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Introduction

Loranthaceae, the most widely dispersed family of parasitic 
plants known as mistletoes, has been afflicted by alarming 
rates of generic and specific level misidentification 
(Franklin 2017). They are primarily pantropical in 
distribution, with a range that includes temperate zones in 
the southern hemisphere (Rajasekaran 2007). The family is 
particularly interesting because it is a monophyletic group 
that comprises both terrestrial and aerial root parasites 
(Wilson, Calvin 2006). Furthermore, despite being a 
minor component of vegetation in forest and woodland 
ecosystems, mistletoe has a significant impact on species 
richness and is regarded as a keystone resource (Watson 
2001). Loranthaceae has over 1000 species in 74 genera 
and is primarily distributed in tropical areas (Barlow et al. 
1989). In India, Loranthaceae comprises nine genera and 
35 species with Dendrophthoe, Helicanthes, Macrosolen, 
Tolypanthes, Helixanthera, Taxillus, and Scurulla being the 
most extensively spread in South India (Thriveni 2013).

Helicanthes elasticus (Desv.) Danser is a robust parasite 
with dichotomous branching and subsessile and decussate 
leaves. Flowers are produced in short axillary fascicles with 
a very small bract. Their calyx is cupular and corolla lobes 

are twisted and interlocked after anthesis. Flowers often 
produce five stamens with narrowly oblong anthers. The 
style is linear and stigma obovoid. The fruit is a globose 
berry. The branches are woody and are swollen at nodes 
(Sasidharan, Sivarajan 1996). It is one of the most delicate 
mistletoes, and can grow rapidly over the host. When 
infested, it produces a number of haustoriferous runners 
or epicortical roots from its base to all sides. Within a 
short period, the parasite creates a network over the host 
and it branches profusely, which helps the mistletoe to 
establish even on the vertical smooth trunks of trees. The 
dead parasite can be distinguished by the netlike haustorial 
growth, dichotomous branching and swollen nodes 
(Shanavaskhan, Sivadasan 2009). H. elasticus is a generalist 
parasite having a capacity to grow on diversified plant 
species including angiosperms and gymnosperms. 

Among the members of Loranthaceae found in Kerala, 
this parasitic species showed maximum diversity in the 
number of host trees. A wide variety of plants were infected 
by this Loranthacean member and each host plant might 
have some influence on the growth pattern of this parasite. 
Nearly 73 trees belonging to different families were already 
reported as hosts of this plant (Sunil Kumar et al. 2015; Ajith 
Kumar, Mathew 2020). It was reported by Scot (1871) that 
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trees with bark having acrid, bitter or astringent qualities, 
and which produce limbid or milky juice, are less affected by 
Loranthacean members. However, the plant H. elasticus can 
infest the latex-producing Hevea brasiliensis, volatile oil-
containing Citrus species (Shanavaskhan, Sivadasan 2009) 
and heavy barked trees like Terminalia (Sunil Kumar et al. 
2015). The morphology, anatomical features, physiological 
behavior, phytochemical content or even genetic makeup of 
the parasite could be affected by the host. There are citations 
in famous Ayurvedic literature about the mistletoes. It was 
mentioned by Susrutha (ancient Indian physician known 
today as Father of Surgery) that the properties of this 
parasitic plant varies between hosts. Also, Raja Nighantu, 
an ancient Ayurvedic work by Narahari, states that along 
with the phytochemical properties of the mistletoe, it also 
shows the properties of host plant in which they grow 
(Namboothiri 2011). Influence of the host plant on the 
chemical composition of mistletoe and dependence of its 
medicinal properties on the host species were shown in the 
case of Dendrophthoe falcata (Indrani, Balasubhramanian 
1985). It was reported that D. falcata grown on Calotropis 
gigantea improved cognitive function (Warrier et al. 1996) 
and the same plant infected on Shorea robusta was found 
to be effective in the treatment of paralysis, and the plant 
obtained from Tamarindus indica was used for treating 
impotency (Jain,1965). The importance of the host’s 
function in the production of biologically active substances 
by the parasitic plants growing was well explained by these 
findings.

