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ABSTRACT

The spreading Hogweed or Boerhaavia diffusa L. (BD)
is a potent herbal medicine with diverse pharmacolog-
ical activities. In Asia and Africa, it is used in different
Ayurvedic medicines as a rejuvenator or “Rasayan”
for its excellent antiaging and antioxidant properties.
This review is intended to provide an extensive study
on different phytochemicals present in BD and their
relevant pharmacological activities to support its eth-
no medicinal uses. Further, this may help in exploring
the undiscovered active constituents of BD, respon-
sible for its diverse pharmacological uses. The data
from different published research and review arti-
cles, confined to phytochemistry and pharmacologi-
cal activities of different parts of BD, were extracted
by using specific keywords from different scientific
databases like Google, Science Direct, PubMed, etc.
The whole plant (root, stem, leaf, flower and fruits)
is rich in different bioactive phytocompounds. Till
date, many of them were isolated from the roots and
other parts of BD, but the most important secondary

INTRODUCTION

Boerhaavia diffusa L. (BD) (family: Nyctaginaceae) is also known
as spreading Hogweed or Punarnava that means renewer or re-
juvenater of the body because of its antiaging property (Wahi AK,
et al., 1997). It is a perennial, prostrate herb with pink flowers and
sticky fruits. Its old root stock remains dormant during summer
and regenerates in the rainy season. Different parts of BD are
rich in diverse bioactive compounds and extensively used as a
“rasayan” for its outstanding properties like immunity booster,
reestablishing youth and strengthening body and mind. Oxidative
stress (resulted due to an imbalance between reactive oxygen spe-
cies (oxidant) production and their utilization) is often associated
with many diseases i.e. dementia, Parkinson’s disease, Alzheimer’s
disease, heart attack, myocardial infarction and other age-relat-
ed diseases (Cadet JL, 1988; Demopoulos HB, et al., 1980). The
promising antioxidant activity of BD is responsible for its varied
pharmacological activities. BD root and its aerial parts are rich
in alkaloids, phenolic compounds, flavonoids, terpenoids, sapon-
ins, lignans, sterols, purine nucleosides, anthraquinones as well
as many fatty acids and proteins, which contribute to its tremen-
dous bio potentiality. Therefore, the present review is prepared to
compile the antimicrobial and other pharmacological activities
of BD in order to validate and support the ethno medicinal uses
that would be beneficial for researchers as well as for common
people. In this review, we had tried to compile and redraft all the
known phytochemicals and pharmacological activities of BD for
easy reference.
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metabolites are phenolics, rotenoids, flavonoids, iso-
flavonoids, alkaloids, steroids, anthracenes and lig-
nans. The crude extracts and the purified compounds
were reported to have promising activities like anti-
microbial, antioxidant, anticancer, anti-inflammatory,
immunomodulatory, antidiabetic, hepatoprotective,
renoprotective, cardio protective, antifertility etc. As
the reports on molecular mechanisms of specific in-
teraction between isolated compounds and microbial
effector proteins/toxins or their interference with mo-
lecular pathogenesis are limited, further investigation
can be carried out to understand the prophylactic and
therapeutic role of these phytomolecules in different
diseases at a molecular level using appropriate exper-
imental models.
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LITERATURE REVIEW
Methods

Extensive search for review of literature on the ethno medicinal,
antimicrobial, pharmacological properties of BD and its differ-
ent parts was conducted by using different websites like Google,
Scopus, Sci-Hub, SciFinder, PubMed and Science Direct etc.,
using different key words like antibacterial, antifungal, antican-
cer, anti-inflammatory, hepatoprotective, cardio protective, reno-
protective, antidiabetic, antifertility activities of Boearhaavia dif-
fusa and its root, leave, stem etc. Both research and review articles
were studied and compiled in this review.

