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ABSTRACT

Hygrophila schulli which is known as “Neermulli”” in the vernacular is an herbaceous plant native to
Sri Lanka. Ancient medicinal literature suggests the use of H. schulli whole plant or its parts for the
treatment of different communicable and non-communicable diseases including diabetes mellitus
and tuberculosis. Active constituents and secondary metabolites including alkaloids, tannins, steroids,
proteins, flavonoids, and glycosides are identified to possess antimicrobial, antitumor, antioxidant,
hepatoprotective, anthelmintic, nephroprotective, antidiabetic, anticataract, anti-inflammatory,
anti-nociceptive, hematopoietic, diuretic, antiurolithiatic, antipyretic, neuroprotection, and anti-
endotoxin activities. In this review, we reviewed clinical studies, patents, and analytical studies
from the earliest found examples from 1886 to the end of 2021. We critically analyzed and attempt
to summarize the information based on bioactivities and chemical composition of H. schulli plant
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extracts which will be of future use for researchers in this field.
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Introduction

Natural medicines are considered the primary sources
of medicinal agents over centuries in various cultures
with social norms, ethical values, and traditional customs.
Herbal medicine is the pioneering branch of natural
medicine because over 90% of natural medicines are plant
related. Therefore, the contribution of herbal medicine to
the current pharmacopeia is significant. Approximately
80% of the global populace relies on traditional herbal
medicine for primary health care (1) due to various reasons
including its safety, long pharmacopeial history, availability
and affordability, high efficacy, and low side effects. Herbal
medicines are known to have a wide range of biological
activities including anti-oxidant, anti-inflammatory,
anticancer, and antifibrotic activities, etc., and are widely
used as alternative or complementary medicines for the
prevention and treatment of diverse disease conditions (2).

Sri Lanka is considered a biodiversity hotspot with a high
degree of endemism. Therefore, plants growing on this tiny
island have unique features including morphological and
biological features. The use of herbs as medicinal agents in
Sri Lanka has been enriched by several medicinal systems
including traditional folk medicine, Ayurveda, Unani,
and Siddha. The use of herbal medicine in traditional
and Ayurveda medicinal systems has over 3000 years of
documented history.

Hygrophila schulli is one such plant, indigenous to Sri

Lanka (3), which is commonly used in both traditional and
ayurveda systems to treat many disease conditions. In Sri
Lanka, it is known as “Neeramulliya” or “Niramulli”.

In this review, the various scientifically proven
photochemical properties of H. schulli are discussed to
strengthen the use of this valuable plant as herbal medicine.
The plant’s common habitat is moist or wet places, especially
in Asia and African regions (4).

Roots, leaves, flowers, seeds, and also the whole plant
of H. schulli are used for treatment (5). The bioactivity and
chemical analysis of various extracts of H. schulli was carried
out by scientists, globally. Aqueous, alcoholic, or hydro-
alcoholic extracts of H. schulli whole plant and various
parts of the plant independently possess many important
bioactivities, including anti-oxidant (6), anticancer (7),
antibacterial (8), antifungal (9), hepatoprotective (10), anti-
inflammatory (4), and anti-nociceptive (11) activities.

In Ayurveda, H. schulli leaves and young stems are
frequently used for the treatment of dysentery, edema,
inflammation, cough, joint pains, bacterial infections,
rheumatism, renal calculi, and other renal diseases, hepatic
diseases, and microbial infections such as gonorrhea and
urinary tract infections, etc. (12). It has been found that
H. schulli mainly contains alkaloids, lupeol, stigmasterol,
isoflavone, glycoside and uncharacterized bases, etc. (13).
However, the chemical constituents of the plant extracts
are varying depending on the geographic origin of the
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plant, the solvents to be used for extractions and conditions
to be applied, etc. (5). Therefore, contradictory data have
been reported regarding the phytochemical composition
of the different extracts of H. schulli. This review analyses
the available scientific evidence on different bioactivities of
H. schulli extracts as an alternative therapeutic strategy for
various lifestyle diseases that require lifelong pharmaceutical
medication to raise the quality of individuals’ lives.

