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KEYWORDS Abstract Calotropis procera (family Apocynaceae) is a valuable medicinal plant as it contains
Calotropis procera; many valuable phytochemicals such as glycosides (mostly cardenolides), flavonoids, triterpenes,
Antifungal; alkaloids, steroids, saponins, proteins and enzymes. Multiparous biological activities such as
Anti-protozoal; anti-inflammatory, antioxidant, anticancer, wound healing and wideranging antimicrobial activities
Antiviral; of C. procera have been well investigated and reported. The main aim of this review was to present
Microbial resistance; the encompassing information regarding antimicrobial activities of C. procera latex, different crude
Metallic nanoparticles extracts and some isolated compounds which have been tested for antimicrobial property. Compre-

hensive data extracted from earlier as well as recently published original articles regarding antibac-
terial, antifungal, anti-protozoal and antiviral properties of C. procera were discussed and
summarised in tabular forms. The compiled data comprised of plant parts, geographical origin, type
of tested extracts/fractions, test model, used doses, tested microorganisms, obtained results and rel-
evant references. In addition, the isolated antimicrobial pure compounds of C. procera are also dis-
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cussed in a separate section. The analysis and information presented in this review identified the
existing critical knowledge gaps in the research and also explored the future perspectives and further
research opportunities of C. procera.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

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

Plants, which have been the unique source of remedies for
thousands of years, have been used in management of human’s
as well as animals’ diseases (El-seedi et al., 2019). Currently,
medicinal plants (MPs) are still the major source of primary
health care in developing countries (Mulat et al., 2020). As
per the World Health Organisation (WHO), around 80% of
world populace especially in developing countries rely on tra-
ditional medicines, particularly on MPs for their routine health
problems (Fatima et al., 2018; Jamshidi-Kia et al., 2018; Amini
et al., 2019). However, only around 50% of western drugs con-
tain plants bioactive compounds or their analogues as their
active ingredients (Gupta & Pandey, 2020).

Microbial infections have been the main cause of mortality,
and resistant microorganisms are increasingly threatening the
public health worldwide (Vidyasagar, 2016; Khameneh et al.,
2019; Biharee et al., 2020). Currently, the annual number of
deaths reaches 700,000 due to resistant pathogens out of which
around 230,000 deaths occur only due to Multidrug-resistant
(MDR) tuberculosis. The drug-resistant diseases are expected
to cause 10 million deaths per year by 2050 (Biharee et al.,
2020). Similarly, the incidence of fungal infections has
increased dramatically since the past few decades that can be
attributed to the abundant spread of fungal spores in the soil

and in the air. Exposure to heavy fungal spores can cause sev-
eral infections (e.g., sinusitis, lung, and skin infections) partic-
ularly in immunocompromised individuals (Vidyasagar, 2016).

Development of new drugs and newer strategies are
strongly needed to combat resistance to antibiotics
(Khameneh et al., 2019; Mulat et al., 2020). The WHO empha-
sises on discovery of new antimicrobial drugs against the resis-
tant pathogens (WHO, 2019). Phytochemicals have shown
different degrees of activity against microbial pathogens, and
they are believed to produce no or lesser side effects when com-
pared to synthetic antimicrobials (Konate et al., 2012;
Vidyasagar, 2016; Pathania et al., 2020). Some phytochemicals
can reverse or modify the antimicrobial resistance (Chusri
et al., 2009), or may produce synergistic effects with conven-
tional antibiotics (Lee et al., 2010). Indeed, phytochemicals
may act as antimicrobial agents through different mechanisms
(Biharee et al., 2020). That is to say, co-administration of
antibiotics with the non-antibiotic compounds that act as resis-
tance breakers, could be one of the useful strategy to enhance
or restore antibiotics’ activity (Chusri et al., 2009; Khameneh
et al., 2019).

Calotropis procera (C. procera) is a popular medicinal plant
from the family Apocynaceae. It is a xerophytic perennial
shrub (or small tree) with stems of 2 to 6 m tall and tap roots
3 to 4 m deep in the soil (Hassan et al., 2015). A thick milky
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Table 1 Overall information about the medicinal plant Calotropis procera.
Common/vernacular Country/ Parts used/preparation Disease Reference
name Language
Ushar Sudan: Lt: paste (topical). Skin or cutaneous illness: (Mahmoud et al., 1979b; El-kamali,
Arabic Lf: powder, decoction, haemorrhoids, skin injuries, and 2009; Salem & Algalib, 2011;
infusion (as scorpion bits. Suleiman, 2015; Karar & Kuhnert,
mouthwash) or mixed Rheumatoid pains, mouth 2017)
with oil (topical). infections, jaundice, and asthma.
Fresh Rt: crushed or
powdered (topical).
Ushur, ushar Yemen: Lf: pasted Skin and dermal illness: skin (Fleurentin & Pelt, 1982; Ali et al.,
Arabic infections, boils and scabies. 2001; Al-Fatimi, 2019)
Akra, Akundia, India: Lf, Rt, RtBk, StBk, Skin and dermal illness: (Basu & Nag Chaudhuri, 1991;
Akonda or Akond, Hindi, Bd, Lt, FL: powdered, elephantiasis, wounds, cuts, thorn  Samvatsar & Diwanji, 2000; Sharma
Akada, Akauwa, Rui, Bangali, pasted, decoction, injuries, inflamed swellings, ulcers, & Sharma, 2000; Panda et al., 2011;
mandara, alaka, ravi, Marathi, ashed (topical and boils, ringworm, leukoderma, and  Sharma et al., 2011; Dubey et al.,
vellerukku, Tamil, oral). leprosy. 2012; Samy & Chow, 2012; Bhatia
Sanskrit Rt: powdered + sugar GIT illness: helminthiasis, diarrhea, et al., 2014; Gairola et al., 2014;
(orally) dysentery and cholera. Panda, 2014; Payal & Sharma, 2014;
RtBk: powdered Malaria, fever, pain, jaundice, Sharma et al., 2014)
+ honey (orally) leucorrhea.
Ushaar, oshar, usher, Saudi Arabi: ArPt, FL, Lf, Lt, Skin and dermal illness: infections, (Mossa et al., 1991; Al-Qarawi et al.,
Kisher, Arabic RtBk, St, Rt: leprosy, wounds, psoriasis, boils, 2001; Al-Mezaine et al., 2008;
powdered, decoction,  leishmaniosis, scorpion stings and ~ Gherbawy & Gashgari, 2013;
liniment, paste (oral hair loss. Tounekti et al., 2019)
and external. GIT diseases: dysentery,
constipation, worms and
toothache.
Respiratory diseases: bronchial
asthma and cough.
Malaria, fever, headaches, joint
pain, rheumatism, and muscular
spasms.
Bunagadhee, Ttobia Ethiopia Rt, Lf, Lt: alone or Skin diseases: tropical ulcers, (Desta, 1993; Wondimu et al., 2007;
mixed with other wounds, infections, boils (furuncle). Meragiaw et al., 2016)
plants (topically).
Al-Ashkar United Arab Not specified External usages to relief (Tanira et al., 1994)
Emirates: inflammations
Arabic
Baniwani, kipanpango ~ Gambia: Lf Toothache, sore hands (Madge, 1998)
Jola
language

Aldebaj

Flor de seda, ciime,
ciumeira,

Fogofoko, Anranpobo,
Pumpum, Pompo
pokolo

Tumfafiya, Bomubomu
and Kayou

Putrepuugu

Spalmai or Spalmey,

Iraq: Arabic

Brazil:
Portuguese
Mali

Nigeria:
Hausa and
Yoruba
languages

Burkina
Faso

Pakistan:

Bk: decoction (orally)

Lt: as paste (topically)

Lf: crushed (topical),
decoction (orally and
bath)

Wp, Lf, St: decoction,
ashed, burned or
smoked.

