yuan SH
et al. Activity of andrographolide and its derivatives
against influenza virus in vivo and in vitro. Biol. Pharm.
Bull. 2009; 32:1385-1391.

Chun JY et al. Andrographolide, an herbal medicine,
inhibits interleukin-6 expression and suppresses prostate
cancer cell growth. Gen. Canc. 2010; 1(8):868-876.
Department of Medical Sciences, Ministry of Public
Health. Thai Herbal Pharmacopoeia. Prachachon Co.,
Ltd. Bangkok, Thailand. 1995; 1:152.

Fijita T, Fujitani R, Takeda T On the diterpenoids of
Andrographis paniculata X-ray crystallographic analysis
of andrographolide and structure determination of new
minor diterpenoids. Chem. Pharm. Bull. 1984; 32:2117-
2125.

Gomathinayagami M, Anuradha VE, Zhao C, Ayoola
GA, Jaleel CA, Anneerselvam RP. ABA and GA; affect
the growth and pigment composition in Andrographis
paniculata Wall.ex Nees., an important folk herb. Front.
Biol. China. 2009; 4(3):337-341.

Gupta R, Pareek SK. Status of fertilizer use in medicinal
plants in India. Ferti. News. 1981; 26(3):8-18.

Gupta S, Yadava JNS, Tandon JS. Antisecretory
(antidiarrhoeal) activity of Indian medicinal plants
against Escherichia coli enterotoxin-induced secretion in
rabbit and guinea pig ileal loop models. Inter. J.
Pharmacog. 1993; 31:198-204.

Jaleel CA, Gopi R, Lakshmanan GMA, Panneerselvam R.
Triadimefon induced changes in the antioxidant
metabolism and ajmalicine production in Catharanthus
roseus (L.) G. Don. Plant Sci. 2006; 171:271-276.
Kamdem RE, Sang S, Ho CT. Mechanism of the
superoxide scavenging activity of neoandrographolide-a
natural product from Andrographis paniculata Nees. J.
Agric. Food. Chem. 2002; 50:4662-4665.

Kataky A, Handique PJ. A brief overview on

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

~ 566"~

Andrographis paniculata (Burm. f) Nees, a high valued
medicinal plant: Boon over synthetic drugs. Asian J. Sci.
Technol. 2010; 6:113-118.

Ko HC, Wei BL, Chiou WF. The effect of medicinal
plants used in Chinese folk medicine on RANTES
secretion by virus-infected human epithelial cells. J.
Ethnopharmacol. 2006; 107(2):205-210.

Kumar A, Dora J, Singh A, Tripathi R. A Review on
King of Bitter (Kalmegh). Int. J. of Res. in Phar. and
Chem. 2012; 2(1):116-124.

Lattoo SK, Dhar RS, Khan S, Bamotra S, Bhan MK, Dhar
AK et al. Comparative analysis of genetic diversity using
molecular and morphometric markers in Andrographis
paniculata (Burm. f.) Nees. Genet. Res. and Crops Evol.
2008; 55:33-43.

Lattoo SK, Khan S, Dhar AK, Choudhary DK, Gupta
KK, Sharma PR. Genetics and mechanism of induced
male sterility in Andrographis paniculata (Burm. f.) Nees
and its significance. Curr. Sci. 2006; 91(4):515-519.
Madav S, Tripathi HC, Tandan SK, Misra S. Analgesic,
antipyretic and antiulcerogenic effect of andrographolide.
Ind. Jour. of Pharmaceut. Sci. 1995; 57:121-125.

Matsuda T, Kuroyanagi M, Sugiyama S, Umehara K,
Ueno A, Nishi K et al. Cell differentiation-inducing
diterpenes from Andrographis paniculata Nees. Chem.
Pharm. Bull. 1994; 42(6):1216-1225.

Misra P, Pal NL, Guru PY, Katiyar JC, Srivastava V,
Tandon JS. Antimalarial activity of Andrographis
paniculata (Kalmegh) against Plasmodium berghei NK65
in Mastomys natalensis. Int. J. Pharmacog. 1992;
30:263-274.