Botanical Description of Hygrophila schulli species

H. schulli belongs to Kingdom: Plantae; Phylum:
Tracheophyta; Class: Magnoliopsida; Order:
Scrophulariales; Family: Acanthaceae; Genus: Hygrophila;
Species: H. schulli (5). H. schulli is widely distributed and
used as a folk medicine in South Asia (i.e., Bangladesh,
India, Nepal, Pakistan, and Sri Lanka), China, Myanmar,
Malaysia, Burma, and Tropical Africa (14). According
to the flora of H. schulli, it is recognized with a variety of
synonyms such as Asteracantha longifolia (L.) Nees, Bahel
schulli Buch.- Ham, Barleria auriculata Schumach, Barleria
longifolia L, Hygrophila longifolia (L.) Kurz, Hygrophila
spinosa T.Anderson, and Hygrophila spinosa T. Anders (15).
In Sri Lanka, H. schulli is found in the dry zone and ditches
and marshy lands in the low country (3).

H. schulli plant is an annual, approximately 1.5 m in
height spiny herb (12). In general, it contains eight leaves and
six spines at each node. The leaves are sessile, whorled, and
have undulating margins (5). Flowers arise from October to
December and are 2-3 cm long, purple-blue with a 4-lobed
calyx (11,14). There are about 4-8 orbicular seeds on the
hard retinacula which are 7.5 mm in length and 0.3 mm
across with a linear-oblong capsule (14). According to the
International Union for Conservation of Nature (IUCN)
2011, H. schulli species has been identified under the least
concern group (16)(Figure 1).

Bioactivities of Hygrophila schulli
Antimicrobial Activity of H. schulli

Many studies have been conducted to determine the
antibacterial and antifungal activities of H. schulli extracts.
We have noted that the antimicrobial activity of a given
extract depends on various factors such as extraction
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Figure 1. Entire plant of Hygrophila schulli
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method, solvents used, parts of the plant used to extract
phytochemicals, and especially, the mode of antimicrobial
action and the effective concentrations depending on the
constituents present in the extract and their abundance.

The multidrug resistance (MDR) of pathogenic
microbial species is becoming an emerging problem in the
healthcare setting. The emergence of MDR is leading to the
identification of novel therapeutic alternatives, also studies
on their clinical applicability, toxicity, and mode of action
are becoming a necessity when the health effects of MDR
are concerned (17). In this case, plant derivatives act as a
potential drug candidate with high potency, low toxicity,
wide availability, and accessibility (18). Importantly,
pathogens usually do not develop MDR against plant-based
antimicrobials. Furthermore, many plant species are rich
in secondary metabolites with antimicrobial activity. Thus,
natural herbal products based on novel antimicrobial drug
discovery are exhibiting great success (19, 20).

Table 1 summarizes the findings of some studies done to
detect the antimicrobial activity of H. schulli plant extract.

Anti-biofilm Activity of H. schulli

Even though many studies show the antimicrobial activity
of H. schulli extracts, their anti-biofilm activity is not well
studied yet. Biofilm is a complex arrangement of different
microorganisms. Microbial biofilms are cellular aggregates
covered with exopolymeric substances (EPS) attached to
both biotic surfaces such as host cells and abiotic surfaces
such as medical devices. Microbial biofilms are inherently
resistant to routine antimicrobial agents compared to
planktonic counterparts, due to their molecular contents
such as eDNA and exoenzymes, reduced diffusion of
antimicrobial agents through the biofilm matrix, persistent
cellular content, and limited nutrients and oxygen (29).
Global statistics reveal that the majority of chronic human
infections are biofilm related. Therefore, it is very important
to investigate effective antimicrobial agents with anti-
biofilm activity. In this case, phytotherapeutic approaches
become a potential candidate. Therefore, future studies were
recommended to identify plant species with anti-biofilm
effects.