Lt: fresh paste or with
honey

Different parts.

Rt: boiled with white
stones and cowry shell
(decoction as
mouthwash)

Lf: crushed alone or

Tonic, sudorific, antispasmodic,
expectorant, and emetic (large
doses)

Skin/dermal diseases: infections

Headache, muscular pains, pain
because of sickle cell disease,
malaria

Skin/dermal diseases: eczema,
ringworms, fungal infections e.g.,
Tinea capitis.

GIT diseases: indigestion,
diarrhoea and toothache,
Respiratory illness: cough.
Fever, rheumatism, rabies (Lt

+ honey)

Neuropsychiatric disorders, liver
diseases, malaria, tumour and tooth
pain.

Skin/dermal diseases: wounds,

(Al-douri, 2000)

(Alencar et al., 2004; Lazaro et al.,
2012)

(Inngjerdingen et al., 2004; Diarra
et al., 2015; Danton et al., 2019)

(Adamu et al., 2005; Iwalewa et al.,
2005; Kuta, 2008; James et al., 2013;
Aliyu et al., 2015; Abubakar et al.,
2020)

(Tapsoba & Deschamps, 2006; Kinda
et al., 2020)

(Husain et al., 2008; Abbasi et al.,

(continued on next page)
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Table 1 (continued)

Common/vernacular Country/ Parts used/preparation Disease Reference
name Language
Spalmaka, Aak Pushto, mixed with oil scabies, eczema, lice, ringworms, 2010; Ullah et al., 2010; Azhar et al.,
Urdu (topically). snake and scorpion bites, 2014; Ahmed et al., 2015; Butt et al.,
Lt: mixed with other carbuncle. 2015; Rehman et al., 2015; Aziz et al.,
plants or mustard oil ~ Respiratory diseases: cold cough, 2017; Shah & Rahim, 2017; Fatima
or flour (topically). asthma, pneumonia. et al., 2018; Hussain et al., 2018;
RtBk, FL, FR, Lf, St, GIT diseases: mouth and dental Bahadur et al., 2020; Hassan et al.,
Rt: alone or mixed infections, toothache, cholera, 2020; Manduzai et al., 2021)
with other plants. diarrhoea, abdominal pain.
Decoction, infusion, UT diseases: kidney stones and
and powdered (Oral chronic renal problems.
and topically). Jaundice, malaria, fever, earache.
Rt: Smoked
(inhalation) and ashed.
Akondo gach Bangladesh ~ Lf: warmed and Body pain (Rahmatullah et al., 2010b)
(topically applied to
the painful part of
body)
NR Thailand Lf: grounded and GIT diseases: aphthous ulcers and  (Neamsuvan et al., 2012)
paste (topically) lesion
Punpune Ghana Rt: poultice (topically) Skin/dermal diseases: boils (Wodah & Asase, 2012)
Gobi Guinea: Lf: decoction (orally)  Malaria (Traore et al., 2013)
pular or fula
Kebou Kenya Lf: ashed (orally) Malaria, and as emetic. (Kipkore et al., 2014; Muthaura
FL: decoction (orally) et al., 2015)
Kharak Iran: Lf, Lt, Rt: decoction,  Skin/dermal diseases: (Sadat-Hosseini et al., 2017)
Persian dressing (topically) inflammations, snake, scorpion and
insect bites.
Gastric discomforts, and migraine.
Tourjah Mauritania:  Lf: powdered + honey Respiratory diseases: whooping (Yebouk et al., 2020)
local Arabic and olive oil (orally).  cough
Tourja Morocco: St: decoction Skin/dermal diseases: wounds (Idm’hand et al., 2020)
Darija (topically)

Abbreviations: Bd; bud, Bk; bark, Lf; leaf, Lt; latex, FL; flowers, FR; fruits, NR; not reported, Rt; roots, RtBk; root bark, St; stem, StBk; stem

bark, Wp; whole plant.

sap or latex exudes out from the plant if its parts are cut or
broken (James et al., 2013; Waikar & Srivastava, 2015). C. pro-
cera grows on a variety of soils and it can tolerate different
level of soil salinity, draught stress, intense light of arid and
harsh environments. Hence, it is distributed in various tropical
and subtropical countries (Hassan et al., 2015).

C. procera has been known as medicinal plant for a long
time (Al-Sulaibi et al., 2020), and it has been used in treatment
of a diverse array of maladies and particularly infectious dis-
eases (Oraibi & Hamad, 2018; Pathania et al., 2020) (Table 1).
Moreover, C. procera has been worshiped by ancient Indians
and grown near temples (Sharma & Sharma, 1999), used as
milk-clothing agent in preparation of the African local cheese
called wagashi (Belvedere et al., 2010).

C. procera latex (CPL) and its different parts contain vari-
ous metabolites such as glycosides and cardenolides
(Mohamed et al., 2015; Sweidan & Zarga, 2015), flavonoids
(Mendki et al., 2005), triterpenoids (Khan et al., 1988;
Gupta et al., 2002;), steroids (Khan & Malik, 1989), saponins
(Gupta et al., 2002, 2003), lignans (Abdel-Mageed et al., 2016;
Al-Taweel et al., 2017), proteins and different enzymes (Lima-
Filho et al., 2010; Kumar et al., 2015; Bezerra et al., 2017;
Freitas et al.,, 2020), hydrocarbons (Erdman & Erdman,

1981), saturated and unsaturated fatty acids (Khanzada
et al., 2008; de Sousa et al., 2018).

C. procera showed a diverse array of biological activities
such as antimicrobial (Yesmin et al., 2008; Velmurugan
et al., 2012; Tiwari et al.,, 2016), antidiarrhoeal (Kumar
et al., 2001), wound healing (Aderounmua et al., 2013; De
Figueiredo et al., 2014), anti-inflammatory (Alencar et al.,
2004; Kumar et al., 2011; Ramos et al., 2020), anticancer or
cytotoxic (Samy et al., 2012; Mohamed et al., 2015; Chan
et al., 2017), in vivo immunomodulatory (Nascimento et al.,
2016), analgesic (Basu & Nag Chaudhuri, 1991; Pathak &
Argal, 2007), anthelmintic (Shivkar & Kumar, 2003; Igbal
et al., 2005), antioxidant (Yesmin et al., 2008), and in vivo
anti-hyperglycemic (Roy et al., 2005; Rahmatullah et al.,
2010a).