Ethnomedicinal uses

Punarnava or BD has a bitter taste and cooling nature. As per its
name, it renews the whole body. A person gains vigor and vitality
with its routine use. It has emetic, expectorant, stomachic, dia-
phoretic, laxative and diuretic property (Nadkarni K, 1976). BD
is extensively used as a rejuvenator in various ayurvedic formu-
lations not only in India, but also worldwide especially in Asia,
Africaand Latin America for its tremendous therapeutic potential
against various diseases such as epilepsy, abdominal pain, diar-
rhea, dysentery, urinary and kidney problems, pneumonia, jaun-
dice, anemia, splenomegaly etc. It is a well-known tonic, blood
purifier, uterine bleeding preventor used to check post-partum
hemorrhage. It is beneficial in wound healing and skin problems
like itching and eczema (Agrawal B, et al., 2011). It improves di-
gestion and maintains healthy body mass index and prevents an-
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emia, hernia and respiratory distress. The root extract is a potential heart,
kidney and liver stimulant. It protects kidneys that are damaged due to
diabetes. It is useful in asthma, constipation, cough and detoxification of
body because of its diuretic, renoprotective and laxative property. It is used
against dropsy, ascites, swelling of legs, gonorrhea, intestinal worm infesta-
tion, jaundice and other liver complications. It relieves from inflammation
and joint pains, boosts immunity and strengthens lungs. Root paste is
used as a miraculous dressing for ulcers and swellings. It is beneficial in
nerve flaws, paralysis and also used in treating fever and improving appe-
tite (Bhowmik D, et al., 2012). In case of ascites, liver cirrhosis is usually
followed by congestive heart failure and herbal diuretics are preferred to
correct the abnormal fluid dynamics of the body. Whole leaves or its for-
mulations are taken orally or applied locally for wound healing or to cure
scorpion sting and snake bite as they have anti-inflammatory properties
(Mishra S, et al., 2014).

Pharmacological activities

Antimicrobial activities of B. diffusa: The different extracts of BD had
been reported to have significant antibacterial, antifungal, antiparasitic
and antiviral activities (Samy RP, et al.,, 1999). Antibacterial activities of
alcohol and chloroform extracts of BD were studied against six bacteria
viz. Escherichia coli, Staphylococcus aureus, Salmonella typhimurium,
Proteus mirablis, Klebsiella pneumoniae and Pseudomonas aeruginosa.
Benzene: Ethyl acetate (4:1) fraction of chloroform extract was found
to be effective against S. typhimurium, E. coli and P. aeruginosa whereas,
n-butanol fraction of alcohol extract was found to be effective against S.
typhimurium and P. mirabilis (Gopal H, et al., 1999). BD leave extract was
tested against various Gram positive (Bacillus subtilis, S. aureus, Strepto-
coccus faecalis and Micrococcus luteus) and Gram negative (E. coli, Shigella
flexneri, Vibrio cholera, Salmonella typhi, P. aeruginosa, K. pneumoniae,
Serratia marcescens and Proteus vulgaris) human pathogenic bacterial
strains by measuring the Zone of Inhibition (ZOI). It was observed that
chloroform, ethylacetate, methanol, ethanol and aqueous extracts were
effective against these bacteria. The ethanol extract of BD leaves revealed
better efficacy against S. aureus (ZOI=11 mm) and E. coli (ZOI=9 mm)
when compared to other extracts (Umamaheswari A, et al., 2010). The
methanol, ethyl acetate and n-hexane extracts of BD aerial part (at 1000
pg/disc concentration) showed remarkable antimicrobial activity against
S. aureus, S. dysenteriae and Candida albicans (Apu AS, et al., 2012). In
another study, different plant parts (root, stem and leaf) of BD were in-
vestigated for their antibacterial property. Among all the plant parts, the
root extract at higher doses (200 and 100 mg/mL) exhibited marked ac-
tivity with ZOI=12 to 16 mm against S. aureus, whereas at lower doses (50
and 25 mg/mL), leaf extract showed better response among other extracts
with ZOI of 13 to 11 mm against S. aureus. Further, root extract was also
effective against S. typhi whereas, none of the extracts was effective against
E. coli (Majgaine S and Verma DL, 2017), which contradicts the findings
of other researchers. In addition to these common human pathogenic
bacteria, BD was also reported to be effective against Ehrlichia canis, the
causative agent of Canine Monocytic Ehrlichiosis (CME). BD was used in
a polyherbal preparation containing Guduchi (Tinospora cordifolia), Ash-
vagandha (Withania somnifera), Shatavari (Asparagus racemosus) and Me-
thika (Trigonella foenum-graecum) that was tested in dogs with CME and
compared with doxycyclin. Significant improvement in vital parameters
was observed in both groups, which proved the potency of this polyhedral
immunomodulatory preparation in infected dogs (Bai L, et al., 2019).