Anti-oxidant and free radical scavenging activities of H.
schulli

Anti-oxidants are emerging as therapeutic and
prophylactic agents which scavenge free radicals like
Reactive Oxygen Species (ROS) and reduce the damage
caused by them (30). Free radicals have the potential
to destroy healthy cells of the body by damaging their
structure and functions (5). Free radicals are accountable
for causing a tremendous number of diseases and health
conditions which include cardiovascular diseases, cancers,
Alzheimer’s disease, neural disorders, mild cognitive
impairments, alcohol-induced liver disease, Parkinson’s
disease, ulcerative colitis, atherosclerosis, and aging (5, 31).
Oxidative stress which is an imbalance between oxidants
and anti-oxidants leads to many biochemical changes.
Recently, interest in searching for naturally occurring anti-
oxidants has increased considerably due to the adverse side
effects of synthetic anti-oxidants, such as hepatotoxicity,
carcinogenicity, and nephrotoxicity (32).

The medicinal plant, H. schulli is commonly prescribed
by ayurvedic practitioners as an anti-oxidant and free
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Table 1. In vitro studies on anti microbial activity of Hygrophila schulli plant extracts

Extraction
Property Tested organisms Activities/ Remarks Ref
Part of the plant Solvent/s
ll:m‘ibAacterial Escherichia coli, Klebsiella pneumoniae, Growth inhibited in E. coli and K.pneumoniae.
ctivity Leaves Ethanol Citrobacter divergens, Enterococcus faecalis, and No apparent inhibitory activity against E. faecalis, C. (21)
Serratia marcescens divergens and S. Marcescens
Bacillus subilis, My cobacterium smegmatis, Growth inhibited in B. subtilis, M. smegmatis and S. aureus.
Pseudomonas aeruginosa, Salmonella gallinarum P . . .
- No activity against P. aeruginosa and S. Gallinarum (22)
and Staphylococcus aureus
Methanol inhibited i 9
E. coli, Enterobacter aerogenes, Proteus vulgaris, P. Growth inhibited in £. aerogendes, P.”a?rogenes, S. aureus and
mirabilis, P.aeruginosa, S. aureus and Burkholderia .. . B. pseudomallei
T t L No activity against E. coli, P. vulgaris, P. mirabilis and P. (23)
pseudomallei .
aeruginosa.
Chloroform. petroleum Chloroform and alcoholic, aqueous, and petroleum ether
» P! E. coli, P. aeruginosa, S. aureus, and B. Subtilis extracts exhibited significant-, moderate- and least-growth (24)
ether, alcohol and water R . .
inhibitory activities, respectively.
B. cereus, S. aureus, Streptococcus pneumonia, E.
Water coli, P.aeruginosa, K.pneumonia, Salmonella typhi, Growth inhibited at 200 pg/ml of the extract (25)
P. vulgaris and Shigella flexneri
Stem Ethanol S. aureus, E. coli, and P. aeruginosa Exhibited mgm_ﬁgant grc_awth 1nh1b1t1lon against S. aureus, and 6)
less activity against P. aeruginosa and E. coli.
Diethyl ether S. epidermidis, E. coli, Vibrio gholerae, E. fecalis Exhibited significant growth inhibition @7
and S. Typhi
Whole plant i » imiri
P Ethanol E.coli, V. cholerac, S. yyphimirium, B. cereus, P. Exhibited growth inhibition ®)
mirabilis, S. dysenteriae and S. aureus
Significant antibacterial activity against E. coli strains by
Water E. coli Steam extract. The MIC against both E. coli ATCC 25922 and (28)
the clinical isolates: 0.6g/ml.
Antifungal Candida albicans, Microsporum canis and Exhibited significant growth inhibition against M. canis and T.
Trichophyton mentagrophytes mentagrophytes (26)
Minimum activity against C. albicans
Leaves Ethanol
s i . s 8 o, B o, s s 4 v
Rhododendron inducum and Fusarium spp. Yy aganst 4., o gatous, &t 21
Fusarium spp.
Whole plant Diethyl ether C. albicans and A. niger Significant growth inhibition against C. albicans and A. niger @

radical scavenging agent. Many studies have been conducted
to determine the anti-oxidant and free radical scavenging
activity of different parts of H. schulli. Those studies and
their findings were summarized in Table 2.

