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Abstract Chikungunya, a viral fever caused by Aedes

mosquito results in extreme morbidity in affected individ-

uals and is a major public health concern in India. Cur-

rently, modern vaccines or formulations prescribed by

physicians can only provide symptomatic relief for the

pyretic and post pyretic phase of the disease. Siddha

practitioners follows strict medical regimen based on tra-

ditional Indian knowledge/concepts to treat Chikungunya

with considerable results. The current study was under-

taken to standardize assays for the study of these siddha

formulations and to check their efficacy and potential mode

of action as antivirals for Chikungunya virus infection in

in vitro system. Although, siddha practitioners follow a

regime containing 4–6 formulations, of these Brah-

manandha bairavam mathirai, a part of the regime for

Chikungunya followed at National Institute of Siddha and

Vishnu chakram along with Brahmanandha bairavam

mathirai, a part of Thiruchergodu Regime were found of

have antiviral activities. It was observed that both Vishnu

chakram and Brahmanandha bairavam mathirai were

equally effective in blocking Chikungunya virus from

entering susceptible cells in the concentrations range of

0.0625 and 0.5 mg/ml. Additionally, it was also observed

that Brahmanandha bairavam mathirai was more effective

than Vishnu chakram against entry of Chikungunya in the

cells. The assays used in this study provides insights to the

possible mode of action of various formulations used by

siddha practitioners for the treatment of Chikungunya

infection.
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Introduction

Chikungunya fever (CHIKF) is a febrile arboviral illness

caused by Chikungunya virus (CHIKV), a ssRNA virus

that belongs to the alphavirus genus of the family

Togaviridae. transmitted by the Aedes mosquito namely

Aedes aegypti and Aedes albopictus. ‘Chikungunya’ is a

Makonde word that translate to ‘that which bends up’ and

refers to the bent posture of infected patients suffering from

debilitating joint pain [1]. Chikungunya remerged after a

gap of 32 years and since 2005 Chikungunya outbreaks

have affected millions in South-Asia, Indian Ocean islands

and India [2, 3] and extended to Europe, Central Asia [4, 5]

and recently spread further to the Americas [6]. Currently,

the disease is well documented in many national health

guidelines. Chikungunya is characterized by acute fever of

high magnitude ([ 39 �C) after a mean incubation period

of 5–7 days with headache and severe muscle and joint

pain [7] consistent with severe morning stiffness and

inflammatory arthritis [8, 9]. While the fever subsides in

7–10 days, the joint pain varies in intensity and can persist

for several years post-infection [10, 11] along with severe

arthralgia, myalgia and maculopapular rash with ranging

severity, [8]. Synovitis or periarticular swelling has been

reported in most patients, with large joint effusions
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occurring in about 15% of individuals infected with

Chikungunya [7, 10, 12]. Studies have reported that

patients might have relapsing and remitting arthralgia up to

36 months after being diagnosed with acute disease

[13, 14]. Risk factors for the development of long-term

arthralgia following Chikungunya virus infection include

age ([ 35 years) and the presence of arthralgia in the first

4 months after onset of symptoms [14]. Interestingly recent

studies have reported that initial viral load plays a major

role in disease severity both in acute as well as in chronic

phase [15], this makes development of antivirals even more

important in the present context.

The Indian traditional medicine system, siddha, has been

used for centuries to find cure to human diseases based on

the concept of Tridosha Theory (Three Humour theory).

Siddha system believes that all objects in the universe

including human body are composed of five basic pri-

mordial elements, namely earth, water, fire, air and space

[16]. The human body is a conglomeration of three humors

and seven physical components. According to the siddha

literature the vitiation of environmental factors such as—

water, air, place and season are considered to be respon-

sible for the production of diseases. When contamination

and vitiation of these factors takes place, epidemics follow.

In the current times, water borne diseases, environmental

diseases, epidemiological disorders and seasonal disorders

due to infections can be correlated with Janapadodhwamsa

Vyadhis, a medical term well defined in the Indian tradi-

tional medical system [17]. Though there is no direct ref-

erence of Chikungunya in the ayurvedic literature, it can

still be equated with the condition where fever is associated

with arthritis. The treatment of Chikungunya can be cate-

gorized into symptom modifiers and general health pro-

moters; more specifically to say the formulations that

improve the quality of life (QoL), provides strength or

resistance against the disease and facilitate early recovery.