Nemade S, Mohod NB, Wankhade SG, Paturde JT. Effect
of planting and harvesting  dates on yield and quality of
Kalmegh (Andrographis paniculata). J. Med. Aromatic
Plant Sci. 2003; 25:981-983.

Neogy S, Das S, Mahapatra SK, Mandal N, Roy S.
Amelioratory effect of Andrographis paniculata Nees on
liver, Kidney, heart, lung and spleen during nicotine
induced oxidative  stress. Env. Toxicol. Pharmacol.
2008; 25:321-328.

Ojha SK, Nandave M, Kumari S, Arya DS. Antioxidant
activity of Andrographis paniculata in ischemic
myocardium of rats. Global J. Pharmacol. 2009; 3:154-
157.

Padua de LS, Bunyapraphatsara N, Lemnens RHMJ.
PROSEA 12: Medicinal and poisonous plant 1.
PROSEA, Bogor, Indonesia. 1999, pp 711.

Pandey AK, Mandal AK. Variation in morphological
charecteristics and  andrographolide content in
Andrographis paniculata (Burm. f.) Nees of central India.
Iran. J. of Ener. & Env. 2010; 1(2):165-169.

Panse VG, Sukhatme PV. Statistical methods for
agricultural workers. Indian Council of Agricultural
Research, New Delhi. 1989, 353 pp.

Pareek S, Kumar A, Raina A. HPTLC analysis of
hepatoprotective  diterpenoid  andrographolide from
Andrographis paniculata Nees (Kalmegh). Ind. J. of
Phar. Sci. 2007; 69(3):473-475.

Parichatikanond W, Suthisisang C, Dhepakson P,
Herunsalee A. A study of anti-inflammatory activities of
the pure compounds from Andrographis paniculata
(burm.f.) Nees and their effects on gene expression. Int.
Immunopharmacol. 2010; 10:1361-1373.

Patarapanich C, Laungcholatan S, Mahaverawat N,
Chaichantipayuth  C,  Pummangura S. HPLC



Journal of Pharmacognosy and Phytochemistry

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

determination of active diterpene lactones from
Andrographis paniculata Nees planted in various seasons
and regions in Thailand. Thai. J. Pharm. Sci. 2007; 31:91-
99.

Pholphana N, Rangkadilok N, Thongnest S, Ruchirawat
S, Ruchirawat M, Satayavivad J. Determination and
variation of three active Diterpenoids in Andrographis
paniculata (Burm.f.) Nees. Phytochem. Anal. 2004,
15:365-371.

Prajoubklang A. Esterification of Andrographolide. M.Sc.
Thesis, Chulalongkorn University, Thailand. 1998.
Prathanturarug S, Soonthornchareonnon N, Chuakul W,
Saralamp P. Variation in growth and diterpene lactones
among field-cultivated Andrographis paniculata. J. of
Nat. Med. 2007; 61(2):159-163.

Purwanto E, Samanhudi, Sudarmi. Studies of shading
levels and nutrition sources on growth, yield and
andrographolide content of Sambiloto (Andrographis
paniculata Ness). Agrivita. 2011, 33(3).

Reddy VL, Reddy SM, Ravikanth V, Krishnaiah P, Goud
TV, Rao TP et al. A new bis-andrographolide ether from
Andrographis paniculata Nees and evaluation of anti-
HIV activity. Nat. Prod. Res. 2005; 19:223-230.

Sabu KK. Intraspecific variations in Andrographis
paniculata Nees. Ph.D. Thesis. Kerala University,
Thiruvananthapuram, India. 2006.

Saraswathy S, Manavalan RSA, Vadivel E, Manian K,
Subramanian S. Studies on seed germination in Kalmegh
(Andrographis paniculata Nees.). J. South. Ind. Hortic.
2004; 52:286-290.

