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ABSTRACT

Background: An unceasing threat of resistance of malarial parasites to available antimalarial drugs makes the
development of new drugs imperative. Natural plant-based products are an alternative source for discovering
new antimalarial drugs. Aim: To determine the prophylactic efficacy of a traditionally used plant-based
drug on prevention of malaria in endemic villages of Odisha, India. Metheds: A total of 267 healthy human
volunteers of both sexes, aged 18-60 years were enrolled in Odisha, India, to receive either minimum 20
doses of aqueous extract of Traditional Plant-based Malaria Prophylactic drug 74, twice a week (experimental
group), or no drug (control group) for 14 weeks. The primary criterion was the occurrence of malaria positive
cases confirmed through expert microscopy during the study period. Analyses were by per-protocol (PP) and
modified intention-to-treat (mITT). Results: A significant (P < 0.01) reduction (64%) of malaria incidence
was observed in the experimental group compared to control group, 12.3% and 26.6%, respectively, as PP
analysis. However, the reduction was nonsignificant as per mITT analysis (P = 0.22). The experimental group
showed a relative risk of 0.36 compared to control group. Gonclusion: This preliminary study constitutes a
potential “proof of concept” for the development of malaria prophylactic drug and provide a scientific basis
for the use of traditional remedy as a malaria preventive by tribal populations in India.
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INTRODUCTION

Malaria, a disease caused by the parasite of the genus
Plasmodium, remains major public health concerns in tropical
and subtropical countries. 214 million cases of malaria and over
438,000 deaths occurred globally in 2015 [1]. 58% of the malaria
deaths occurred in the poorest 20% of the world’s population,
and these patients receive only poor quality care and have
catastrophic economic consequences from their illness [2].

In India, malaria is one of the most common infectious disecases
among tribal population with 22.6% of clinical episodes
due to Plasmodium falciparum and 42% of episodes due to
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Plasmodium vivax globally [3,4]. In Odisha, eastern state of
India, malaria is the leading cause of mortality and morbidity
in the tribal population [5]. In many other states of India,
malaria transmission intensity varies with season with high
transmission after the monsoon rains in autumn and winter.
In such conditions, a suitable control strategy implemented
during these seasons may have a good impact on the reduction
of malaria burden.

Malaria infection can be prevented using (anti-liver stage)
chemoprophylaxis. However, most of the available drugs are
confronted with the evolution of drug resistance [6-8]. On the
other hand, the safety is a major concern in chemoprophylaxis.
e 2017 e Vol6 e
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For instance, primaquine, atovaquone, and doxycycline are
contraindicated in pregnant women and children. Moreover,
many of the drugs are not atfordable and inaccessible to the
needy populations.

As in almost all tropical endemic countries, malaria in India
affects particularly people living in rural, remote areas, where
most often affordable modern drugs are not available and
where poor health-care infrastructure cannot assure prompt
and appropriate treatment. The use of herbal medicinal plants
especially those used in traditional medicine for the prevention
of malaria is common in population of malaria endemic areas,
among these, the use of Traditional Plant-based Malaria

Prophylactic 74 (TPMP74) [9].

TPMP74 is a coded polyherbal traditional remedy, widely used
in the form of aqueous extract (decoction), and all the plants
are well recognized for its medicinal properties for a long time
in Ayurveda. Each plant and aqueous extract of TPMP74 have
been standardized through organoleptic, physicochemical,
phytochemical, microbial, heavy metal, pesticide residue, and
high-performance thin layer chromatography analysis [10].

Furthermore, it has also been demonstrated that TPMP74
possesses an inhibitory effect on the Plasmodium yoelii hepatic
stages in vitro (50% inhibitory concentration = (.74 mg/mL)
with a therapeutic index of 9.54 and in mice treated with
2000 mg/kg/day, peak parasitemia reduction by 81% in
the experimental 2.35% = 0.14% as compared to controls

12.62% + 0.52% (P < 0.001) [11].

Thus, TPMP74 which is considered as an important malaria
prophylactic remedy needs to be further studied for its efficacy
in human volunteers. The aim of this prospective comparative
field study was to evaluate the efficacy of TPMP74 aqueous
extract on lowering the occurrence of malaria in study
population of malaria-endemic villages of Odisha, India.

