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Helicanthes elasticus (Desv.) Danser is a common type of mistletoes of Indian origin. In Indian traditional
and folklore medicines the plant is claimed to possess a range of medicinal values such as immunomod-
ulator, anti-diabetic and anti-microbial properties. However, there is no experimental proof for its
therapeutic claim. The aqueous and alcoholic extracts of H. elastica were evaluated for its immuno-
modulatory effect on antibody formation against sheep red blood cells and on cell mediated immunity
of immunological paw edema model. Ethanolic and aqueous extracts have shown dose dependent eleva-
tion in the antibody titer value in comparison to control group at 14th and 21st day of sensitization
(**p < 0.01). There is a mild to moderate elevation were observed in the immunological paw edema at
highest dose (400 mg/kg) during 21st day after sensitization. The histopathological observation shows
that there is an increase in the white pulp of spleen and increased cellularity and formation of distinct
germinal cells in lymph node. H. elasticus extracts possess marked antibody formation propensity without
significant modification on cell mediated immunity.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The mammalian immune system is a multifaceted interface of
cells and molecules having wide array of factors for providing pro-
tection against challenge by pathogenic factors. Ontogenesis of
immune cells is performed by central lymphoid organs, bone mar-
row and thymus while, the peripheral lymphoid organs orchestrate
the immune response with the help of spleen, lymph nodes and
mucosal lymphoid tissue (Agarwal et al., 2010). The immune sys-
tem is influenced by several factors such as diet, pharmaceuticals,
physical and mental stress, hormonal variations etc. The total
health of a living being is based on a complex fine tuning of
immune functions (Patwardhan et al., 1991). Immunomodulatory
agents normalize or modulate pathophysiological processes being
specifically stimulatory or suppressive (Wagner and Proksch,
1985). Complex balance between regulatory and effector cells
effect correct function and any imbalance can lead to disease con-
ditions (Sehar et al., 2008).

Mistletoes like Viscum album are important group of plants pos-
sessing a range of important pharmacological activities like
immunomodulatory, cytotoxicity (anticancer), hypotensive, anti-
diabetic and anti-microbial properties (Arndt, 2004). Helicanthes
elasticus commonly known as Indian mangomistletoe, is a parasitic
shrub found widely growing on mango trees in southern India. It is
known as Bandaka in Sanskrit and Pulluruvi in Tamil. Ligaria
cuneifolia (Argentine mistletoe), a morphologically and chemically
close relative of H. elasticus is a substitute for Viscum album
(Fernandez et al., 2004). Though some are mentioned in Indian sys-
tems of medicine such as Ayurveda, Siddha and folklore medicines,
they have not been exposed to thorough experimental studies to a
noteworthy level. Augmentation of humoral as well as cell
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mediated immunity there by elevating immunological status by
fermented extract of H. elasticus was reported. Extracts of H. elasti-
cus growing onMangifera indica and Citrus maxima (host trees) was
cytotoxic and controlled solid and ascites tumours in mice (Mary,
1995). The H. elasticus extracts showed antimicrobial (Sunil
Kumar et al., 2014), antioxidant (Joshi et al., 2018), anti-
hyperglycemic (Rajesh and Rajasekhar, 2015), and diuretic
(Jadhav et al., 2010) activities. The plant extracts were found to
possess no toxicity and it is proved to show hepatoprotective activ-
ity (Sunil Kumar et al., 2016).

With this background information ethanolic and aqueous
extracts of the whole plant of H. elasticus were evaluated for
immunological changes by employing two experimental protocols.
The first protocol is for assessing activity of the test extracts on
antibody development against sheep red blood cells (SRBC) and
the second protocol is for assessing the effect of test extracts on
cell mediated immunity by their modulatory effect on immunolog-
ical oedema.
Table 1
Effect of Helicanthes elasticus whole plant extracts on anti-body titer in SRBC
sensitized Wistar Alnino rats.