The major aim of the present study was to analyze the 
role of host tree in the production of biologically significant 
compounds in H elasticus. For this, gas chromatography-
mass spectrometry (GC-MS) was used to determine the 
differences in the occurrence of such compounds in this 
hemi-parasitic plant collected from six different hosts. 
Mass spectroscopy (MS) coupled with gas chromatography 
(GC) can detect compounds and is used for direct analysis 
of chemical components present in herbal medicine. It 
has proved to be highly suitable for the analysis of non-
polar components, volatile essential oils, fatty acids, 
lipids and alkaloids (Betz et al. 1997). Various chemical 
compounds eluted in the extraction process were identified 
and quantified based on their retention value and with 
matching spectra. MS analyzes the compounds eluted at 
different times to identify their nature and structure. The 
large compounds break into smaller ones giving different 
peaks at different m/z ratios. The fingerprint obtained from 
the analysis consists of different peaks, each denoting a 
specific compound and the height of the peaks determines 
their quantity. The fingerprint is the GC chromatogram for 
a particular extract of a plant, it is unique and hence can be 
used for the correct identification and authentication of a 
particular plant or drug. Comparison of the chromatogram 
and eluted compounds serves as an effective tool to analyze 
the influence of hosts on them. 

Materials and methods

Plant material
Fresh and tender twigs of Helicanthes elasticus growing 
on six host plants (Nerium oleander, Hevea braziliensis, 
Citrus maxima, Saraca asoca, Anacardium occidentale 
and Murayya koeinigii) were collected from various sites 
places of the Ernakulam District (10.0718°N, 76.5488°E), 
Kerala, India. The branches of the hosts affected with 
parasite were also collected at a distance of 50 cm from the 
point of infection. Both the hosts and parasites collected 
were identified using reference books (Gamble 1967; 
Sasidharan, Sivarajan 1996; Nayar et al. 2006). Specimens 
of H. elasticus collected from selected hosts were entered 
in the herbarium of the  Department of Botany, St. Teresa’s 
College (Autonomous), Ernakulam, Kerala. Twigs of H. 
elasticus collected from above six host plants were shade 
dried for a month and powdered. 

Extract preparation
A sample of 20 g powder of parasitic accessions was 
extracted in 200 mL methanol for 10 h in a Soxhlet 
apparatus and the extract was concentrated to 10 mL using 
a rotary evaporator, 2 mL of each were stored in cuvettes 
and used for GC-MS analysis. 

GC-MS analysis
The GC-MS analysis of the extract was performed using a 
model QP 2010 series Shimadzu, Tokyo, Japan equipped 
with a Rxi-5Sil MS fused silica capillary column of 30 m 
length, 0.25 mm diameter and 0.25 µm film thickness. 
Helium gas was used as the carrier gas at a constant flow 
rate of 1 mL min–1 and 1 µL of the sample was manually 
injected in split mode. Injection temperature was set at 200 
°C, at a flow control mode in linear velocity of 36.3 cm s–1. 
The oven temperature was programmed from 50 to 280 °C 
at a rate of 5 °C min–1 increase and retained for about 5 min 
at the end. The total running time of the GC-MS was 51 
min. MS parameters were 200 °C ion source temperatures 
and 280 °C interface temperatures.  

Identification of the components in the extracts was 
assigned by the comparison of their retention indices and 
mass spectra fragmentation patterns with those stored in 
the computer library and also with published literature. 
The relative amount of each compound in percentage was 
determined by comparing its average peak area to total 
area. The NIST011s.LIB, WILEY8 LIB library source was 
used for matching the identified components from the 
plant materials. This was carried out in order to determine 
whether the species contain group of compounds or any 
individual compound that gives proof for its use in current 
commercial and tradition as a herbal medicine (Manickam, 
Periyasami 2014).
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Table 1. GC-MS peak report of methanolic extract of H. elasticus obtained from Nerium oleander (HEN) with compounds detected