The formulations are classified under General Health Pro-

moters such as Balya (Tonic) or Rasayana (Immunomod-

ulator) and are beneficial in the management of disease.

According to the siddha literature, these formulations are

defined as QoL as they are administered in several ailments

ranging from gastric ulcers, rheumatic pain, insomnia and

fever with arthritis [18].

In the present study polyherbal siddha formulations

brahmanandha bairavam mathirai, vishnu chakram, nila-

vemba kudineer, arumuga chenduram, linga chenduram

No. 1 and thirikadugu choornam were evaluated for their

antiviral activity using an in vitro assay system in a 96-well

format. Our study shows that these assays could be used for

any kind of siddha formulation for the evaluation of its

antiviral activity.

Brahmanandha bairavam mathirai and Vishnu chakram

have been used for the treatment of pyrexic phase of

chikungunya [19], and may act as antivirals Nilavembu

Kudineer is known for its antipyretic, anti-inflammatory

and analgesic properties and thus have a role in immune

modulation [20]. Arumuga chenduram is a herbo-metallic

formulation [21], known for its role in the treatment of

fever and arthritis [19]. Linga chenduram No. is one of the

the medicines used in Siddha for treating ‘Azhal Keel

Vayu’ which may be correlated with osteo arthritis having

the symptoms of Pain and swelling in knee joints [22].

Thirikadugu choornam is used in the treatment of digestive

disorders such as indigestion, dyspepsia, flatulence and

intermittent fever Development of Ayurvedic and Siddha

Medicine through the Application of Modern Pharmaceu-

tical Technique [23] and thus given as a part of the

chikungunya treatment regime along with the other poly-

herbal formulations. Lit of compositions of various for-

mulations employed in the study is present in

supplementary Table 1.

Materials and methods

Cell maintenance and preparation of virus

Vero (African green monkey kidney) cells used in this

study were maintained in Dulbecco’s Modified Eagle’s

medium containing 10% inactivated FBS at 37 �C, 5%

CO2 and 75% Humidity. formulations. During the time of

virus propagation and antiviral assay the FBS concentra-

tion of the cell culture medium was reduced to 2%.

Virus amplification and concentration

The CHIKV isolate used in this experiment was a clinical

isolate from an outbreak in Delhi in 2010 and belonged to

the ECSA strain [24]. The CHIKV strain was propagated in

Vero cells and harvested after full cytopathic effect was

observed. Virus stock was concentrated using modified

PEG concentration methods [6]. Viruses were further

characterized by plaque assay [25]; the obtained stock was

aliquoted and stored at - 80 �C.

Cell viability assay

MTT 3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetra-

zolium Bromide) assay (Sigma, Cat No: D4540) was per-

formed to evaluate the cytotoxicity of siddha formulations

in Vero cells using previously standardized protocols [26].

Briefly, monolayers of Vero cells were grown in 96-well

plate and were treated with different concentrations of the

formulations in 8 replicates together with negative control

(media containing 0.1% DMSO). It was followed by

incubation at 37 �C with 5% CO2 for 48 h before the MTT
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assay was performed. Two days post-treatment, 10 ll of
5 mg/ml MTT solution was added to the cells and incu-

bated for 4 h at 37 �C with 5% CO2 followed by the

addition 150ul of DMSO, prior to absorbance detection at

495 nm wavelength using multiplate reader. Percentage

survival of cells after treatment with the formulations was

determined through this assay using Graph Pad Prism 5

(Graph Pad Software Inc., San Diego, CA, USA, 2005).