Groups 14th day 21st day

Control 1.85 ± 0.23 4.39 ± 0.23
HEAq 200 4.28 ± 0.55** 7.74 ± 0.49**
HEAq 400 4.15 ± 0.59* 8.09 ± 0.61**
HEAl 200 4.05 ± 0.55* 8.78 ± 0.39**
HEAl 400 4.16 ± 0.40* 9.94 ± 0.73**

Data: Mean ± SEM *P < 0.05, **p < 0.01 and (Tuckey-Kramer test) in comparison to
control.
2. Materials and methods

2.1. Preparation of test extracts

Whole plants of H. elasticus growing specifically on Mangifera
indica, which is supposed to be the most preferred host, was col-
lected, shade dried, powdered and extracted. Cold percolated aque-
ous extract (HEAq) (yield 12% w/w) was concentrated and freeze to
obtain dark brown gummy material and the ethanolic (95%)
extract (HEAl) (yield 19% w/w) was dried over a water bath to
obtain dark brown gummy extract.

2.2. Experimental animals

Rats of either sex (Wistar albino) weighing180–200 g body
weight procured from Pharmacology Laboratory of Central
Research Institute for Siddha was used after getting consent from
the animal ethical committee (Grant No: 79/PHARMA/SCRI/2010).
Exposure of 12 h day and night cycles with temperature (22 ± 2 �C),
humidity (50–60%), Amrut brand rat pellet and water given ad libi-
tum were maintained throughout experiment. Acclimatized rats at
standard laboratory condition for 14 days of the experimentation
were fed with extract dose of 200 and 400 mg/kg body weight
(Sunil Kumar et al., 2016). Each group had 6 animals.

2.3. Antigen preparation

Blood was taken from sheep under aseptic condition and added
to Alsever’s solution which contains 2.05 g dextrose (2.05 g);
sodium citrate (0.8 g); NaCl (0.4 g) and citric acid (0.05 g). The col-
lected SRBCs were washed thrice with normal saline by centrifuga-
tion until supernatant become colourless. The number of SRBC’s
were adjusted to 1x 108 after counting in Neubauers chamber
and used for immunization to induce antibody formation.

2.4. Effect on humoral antibody formation

Effect of antibody formation by SRBC in rats fed with HEAq and
HEAl was studied as described by Vaghasia et al. (2010). Group I
received 0.5% CMC at a dose 5 ml/kg body weight served as SRBC
control group. Group II, III, IV and V administered with test drugs
HEAq and HEAl at 200 and 400 mg/kg body weight respectively
for 21 days. On 7th and 14th day, rats from groups I to V were
immunized and challenged respectively, using 0.1 ml of 20% SRBC
in normal saline by intra-peritoneal route. On 14th and 21st day
retro-orbital plexus blood was withdrawn under anesthesia (ether)
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from all antigen sensitized and challenged rats respectively. Serum
was obtained by centrifugation using normal saline, SRBC count
was adjusted to 0.1%. All the wells of micro titer plate was added
with 20 ll followed by addition of 20 ll of serum to the first well
and mixing. Subsequently 20 ll diluted serum was pipette out
from the first well and added to the next well to get two fold dilu-
tions of the antibodies present in the serum of 24th well. The anti-
body concentration of any of the dilution was half of the previous
dilution. 20 ll of 0.1% of SRBC were added to all the wells and the
plates were incubated in at 37 �C for 1 h and examined visually for
hemagglutination. The dilution giving highest hemagglutination
(antibody titer) was expressed in terms of log 2 values and the
value for different groups was analyzed for statistical significance.
The antibody titer attained on day 14 after immunization (given on
7th day) and on day 21 after challenge (14th day) with SRBCs was
taken as primary and secondary humoral immune response
respectively. Rats were sacrificed under deep ether anesthesia;
the organs such as spleen and lymph node were removed and
stored in 10% formalin for histopathological study.

2.5. Delayed hypersensitivity response

On the 21st day, 0.03 ml of 20% SRBC and normal saline was
injected in sub plantar region of right and left hind paw respec-
tively. The foot pad reaction was assessed at 3 and 24 h after sen-
sitization was measured using digital plethysmograph (difference
in right and left hind paw volume) for the calculation of cellular
immune response.

3. Results

3.1. Effect of HEAq and HEAl on immunological paw edema

Effect of test extracts on immunological edema is shown in
Table 1. Injection of edema eliciting antigen lead to formation of
marked paw edema at 3rd hour in the control group. No such
edema formation could be observed in the left paw in which no
eliciting agent was injected. At 3rd hour the right hand edema for-
mation was found to be comparatively less in test extracts admin-
istered group which was statistically not significant. The 24 h
edema formation in lower dose (200 mg/kg) of test extract was
found insignificant compared to control group. Though moderate
increase was observed at higher (400 mg/kg) dose test extract in
comparison to the control group the difference was insignificant.