Peak No. RT Compound Area (%)
1 13.183 N-methyl-N-aminosulfonyl-N-methylsulfonylamine 0.09
2 13.316 1,2-Benzenediol 0.47
3 17.980 1,2,3-Benzenetriol 91.76
4 18.649 Cyclohexanone, dimethylhydrazone 0.10
5 21.939 Nonanoic acid, methyl ester 0.29
6 22.760 1-Butanol, 3-methyl- 0.10
7 23.421 3-Nitropentan-2-ol 0.13
8 23.458 Isobutyl alcohol-2-d1 0.06
9 23.842 Butyric acid, 3-methylbutylester 1.08
10 27.281 Butanoic acid 0.10
11 29.458 Methyl 3,4,5-trihydroxybenzoate 3.34
12 30.767 Hexadecanoic acid, methyl ester 2.43
13 46.233 Ethyne, fluoro- 0.04

Dendrogram construction
Based on the comparative analysis of selected chemical 
compounds identified in parasitic samples, a Jaccard’s 
similarity index table was produced and an UPGMA tree 
was constructed based on this index to determine the 
similarity among the six accessions of H. elasticus obtained 
from six different hosts

Results

H. elasticus growing on Nerium oleander (HEN) produced 
13 peaks in the chromatogram (Fig. 1) representing 13 
different compounds; 1,2,3-benzenetriol with retention 
time (RT) value 17.980 had a maximum area percentage of 
91.76, while the other peaks found were relatively small and 
had a lower area (Table 1). The parasite on Hevea brasiliensis 
showed the occurrence of 21 different peaks (Fig. 2) and 
1,2,3-benzenetriol (74.88%) and 1,3,4,5-tetrahydroxy-
cyclohexane carboxylic acid (10.13%) were the most 
prominent compounds. Other biologically active 

compounds like hexadecanoic acid, 1,2-benzenediol and 
nonanoic acid were also present in the H. elasticus growing 
on Hevea brasiliensis (Table 2). The H. elasticus parasitic on 
Citrus maxima showed 10 peaks with 1,2,3-benezenetriol 
having the largest area percentage (68.65%) and having RT 
of 18.036 (Fig. 3, Table 3). 

H. elasticus grown on Saraca asoca showed 18 peaks 
(Fig. 4) of which the largest area percentage was shown by 
1,2,3 benzenetriol with 51.59% and RT 17.958, followed 
by 1,3,4,5-tetrahydroxy-cyclohexane carboxylic acid with 
33.40% and RT 24.191. Other important compounds 
found in the extract of the parasite were 1,2-benezenediol, 
diglycerol, hexadecanoic acid, oxalic acid etc. (Table 4). H. 
elasticus obtained from Anacardium occidentale  produced 
16 peaks (Fig. 5), of which 1,2,3-benzenetriol formed the 
main compound with 63.36% area, followed by 1,3,4,5 
tetrahydroxy-cyclohexane carboxylic acid with 26.67%. 
Brenzkatechin, 2-amino-succinamic acid, thymine, etc. 
were also present in the extract (Table 5). Analysis of H. 
elasticus growing on Murayya koeinigii (HEM) showed 23 

Fig. 1. GC chromatogram of H. elasticus growing on Nerium oleander (HEN).

Host influence on bioactive compounds in the hemiparasitic plant Helicanthes elasticus
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Table 2. GC-MS peak report of methanolic extract of H. elasticus obtained from Hevea brasiliensis (HEH) with compounds detected