Although ethnobotanical uses, phytochemistry and differ-
ent biological potentials of C. procera have been partially
reviewed by other authors (Silva et al., 2010; Chan et al.,
2016, 2017; Mali et al., 2019; Shamim et al., 2019; Ali-Seyed
& Ayesha, 2020; Pathania et al., 2020), there remains the lack
of comprehensive review of C. procera antimicrobial proper-
ties. Therefore, in this review, efforts were made to present a
comprehensive and state of the art data regarding antibacte-



Important insights from the antimicrobial activity of Calotropis procera 5

rial, antifungal, anti-protozoal and antiviral properties of
CPL, its different extracts, fractions and isolated compounds
and fungal endophytes which were evaluated for antimicrobial
activities. In addition to the compilation of traditional uses of
C. procera in different countries (Table 1), we have also com-
piled elaborated data regarding antibacterial, antifungal, anti-
protozoal, and antiviral activities of CPL and its different
crude extracts in tabular forms. The tabulated data including
the plant parts, geographical origins, types of extracts, test
model, dosage, tested microorganisms, and results are pre-
sented in Tables 2-5. In addition, C. procera isolated com-
pounds which have been tested for antimicrobial potential,
were also highlighted separately, while future perspective and
research opportunities of C. procera were also discussed in
the current review paper.

To collect the required information for this manuscript,
published articles were searched through different websites
e.g., Academia, Google Scholar, PubMed, Research Gate,
Science Direct, Web of Science, websites of different open-
access journals, etc. using appropriate keywords such as tradi-
tional uses of C. procera, antimicrobial/bacterial effects of C.
procera, antiviral effects of C. procera, fungicidal or antifungal
effects of C. procera, wound healing effects of C. procera,
antiprotozoal properties of C. procera, antimicrobial phyto-
chemicals/compounds of C. procera, fungal endophytes of C.
procera, etc. Although a huge number of articles were collected
and read, only those focusing on antimicrobial activity of C.
procera were selected, reviewed and used/cited for compilation
of necessary data for present review paper.

Based on our literature survey, a huge number of publica-
tions reported the antimicrobial activities of CPL and C. pro-
cera crude extracts, but limited works regarding
microbiological properties of C. procera isolated compounds
were published. Moreover, data relevant to the antimicrobial
mechanism of actions (MOA) of C. procera was very scarce.
Therefore, further in-depth investigations are encouraged to
explore C. procera antimicrobial compounds and their MOA.

1.1. Geographical distribution of C. procera

C. procera is native to North and Tropical Africa, Western and
South Asia and Indochina up to the Arabian Peninsula, and it
is widely distributed in Australia, American countries and
West indies (Chan et al., 2017; Mutwakil et al., 2017). Being
able to grow in both dry and wet environments, the plant
develops a wide range of morphological traits, and is found
as different morphotypes. The deep and stout taproot system
of C. procera enable the plant to grow and survive in dry des-
sert areas (Pompelli et al., 2019). C. procera grows in different
countries such as Afghanistan, Algeria, Australia, Bangladesh,
Bolivia, Brazil, Democratic Republic of Congo, Cameroon,
Chad, Chile, China, Colombia, Cuba, Ecuador, Egypt, Eri-
trea, Ethiopia, Ghana, Guatemala, Guinea-Bissau, Haiti,
Jamaica, India, Israel, Jordan, Lebanon, Libyan, Malaysia,
Mali, Mauritania, Mexico, Mozambique, Myanmar, Mor-
occo, Nepal, Netherlands Antilles, Nicaragua, Nigeria, Pak-
istan, Panama, Paraguay, Peru, Puerto Rico, Saudi Arabia,
Senegal, Somalia, Sudan, Tanzania, Uganda, United Arab
Emirates, Uruguay, Venezuela, Yemen and Zimbabwe
(Carruthers et al., 1984; Basu & Nag Chaudhuri, 1991;
Mossa et al., 1991; Lev-yadun, 1999; Alencar et al., 2004;

Lottermoser, 2011; Breckle et al., 2013; Traore et al., 2013;
Azhar et al.,, 2014; Diarra et al., 2015; Suleiman, 2015;
Chandrawat & Sharma, 2016; Meragiaw et al., 2016; Fatima
et al., 2018; Al-Fatimi, 2019; Gracia et al., 2019; Shamim
et al., 2019; Idm’hand et al., 2020; Yebouk et al., 2020).

1.2. Traditional medicinal importance of C. procera

C. procera, as an ancient medicinal plant, has been known to
Greeco-Arab medicine since long time ago, and ancient Egyp-
tians have used it in Neolithic period in Egypt (Hassan et al.,
2015). It is a famous medicinal plant of Ayurveda, Arabic, Sid-
dha, Unani and Sudanese traditional medicines (Sharma &
Sharma, 1999; Oraibi & Hamad, 2018; Pathania et al., 2020),
and is called by several common and vernacular names such
as Giant Indian milked weed, Madar and Sodom apple (Eng-
lish), Ak or Arka (Hindi, Sanskrit), Remiga (Malay), Rubik
(Indonesian), Ipekag (Turkish), Oshar or Ushar (Arabic),
Kharak (Persian), and Spalmai (Pushto) (Breckle et al., 2013;
Parihar & Balekar, 2016; Sadat-Hosseini et al., 2017;
Tounekti et al., 2019; Bahadur et al., 2020; Manduzai et al.,
2021). In different countries, the CPL and almost all parts of
C. procera have been used traditionally as multifarious reme-
dies for several medicinal purposes (Table 1).

As shown in Table 1., different parts of C. procera and CPL
have been traditionally used by people in different countries
(21 countries in total) for treatment of various health problems
including tumours, jaundice, body pains, fever, various infec-
tions, and so forth (Mascolo et al., 1988; Basu & Nag
Chaudhuri, 1991; Sharma & Sharma, 1999; Kumar et al.,
2005; Murti et al., 2010; James et al., 2013; Tounekti et al.,
2019). It is worth noting that C. procera has been used more
frequently in treating various infectious diseases that could
be broadly classified into five categories of (1). skin and dermal
infections (e.g., leprosy, wounds and skin infections, boils, car-
buncles, scabies, leishmaniosis, mouth and dental infections),
(2) gastro-intestinal tract (GIT) infections (e.g., dysentery,
diarrhoea, cholera, gastritis, colitis and worms), (3) respiratory
infections (bronchitis, bronchial asthma, cough and pneumo-
nia) and (4) gyneco-urinary infections (chronic renal problems
and leucorrhea), and (5) systemic infection (e.g., malaria and
elephantiasis).