3.2. Effect of HEAq and HEAl on humoral antibody formation

The data related to the effect of test extracts on anti-body for-
mation against SRBC can be found to in Table 2. A moderate anti-
body titer elevation was observed on both 14th and 21st day of
administration in control group. Statistically significant elevation
in anti-body log2 titer was found in test extracts administered
group when compared to control group. In HEAq 200 mg/kg



Table 2
Effect of Helicanthes elasticuswhole plant extracts on percentage increase in right paw
volume of Wistar Albino rats at various time intervals after the injection of the
antigen.

Groups 3rd h 24th h

Control 56.75 ± 11.93 20.18 ± 06.18
HEAq 200 30.58 ± 07.03 21.11 ± 05.11
HEAq 400 42.23 ± 10.49 37.13 ± 09.91
HEAl 200 41.28 ± 09.52 21.11 ± 05.11
HEAl 400 16.62 ± 19.25 38.88 ± 04.32
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administered group the anti-body titer increase was found to be
higher by 131% on 14th day (p < 0.01) and by 76% on 21st day of
sensitization in comparison to the anti-body titer recorded in con-
trol group. In HEAq 400 mg/kg administered group the anti-body
titer increase was found to be higher by 124% on 14th day
(p < 0.05) and by 84% (p < 0.01) on 21st day of sensitization in com-
Fig. 1. Histopathology of rat spleen in humoral immunity mo
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parison to the anti-body titre recorded in control group. In HEAl
200 mg/kg treated group the anti-body titre increase was found
to be higher by 119% on 14th day (p < 0.05) and by 100%
(p < 0.01) on 21st day of sensitization in comparison to the anti-
body titer recorded in control group. In HEAl 400 mg/kg adminis-
tered group the anti-body titer increase was found to be higher
by 125% on 14th day (p < 0.05) and by 126% (p < 0.01) on 21st
day of sensitization in comparison to the anti-body titer recorded
in control group. There was insignificant difference between the
response observed in HEAq and HEAl treated groups.
3.3. Histopathology of spleen

Spleen tissue of SRBC control group rats exhibited normal struc-
ture. In test extracts treated SRBC sensitized rats, features of stim-
ulation in the form of increased proportion of white pulp and
general increased cellularity was observed (Fig. 1).
del by administration of extracts of Helicanthes elasticus.



Fig. 2. Histopathology of rat lymph node in humoral immunity model by administration of extracts of Helicanthes elasticus.
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3.4. Histopathology of lymph node

Lymph node tissue of SRBC control group rats exhibited normal
structure. In test extracts treated SRBC injected rats, features of
increased activity in the form of increased cellularity and forma-
tion of distinct germinal center was observed (Fig. 2).

4. Discussion

Humoral anti-body response is mediated by antibody produced
by B-lymphocytes. The influence of the test extracts was assessed
for immunomodulation activity by noting their effect on antibody
formation against SRBC. The results obtained indicate that the test
extracts possess antibody formation stimulation propensity with-
3006
out significantly modifying cell mediated immunity evaluated
through studying the effect on immunological edema.

Careful analysis of the results clearly shows that both the test
extracts increase the antibody formation against SRBC at both
the dose level studied. It seems both of the test extracts contain
common single or group of active principles that contain anti-
body stimulation property. Chemical analysis of the extracts shows
presence of phenolic compounds (Sunil Kumar et al., 2015). Modu-
lation of immune functions by polyphenols reveals a variety of
mechanistic bases that include both down and up-regulation.
Polyphenols have been reported to produce both immunosuppres-
sion and immunostimulation (Alejandro et al., 2013). Proantho-
cyanidins, polymeric polyphenols from grape, green-tea
polyphenols, epigallocatechingallate, quercetin, resveratrol,
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catechin-polysaccharide complex in green tea extract are some of
the important examples of polyphenols possessing immunomodu-
lation activity (Vinardell and Montserrat, 2008). It would be inter-
esting to characterize the polyphenol fractions in the test extracts
to delineate their structure and ascertain their effect on immunity.

Effect on innate immunity- like activation of macrophage activ-
ity, activation of NK function, and increase in the activity of other
phagocytosing cells were not studied in this research. Considering
that the test extracts possess significant anti-body formation stim-
ulation effect it would be interesting to ascertain what would be
their effect on the above parameters. The results would indicate
whether the extracts produce immune stimulation by a general
mechanism of action or by specific modulation of formation and
activity of some of the critical cytokines involved in the observed
effect.