MATERIALS AND METHODS
Ethical Issues

The protocol was approved by the Institutional Ethics
Committee of the Foundation for Revitalization of Local Health
Traditions (FRLHT), Bengaluru (currently [ITD-HST) (Protocol
number: 05 TPPM-K). Written informed consent was taken
from all the study participants. They were free to withdraw
from the study at any time. Volunteers were followed closely
and were given conventional treatment if necessary. The study
was registered in Clinical Trial Registry - India (CTRI) and trial
registration number is CTRI/2014/05/004610.

Settings

A prospective comparative field study was conducted in two
rural villages (Tunpar and Kellar) of Koraput district (17°
50'N and 20° 30’N, 81° 27" and 84° 10" E) of Odisha state,

India, during the period of high malaria transmission (June to
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December 2009). The two villages were situated within a radius
of 3 km having similar climate, rainfall, and socioeconomic
status [12] and had higher malaria incidences in the year 2007
and 2008 (unpublished data - Laxmipur PHC, Koraput district).
The annual parasite incidence (APL cases/1000 persons/year) of
Koraput district is 20.3 with 97% of P, falciparum cases [13,14].
The entomological and epidemiological parameters in these
two villages were similar in intensity for malaria transmission
(unpublished data-malaria baseline report, FRLIIT, 2009).

Design

The study was designed as a prospective comparative study
of volunteers recruited from Tunpar village who served as
the experimental group to receive traditional prophylactic
herbal remedy with those similarly recruited from Kellar
village to serve as the control group given no specific malaria
preventive medication. Owing to the very different nature of
the intervention, it was not possible to blind the volunteers to
the intervention being taken or to randomize the volunteers in
the same village into two groups.

Participants

Before the start of the study, meetings were held in both the
study villages to explain the purpose, methods of the study,
and to answer their questions. People who were interested to
participate in the study as volunteer were screened by medical
examination and blood smears. Inclusion criteria for the
study were (1) age 18-60 years, (2) having no chronic illness
or symptomatic malaria, (3) having no parasites in the blood
smear, and (4) healthy, without any co-morbid conditions.
Noninclusion criteria were pregnancy, lactating mothers, those
taking medication for any other complaints, and those unable
or unwilling to provide written informed consent.

Intervention

TPMP74 aqueous extract (decoction) was freshly prepared on
the day of administration by harvesting plant parts from the
preidentified sources in the study area. The trained village
health workers (VHHWs) prepared the decoction in a central
place (Government primary school, Tunpar) of the village.
45 mL of lukewarm decoction was administered twice a week
(Tuesday and Friday) during the early evening (on an empty
stomach) for 14 weeks to the participants of the experimental
group and compliance on consumption of decoction was
observed by the VHWs. The whole procedure was monitored
by the study investigator. Samples of freshly prepared
decoctions were analyzed to ensure the total dissolved solids of
16.32 % 0.03% w/v, which confirmed the quality of decoction
administered.

A data documentation system for the administration of
decoction was devised and used by trained VHWs. This
consisted of health card held by each volunteer and an
attendance register held by the VHW: to record compliance and
adherence to the study protocol. This health card was labeled
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with the volunteers’ number, name, and a table to record clinical
findings on the day of administration of decoction.

Follow-up

Volunteers of both groups were actively and passively followed
during the study period. The active follow-up was done biweekly
and consisted of questioning the volunteers for the occurrence
of symptoms consistent with malaria including fever, headache,
body ache, and malaise. The passive follow-up was done through
continuous availability of VHWs and auxiliary nurse midwife
in the village, to evaluate any medical complaint at any time
during the study period. Any volunteer, who complained of
symptom potentially related to malaria, was given a complete
medical check-up and laboratory assessment through blood
smear examination. The positively diagnosed malaria cases were
treated as per the standard guidelines of National Institute of
Malaria Research, Government of India [15]. Apart from this
clinical follow-up, all the volunteers were screened for malaria
infection by blood smear examination at the end of the study.
As per the study protocol, experimental group participants, who
have received a minimum of 20 doses of TPMP74 out of the total
of 28 doses in the study, were considered for statistical analysis.
Volunteers were also monitored for intake of any antimalarial
drugs as well as other drugs during the study period.

Laboratory Methods

Blood films were stained with Giemsa for 30 min, and parasite
counts were done using standard WHO criteria [16].

Outcome Measures

The outcome of the study was based on the incidence of malaria
as measured by laboratory diagnosis (blood smear) in both the
experimental and control groups.