C. procera has been used both as external (topical) and
internal (oral) preparations. However, its external or topical
uses were more dominant considering its higher usability in
the management of dermal infections, wounds, cuts, wasp
stings, psoriasis, eczema, scorpion and snake bites, body pains,
and so on (Table 1).

1.3. Toxicity of C. procera

Apart from its proven traditional use in various countries
(Table 1), C. procera is also enlisted as weed (Gracia et al.,
2019), and as a toxic plant (Tossou et al., 2018; Al-Zuhairi
et al., 2020). Ingestion of CPL and fresh leaves of C. procera
by ruminants has caused toxic effects to the animals
(Mahmoud et al., 1979a, 1979b). Once the plant was used as
abortifacient as well. Toxicity of the plant is principally due
to presence of toxic compounds such as toxic cardenolides in
its latex and all other parts of the plant.



Table 2 Antibacterial activity of C. procera latex and different extracts.

Plant parts  Geographical Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Flowers India 80% EtOH ext. In vitro: 500 pg/disc  G-ve: E. coli 7075, E. coli Bb, Proteus Active against all tested bacteria (except P. (Mascolo et al.,
DDM mirabilis, Pseudomonas aeruginosa, aeruginosa) showing ZOI of 16.5-26.1 mm 1988)
Salmonella typhi H and MICs of 2.7-4.0 mg/mL.
G + ve: Staphylococcus aureus, S. typhi H and S. aureus were the most
Staphylococcus epidermidis, Staphylococcus susceptible bacteria.
haemolyticus, Bacillus anthracis, Bacillus
subtilis
CPL Ethiopia Aq. ext. and PetE,  In vitro: 200 pg/well ~ G—ve: Salmonella gallinarum (ATCC 9184),  Active on all tested bacteria. (Desta, 1993)
CHL, MeOH Fct. WDM E. coli (ATCC 9637), P. aeruginosa (ATCC  The crude aqueous extract was more potent
of 80% EtOH ext. 27853), Klebsiella pneumoniae (ATCC 10031), than the organic fractions of EtOH extract.
Proteus vulgaris (isolate)
G + ve: S. aureus (ATCC 13709)
Leaves, India EtOH ext. In vitro NF G-ve: Enterobacter cloacae (E. cloacae), Among tested samples, root-barks showed (Jain et al.,
stems, E. coli, maximum effects on E. cloacae. 1996)
roots, G + ve: S. aureus, Streptococcus faecalis (S. CPL did not show activity
flower, faecalis).
fruit, root-
barks, CPL
Leaves Yemen EtAc fraction of In vitro: 4 mg/disc G-ve: E. coli (ATCC 25922), P. aeruginosa EtAc fraction produced ZOI of 3-5 mm (Ali et al., 2001)
80% EtOH ext. DDM (ATCC 27853) (excluding disc diameter) only against G
G + ve: S. aureus (ATCC 29213), S. aureus  + ve strains.
(ATCC 25923), Enterococcus faecalis (ATCC The G—ve were not susceptible.
29212)
Leaves, Morocco EtOH, EtAc, and In vitro: 500 pg/disc  G—ve: E. coli, K. pneumoniae, P. mirabilis, S. Flower ext. was more potent. (Larhsini et al.,
flowers n-BtOH ext. DDM for typhi, Shigella flexneri, Enterobacter n-BtOH ext. of flower was active on all tested 2001)
ZOlI, aerogenes bacteria (ZOI; 11.3 £ 0.5-18.3 £ 0.5 mm),
TDM for G + ve: Corynebacterium pyogenes, S. aureus except E. aerogenes. The E. coli, S. typhi, S.
MIC aureus showing ZOI of 16-18 mm were most
susceptible strains to flower BtOH ext., with
MIC of 4 and 5 mg/mL against E. coli and K.
pneumoniae, respectively.
EtOH ext. of flower was active against all
tested bacteria (ZOI; 7.9 + 1.2-12.3
+ 0.3 mm) except S. flexneri, while K.
pneumoniae, E. coli and S. typhi were most
sensitive (ZOI; 10.5-12.3) to EtOH flower ext.
Leaf EtAc ext. produced ZOI of 11.3—
13.5 mm against E. coli, P. mirabilis and K.
pneumoniae. Remaining ext. had lower
activity only against some of tested strains.
Whole Nigeria Aq. ext. In vitro: 200 mg/mL  G-ve: P. mirabilis, P. aeruginosa, E. coli Mild activity with ZOI < 15 mm. (Adamu et al.,
plant WDM G + ve: S. aureus 2005)
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Table 2 (continued)

Plant parts  Geographical Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Roots Nigeria Aq. ext. In vitro: Discs G-ve: E. coli, Neisseria gonorrhoeae Mild activity with ZOI < 9 mm. (Filgona et al.,
DDM soaked in G + ve: S. aureus N. gonorrhoeae was more susceptible (ZOI: 2005)
60, 50 and up to 9 mm).
40% ext. E. coli was resistant.
Leaves India EtOH ext.: partially In vitro: 70 pg/mL G-ve: P. aeruginosa, Pseudomonas putida. Flavonoid’s fraction showed ZOI of 10.66 (Mendki et al.,
purified Flv WDM G + ve: Bacillus megaterium, B. subtilis, + 1.33-15.66 = 0.33 mm against tested 2005)
mixture Cellulomonas uda. bacteria except P. aeruginosa that was less
susceptible.
Cellulomonas uda was most susceptible.
Leaves, Nigeria 50% EtOH ext. and  In vitro: Crude ext. G-ve: E. coli, K. pneumonia, Leaf ext. at 20 mg/mL showed ZOI of 9— (Oladimeji et al.,
stems its CHL, EtAc and WDM at 20 and S. typhi 11 mm, and S. aureus was more susceptible.  2006)
BtOH Fect. 40 mg/mL. G + ve: B. subtilis, S. aureus Stem ext. at 20 mg/mL showed ZOI of 10—
Fractions at 14 mm, S. aureus was more susceptible.
5 mg/mL Leaf fractions showed ZOIs; 10-16 mm, S.
aureus was most sensitive.
Stem fractions showed ZOI; 10-18 mm, S.
aureus and B. subtilis were more susceptible.
E. coli was less susceptible in all cases.
Leaves, Nigeria 60% EtOH ext. In vitro: 50 pL/well Clinical isolates: EtOH ext. of CPL was more potent (ZOI: (Kareem et al.,
CPL WDM (Eq. Smg G-ve: E. coli, P. aeruginosa 7.0-14.1 mm and MIC: 2.5-7.5 mg/mL) than 2008)
RM/well) G + ve: Staphylococcus albus, S. aureus, the leaf extract (ZOI: 3.0-8.5 mm and MIC:
Streptococcus pyogenes, Streptococcus 5-12.5 mg/mL).
pneumoniae E. coli was the most susceptible bacterium.
Twigs, CPL India Different fractions  In vitro: 4 mg/disc 8 Opportunistic bacteria: Different range of activity was observed. (Parabia et al.,
of Aq. decoction DDM G-ve: P. aeruginosa, K. pneumoniae, Serratia  All ext. and fractions were active showing 2008)
marcescens (S. marcescens), E. aerogenes, ZOI of 5-27 mm.
E. coli. EtAc Fct. of twigs being the most potent
G + ve: S. aureus, S. epidermidis, Bacillus against all tested bacteria showed ZOI of 13—
cereus 27 mm.
2 pathogenic strains: EtAc Fct. of CPL was the 2nd potent sample
G-ve: Salmonella paratyphi A and S. typhi. with ZOI of 13-20 mm against all test strains.
2 non-pathogenic: S. aureus was most susceptible to EtAc Fct.
G + ve: B. subtilis, M. luteus Water ext. was least active sample (ZOI; 5—
10 mm).
Leaves Bangladesh 90% MeOH and In vitro: 500 pg/well  G—ve: Shigella dysenteriae, S. flexneri, Aq. ext. was more potent with ZOI of 1022 (Yesmin et al.,
Aq. ext. WDM Shigella sonnei, V. cholerae and 7-10 mm against G + ve and G—ve, 2008)
G + ve: S. aureus, S. epidermidis, respectively.
Staphylococcus saprophyticus, S. pyogenes MeOH ext. produced ZOI of 6-9 mm only
against few bacteria.
Seeds India CHL and MeOH In vitro: Disc dipped  G-ve: Aeromonas hydrophila (A. hydrophila) CHL and MeOH extracts produced ZOI of  (Bhaskar &
ext. DDM in l mg/mL ATCC 79, E. coli (MTCC 118), Morganella  10.21-15.35 and 09.15-12.35 mm, Ajay, 2009)
solutions morganii (ATCC 102), P. vulgaris (MTCC respectively, against the tested bacteria, and