A SRBC shot get diffused in the extra vascular space and pene-
trate the lymph node through lymphatic channels. During a pri-
mary response, IgM is secreted, often followed by a switch to
increased proportion of Ig (Goldsby et al., 2003; Dale and
Formanj, 1989). The amount of secondary antibody response to
the antigen is increased in terms of antibody production. Effect
of test extracts was assessed for both primary and secondary
responses - both of them were found to be significantly increased.

The observed immunopotentiation involving anti-body forma-
tion is likely to involve influence on specific cytokines. Thus, it is
clear that cytokines play important role in regulating different
aspects of immune responses. Another aspect which is required
to be taken into consideration is that stimulation of multiple recep-
tors may exhibit synergistic effect in cytokine production
(Jacqueline and Bryony, 2001).

The active principles present in the test extracts seems to influ-
ence the Th-2 pathway to enhance the anti-body formation with-
out modulating the Th1 pathway which is involved in the
expression of cell mediated immunity pathway. Normally the drug
which stimulates anti-body formation is likely to suppress CMI by
stimulating formation of IL4 while down regulating formation of
IL12 which is involved in the activation of CMI pathway. The active
principles in the test extracts seems to act in a complex manner
which do not significantly interfere with the formation and activity
of IL12 while stimulating the formation of IL4 which is involved in
activation of Th2 pathway responsible for anti-body formation.
However, the exact mechanism can be elucidated only through
detailed specific studies involving measurement of different types
of cytokines in both in vivo and in vitro conditions.

Analysis of the data showed that the test extracts, as explained
above, do not influence cell mediated immunity (CMI) to signifi-
cant extent. CMI involves effectors mechanism initiated by T lym-
phocytes and their products (lymphokines) (Lele, 2001). It seems
that the test extracts do not modulate the above processes to sig-
nificant extent.

The plant is a rich source of various kind of phytochemical moi-
eties. Important among them are gallic acid, ethyl gallate, phytos-
terols, triterpenoids and other phenolics. Review of the literature
shows that some of these components have immunomodulatory
activity. Yadav et al. (2012) have shown in their study involving
QSAR docking studies with respect to immunomodulation activity
that the gallic acid derivatives have strong binding affinity for the
INF-a-2, IL-6 and IL-4. The authors have suggested on the basis of
their analysis one of the derivatives G-7 exhibits marked
immunomodulatory activity which is similar to that of levamisole.
In another study by Takatoshi et al. (1999), gallate were found to
inhibit cytokine induced activation of Nuclear Translocation Factor
(NF-kB) which plays important role in inflammation of immuno-
logical origin. Ethyl and methyl gallates have been shown to
remarkably suppress the secretion of IL-4, IL-5, Th-2 cytokines.
The other gallic acid derivatives were found to suppress the secre-
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tion of both both IL-4 and IFN-ƛ. The authors of this study (Kei
et al., 2001) have concluded that ethyl gallate as the most selective
inhibitor of Th2 cytokines among the studied derivatives. Phytos-
terols are also known to modulate immune function- b-sitosterol
and one of its glycosides has been reported to target specific T-
helper lymphocytes (Th1 and Th2) helping to normalize their func-
tion (Patrick and Lamprecht, 1999). It was also observed that they
also normalize DHEA-cortisol ratio. From the above it becomes
clear that the plant contains potent immunomodulatory active
principles. Their exact role in combination form to enhance the
anti-body response to SRBC remains to be elucidated. It can be sug-
gested that the combination may favor up-regulation of formation
of cytokines which favor Th2 dependent immune reactions which
are important for the anti-body formation.

5. Conclusion

Helicanthes elasticus (Desv) Danser has shown marked immune
modulatory activity against SRBC induced antibody formation.
Repeated administration of alcoholic and aqueous extract of Heli-
canthes elasticus significantly increased antibody formation at both
dose levels. We could observe only mild to moderate elevation in
the immunological paw edema at higher dose of Helicanthes elasti-
cus extract during 21st day after sensitization. Histopathological
examination of spleen tissues revealed that there was marked
increase in the white pulp of mass and in lymph node there was
increased cellularity and formation of distinct germinal cells. Heli-
canthes elasticus holds potential immunomodulatory activity espe-
cially humoral immunity without significant modification in cell
mediated immunity.
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