Peak No. RT Compound Area (%)
1 6.014 2,3-Dihydroxy propanal 0.20
2 9.797 Methoxy cyclobutane 0.14
3 11.756 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 0.16
4 12.017 Formic acid, ethenyl ester 0.21
5 13.323 1,2-Benzenediol 1.51
6 13.425 p-Mesyloxyphenol 0.17
7 13.467 2-Furancarboxaldehyde, 5-methyl- 0.12
8 14.008 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 0.20
9 18.052 1,2,3-benzenetriol 74.88
10 18.317 Hexane-1,6-bisurea, n’, n”-bis(1,2,4-triazol-3-yl)- 0.04
11 21.953 Tetradecanoic acid, 12-methyl-, methyl ester 0.14
12 22.791 Propanedioic acid, propyl- 0.09
13 24.183 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid 10.13
14 24.970 D-glycero-D-galacto-heptose 1.17
15 26.308 1-Butanol, 3-methyl- 0.25
16 26.584 Nonanoic acid, methyl ester 0.12
17 29.596 Methyl 3,4,5-trihydroxybenzoate 5.80
18 29.989 Beta-D-glucopyranose, 1,6-anhydro- 1.87
19 30.777 Hexadecanoic acid, methyl ester 1.48
20 31.435 Hexadecanoic acid 0.93
21 34.101 Methyl-9-octadecenoate 0.40

different peaks (Fig. 6) with 1,2,3-benzenetriol being the 
main compound with RT 17.955 and 62.74% area. Other 
important compounds indicated included 1,2-benzenediol, 
2-heptamine, propiolic acid, hexadecanoic acid, acetic acid, 
nitrous acid, heptadecanoic acid, butanoic acid etc. (Table 
6).

An UPGMA tree was produced based on the Jaccard’s 
similarity index. It classified the six accessions of H. elasticus 
collected from six different host plants into three clusters 
(Fig. 7). Cluster I comprised HEN and HEH, Cluster II 
with HEC and HEM and Cluster III with HES and HEA. 
The accessions of Cluster II showed maximum similarity of 

77% with Cluster III in the bioactive compounds obtained 
(Table 7) with GC-MS. Cluster I formed a separate branch 
in the tree and was joined to the other clusters with more 
similarity with accessions of Cluster II.

Discussion

Parasitic plants, especially the obligate hemiparasites 
mistletoes, depend on hosts for water and nutrients and 
differ in their host use preference and specificity (Calder, 
Bernhardt 1983; Press, Graves 1995). Apart from this, 
chemical signalling or specific chemical interactions occur 

Fig. 2. GC chromatogram of H. elasticus growing on Hevea brasilensis (HEH).
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Table 3. GC-MS peak report of methanolic extract of H. elasticus obtained from Citrus maxima (HEM) with compounds detected 

Peak No. RT Compound Area (%)
1 11.768 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 0.43
2 18.036 1,2,3-Benzenetriol 68.65
3 18.308 Methyl 5-oxo-2-pyrrolidinecarboxylate 0.10
4 21.969 Undecanoic acid, methyl ester 0.20
5 24.067 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid 8.42
6 24.233 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid 4.31
7 27.314 Decanoic acid 0.16
8 29.635 Methyl 3,4,5-trihydroxybenzoate 15.12
9 30.799 Hexadecanoic acid, methyl ester 1.03
10 31.466 Hexadecanoic acid 1.59

Fig. 3. GC chromatogram of H. elasticus growing on Citrus maxima (HEC).

Fig. 4. GC chromatogram of H. elasticus growing on Saraca asoca (HES).

between mistletoes and their hosts as they require contact 
signals to recognize a host to initiate the development of 
the haustorium for its establishment (Desale et al. 2016). 
Such factors are called haustorium-inducing factors 
(Jamison, Yoder 2001). Some require chemical signals such 
as strigolactones for germination of their seeds on the host 

surface (Xie et al. 2010; Cavar et al 2015). It was reported 
that haustorium-inducing factors might be species specific 
and activate specific recognition sites in particular parasites 
or host plants, which leads to paratite establishment 
(Tomilov et al. 2006).