Ethanol, ethyl acetate, chloroform and petroleum ether extract of aer-
ial parts and roots of BD were tested for their antifungal activity against
dermatophytic fungi Microsporum gypseum, M. canis and M. fulvum by
using broth dilution method. The ethyl acetate extract of root showed
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maximum efficacy against all the fungal strains whereas, all the extracts
of aerial part did not show any visible effect. The maximum inhibition of
mycelial growth by ethyl acetate extract of root (1000 pg/mL, 24 h incu-
bation) was 78.83%, 62.33% and 42.30% against M. gypseum, M. fulvum
and M. canis, respectively. This study suggested the presence of antifungal
phytoactive constituents in the roots of BD (Agrawal A, et al., 2003). In
addition to these four solvents, aqueous extracts of aerial parts and roots of
BD were tested against M. fulvum. The inhibition (%) of different extracts
of root at 5000 ppm for 10 days was determined as 26% (chloroform), 46%
(ethyl alcohol) and 57% (ethyl acetate) against M. fulvum. Ethyl acetate
extract showed maximum percentage of inhibition as compared to other
extracts. Further, on increasing the concentration of the phytoextract, the
colony diameter is reduced proportionately, suggesting its potential anti-
fungal activity (Agrawal A, et al., 2004).

The methanol extract of BD root was tested for its antiplasmodial activ-
ity against chloroquine resistant strain (Plasmodium berghei NK 65) using
suppressive, curative and prophylactic malaria models in male and female
albino mice. BD (125 mg/kg) exhibited best antipyretic effect at day 3 of
suppressive model and this relates to its antimalarial activity. BD (500 mg/
kg) reduced the plasma Ca?* level better than nifedipine (positive control)
i.e. 1.043 mmol/L vs. 1.35 mmol/L. Its efficacy in reducing pyrexia, induced
by malaria through blocking the Ca** channel in the erythrocytes, supports
its use in treating fever. The result of this study certifies its usefulness in
treating malarial infection as claimed by the folklore (Adefokun DI, et al.,
2015).

The antileishmanial activity of BD and Ocimum sanctum was evaluated
in Leishmania donovani infected BALB/c mice model. Maximum parasite
clearance from the infected animals was reported at the combination ther-
apy of BD (100 mg/kg) and O. sanctum (400 mg/kg) for 5 days. Cell-medi-
ated immunity was also up-regulated in extract treated groups with
increased delayed type hypersensitivity responses and increased Immuno-
globulin G2a (IgG2a) levels. Further, the extract treatment brought down
the elevated serum urea, Blood Urea Nitrogen (BUN), serum Creatinine
(Cr), Serum Glutamic Oxaloacetate Transaminase (SGOT) and Serum
Glutamic Pyruvate Transaminase (SGPT) levels to normal (Kaur S, ef al.,
2015). The reports, published between the year 2000 to 2020 on the anti-
bacterial, antifungal and antimalarial activities of BD, were compiled in
Table 1.