Hepatoprotective activity of H. schulli

The liver is a vital organ of the human body that plays
a pivotal role in regulating various physiological activities
in the body. It regulates numerous vital functions, such as
metabolism, storage, and secretion. It has a huge capacity to
detoxicate toxic substances such as caffeine and alcohol and
synthesize useful substances such as blood clotting factors.
Therefore, damage to the liver by hepatotoxic agents is of
huge consequence (33). Still, there are no effective drugs in
modern medicine, to regenerate hepatic cells and stimulate
liver functions (34). In traditional and ayurvedic medicine,
many medicinal plant preparations are recommended for
the treatment of liver disorders and often offer significant
relief (35). Scientific evidence reveals that the extractions of
H. schulli achieve great success in the treatment of hepatic
disorders (Table 2).

Anti-diabetic activity of H. schulli

There has been an exponential increase in the occurrence
of diabetes in modern society, due to the recent lifestyle
deviations and shift towards excessive urbanization. Globally
more than 420 million people are estimated to be suffering
from diabetes mellitus. Indigenous plant-based treatments
are greatly useful due to the high cost and possible toxicity
associated with Western medicine. However, crude drugs
derived from plants must also be subjected to extensive
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phytochemical analysis to ensure efficacy and safety and
to develop sustainable, safe, and marketable therapeutic
drugs (36). With the high occurrence of diabetics in society,
scientists pay attention to finding novel ways to treat and
control diabetes and associated complications, especially
with the use of phytomedicinal components.

Due to extensive folk medicine systems like Ayurveda
and Siddha, Sri Lanka is blessed with a wealth of ancestral
knowledge about medicinal plants like H. schulli. Extracts of
H. schulli hold greater promise for a country like Sri Lanka
where there is an unprecedented rise in patients suffering
from diabetes mellitus.

Table 2 summarizes the findings of in vitro and in vivo
studies on the anti-diabetic activity of H. schulli plant extracts.

Anti-nociceptive and anti-inflammatory activities of H.
schulli

The management of pain and inflammation with routine
opioid analgesics and non-steroidal anti-inflammatory
drugs is recently encountering severe adverse effects like
tolerance, dependence, and gastrointestinal problems (4,
37). Currently, traditional medicinal plants are widely
used as alternative remedies for the treatment of pain and
inflammation. H. schulli is one of the traditionally used
medicinal plants for the treatment of pain and inflammatory
conditions (11). Moreover, most of the studies show that
the seed extract of H. schulli possessed significant anti-
nociceptive and anti-inflammatory activities (Table 2).
H. schulli leaves macerated in alcohol are used for the
management of headaches while fresh leaves of H. schulli
are used against inflammatory conditions in the skin (4).
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Table 2. In vitro and in vivo studies on anti-oxidant and free radical scavenging activities, and hepatoprotective, anti-diabetic, anti-inflammatory,
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and anti-nociceptive activities of Hygrophila schulli plant extract