The host-parasitic interaction is an ongoing process 

Host influence on bioactive compounds in the hemiparasitic plant Helicanthes elasticus
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that alters the chemical profile of both hosts and parasite. 
Differences in the number of phytochemical components, 
colour and health-promoting properties found altered in 
parasitic plants depend on the host on which it is parasitic 
and on the particular organs of the parasite (Renata et 
al 2020). Stem parasitic plants show different metabolic 
profiling and changes during parasitization and such 
differences are reflected in their life style and morphology 
(Takeshi et al. 2016)

In the present study the GC chromatograms and 
peaks obtained from the methanolic extract of H. elasticus  
accessions differed depending on the host. All of the 
eluted compounds were carefully examined and it was 
found that 13 different compounds could be considered 
as the products of H. elasticus  and that their relative 
occurrence in different parasitic accessions was greatly 

influenced by the respective hosts (Table 8). Among these, 
two compounds were considered as marker compounds 
of the parasite, whereas some were recognized as assisted 
marker compounds that did not occur in all samples of H. 
elasticus, but were solely of parasitic origin. The presence 
of these assisted marker compounds was greatly influenced 
by the hosts species. 1,2,3-benzenetriol (pyrogallol) and 
methyl-3,4,5-tri-hydroxybenzoate (methylgallate) were the 
two major compounds found in all samples of H. elasticus, 
irrespective of their host and these two were the marker 
compounds of the methanolic extract of the parasite. The 
weight percentage ratio of these marker compounds found 
also varied among the host plants. The largest quantity 
of pyrogallol was obtained in HEN and least from HEC, 
whereas methyl gallate occurred in highest amount in 
the accession HEC and least in HEN. Other accessions 

Table 4. GC-MS peak report of methanolic extract of H. elasticus obtained from Saraca asoca (HES) with compounds detected 

Peak No. RT Compound Area (%)
1 13.330 1,2-Benzenediol 0.60
2 15.405 2,5-Cyclohexadiene-1,4-dione compound with 1,4-benzenediol 1.04
3 15.558 7-Oxa-1-azabicyclo[3.2.1] octane, 5-methyl- 0.20
4 17.958 1,2,3-Benzenetriol 51.59
5 18.225 l-Proline, 5-oxo-, methyl ester 0.08
6 21.555 2-Tert-butyl-4-(1,1,3,3-tetramethylbutyl) phenol 0.19
7 24.191 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid 33.40
8 25.575 Diglycerol 0.13
9 25.618 Mome inositol 0.91
10 29.026 Butanoic acid, 3,7-dimethyl-6-octenyl ester 0.92
11 29.537 Methyl 3,4,5-trihydroxybenzoate 6.18
12 29.898 9-Dodecen-1-ol (Z)- 0.23
13 30.167 Oxalic acid, cyclobutyl ethyl ester 0.29
14 30.315 Dodecanoic acid 0.57
15 30.797 Tetradecanoic acid, 12-methyl-, methyl ester 0.69
16 31.456 Hexadecanoic acid 2.07
17 34.310 Cyclohexanol, 5-methyl-2-(1-methylethyl) 0.59
18 34.760 4-Pentenal, 2,2-dimethyl 0.30

Fig. 5. GC chromatogram of H. elasticus growing on Anacardium occidentale (HEA).

T.G. Ajithkumar, S. Thomas, L. Mathew



167

Table 5. GC-MS peak report of methanolic extract of H. elasticus obtained from Anacardium occidentale (HEA) with compounds 
detected 

Peak No. RT Compound Area (%)
1 5.585 2(3H)-Furanone 0.34
2 5.675 Propanedioic acid 0.05
3 11.764 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 0.77
4 12.032 Delta(1,1’)-biurea 0.24
5 13.200 Brenzkatechin 0.22
6 13.392 (CH3)3CD 0.47
7 13.425 2-Amino-succinamic acid 0.22
8 13.475 Trifluoro-ethene 0.06
9 15.401 2,5-Cyclohexadiene-1,4-dione compound with 1,4-benzenediol 0.60
10 17.989 1,2,3-Benzenetriol 63.36
11 18.267 Alpha-aminoisobutyronitrile 0.00
12 18.342 Thymine 0.01
13 18.769 2,5-Cyclohexadiene-1,4-dione  compound with 1,4-benzenediol 0.19
14 24.254 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid 26.67
15 24.708 (CH3)3CD 0.34
16 29.590 Methyl 3,4,5-trihydroxybenzoate 6.45