Other pharmacological properties of B. diffusa: Different parts of B. dif-

fusa i.e. roots, leaves, flowers, fruits and seeds were used commonly to cure
different diseases, either singly or as a major component in many ayur-
vedic formulations (Rao PP, 2016). BD is an incredible herbal medicine
rich in different active ingredients. BD roots were reported to have max-
imum number and varieties of phytocompounds with assorted bioactiv-
ities, which are listed in Figure 1. Leaves were reported to be rich in pro-
teins, fatty acids, vitamin C and B complex as well as calcium, used as leafy
vegetable by countrymen of Odisha state, India because of their excellent
nutraceutical properties. Therefore, the active compounds present in BD
leaves with their reported bioactivities are presented in Figure 2. Different
parts of a plant vary in its phytochemical composition and present differ-
ent healing properties. BD is extensively studied by many researchers for
its varied bioactivities such as antidiabetic, antioxidant, hepatoprotective,
cardioprotective, renoprotective, diuretic, anticancer, anti-inﬂammatory,
immunomodulatory and antimicrobial properties that are listed in Figure
3.

Several experiments were conducted worldwide on BD to correlate the
presence of diverse phytocompounds with its bioactive potentials, which
are summarized below. The in vivo/ex vivo and in vitro experiments con-
ducted on BD extracts between the year 2000 to 2020.
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Table 1: List of reported antimicrobial activity of B. diffusa

Doses

Model used

Major findings

References

Antibacterial activity

Aqueous and
methanolic
extracts of BD

Ethanolic and
aqueous extracts
of BD

Aqueous and
ethanolic extracts
of BD leaves

Different solvent
extracts of BD
leaves

Decoction from
BD roots

Human pathogenic bacteria

Significant antibacterial activity was detected against Bacillus cereus, B.
subtilis, E. coli, Klebsiella sp., P. mirabilis, P. aeruginosa, S. typhi, Shigella
sp., S. aureus and Yersinia enterocolitica at 50 pL of extract. However, no
Minimum Inhibitory Concentration (MIC) value of the extract against each
bacterium was determined.

Girish HV and
Satish S, 2008

The susceptibility of bacteria to ethanolic extract was in the order of E.
coli>S. aureus>P. aeruginosa and aqueous extract had P. aeruginosa>S.
aureus>E. coli. The antimicrobial activity was dose dependent.

The MIC of ethanolic extract=125 and 250 ug/mL and aqueous extract=250 San-
ug/mL for B. subtilis and E. coli, respectively. gameswaran B,
et al., 2008
Akinnibosun

FI, et al., 2009

Effect of various extracts prepared from BD roots was determined against

gram positive (Bacillus, Streptococcus, Staphylococcus, and Micrococcus) and

gram negative (E. coli, Salmonella, Shigella, Pseudomonas, Klebsiella, Proteus

and Serratia) bacterial strains by observing the ZOL. The ethanol extract of
BD leaves showed maximum activity.

Umama-
heswari A, et
al., 2010

Effective against all tested gram negative bacteria i.e. S. typhi, P. vulgaris, E.

coli, Enterobacter aerogenes, P. aeruginosa, S. typhimurium and K. pneumo-

niae. Enterococcus faecalis, the only gram positive bacteria that was sensitive

to the decoction. Fungus, Candida glabrata was highly sensitive to the
decoction.

Wagh SH and
Vidhale NN,
2010

n-hexane, ethyle

acetate and
methanol extract
of BD

Human pathogenic bacteria and

fungi

Methanol extract (500 and 1000 ug/disc) was potent against both gram

positive (S. aureus) and gram negative (S. dysenteriae) bacteria and also

effective against C. albicans, whereas the other extracts did not show any
activity at the tested doses.

Apu AS, et al.,
2012

Petroleum ether,
chloroform, and
methanol ex-
tracts of BD roots
and aerial parts

Aqueous extract
of leaf, stem and
root of BD

Human pathogenic bacteria

Methanol extract of aerial parts had strong antibacterial property against
E. coli. Methanol extract of root was most effective against S. aureus, which
proves that the whole plant of BD holds antibacterial properties.