201)

G + ve: S. aureus (MTCC 737),

B. subtilis, Mycobacterium smegmatis (MTCC
106)

S. aureus was most susceptible.

(continued on next page)
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Table 2 (continued)

Plant parts  Geographical Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Leaves, Nigeria 95% EtOH ext. In vitro: Disc soaked G-ve: E. coli, Pseudomonas sp., Salmonella Dose dependent activity was observed. Leaf  (Kawo et al.,
CPL DDM, in 1-10mg/  sp. ext. showed ZOI of 7-10 mm and MIC of 2009)
MIC mL G + ve: S. aureus 2 mg/mL for S. aureus and ZOI: 9-15 mm
and MIC of 1 mg/mL for E. coli. CPL ext.
showed ZOI of 8—10 mm and MIC of 2 mg/
mL against E. coli.
Salmonella sp. and Pseudomonas sp., were not
sensitive.
Leaves India MeOH, CHL, In vitro: 20-50 pg/ G-ve: S. typhi (MTCC 734), S. paratyphi A Dose dependent effects was produced. EtAc  (Mohanraj
EtAc, and Aq. ext. WDM well (MTCC 3220), V. cholerae (MTCC 3904), K. ext. was most potent against all bacteria et al., 2010)
pneumoniae (MTCC 109) (ZOIs of 9 £ 1.5-22 + 1.3 mm) except K.
pneumoniae, while Salmonella sp. was most
susceptible to EtAc ext.
MeOH ext. was only active on K. Pneumoniae
(ZOIL; 17 £+ 1.6 mm).
V. cholerae showing ZOI: 13 + 1.4 mm was
the most susceptible bacterium to CHL ext.
Leaves Nigeria ACT ext. In vitro: 10 mg/mL G + ve: M. mycoides Showed strong effect with MIC of 80 ug/mL  (Muraina et al.,
MDM and 2fd and MMC of 160 pg/mL. 2010)
Leaves, Pakistan 80% EtOH, In vitro: 1500 pg/disc  G—ve: E. coli DHSa Leaves’ ext. showed ZOI of 14.9 and (Ahmad et al.,
flowers 80% MeOH, and DDM G + ve: Bacillus pumilis JF313263 19.2 mm, and MIC of 21 and 28 mg/mL 2011)
80% ACT ext. against E. coli and B. pumilis, respectively.
Flower ext. showed ZOI of 12.3 and 17.6 mm,
respectively. EtOH ext. was more potent,
while the MeOH and ACT extracts produced
milder antibacterial effects.
Flower, India EtOH ext. In vitro: 5 pg/disc G-ve: E. coli, S. typhi, Leaf ext. produced ZOlIs of 7-15 and 5— (Doshi et al.,
buds, DDM P. aeruginosa, S. marcescens 10 mm against G + ve and G—ve, 2011)
leaves, G + ve: B. cereus, B. subtilis, S. respectively.
stems aureus, M. luteus Bud ext. produced ZOI of 8 mm only against
S. aureus. Flower and stem extracts were not
active.
Flower Pakistan 70% MeOH ext. In vitro: 10 mg/disc G-ve: Pasteurella multocida, E. coli (ATCC  The ext. showed ZIO of 12 + 0.24-18 (Hussain et al.,
DDM, 29922). + 0.18 mm and MIC of 6.25-25 mg/mL 2011)
ADM G + ve: B. cereus, Corynebacterium bovis, S. against tested bacteria. C. bovis was most
aureus (ATCC 29923) susceptible while S. aureus was not
susceptible.
Fruits, Nigeria Aq., MeOH, and In vitro: 30 -120 mg/ G-ve: P. aeruginosa, S. typhi, E. coli Aq. ext. 30 mg/mL was active on tested (Mainasara
barks 95% EtOH ext. WDM mL G + ve: S. pyogenes bacteria. MeOH and EtOH ext. showed weak et al., 2011)
effects. S. pyogenes and P. aeruginosa were
most susceptible strains.
Leaves, Nigeria Aq., MeOH, and In vitro: 30-120 mg/  G-ve: P. aeruginosa, S. typhi, E. coli Leaf Aq. ext. showed broader effects. S. (Mainasara
roots 95% EtOH ext. WDM mL G + ve: S. aureus and S. pyogenes pyogenes and E. coli were most susceptible to et al., 2012)

leaf and root extract, respectively.
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Table 2 (continued)