Fig. 6. GC chromatogram of H. elasticus growing on Murraya koenigii (HEM).

also showed a large area percentage for these compounds. 
Both these compounds are phenolic derivatives that likely 
have a crucial role in parasitic adaptations. Converting 
surface phenolics to benzoquinons by parasitic derived 
oxidase enzymes acts as developmental signals for the 
transition from vegetative to parasitic growth (Kim et 
al. 1998). It has also been reported that a wide range of 
simple phenols can cause the establishment of haustoria in 
parasitic Scrophulariaceae members (Lynn, Chang 1990; 
Chang, Lynn 1986). The compound 1,3,4,5-tetrahydroxy 
cyclohexane carboxylic acid was also detected in all 
parasite sample except HEN. This compound was detected 
in its host Nerium oleander. The following compounds 
were found in all parasite accessions with the  exception 
of those given in brackets: 1,2 benzenediol (except in HEC 
and HEA), hexadecanoic acid (except in HEN and HEA) 

and 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-
one (except in HEN and HES). Among these compounds 
hexadecenoic acid was detected in Citrus maxima (the 
host of HEC) and 2,3-dihydro-3,5-dihydroxy-6-methyl-
4H-pyran-4-one in three  host species: Nerium oleander, 
Citrus maxima and Anacardium occidentale. Absence 
of some of these compounds in hemi-parasitic plant 
samples collected from different hosts might be due to 
the hindrance in their production by the respective hosts. 
The marker compound 1,2,3-benzenetriol of the parasite 
found in the host plants Hevea brasiliensis, Saraca asoca 
and Anacardium occidentale could be derived from the 
attached parasite H. elasticus. Similarly, hexadecanoic acid 
and 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 
are also transported from the parasite to the respective 
hosts. Absence of these compounds in some samples of 

Host influence on bioactive compounds in the hemiparasitic plant Helicanthes elasticus
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Table7. Jaccard’s similarity matrix based on the occurrence of 13 compounds among six accessions of H. elasticus

HEN HEH HEC HES HEA HEM
HEN 1
HEH 0.615 1
HEC 0.385 0.62 1
HES 0.385 0.62 0.54 1
HEA 0.385 0.46 0.69 0.69 1
HEM 0.462 0.54 0.77 0.62 0.62 1

Table 6. GC-MS peak report of methanolic extract of H. elasticus obtained from Murraya koenigii (HEA) with compounds detected

Peak No. RT Compound Area (%)
1 5.237 Propiolic acid 1.34
2 9.729 Ethyl 6-oxo-5-propylheptanoate 0.19
3 11.757 2,3-Dihydro-3,5-dihydroxy-6-methyl-4h-pyran-4-one 0.80
4 13.322 1,2-Benzenediol 1.95
5 15.758 Butyl 1-methyl-2-pyrrolidinecarboxylate 0.10
6 17.048 l-Proline, 1-methyl-5-oxo-, methyl ester 0.54
7 17.955 1,2,3-Benzenetriol 62.74
8 18.258 Methyl 5-oxo-2-pyrrolidinecarboxylate 4.53
9 18.758 3-Butyn-2-ol 0.11
10 18.817 2-Heptanamine 0.17
12 20.326 Pyrrolin-2-one-5-methanol, N-methyl- 4.08
13 21.960 Methyl  6-hydroxycaproate 0.14
14 22.797 Propane, 2-methoxy-2-methyl 0.21
15 24.109 1,3,4,5-Tetrahydroxy cyclohexanecarboxylic acid 10.92
16 27.300 Nitrous acid, 3-methyl butyl ester 0.22
17 29.011 1-Acetyl-1H-pyrazole 0.16
18 29.091 Butanoic acid 0.04
19 29.567 Methyl 3,4,5-trihydroxybenzoate 6.97
20 30.067 Acetic acid, cyano- 0.21
21 30.217 2-Methyl-5-hexen-3-ol 0.26
22 30.786 Heptadecanoic acid, methyl ester 1.03
23 31.456 Hexadecanoic acid 3.22