Antiviral activity of siddha formulations

Schematic representation of the in vitro bioassays devel-

oped to evaluate antiviral activity of amukkara choornam is

given in Fig. 1. Screening of activity of these siddha for-

mulations was done using the screening assays designed

using variation of plaque reduction neutralization assay

(PRNT). In PRNT assay, Vero cells were infected with

CHIKV strains at a multiplicity of infection (MOI) of 1 in

the presence of siddha formulations at non-cytotoxic con-

centrations. Following incubation at 37 �C for 1 h, the

virus was removed. The infected cells were covered with

150ul of overlay medium (1% CMC (Sigma, catalog #

C5678) prepared in 2% DMEM). Cells were then incubated

at 37 �C for 2 days. Finally, cells were fixed and stained

using 0.25% crystal violet solution prepared in 30%

methanol to count plaques and determine virus titers, which

are presented as plaque-forming units per 100 ll. PRNT
was performed only after the screening assay steps have

been performed. The half-maximal inhibitory concentra-

tion (PRNT50 value) for each concentration of the poly-

herbal formulation against CHIKV, with reference to the

virus control (which represented 100% infection or 0%

Fig. 1 Schematic representation of in vitro bioassays developed for

the understand of antiviral effect of the polyherbal formulations. 5

types of anti-viral assays were developed to evaluate the anti-viral

activity of siddha formulations. All the assays were based on modified

plaque reduction neutralization assay. Type 1 assay: Pre-incubation of

CHIKV and siddha formulations at 4 �C overnight followed by PRNT

assay with Vero cells. Type 2 assay: Post treatment of the CHIKV

infected cells with siddha formulations at 37 �C followed by PRNT

assays to evaluate the role of siddha formulations. Type 3 assay: to

evaluate protective effect of polyherbal siddha formulations preced-

ing CHIKV infection. Type4 assay: Anti-entry assay of CHIKV in the

presence of siddha formulations at 4 �C followed by PRNT assay with

Vero cells. Type 5 assay: Anti-proliferative assay of CHIKV in the

presence of siddha formulations at 37 �C followed by PRNT assay

with Vero cells

Table 1 Chikungunya medicine regimes followed by siddha practitioners according to AYUSH, government of India, guidelines

Regime Formulations followed Known functions Reference

Regime for Chikungunya at National Institute of Siddha

(Chennai)

Brahmanandha Bairavam

Mathirai

Fever [18]

Arumuga chenduram Post Arthralgia Conditions

Nilavemba kudineer Immunomodulator

Vatakesari thantani

Laghir visha mushti thailam Ectopic treatment for swelling

Thiruchergodu regime Vishnu chakram Fever with arthritis

Linga chenduram No. 1 Fever with immunity booster

Brahmanandha Bairavam

Mathirai

Fever

Thirikadugu Choornam Indigestion and intermittent

fever
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inhibition), was defined as the concentration of polyherbal

formulations, in lg/ml, resulting in atleast 50% inhibition

of the plaque count.

1. Preincubation with polyherbal formulations

Vero cells were seeded in 96-well plates (20,000 cells/

well), a day in advance. CHIKV (MOI 1) were separately

pre-incubated with serial dilutions of polyherbal formula-

tions at non-cytotoxic concentrations in 100 ll volume, at

37 �C for 2 h and at 4 �C overnight (12 h). The preincu-

bation mixture was diluted with an equal volume of med-

ium (DMEM ? 2% FBS) and used to infect Vero cells (3

wells for each concentration at 200 ll/well) in the 96-well

plate. After 2 h of adsorption in the incubator (37 �C, 5%
CO2), infected cells were overlaid with 150 ll of methyl-

cellulose-containing growth medium and processed there-

after as described for the plaque assay above. To assess any

potential cytotoxicity, cells were exposed to the herbal

formulations (in the same concentration range) in the

absence of CHIKV infection. Additional control experi-

ments, run in parallel, included cells which were either

mock-infected (negative control) or infected with CHIKV

in the absence of polyherbal formulations (positive

control).

2. Post treatment with polyherbal formulations

Vero cells in 96-well plates (20,000 cells/well) were

infected with CHIKV (MOI = 1) without pre-incubating

with the polyherbal formulations. After 2 h of adsorption,

the virus inoculum was aspirated, the monolayer rinsed

with 1X PBS, and then fed with complete medium con-

taining the siddha formulations (corresponding non-cyto-

toxic concentrations). After 2 h of exposure to the

formulations, the monolayer was aspirated and overlaid

with growth medium containing methylcellulose and pla-

ques were developed 48 days later as above.

3. Protective effect of Polyherbal formulations

Vero cells in 96-well plates (20,000 cells/well) were treated

with the various non-cytotoxic concentrations of siddha

formulations for 12 h. Post treatment, the cells were

washed twice with 1X PBS and infected with CHIKV

(MOI = 1) for 2 h. After 2 h of adsorption, the mix was

aspirated, the monolayer was rinsed with 1X PBS and

overlaid with growth medium containing methylcellulose

and plaques were developed 48 days later as above.