Extraction
Property Study Test/s Activities/ Remarks Ref
Part of the plant Solvent/s
Active against 5-lipoxygenase (5-LO)
Seeds Methanol Lipid peroxidation Inhibited lipid peroxidation with an ICs value of ~ (38)
20 mg/ml
T id -rich fraction showed the highest
. lipid peroxidation, DPPH, and erp'en01 rich frac 10'n s 'owe ¢ highes
Whole plant Alcohol In vitro . potential to act as an anti-oxidant and scavenge  (39)
reducing power assay )
free radicals
DPPH, ide hydroxyl radical
Anti-oxidant and éuperom é y roxy 'ra 1.ca Depicted the highest superoxide radical-
: Leaves Water scavenging assay, lipid peroxidation ; . (40)
free radical assay scavenging activity
scavenging activity . L L Ethanol extract increased the levels of anti-
X Mercuric chloride-induced oxidative . R i
Whole plant Ethanol In vivo stress oxidant molecule enzymes which protect against ~ (32)
oxidative damage
Exhibited good free radical scavenging activity
Aerial inst DPPH and moderate activit inst
- Alcohol (50%) Rat liver homogenate a'gal'ns . and mo er'a eactivity ?galfls (41)
Parts Nitric oxide, hydroxyl radical, ferryl bipyridyl
complex, and lipid peroxidation
Reduced the level of biochemical parameters
Seeds Methanol ' (Glula'mic oxalac'elic transan'linase, Glutamic (10)
Paracetamol-induced pyruvic transaminase, Alkaline phosphatase,
Hepatoprotective In vivo hepatotoxicity Glutamate dehydrogenase, Serum bilirubin)
activity Water Hepatic cells significantly regenerated following
Whole plant 3)
the treatment of plant extract
Seeds Methanol Acetaminophen (Al?‘éP)‘induced Prevented alterations occurring with the use of “2)
hepatotoxicity the drug
3
Whole plant Water Hepatic cells significantly regenerated ®)
Increased enzyme level due to liver damage
nearing normal with the treatment of plant (43)
Water Carbon tetrachloride-induced extract
Root hepatotoxicity Exhibited protective effect due to its anti-lipid
peroxidative and free radical scavenging (33)
properties
Ethanol Exhibited protective action in a dose-dependent (44)
manner
. Rifampicin and isoniazid L X .
Aerial . Significantly reduced the biochemical and
Ethanol -induced ; . . (45)
part . histological changes induced by the drug
hepatotoxicity
Water, ethanol,
Lo . ater, efhano . Amylase inhibition studies and glucose A methanolic extract found to be a potent anti-
Anti-diabetic activity Seeds methanol, In vitro L K i R (36)
diffusion inhibition studies diabetic
and chloroform
Significantly d d the gl lated
Fasting blood glucose, plasma insulin, ignitican 'y ecreased the glycosy’ate
. N hemoglobin, plasma glucose, aspartate
Leaves Water In vivo hemoglobin, and glycosylated . . . (46)
. transaminase, alanine transaminase, and total
hemoglobin
serum cholesterol
Aerial part Ethanol (50%) Fasting blood glucose Moderately decreased the blood sugar level (47)
Fasting blood glucose and glucose  Significantly increased glycogen in the muscles 8)
Whole tolerance assay and liver, and triacylglycerol in adipose tissue
plant Water Significantly decreased the fasting blood glucose
Glucose oxidase method level and markedly improved the glucose (49)
tolerance
. Tissue permeability was enhanced by the activity
Anti-inflammatory . . . . . .
activit Leaves Ethanol In vitro Anti-hyaluronidase assay of hyaluronidase which spread the inflammatory ~ (4)
\%
Y responses around the affected organ
Petroly ther, B ’
etrofeum ether . . rewers . Chloroform and alcoholic extracts exhibited
Leaves chloroform and  In vivo yeast-induced pyrexia and . . (24)
. anti-inflammatory activity
alcohol carrageenan-induced paw edema
Inhibition of granuloma formation was dose-
Chlorof t. The ext xhibited the ability t
Leaves oroform and Cotton pellet-induced granuloma dep e{ldefl . ¢ ex r:?ct ¢ . ibited the ability to (50)
alcohol inhibit the proliferative phase of the
inflammation process
. Chloroform, S S
Leaves, aerial Acetic acid-induced writhing response, " . L -
petroleum ether, o Exhibited anti-nociceptive activity by both
parts, tail flick assay, and hot plate ) . (51)
Alcohol, N central and peripheral mechanisms
R and roots ) reaction time
Anti-nociceptive and water In vivo
Petrol ther,
Leaves e;(;::)rg):m)er Exhibited anti-nociceptive activity by both 4)

central and peripheral mechanisms
alcohol, and water perip
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Anti-cancer activity, anti-tumor activity, and cytotoxicity
of H. schulli

According to the global cancer statistics in 2020, it is
estimated that there were 19.3 million new cancer cases
and 10.0 million cancer deaths in 2020. Sung et al. in 2021
revealed female breast (11.7%), lung (11.4%), prostate
(7.3%), non-melanoma of skin (6.2%), colon (6.0%),
stomach (5.6%), liver (74.7%), rectum (3.8%), and cervix
uteri (3.1%) as the commonest sites for the development of
malignancies (52).

Due to the adverse effects arising with the use of common
anti-cancer drugs, traditional medicinal plants have been
investigated as an alternative source of therapeutic agents
which potentially had lesser adverse side effects. H. schulli is
one such plant where a crude extract of the plant exhibited
extensive anti-cancer and anti-tumor activities against
different types of cancers and different experimental models.
According to Uddin et al. in 2011, SK-BR-3, MCF7, HCT
116, SGC-7901, and Hs605T are some cell lines affected by
the anticancer activity of H. schulli plant extract (1).