Sharma A, Krishan L, Handa SS. Standardization of the
Indian crude drug Kalmegh by high pressure liquid
chromatographic determination of andrographolide.
Phytochem. Anal. 1992; 3:129-131.

Sharma SN, Sinha RK, Sharma DK, Jha Z. Assessment of
intra-specific variability at  morphological, molecular
and biochemical level of Andrographis paniculata
(Kalmegh). Curr. Sci. 2009; 96(3):402-408.

Shukla B, Visen PK, Patnaik GK, Dhawan BN.
Choleretic effect of andrographolide in  rats and guinea
pigs. Planta Med. 1992; 58:146-149.

Simmonds NW. Variability in crop plants its use and
conservation. Biol. Rev. 1962; 37:422-465.

Singh M, Singh A, Tripathi RS, Verma RK, Gupta MM,
Mishra HO et al. Growth behavior, biomass and
diterpenoid  lactones  production in  Kalmegh
(Andrographis Paniculata Nees.) strains at different
population densities. Agri. J. 2011; 6(3):115-118.

Singha PK, Roy S, Dey S. Protective activity of
andrographolide and arabinogalactan proteins from
Andrographis paniculata Nees. against ethanol-induced
toxicity in mice. J. Ethnopharmacol. 2007; 111:13-21.
Subramanian R, Asmawi MZ, Sadikun A. A bitter plant
with a sweet future? A comprehensive review of an

oriental medicinal plant: Andrographis paniculata.
Phytochem. Rev. 2012; 11:39-75.
Thisoda P, Rangkadilok N, Pholphana N,

Worasuttayangkurn L, Ruchirawat S, Satayavivad J.
Inhibitory effect of Andrographis paniculata extract and
its active diterpenoids on platelet aggregation. Eur. J.
Pharmacol. 2006; 553:39-45.

Thiyagarajan P, Deepak HB, Agarwal A. In vitro
modulation of LPS/calcimycin induced inflammatory and
allergic mediators by pure compounds of Andrographis
paniculata (King of bitters) extract Chandrasekaran.

53.

54.

55.

56.

57.

58.

59.

~ 567"~

Inter. Immuno. 2011; 11(1):79-84.

Tongdonae S. Study on genertic diversity of
Andrographis paniculata Wall. Ex. Nees. based on
morphological characters and isozyme pattern. Special
problem for M.Sc. Degree, Kasetsart University,
Thailand. 2002.

Valdiani A, Kadir MA, Tan SG, Talei D, Puad MA,
Nikzad S. Nain-e Havandi  (Andrographis paniculata)
present yesterday, absent today: a plenary review on
underutilized herb of Iran's pharmaceutical plants. Mol.
Bio. Reports. 2012a; 39(5):5409-5424.

Varaprasad KS, Abraham Z, Pandravada SR, Latha M,
Raman DS, Lakshminarayanan S et al. Medicinal plants
germplasm of peninsular India. National Bureau of Plant
Genetic Resources, New Delhi-110012, India. 2006. Pp:
19.

Verma N, Vinayak M. Antioxidant action of
Andrographis paniculata on lymphoma. Mol. Biol. Rep.
2008; 35:535-540.

Vijaykumar K, Murthy PBS, Kannababu S, Syamasundar
B, Subbaraju GV. Estimation of Adrographolide in
Andrographis paniculata herb, extracts and dosage
forms. Int. J. Appl. Sci. Eng. 2007; 5(1):27-39.

Wiart C, Kumar K, Yusof MY, Hamimah H, Fauzi ZM,
Sulaiman M. Antiviral properties of ent-labdene
diterpenes of Andrographis paniculata nees, inhibitors of
herpes simplex virus type 1. Phytother. Res. 2005;
19:1069-1070.

Zoha MS, Hussain AH, Choudhury SA. Antifertility
effect of Andrographis paniculata in mice. Bangladesh
Med. Res. Counc. Bull. 1989; 15:34-37.