Statistical Analysis

Research pro forma was developed to enter baseline details,
laboratory findings and follow-up details including regular
consumption of the decoction. Every detail was entered by the
VHWs and checked by investigators. All data were entered into an
Excel sheet using MS Excel. Descriptive statistics, proportions,
rates, and protective efficacies along with the required standard
deviation and confidence intervals, Chi-square tests, per-protocol
(PP) analysis and modified intention-to-treat (mI'TT) analysis
were done using SPSS 18.0 (SPSS Inc., Chicago, USA). Since
these were prospective cohort groups, relative risk was computed
taking the incidence rate and the 95% corresponding confidence
interval of malaria in experimental and control groups.

RESULTS

Participants

A total of 578 volunteers were enrolled in this study, 292 (male
142, female 150) in the experimental group and 286 (male 143,
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female 143) in the control group. Of the 292 volunteers enrolled
in the experimental group, 149 (51%) did not complete the
minimum 20 doses and 30 volunteers (10.2%) did not complete
follow-up. Of the 286 volunteers enrolled in the control group,
132 (46.1%) did not complete follow-up. The main reason
for loss to follow-up during the study period was migration of
volunteers to another location as these are tribal people depend
on daily wages. Thus, there were a total of 113 volunteers in
the experimental group and 154 volunteers in the control group
who completed the follow-up [Figure 1].

Baseline Characteristics

Baseline demographic and characteristics of participants in
experimental and control groups are shown in Table 1. There
was no statistically significant difference in age and use of
malaria preventive measures between the two groups except for
the gender. This shows that the volunteers of study and control
groups have similar characteristics.

Impact of the Study on Malaria Incidence

The incidence of microscopically confirmed malaria in the
two groups is presented in Table 2. PP analysis demonstrated
that overall the incidence of malaria during the entire malaria
endemic season was 14 among the 113 of the experimental group
(incidence rate = 12.3%) and 41 among the 154 of the control
group (incidence rate = 26.6%). The difference is statistically
significant (P = 0.005). The experimental group showed a
relative risk of 0.36, compared to the control group meaning that
the risk to get malaria in the control group was 2.8 times higher
than in the experimental one. However, mITT analysis was
not significant (P = 0.22), where specific minimum standard

Table 1: Baseline demographic and characteristics of
participants in experimental and control groups

Variables

Frequency (%) P
Control group (154)

Experimental
group (113)

Age 36.16+11.45 37.73+11.95 0.279
Male 65 (57.5) 57 (37.0) 0.0009*
Female 48 (42.5) 97 (63.0)

Use of mosquito net 61 (54.0) 100 (64.9) 0.118
Use of mosquito coil 13 (11.5) 10 (6.5) 0.250
Use of mosquito mat 4 (3.5) 5(3.2) 0.686
Use of cream 1(0.9) 1(0.6) 0.676
Herbal fumigation 12 (10.6) 8 (5.2) 0.177
Do not use 44 (38.9) 52 (33.7) 0.443

*Statistically significant. Percentage do not add up to 100 because of
multiple responses

Table 2: Incidence rate of malaria in experimental and control
group (in PP analysis)
Participants

Experimental group Z score P

% (95% CI)

All 12.3 (14/113)
(6.1; 18.5)

Control group
% (95% CI)

26.6 (41/154) 2.83
(19.5; 33.7)

0.005

CI: Confidence interval, PP: Perprotocol
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Excloded from analysis
(left study area) (n=30)

Excluded from analysis
(lefi stndy area)(n=132)

Figure 1: Village trial flow chart

criteria were minimum of 20 dosages during the 14 weeks of
administration of TPMP74. However, due to the limited sample
sizes, the power of the test was too low to be conclusive (28.9%).
Hence, a higher number of volunteers could demonstrate a
significant difference with a mITT analysis. One volunteer in
the experimental group and two volunteers in the control group
had P, vivax infection, whereas the remainder had P, falciparum
malaria. However, there was no statistically significant difference
in age, gender and use of malaria preventive measures among
the volunteers who were positively diagnosed for malaria.

DISCUSSION

In this study, we wished to ascertain whether a plant-based
preparation used by traditional healers in Odisha, India, as
malaria preventive remedy has a demonstrable prophylactic
potential. The sclection of one over others traditional medicines
was based on its perceived value to prevent, rather than to
treat the malaria infection because drugs capable of providing
prophylactic cover by inhibiting the liver stages have some
advantages over other chemotherapeutic drugs [6].