Fig. 6. Jaccard’s UPGMA tree based on the occurrence of 13 compounds among six accessions of Helicanthes elasticus.
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H. elasticus might be due to the influence of hosts during 
the establishment of parasite. Such cases were previously 
reported in the holoparasitic plant Cuscuta reflexa in which 
GC-MS analysis the plant obtained from two hosts Cassia 
fistula and Ficus benghalensis differed in phytochemical 
constituents (Bais, Kakkar 2013; Bais, Kakakr 2014). 
Region dependent variation in phytoconstituents was also 
reported in ethanolic extract of Cuscuta reflexa assessed by 
GC-MS (Rai et al. 2016). Marked variation in secondary 
metabolites also occurred in the ethanolic bark extract of 
Loranthus longiflorus growing on Casuarina equisetifolia 
and Ficus religiosa (Chandrakasan, Neelamegham 
2011a) and Ficus religiosa had greater tannin content in 
bark samples of Loranthus longiflorus than Casuarina 
equisetifolia (Chandrakasan, Neelamegham 2011b). 

Transfer of specific compounds from parasite to host 
cells could be considered as a suppressing signal molecule 
that suppresses the so-called immune system of the host 
plant such that the parasite can establish within the hosts. 
Resistant host plants detect parasite molecules for immune 
system activation to eradicate the parasite, while the 
parasitic derived compounds have virulence functions such 
as host immunity suppression (Saucet, Shirasu 2016). Such 
a dynamic nature of adaptation often leads to co-evolution 
among the partners of the interaction and thereby leads to 
speciation. During such host-parasitic interactions, some 
chemical molecules might be transferred from parasite to 
hosts and hence such molecules would not be get detected 
in parasite samples. 1,3,4,5 tetrahydroxy cyclohexane 
carboxylic acid and 2,3-dihydro-3,5-dihydroxy-6-
methyl-4H-pyran-4-one played such a role in H. elasticus 
growing on Nerium oleander, which can explain why these 
compounds were completely absent in the parasite but 
detected in the host plant. These compounds might get 
transported from the parasite to the host as soon as it was 
synthesized through the haustoria as a chemical signal that 

supported the parasite’s survival on the particular host 
by reducing its fitness. The exchange of potential defense 
signalling molecules between host and parasite through a 
haustorial interface is well established in many parasitic 
plants (Christopher et al. 2019). Chemical signals in the 
form of cytokinin-like compounds were reported to be 
transported from the parasitic plant Phtheirospermum 
japonicum to its host Arabidopsis thaliana to reduce host 
fitness and thereby ensure well establishment of parasite 
within the host (Thomas et al. 2017). It was reported 
that presence of certain secondary metabolites that differ 
within a population of hemiparasites depend upon the 
host-parasitic association (Stermitz, Harris 1987). In 
Nerium oleander, the above mentioned chemical might 
have a suppressing role on the plants defense mechanism 
to eliminate the parasite, acting as an immunosuppressant 
in a human during organ transplantation, allowing the 
parasite to establish on Nerium oleander. Host susceptibility 
to parasite attack could result from the active suppression 
of the host defense system by parasite-derived molecules 
(Asai, Shirasu 2015)

When a parasite tries to establish within a new host, 
the host produces chemicals to suppress its growth. For 
example, sequestration of mangiferin from Mangifera indica 
to Dendrophthoe falcata was observed to occur in the initial 
stages of infection as an initial host defense mechanism in 
response to the biotic stress caused by parasite, and these 
host defense molecules were found to be further utilized 
by the parasite as host recognition cues (Jadhav et al. 
2005). Deposition of phenolic compounds by host plants 
often leads to the arrest of invasion of parasite, leading to 
necrosis of the parasite’s invading tissue (Swarbrick et al. 
2008; Yohida, Shirasu, 2009). In such cases, the parasites 
must co-evolve to counteract their hosts by transferring 
their own secondary metabolites or similar compounds, 
which reduce the host fitness. Most of these compounds 