Plant parts  Geographical Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Leaves India Aq. and 80% In vitro: 300 pg/well ~ G—ve: Proteus sp., Citrobacter freundii, EtOH ext. showed ZOI of 10-18 mm against (Dubey et al.,
EtOH ext. WDM Chromobacterium violaceum, S. typhi, E. coli, S. aureus and the first five listed G—ve 2012)
Acinetobacter sp., Klebsiella sp., P. bacteria.
aeruginosa, V. cholerae The remaining four G—ve were not
G + ve: MRSA susceptible.
Aq. ext. was only active on C. violaceum (ZOI
11 mm).
Leaves India Hex, EtAc, and In vitro: 10-100 pg/  G-ve: P. aeruginosa, S. typhi, Vibrio harveyi, EtAc ext. showed ZOI: 16.3 + 1.24-24.8 (Velmurugan
MeOH ext. WDM well Photobacterium sp., and Aeromonas + 3.29 mm and MIC: 60-120 pg/mL. V. et al., 2012)
hydrophila harveyi and A. hydrophila were the most
susceptible strains.
Hex. & MeOH ext. had mild and moderate
effects, respectively.
Stem-barks  India EtAc, DCM, In vitro: 100 pg/mL  G-ve: E. coli, E. aerogenes, P. mirabilis, P. EtAc, MeOH and Aq. extracts produced (Samy & Chow,
MeOH and Aq. ext. DDM vulgaris higher ZOI. The Aq. ext. was the most potent 2012)
G + ve: P. aeruginosa, S. aureus and showed ZOI of 9-28 mm. S. aureus was
more susceptible. The calo-protein purified
from Aq. extract showed strong effect (ZOI
up to 30 mm) against S. aureus.
Leaves India EtOH, MeOH, and In vitro: 1.25-5 pg/ G-ve: E. coli (MTCC-40), P. aeruginosa All extracts showed strong activity at the (Joshi & Kaur,
Aq. ext. WDM well (MTCC- 424). highest dose. EtOH ext. showed ZOI of 11 2013)
G + ve: S. epidermidis (MTCC-10623), and £ 0.1-20 = 1.0 mm, P. aeruginosa being
B. subtilis (MTCC 736). most susceptible. MeOH ext. showed ZOI of
11 £ 0.5-14 £ 0.5 mm, E. coli being most
sensitive. Aq. ext. showed ZOI of 13 + 0.5—
14 + 0.5 mm, almost similar against all tested
bacteria.
Leaves Saudi Arabia MeOH ext., Flv. In vitro: 40 pg/well G-ve: E. coli (ATCC 25922), Crude ext. showed ZOI of 9.5-22.5 mm, and (Nenaah, 2013a)
Fct. WDM for P. aeruginosa (ATCC 27853), MIC of 0.16-1.28 mg/mL.
ZOI and K. pneumoniae (ATCC 13883), Flv. Fraction showed ZOI: 15.5-28.5 mm,
MIC Salmonella enteritidis (ATCC 13076). and MIC of 0.04-0.32 mg/mL.
G + ve: S. aureus (ATCC 25923), S. B. subtilis and S. aureus were the more
epidermidis (ATCC 12228), sensitive strains.
B. subtilis (ATCC 6633),
M. luteus (ATCC 4698).
Leaves India Aq. and MeOH ext. In vitro: 800 pg/well  G—ve: P. aeruginosa (MTCC 1034), Aq. ext. showed ZOI of 10-12 mm. (Panda, 2014)
WDM Pseudomonas fluorescence (MTCC 1748). MeOH ext. produced only ZOI of 11 mm
G + ve: S. epidermidis (MTCC 3615) against P. fluorescence.
Leaves, Egypt CHL, EtOH, In vitro: Disc soaked G-ve: S. typhi (ATCC 19430), EtOH and Aq. ext. were more potent. Aq. (Salem et al.,
CPL MeOH, 70% DDM with 20— E. coli (ATCC 25922), and EtOH ext. of leaves showed ZOI of 7-13  2014)
EtOH, and Aq. ext. 50 mg/mL S. flexneri (ATCC 12022), and 11-27 mm against tested bacteria, except

E. faecalis (ATCC 29212),

Neisseria lactamica (ATCC 23970)

G + ve: S. aureus CONS (ATCC 29213),
MRSA (ATCC 43300).

S. flexneri and E. faecalis.

Aq. and EtOH ext. of CPL produced ZOI of
7—12.5 and 9-25 mm against tested bacteria,
except against S. flexneri & E. faecalis. The
most susceptible bacterium was N. lactamica

(continued on next page)
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Table 2 (continued)

Plant parts  Geographical Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Leaves, Pakistan 90% EtOH and In vitro: 0.5-10mg/  G-—ve: E. coli, P. aeruginosa, EtOH ext. was more potent. (Mako et al.,
roots Aq. ext. DDM disc G + ve: S. aureus, S. pyogenes EtOH ext. of leaf at highest dose produced 2012)
ZOI of 5.5-21 mm (S. aureus was more
sensitive).
EtOH ext. of root at highest dose produced
ZOI of 5-18 mm (S. pyogenes was more
sensitive).
Aq. ext. of leaf at highest dose produced ZOI
of 10-18 mm (E. coli was more sensitive).
Aq. ext. of root at highest dose produced ZOI
of 7-15 mm (E. coli was more sensitive).
Roots India EtOH ext. In vitro: 1 mg/well G-ve: E. coli (NCIM 2931), Pseudomonas sp. It produced ZOI of 9-13 mm, and (Gajare et al.,
WDM, (for ZOI) (NCIM 5029), Salmonella typhimurium Pseudomonas sp. was more susceptible to the 2012)
MDM 0.5-10mg/  (NCIM 2501) extract.
mL (for G + ve: B. subtilis (NCIM 2545), S. aureus  S. aureus showed MIC of 1 mg/mL to the
MIC) extract.
Flowers India Hex, CHL, and In vitro: 0.4-4 mg/ G-ve: E. coli, K. pneumoniae, MeOH ext. was more potent, and at dose of (Mastanaiah
MeOH ext. WDM well G + ve: B. subtilis, Lactobacillus acidophilus 2.4 mg/well produced ZOI of 10-11 mm. K. et al., 2012)
(L. acidophilus), S. aureus, S. epidermidis, pneumoniae being most susceptible showed
Streptococcus gordonii, Streptococcus mutans  ZOI of 10 mm to MeOH ext. (0.2 mg/well).
(S. mutans), Streptococcus salivarius. Hex extract at highest dose was active only on
certain strains. CHL ext. at highest dose was
active on all tested bacteria.
Flowers India 70% EtOH ext. In vitro: 5-50 pg/ G-ve: E. coli (NCIM 2067), P. aeruginosa At highest dose produced ZOI of 15.3 + 0.5- (Ranjit et al.,
WDM mL: (0.25-  (NCIM 2037), P. vulgaris (NCIM 2027). 18.3 £+ 0.67 mm against tested bacteria. 2012)
2.5 pg/well) G + ve: B. subtilis (NCIM 2063), B. pumilis ~ S. aureus and P. vulgaris were the most
(NCIM 2327), M. luteus (NCIM 2871), S. susceptible bacteria.
aureus (NCIM 2079).
Flowers Karachi, 80% EtOH ext. and  In vitro: 100 pL/well ~ G—ve: S. typhi, E. coli Hex. Fct. was active against all tested bacteria (Ali et al., 2014).
Pakistan its Hex, BtOH, WDM G + ve: M. luteus, MRSA with ZOI of 12-22 mm.
EtAc and Aq. EtAc Fct. showed ZOI of 15, 18 and 25 mm
Fractions against E. coli, MRSA, M. luteus,
respectively.
Each of BtOH and Aq. Fct. produced ZOI of
30 mm only against M. luteus.
M. luteus was most sensitive to all ext.
Aerial parts India MeOH ext. In vitro: S mg/well G-ve: Pseudomonas marginalis, Pseudomonas It showed ZOI of 9-21 and 10 —14 mm (Vadlapudi
WDM syringae (MTCC 1604), P. aeruginosa against tested G + ve and G—ve bacteria. et al., 2012)

(MTCC 1688), Xanthomonas campestris
(MTCC 2286).