4. Anti-entry assay for polyherbal formulations

The procedure of anti-entry assay was modified and per-

formed as mentioned in earlier studies [27]. Monolayers of

Vero cells were grown in 96-well plate with DMEM sup-

plemented with 10% inactivated FBS. The Vero cells were

then infected with CHIKV at MOI 1 and the plate was

incubated for 1 h at 4 �C. Non-adsorbed virus was washed

with 1X PBS. Polyherbal formulations were added in dif-

ferent concentrations and incubated at 37 �C with 5% CO2

for 2 h. The plates were again washed with 1X PBS and

treated with citrate buffer (pH = 3) to inactivate the non-

internalized virus, before washing with 1X PBS. PRNT

overlay media was added into every well and the plate was

incubated for 48 h at 37 �C with 5% CO2. PRNT assay

was performed as aforementioned.

5. Anti-penetration assay for polyherbal formulations

For anti-penetration assay monolayers of Vero cells were

grown in 96-well plate with DMEM supplemented with

10% inactivated FBS. The Vero cells were then infected

with CHIKV at MOI 1 and the plate was incubated for 1 h

at 37 �C. Non-adsorbed virus was then washed with 1X

PBS. Siddha formulations were added in different non-

cytotoxic concentrations and incubated at 37 �C with 5%

CO2 for 2 h. The plates were again washed with 1X PBS to

remove non-adsorbed virus. PRNT overlay media was

added into every well and the plate was incubated for 48 h

at 37 �C with 5% CO2. PRNT assay was performed as

aforementioned.

Siddha medica materia

In case of Chikungunya there are two major regimes that

are followed by the siddha practitioners i.e. Regime for

Chikungunya prescribed by National Institute of Siddha

(Chennai) and Thiruchergodu regime. The individual for-

mulations with their known functions against Chikungunya

disease are given in Table 1. Of these formulations, brah-

manandha bairavam mathirai, vishnu chakram, nilavemba

kudineer, arumuga chenduram, linga chenduram No. 1 and

thirikadugu Choornam were studied for their antiviral

effect against Chikungunya virus in in vitro conditions.

Results and discussions

Cell cytotoxicity

Cell cytotoxicity of various siddha formulations was

determined using MTT assay in Vero cells. Percent cell

survival cells was determined and non-cytotoxic concen-

trations of different formulations were evaluated. It was

observed that all the formulations were non-cytotoxic

below 0.5 mg/ml (Fig. 2).

Anti-viral activity of various siddha formulations

Further, five types of bioassays were developed to identify

the concentration of these siddha polyherbal formulations

for potential CHIKV inhibitory activity. For all
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experiments viruses were prepared as aforementioned in

the material and method sections and were checked using

PRNT to determine no. of plaques formed at MOI 1. It was

found that the virus used for the study was 2 9 108 pfu/

100 ll in concentration (data not shown).

Effect of pre-incubation of virus and drug on its

anti-viral activity

The type-1 assay was designed to identify the ability of

these siddha formulations to block CHIKV from entering

susceptible cells. It was observed that brahmanandha

bairavam mathirai and vishnu chakram were able to resist

the development of plaques when used in the concentra-

tions between 0.5 and 0.0625 mg/ml. For all other formu-

lations, the number of plaques formed was more than 50 at

all concentrations which is equivalent to the number of

plaques formed by the concentrated virus at MOI 1. Based

on these observations, it was concluded that brahmanandha

bairavam mathirai and vishnu chakram could inhibit

CHIKV entry into the host cells (Fig. 3a). However, type-1

assays did not necessarily reveal if the formulations pos-

sessed the ability to inhibit the post entry steps in the

CHIKV replication cycle.

Effect of treatment with siddha formulation

on CHIKV infected cells

The type-2 assay was designed to assess the capacity of

siddha formulations to inhibit CHIKV within the infected

cell. Therefore, CHIKV infection preceded exposure to the

herbal formulations. All the siddha formulations used in the

study neither inhibited CHIKV replication post entry nor

reduced the number of plaques formed (Fig. 3b). For all the

concentrations, the number of plaques formed was more

than 50 which is equivalent to the number of plaques

formed by the concentrated virus at MOI 1.