Table 8. Compounds identified as parasitic in origin. Compound indicated by √ symbol obtained in the respective accession of H. 
elasticus. *Marker compounds  ** Assisted marker compounds

No. Compound HEN HEH HEC HES HEA HEM
1 1,2,3-Benzenetriol* √ √ √ √ √ √
2 Methyl-3,4,5-trihydroxybenzoate* √ √ √ √ √ √
3 1,3,4,5-Tetrahydroxy-cyclohexanecarboxylic acid**  √ √ √ √ √
4 1,2-Benzenediol** √ √  √  √
5 Hexadecanoic acid**  √ √ √  √
6 2,3-Dihydro-3,5-dihydroxy-6-methyl-4h-pyran-4-one**  √ √  √ √
7 Hexadecanoic acid, methyl ester √ √ √    
8 Tetradecanoic acid, 12-methyl-, methyl ester  √  √   
9 Nonanoic acid, methyl ester √ √     
10 Butanoic acid √     √
11 1-Butanol, 3-methyl- √ √     
12 Methyl5-oxo-2-pyrrolidinecarboxylate   √   √
13 2,5-Cyclohexadiene-1,4-dione, compaund with 

1,4-benzenediol
   √ √  
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have such a role in H. elasticus when infecting a  host. 
The compounds 1,2-benezenediol, hexadecanoic acid and 
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one can 
be considered as assisted markers of methanolic extract 
of H. elasticus, because the presence of these compounds 
was influenced by specific hosts only and their occurrence 
could not be confirmed in all the samples of parasite. 
The remaining seven compounds might be of parasitic 
origin alone, but their presence in the parasitic accessions 
depends on the host plant species. Most of the studied 
host trees might have suppressed the production of these 
compounds within the parasite. In Cuscuta reflexa, steroid 
properties and their amount were observed to differ during 
its establishment in Momordica (Takeshi et al. 2016). The 
life cycle of parasite weed is closely regulated by their hosts 
and the secondary metabolites produced by the hosts also 
playing an important role this interactions (Harro et al. 
2003).

The parasite (H. elasticus) growing on different host 
plants produced different types of chemicals other than 
the major and assisted marker compounds and this 
clearly shows that the host had a significant influence on 
the phytochemical production of the parasite. Moreover, 
the UPGMA tree placed the hemi-parasitic accessions in 
various clusters, which clearly indicates the host effect on 
phytochemical production of the parasite. Except for the 
peak observed in marker compounds, the chromatograms 
and the number of compounds eluted differed among 
samples of H. elasticus, showing the effect of the host. 
This might occur during the preliminary infection stage 
or after the establishment of parasite within the host and 
the effect of the host on the parasite altered the metabolic 
pathways of the parasite, resulting in the production of 
variable chromatograms with a large number of significant 
chemicals within the parasite.

Conclusions

The work demonstrated that H. elasticus accessions collected 
from six different hosts that even though the parasite was of 
the same species, the production of chemical compounds  
could be altered by the influence of the host. Six accessions 
showed varied composition of compounds, in which 
1,2,-benzenetriol and methyl-3,4,5-trihydroxybenzoate can 
be recognized as the  marker compounds in the methanolic 
extract of H. elasticus. Along with these compounds, 
some are assisted marker compounds of this plant, whose 
occurrence and abundance are greatly affected by the host 
plant. The parasite growing in specific hosts can contain a 
greater number of therapeutically important chemicals. The 
UPGMA comparison of the studied accessions revealed 
host and H. elasticus covolution, which may lead to host-
directed speciation in this mistletoe. A phytochemical 
mosaicism are apparently visible in this hemi-parasitic 
plant emerged as a result of mistletoe-host interactions. 

Therefore, when making preparations of a drug from the 
extracts, decoctions or powder of this parasitic plant, prime 
importance should be given to the host plant from which it 
was harvested or obtained. Comprehensive understanding 
of the chemical makeup and pro-health features of 
this species could lead to its use in a variety of medical 
disciplines as a spectacular product for treating a variety of 
human maladies.
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