The use of natural medicinal plants as therapeutic agents is
becoming more popular in the modern world. Toxicological
assessment of a natural product is an important aspect
that should be concerned before the clinical application
(19). Modern scientists conduct studies on the cytotoxic
effects of H. schulli to ensure the safe use of this important
phytochemical agent.

Several toxicological studies have proved that at a dose of
2000 mg/kg body weight (BW), H. schulli plant extracts had
not expressed any significant changes in the biochemistry
parameters, weight of the internal organs, body weight,
and food and water consumption of experimental animal
models (53). Although H. schulli plant extracts were found
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to have no cytotoxic effect against normal cells, they
produced selective cytotoxic activity towards tumor cells at
a range of IC50 0.22-1.6 mg/ml (1, 13). Importantly, some
controversial findings were reported by various scientists on
the toxicological characteristics of H. schulli extracts. The
extraction method, solvents used, geography and botanical
properties of the plant, and environmental factors can
influence such discrepancies.

Table 3 summarizes the findings of in vitro and in vivo
studies on anti-cancer, anti-tumor activities, and cytotoxicity
of H. schulli plant extracts.

Chemical composition of Hygrophila schulli

Phytochemicals obtained from medicinal plants play
a significant role in medicinal science to cure or hinder
critical health conditions. Researching phytochemical
screening has created a new bridge between conventional
and modern drug compounds (5). Phytochemical screening
is usually carried out on the whole plant or sometimes on a
particular part of the plant (stem, leaves, roots, seeds, etc.)
to get the desired bioactive compounds (57).

Phytochemically, the extracts of the whole plant
generally contain phytosterols, carbohydrates, tannins,
terpenoids, flavonoids, and sterols. Apigenin-7-glucoside
and apigenin-7-O-glucuronide were isolated from the
flowers (58). According to the results of the study conducted
by Phalnikar et al, oil from the seeds of H. schulli consists of
uronic, stearic, palmitic, oleic, and linoleic acids. Alkaloids,
tannins, steroids, proteins, carbohydrates, flavonoids, fats,
and oils were isolated from the roots (59). Moreover, the
leaves of H. schulli show the presence of carbohydrates,
alkaloids, steroids, proteins, flavonoids, glycosides, phenolic
compounds, tannins, fats, and oils (58).

Phytochemical constituents and their relative abundance

Table 3. In vivo studies on anti-cancer, anti-tumor activities, and cytotoxicity of Hygrophila schulli plant extract

Extraction/s
Property X Cance.r type/cell Activity/ Remarks Ref
Part of the plant Solvent/s line/experimental model
The methanolic extract had no toxicity against healthy mouse
colon: HT-29 fibroblasts (NIH3T3), but selective ?ytotoxicity against breast
Seeds Water and methanol breast; MDA-MB-4355 cancer cells (MDA»M‘B»435§)‘w1th I-Cr»n of 1.58 mg/ml. (1)
Aqueous extract - selective toxicity against colon cancer cell
line HT-29 with an ICs of 0.22 mg/Ml
Hexane extract gave 98% inhibition against the EAC cell line
at 200 pg/ml concentration,
aqueous extract resulted in 8% inhibition against the EAC
Hexane, methanol, ethyl Dalton's Lymphoma Ascites cell line,
i > (DLA) and Ehrlich Ascites hexane extract showed 94% inhibition against DLA cell lines  (54)
acetate, and water . . .
Carcinoma (EAC) cell lines at 200 pg/ml
aqueous extract gave 7% inhibition against DLA cell lines
Anti-cancer Leaves Methanol, ethyl acetate, and aqueous extract had very low

activity and
Cytotoxicity

Liver, kidneys, heart, lungs, spleen

cytotoxic activity against both cell lines
No abnormalities, changes were revealed in the color of the
internal organs, presence of lesions, and no acute adverse

Methanol in of Wi Ibino femal 3
ethano &brain o Wlitaetz albino female effects with the treatment of extract at 2000 mg/kg body 53)
weight (BW).
Ethanol Swiss albino mice model Neither mortality nor acute ;lf;d[y at a single oral dose of 2 @
ignificantly reduced th t tor (ERa, PR
Hydro-alcohol Breast carcinogenesis Significantly reduced the proges eronfe receptor (ERa, PR) (55)
levels and tumor weight

hole pl: T h ignificantl .