G + ve: L. acidophilus (MTCC 447), S.
aureus, S. mutans (MTCC 890), S. salivarius
(MTCC 1938).

S. aureus and L. acidophilus were the most
and least susceptible strains, respectively.
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Table 2 (continued)

Plant parts  Geographical  Extracts/fractions Test model Dosage Test microorganisms Results References
origin
CLP Egypt Aq. solution of In vitro: 300 L Clinical isolates: It produced ZOI of 9.0-15.8 mm, and E. coli (Mohamed
CPL serum WDM G-ve: E. coli, P. aeruginosa, Serratia sp. was the most susceptible bacterium. et al., 2014)
Leaves, Saudi Arabia  Aq., 80% MeOH,  In vitro: 20 pL/disc G-ve: E. coli (ATCC 25922), P. aeruginosa MeOH ext. showed strong and broad activity. (Nenaah &
flowers, and DIEE ext. DDM (for ZOI). (ATCC 27853). MeOH ext. of flower and leaf showed ZOI of Ahmed, 2015)
CPL 0.25-6mg/ G + ve: S. aureus (ATCC 25923), S. 10-18 and 11.5-18.5 mm and MIC of 1.5-3.0
mL for MIC  epidermidis (ATCC 12228), S. pneumoniae and 0.25-2.5 mg/mL, respectively, while B.
(ATCC 49619), B. subtilis (ATCC 6633), B.  cereus and E. coli were the most susceptible
cereus (ATCC 11778). strains.
MeOH, Aq. and DiEE ext. of CPL showed
ZOI of 11-23.5, 6.5-14 and 7- 12.5 mm and
MIC of 0.25-3.0, 4-5.5 and 3.0-4.5 mg/mL,
respectively, while Bacillus species and S.
epidermidis were the most sensitive strains.
The remaining ext. showed no or lower
effects.
Roots, India EtOH ext. In vitro: Up to G-ve: Chlamydia pneumoniae (MTCC 7162), Root ext. showed MIC of 1.2-2.5 mg/mL, B. (Panchal &
stems ADM 10 mg/mL P. aeruginosa (MTCC 10462), anthracis being most susceptible. Singh, 2015)
medium S. typhi MTCC 3231). Stem ext. showed MIC of 1.3-8.9 mg/mL,
G + ve: B. anthracis (MTCC 10095), Bacillus and P. aeruginosa was most sensitive to the
thurengenesis (MTCC 10484). stem ext.
Stem, fruits, Saudi Arabia 70% MeOH ext. In vitro: 100 pg/ G-ve: K. pneumoniae, E. coli, P. vulgaris, P.  All fractions were active only against K. (Morsy et al.,
Leaves, and its Hex, Ether, modified 10 uL/spot  aeruginosa pneumoniae and produced ZOI of 1024 mm. 2016)
flowers CHL and Agq. method G + ve: B. subtilis, S. aureus Nonpolar fractions were more potent, while
fractions (spotting ether Fct. was the most potent.
on agar
plates)
Leaves, Rajasthan, 95% MeOH ext. In vitro: 1/100 in G-ve: carbapenem-sensitive Acinetobacter Significant growth inhibition was observed. (Tiwari et al.,
flowers India Growth medium baumanii (ATCC 19606) and carbapenem- Synergistic effects with imipenem against 2016)
kinetic resistant A. baumanii RS 307 both tested bacteria were observed.
study
Leaves Saudi Arabia MeOH ext. In vitro: Serial G-ve: P. aeruginosa, P. vulgaris, S. typhi, It showed moderate activity with MIC of 9.4— (Al-Ghanayem
TDM dilution: Enterobacter cloacae, K. pneumoniae, E. coli. 37.5 mg/mL. et al., 2017)
0.15-75mg/ G + ve: S. aureus, S. pneumoniae, B. cereus, Lowest MIC was against the G—ve (E. coli, E.
mL E. faecalis. cloacae, E. faecalis and K. pneumoniae).
Leaves NR 80% EtOH, n-Hex  In vitro: 25 mg/well Vancomycin and methicillin resistant isolates EtOH ext. was most potent and showed ZOI (Akindele et al.,
and Cold and Hot WDM, from wounds: of 8.03-16.03 mm. 2017)
water ext. G + ve: S. aureus, P. mirabilis. S. aureus was the most susceptible bacterium.
G-ve: E. coli, P. aeruginosa, K. pneumoniae,
S. pyogenes
Leaves Saudi Arabia MeOH ext. In vitro: 50 pL/disc G + ve: MRSA Significantly inhibited growth of MRSA and (Alzahrani et al.,
DDM produced ZOI of 18 mm. 2017)

(continued on next page)
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Table 2 (continued)

Plant parts  Geographical — Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Leaves India MeOH ext. In vitro: 500 pg/disk  G-ve: E. coli, K. pneumonia, S. pyogenes, P. ~ Produced ZOI of 12 + 1-31.8 £ 1.58 mm. (Jeya &
DDM aeruginosa S. pyogenes and P. aeruginosa were the most Veerapapgu,
G + ve: S. aureus and least susceptible bacteria, respectively. 2017)
Crude CPL, Egypt Crude CPL, CPL In vitro: Crude CPL  G-ve: E. coli (ATCC 8739), P. aeruginosa Crude CPL was active only against G + ve  (Hassan et al.,
Serum of serum, and MeOH, WDM and CPL (ATCC 9027). with ZOI of 7.6 + 2.1-8.5 = 1.0 mm and 2017)
CPL EtOH, CHL, and serum: G + ve: S. aureus (ATCC 6538P), B. subtilis MIC of 250 pg/mL. CPL serum was active on
Aq. ext. of dried 5-30 pg/ (ATCC 6633) all tested strains with ZOI of 13.3 + 1.9-20.3
CPL serum wells. + 1.5mm and MIC of 200 pg/mL. EtOH
Different and Aq. ext. showed highest activity with ZOI
ext. 2.5- of 13.2 £ 0.6-19.6 = 0.5 mm and MIC of
12.5 mg/ 50 pg/mL. MeOH and CHL ext. showed ZOI
wells of 11.6 + 0.5-13.4 £ 1.2 and 10.3 + 2.2
11.5 = 0.6 mm, and MIC of 75 and 100 pg/
mL against G + ve, respectively.
Twelve India Crude ext. in In vitro: 60 pL/well Five pathogenic bacteria: Among 12 endophytes extracts of five of them (Aharwal et al.,
endophytic DMSO WDM G-ve: E. coli ATCC 25922, P. aeruginosa (F. solani, Cladosporium herbarum, Curvularia 2014)
fungi of ATCC 27853, K. pneumoniae ATCC 700,603 pallescens, A. alternata and Drechslera
leaf, stem G + ve: B. subtilis, S. epidermidis nodulosa) showed broad antibacterial effects.
and root Produced ZOI was in range of 9-32 mm, the
largest was for both Cladosporium herbarum
and F. solani against E. coli and S.
epidermidis, respectively. The smallest ZOI
was for Drechslera nodulosa against B.
subtilis.
Curvularia pallescens and A. alternata were
the most potent endophytes against tested
bacteria.
35 fungal Brazil 8 mm disc of fungal In vitro: 8 mm disc G-ve: E. coli UFPEDA 224, E. aerogenes Six endophytic fungi showed antimicrobial (Nascimento
endophytes colony agar block  cut from UFPEDA 739, S. typhi UFPEDA 478, P. effects on some of tested microorganisms. et al., 2015)
of leaves method fungal aeruginosa UFPEDA 735, P. vulgaris ZOI was 12-20 mm.
colony UFPEDA 740. C. pallescens (URM 6048) showed ZOI