Ramachandra
YL, et al., 2012

Bacterial sensitivity observed in the order of S. typhi>S. aureus>E. coli. The
plant parts, which exhibited highest antibacterial activity, were in the order
of root>leaf>stem

Majgaine S
and Verma DL,
2017

Antifungal activity

Petroleum ether,
chloroform, ethyl
acetate, alcohol
and aqueous
extract of aerial
parts and root
of BD

Human pathogenic fungi

Extracts of aerial parts failed to display any visible antifungal activity
against dermatophytic fungi M. gypseum, M. fulvum and M. canis. How-
ever, ethyl acetate extract of root was most effective against tested fungal
species and maximum inhibition of mycelial growth was detected for M.

gypseum (78.83%) followed by M. fulvum (62.33%) and M. canis (42.30%)
at a test concentration of 1000 ug/mL after 24 hours of incubation

Agrawal A,
et al., 2003;
Agrawal A, et
al., 2004

Antimalarial activity

Crude methan-
olic root extract
of BD

Malaria parasite

Suppressive, curative and prophylactic potential of BD against malaria was
observed against Plasmodium berghei NK 65 (chloroquine resistant strain)

Adefokun DI,
etal, 2015
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Figure 1: List of important phytocompounds present in the roots of Boerhaavia diffusa along with their activities
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Figure 2: List of important phytocompounds present in the leaves of Boerhaavia diffusa along with their activities
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Figure 3: Pharmacological activities of Boerhaavia diffusa
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DISCUSSION

There are maximum number of reports for the antidiabetic and hypogly-
cemic effects of BD (12), followed by renoprotective/diuretic, anticancer,
antiproliferative, anti-inflammatory activities (7), cardioprotective, hepa-
toprotective (5), hypolipidemic (4), immunomodulatory (3), followed by
antistress/adaptogenic, antiasthmatic and effect on reproductive organs
(2), whereas for wound healing, anticonvulsant, antiarthritic, antiulcer/
antacid, spasmolytic and anticataract activities, there is only one publica-
tion. There are 10 publications on antimicrobial activities, out of which 8
belong to antibacterial category and one each for antifungal and antimal-
arial activities, which are listed in Table 1. The most important pharmaco-
logical activities of different extracts of BD are represented in Figure 4. In
recent years, the number of diabetic people is increasing at an alarming
rate, worldwide especially in India due to life style changes, lack of physical
exercise, work pressure, increasing stress, junk food practices and increas-
ing childhood obesity. Nutraceutics or herbal therapeutics like BD could
be taken as a dietary supplement to reduce such metabolic disorder. BD
has been reported to have excellent antidiabetic activity by regulating and
optimizing the biochemical parameters in different experimentally in-
duced diabetic models. Therefore, the possible mechanism of its antidia-
betic activity is presented in Figure 5. However, more clinical trials and
evidence based intensive investigations are needed to validate its efficacy
in human system.

Number of reports on different pharmacological
activities

Antimicrobiz I
Anti-inflammatory I
mmunomodulatory I
Antiproliferatve I
Anticancer I
Hypolpidemic I
Cardioprotective I
Renoprotectve I
Hepatoprotectve I
antdzbete NN T

0 2 < 6 8 10 12 14

Figure 4: List of reports on the important bioactivities of Boer-
haavia diffusa

Reduction of blood glucose i RO O EE D

metabolizing enzymes
I g:ucose uptake ST
lycogen synthesis activity
tSerirn insulla 1 Fructose 1,6 bisphosphatase
1 Glucose 6 phosphatase

Inhibition of
Plasma liver enzymes "
Siiicclasss Boerhaavia SOD, CAT, GPx and GSH
a-amylase N
diffusa
Decrease in Reduction in oxidative stress
Tissue and serum cholesterol Free radical scavenging
Phospholipids, triglycerides Antilipoxygenase activity
Free fatty acids locking acid p