Whole plant Methanol Breast carcinogenesis D .gerwt was significantly reduced
Antitumor activity of the extract was dose-dependent (7)
Seeds Methanol Hepatocarcinogenesis Antitumor activity of the extract was dose-dependent (56)
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play a major role in the determination of the biological
activity and efficacy of phytomedicinal preparations. The
chemical composition of the extract depends on various
facts such as extraction method, solvents used, and parts of
the plant used to extract phytochemicals.

Ethnomedicinally it has been reported that the plant H.
schulli is used for the treatment and prevention of various
human disease conditions such as arthritis, allergies, anemia,
cancers, hypertension, body pain, constipation, cough,
renal dysfunction, diarrhea, dysentery, fistula, edema,
gall stones, urinary calculi, kidney stone, inflammations,
leprosy, jaundice, liver disorder, skin disease, leucorrhoea,
rheumatism, tuberculosis, malaria, urogenital disorder, and
venereal diseases.

The anticancer activity of H. schulli is due to the presence
of phenols and flavonoids. Phenolic compounds reduce the
formation of pre-cancerous cells. Flavonoids may protect
DNA from oxidative damage, inhibit carcinogen activation,
activate carcinogen detoxifying systems, and interfere with
the development of malignant tumors (55, 60).

Ethanolic extract of H. schulli leaf demonstrated
anti-inflammatory properties. This may be due to the
hyaluronidase inhibition property of the extract. Flavonoids
and tannins are some such hyaluronidase inhibitory
compounds present in H. schulli extracts. Hyaluronidase
is an enzyme that degrades P1, 4 glycosidic linkage of
hyaluronic acid which leads to the activation of pro-
inflammatory cytokines. Whenever there is inflammation,
tissue permeability is enhanced by the hyaluronidase and
spread the inflammatory responses around the affected
organ. Furthermore, secondary metabolites such as
stigmasterol, lupeol, and lup-20 (29)-ene-3p,23-diol also
contribute to the anti-inflammatory activity of H. schulli
leaf extract (4).

The availability of flavonoids, sterols, terpenoids, aliphatic
esters, and botulin among the plant constituents contributes
to the protective effect of H. schulli against hepatotoxins.
The flavonoids are known antiperoxidants, anti-oxidants,
and free radical scavengers leading to hepatoprotection (3).

Phytoconstituents such as tannins, flavonoids, alkaloids,
phenolics, compounds, and saponins are responsible for
the antibacterial effect. Irreversible complexes are formed
by tannins with proline-rich proteins, resulting in the
inhibition of cell wall synthesis. Lipophilic flavonoids exhibit
antimicrobial activity by reacting with lipid components
and disrupting microbial cell membranes.

Seeds of H. schulli are a potential source of anti-oxidants
that prevent DNA damage. The presence of flavonoids and
phenolic compounds like quercetin and tricin in H. shulli
seeds prevents the production of ROS by complexing
cations, indicating the protection of DNA (16).

Conclusion

Based on the available literature evidence,
phytoconstituents extracted from various parts of H. schulli
act as reservoirs of medically important phytochemical
agents. Although different parts of the H. schulli plant
were found to have various medicinal properties against
infections and diseases, its anti-biofilm properties are not
elucidated yet. Most of the bioactivities of H. schulli are
due to the presence of phytoconstituents such as flavonoids
(ellagic acid, apigenin, quercetin, luteolin, and gallic acid),
alkaloids (asteracanthicine and asteracanthine), triterpenes
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(hentricontane, lupeol, lupenone, and betulin), sterols
(asterol and stigmasterol), fatty acids, minerals, aliphatic
esters, amino acids, and essential oils. The potential
bioactivities, mechanisms of action, chemical profiles, and
toxicological assessments of various plant extracts and their
fractions provide the necessary information to develop
novel therapeutic alternatives with high efficacy, availability,
and low toxicity using natural sources.
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