Prophylaxis activity of siddha formulations

The type-3 assay was designed to monitor protective effect

of siddha formulations against CHIKV. For same, the

number of plaque forming units were measured to gauge

the magnitude of inhibition. It was observed that none of

the formulation was not able to inhibit or reduce the

number of plaque forming units. For all the concentrations,

the number of plaques formed was more than 50 which is

equivalent to the number of plaques formed by the con-

centrated virus at MOI 1 (Fig. 3c). Thus, none of the siddha

formulations used for the study showed protective role.

Effect of siddha formulations on CHIKV adherence

on susceptible cells

The type-4 assays, this assay was performed to detect the

ability of siddha formulations to block the CHIKV adher-

ence into the susceptible cells. the result clearly indicates

that none of the formulations was 100% effective in

blocking entry of CHIKV in the cells. But, brahmanandha

bairavam mathirai and vishnu chakram could inhibit

CHIKV entry into the cells to by reducing the number of

plaque forming units. It was found that brahmanandha

bairavam mathirai was able to reduce viral replication by

66.67% at 0.5 mg/ml whereas, vishnu chakram was able to

reduce viral replication by 33.33% % at 0.5 mg/ml. For all

concentrations, the number of plaques formed was more

than 50 which is equivalent to the number of plaques

formed by the concentrated virus at MOI 1 (Fig. 3d).

Fig. 2 MTT based cell

cytotoxicity assay for the siddha

formulations used in the study.

It was observed that all

formulations were non-

cytotoxic between 0.5 mg/ml

till 0.078 mg/ml, these

concentrations were used for all

the further in vitro bioassay
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Effect of siddha formulations on CHIKV entry

into susceptible cells

The type-5 assays, this assay was done to evaluate the

penetration capacity of CHIKV in the cells after the

treatment with siddha formulations. Anti-penetration

assays were performed wherein cell infection with CHIKV

at MOI 1 was followed by the treatment of the cell with the

polyherbal formulations at various concentration as men-

tioned earlier. It was observed that number of plaques

formed even after the treatment with these formulations

were more than 50 or more which is equivalent to the

Fig. 3 5 types of bioassays developed to evaluate anti-viral activity

of the siddha formulations. a Preincubation of siddha formulations

with Chikungunya virus: Brahmanandha bairavam mathirai and

Vishnu chakram were found to have inhibit CHIKV entry into the

susceptible cells and may affect post entry replication steps at

concentrations range of 0.0625 and 0.5 mg/ml. b Effect of treatment

with siddha formulations on CHIKV infected cells. The results

showed that none of the formulations could inhibit CHIKV entry into

the host cells. c Prophylaxis effect of siddha formulations before

CHIKV infections. The results depicted that none of the formulations

showed any protective effect against CHIKV infections. d Anti-entry

effect of siddha formulations upon CHIKV infections: Brahmanandha

Bairavam Mathirai and Vishnu chakram could prevent entry of

CHIKV into the cells/adsorption of CHIKV onto the cells. e Anti-

penetration effect of siddha formulations upon CHIKV infections:

None of the formulations prevented penetration of CHIKV into the

cells
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number of plaques formed by the concentrated virus at

MOI 1 hence it was established that none of the siddha

formulations used in the regime exhibited anti-penetration

phase post entry (Figure 3e).

These assays were designed and standardized to analyze

the effectiveness of siddha polyherbal formulations and to

understand the effectiveness of the regimes followed by

siddha practitioners. It was found that in both the regimes

siddha doctors use at least one CHIKV antiviral to curtail

the effect of the pathogen and hence the regimes are

effective as also depicted in the study by central council for

research in Ayurveda and Siddha, Department of AYUSH

[19], wherein most patients recover 100% after 10 days of

treatment.

Siddha formulations though effective against viral

infections lacks experimental proofs and thus is unable to

compete with modern medicine system. Keeping in mind

the holistic concept of this medicine system

researcher/doctors need to provide biologically relevant

data and the assays developed in this study could be used to

understand the anti-viral activity of the siddha formulations

in in vitro system.
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