Figure 5: Probable mechanism of action of the antidiabetic activity
of Boerhaavia diffusa

Toxicity studies

Acute and sub-chronic toxicity of aqueous extract of BD leaves were inves-
tigated in both mouse and rat model. In both the species, LD, of aqueous
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extract of BD leaves was found to be more than 2000 mg/kg (p.o). Extract
administered group had progressive increase in body weight and also had
an increase in food and water intake. There was no significant difference
of liver enzymes, haematological parameters and relative organ weights
between the control and test groups, which proves the non-toxic effect of
BD extract on mammalian system (Orisakwe OE, et al., 2003). In another
study, Karwasra R, et al., 2016 reported the No-Observed Adverse Effect
Level (NOAEL) of BD root extract was 1000 mg/kg in Wistar rats. The
ethanol extract of BD (250 mg/kg, p.0.) was administered daily to the preg-
nant albino rats during the whole period of their gestation. It was observed
that ethanol extract of BD did not induce teratogenic effect as the litter size
and the survival rate of fetuses remained unchanged with respect to con-
trol group. Further, there was no fetal anomaly in BD treated rats (Singh
A,etal, 1991).

Clinical trials of BD

Oral intake of dried BD root powder made the adults or children worm
free, who were suffering from helminth infection, within five days (Singh
RH and Udupa KN, 1972). A clinical trial was conducted on 50 patients,
newly diagnosed with pulmonary tuberculosis to prove the efficacy of
BD as an adjuvant to chemotherapy. BD treated group had faster clinic-
al recovery rate than the control. 80% of the BD treated patients were re-
lieved from cough as compared to 52% in the control group in 4 weeks
and similarly, 88% of the patients in the treated group were afebrile in 4
weeks as compared to 60% of control. In just 6 weeks, BD treated group
were relieved of fever whereas, in control group it was 8 weeks. The mean
weight gain was higher in the treated group and also the rate of sputum
conversion was significantly faster in the BD treated group than the control
group (Kant S, et al., 2001). Aqueous extract of BD whole plant signifi-
cantly reduced the osmotic fragility of erythrocyte in polycystic End-Stage
Renal Disease (ESRD) patients due to alteration of erythrocyte membrane
composition or its effect on the intracellular sodium and improvement of
oxidative stress (Sathyapriya K, ef al., 2009). In a clinical trial, patients hav-
ing diabetic nephropathy (Type-I or Type-II) with proteinuria (>500 mg/
day), serum Cr (>5 mg/dl) were divided into 2 groups and observed for 6
months with monthly clinical examination. There were 14 and 11 patients
in group I and group II, respectively at the end of the trial. The patients in
group-I were aged from 40 to 70 years with mean age (60.78 + 6.37 year)
and 45 to 73 years (mean 60.27 + 9.00 year) for group-II. All patients were
clinically examined for hematological, biochemical and urine parameter.
Patients had symptoms of oedema, anorexia, weakness and vomiting. BD
treatment for six months, decreased 24 h urine protein excretion, but it was
not statistically significant. However, Ramipril (standard drug) reduced 24
h urine protein excretion significantly (Singh RG, et al., 2010).

CONCLUSION AND FUTURE PERSPECTIVES

BD is reported to have multiple and multifunctional pharmacological ac-
tivities by different investigators, which include antibacterial, antifungal,
antiparasitic, antidiabetic, hepatoprotective, cardioprotective, renoprotect-
ive, anticancer, anti-inflammatory and antifertility activities etc. Though
there are several reports on the pharmacological properties of BD, most
of them are inconclusive regarding the molecular action of the therapeutic
phytocompounds in preventing or protecting against a pathogen or dis-
ease. Therefore, clinical trials and advance studies can be further under-
taken to decipher the molecular action of the isolated and unexplored sec-
ondary metabolites present in BD against different diseases.
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