We opted first to attempt to gather ficld evidence showing that
the remedy as traditionally administered does indeed have an

J Intercult Ethnopharmacol e 2017 e Vol6 e Issuel

effect on the acquisition of malaria. A similar approach had been
adopted in other studies [17,18]. In this ficld study, healthy
volunteers were selected from two villages. For practical reasons
(i.c.: No placebo remedy), it was difficult to recruit volunteers
in the same village to serve as an experimental and a control
group. Thus, volunteers from one village were the experimental
group to whom the remedy was administered and those from the
other served as the control group. The two villages were carefully
selected to have similar malaria epidemiology. We are aware that
such a study has limitations, principally a high attrition rate due
to the migration of volunteers out of the village for economical
reasons, and because of difficulties of some to adhere to the
28 (minimum 20) doses that needed to be administered during
the study period. Nonetheless, we obtained clear indication that
the remedy reduced the number of recorded microscopically
confirmed malaria episodes in residents of malaria-endemic
villages with constrained resources (a risk reduction of 64% in
the PP analysis).

Intermittent preventive treatment (IPT) is a common approach
followed in malaria transmission season to protect against
malaria in endemic areas. Dicko et al. in Mali found a reduction
of 42.5% in annual incidence of clinical malaria when IPT
with sulfadoxine-pyrimethamine is given at 8-weck intervals

39



Nagendrappa, et al.: Plant-based malaria prophylaxis

in children targeting the transmission season [19]. Several
studies have shown that IPT given to pregnant women, children
and infants has reduced the incidence of clinical episodes of
malaria by 20-60% depending on the transmission duration and
scasonality [20-22].

Unlike the use of other malaria control strategies such as use
of insecticide-impregnated material and IPT that requires daily
implementation and external agency, whereas this traditional
herbal usage strategy requires only training on the use of
locally available herbs with standard preparation procedures.
This simple strategy can be delivered through VHWs, local
nongovernmental and governmental organizations. These
herbal remedies may be affordable and accessible to the
endemic population and can contribute to reducing the malaria
burden in the communities, particularly in rural settings
where health services are insufficient and inaccessible. It is
also essential to achieve the cultural and social acceptance
by the communities for a successful implementation of any
malaria control strategy. As TPMP74 is a local health traditional
practice by healers of their own community, it is quite easy for
their acceptance.

Usually, the search for lead compounds from
ethnopharmacological preparation is initiated on individual
fractions or compounds isolated from each plant component
from which it is prepared. However, traditional healers often
use polyherbal preparations in the belief that not only each herb
has a specific beneficiary role but also that the combination
of these effects is important. The underlying principle is that
plants combination may be synergistic or may potentiate
the action of the individual plants [23]. To capture this, we
opted to assess the first whether the traditional remedy, as
administered to subjects, has an impact on malarial infections.
Indications of a positive effect from such a study would then
justify testing the same preparation under in vivo and in vitro
experimental settings.

Earlier clinical observational studies on TPMP74 have shown
that the 45 mL of lukewarm decoction is safe and tolerable in
healthy human participants [24]. The dose, dosage (twice a
week), form of medicine, and duration of intervention were
followed as per the recommendations of traditional healers [9].
In this study, the participants of experimental group were
closely monitored for safety and any adverse events. None
of the participants showed any serious adverse event except
10 volunteers who developed on the 3 dosage mild but self-
limiting gastric irritation and nausea.

The prophylactic activity observed in villagers was mirrored
in that observed when the same formulation of the remedy
was assayed in vivo in mice challenged by P. yoelii yoelii
sporozoites inoculation. In addition to a 3-fold reduction
in peak parasitemia in treated as compared to control mice,
a 1-day delay was observed for the 1% day of patency in the
treated mice (6 days vs. 5 days in the controls-after sporozoites
inoculation). Because of the exponential increase of the
asexual parasites every 24 h, such a delay could reflect a
dramatic reduction and/or delay in merozoites emerging after
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liver stage development indicating potential prophylactic
activity [11].

CONCLUSION

The simple strategy of using plant-based remedy is likely to be
one of the effective strategies in reducing malaria burden in
areas like Koraput district where local people still depend on
the local plants to combat malaria. This approach of malaria
control needs further research in other areas where malaria
transmission remains high and where traditional herbal remedies
have a major impact. For the benefit of the large population
who adheres to the traditional medicine practices, there is a
need for further pre-clinical and multicentric trials to evaluate
efficacy and safety on long-term ingestion of commonly used
traditional herbal malaria prophylaxis.
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