G + ve: S. aureus UFPEDA 02, B. subtilis, E.
faecalis UFPEDA 86, UFPEDA 138, S.
pyogenes UFPEDA 07, Mycobacterium
smegmatis UFPEDA 71

of > 15 mm against S. aureus and S.
pyogenes.

Cladosporium cladosporioides (URM 6084)
and Xylaria sp. (URM 6085) produced ZOI
00 against the alcohol-acid resistant
bacterium M. smegmatis.

Endophytes of old leaves showed better
activity.
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Table 2 (continued)

Plant parts ~ Geographical  Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Twenty India EtAc ext of 20 In vitro: 4 mg/well, G-ve: E. coli ATCC 25922, P. aeruginosa Active on all tested bacteria with ZOI of 8—  (Rani et al.,
endophytic endophytes WDM, serial ATCC 27853, Serratia marcescens ATCC 17.33 mm. 2017)
fungi MIC: dilutions of 27137, S. flexneri ATCC 12022, S. typhi Extracts of seven endophytes were active on
MDM, 50 mg/mL, ATCC 13311, P. mirabilis ATCC 43071, K.  all tested bacteria. Maximum ZOI
0.5, 1 and 2 pneumoniae ATCC 700,603 (17.33 mm) was produced by extract of both
TKA MIC G + ve: E. faecalis (ATCC 29212), S. aureus  Aspergillus nomius and A. oryzae against S.
(ATCC 259323) typhi, and extracts of F. solani, and Curvularia
hawaiiensis against S. flexneri and S.
marcescens, respectively.
S. aureus was sensitive to extracts of all 20
endophytes, while E. coli was least sensitive
strain. MIC were in range of 15.6 to 250 pg/
well.
TKA on S. typhi revealed bacteriostatic
effects of the extracts on the tested bacterium.
Stems, Pakistan 80% MeOH ext. In vitro: 2.5-40 mg/  Rifampicin-sensitive Mycobacterium Hex. Fct. of stem and leaves showed MIC of (Ullah et al.,
leaves, and its Hex, CHL =~ MDM mL medium  tuberculosis (H37Rv), 10 and 20 mg/mL on both of the tested 2017)
roots and EtAc Fct. Rifampicin-resistant M. tuberculosis strains, respectively. CHL Fct. of stem
(TMC331) showed MIC of 20 and 40 mg/mL,
respectively. EtAc Fct. of stem and Hex Fct.
of root showed respectively, MIC of 20 and
40 mg/mL against H37Rv.
The crude MeOH ext. and its other remaining
fractions did not show any effects.
Leaves India PetE, CHL and In vitro: 3.125- G-ve: E. coli, K. pneumoniae, P. aeruginosa ~ EtOH ext. was more potent with ZOI of 11- (Ul-Zaman &
EtOH ext. WDM 13.5 mg/ G + ve: S. aureus 18 mm at the lowest dose. E. coli and S. Ahmad, 2017)
well aureus were respectively the most and the
least susceptible strains. Remaining extracts
showed milder activity.
Leaves Nigeria EtOH, MeOH and  In vitro: 3.125~ G-ve: E. coli, P. aeruginosa, S. typhi The extracts showed ZOIs of 7.0-23.0 mm (Akin-Osanaiye
Aq. ext. WDM 25 mg/well G + ve: S. aureus and MIC of 125-500 mg/mL. EtOH ext. was & Okhomina,
the most potent sample. S. aureus was the 2018)
most susceptible bacterium.
Leaves Jazan, Saudi  EtOH ext. In vitro: 4-13 ug/mL  G-ve: E. coli, S. pyogenes It produced ZOI of 5-21 mm at the highest ~ (Alhazmi et al.,
Arabia WDM G + ve: S. aureus, B. subtilis dose. E. coli and S. aureus were the most 2018)
susceptible bacteria.
Stem barks, Ethiopia EtOH, MeOH, In vitro: Disc soaked G-ve: P. aeruginosa (ATCC 27853), E. coli EtOH ext. was the most potent followed by  (Asfere et al.,
leaves, Hex, and Aq. ext. DDM with 100 pL  (ATCC 25922). MeOH, Hex and Aqueous ext. 2018)
roots of 30— G + ve: S. aureus (ATCC 29223) EtOH ext. produced ZOI of 12.70-24.50 mm,
60 mg/mL while S. aureus was the most susceptible

bacterium.

(continued on next page)
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Table 2 (continued)

Plant parts  Geographical  Extracts/fractions Test model Dosage Test microorganisms Results References
origin
Flowers, India EtOH, MeOH and  In vitro: Disc soaked G-ve: E. coli EtOH, MeOH and CHL ext. of leaf showed (Kar et al.,
leaves, CHL ext. DDM with 25— G + ve: B. subtilis, S. aureus ZOI of 11 and 20, 18 and 20, 14 and 17 mm, 2018)
roots 100 pg/mL respectively against E. coli and S. aureus.
ext. EtOH, MeOH and CHL ext. of flower
produced ZOI of 18 and 17, 20 and 19, 16 and
17 mm, respectively against E. coli and S.
aureus.
EtOH, MeOH and CHL ext. of root showed
ZOI of 20 and 21, 19 and 20, 17 and 16 mm,
respectively against E. coli and S. aureus.
B. subtilis was not susceptible to the extracts.
Leaves Iraq 70% EtOH ext. In vitro: 36 ng/disc G-ve: E. coli, Pseudomonas sp. It produced ZOIs of 17 and 18 mm and MIC (Naser et al.,
DDM G + ve: B. subtilis, S. aureus of 31.25 and 250 pg/mL against B. subtilis 2019)
and S. aureus. The G—ve bacteria showed
mild susceptibility.
Shoots, Egypt Aq. ext. In vitro: Discs G-ve: E. coli (MTCC 118) Dose-dependent activity was observed. It (Radwan et al.,
roots DDM soaked in 1- G + ve: S. aureus (MTCC 96) produced ZOI of 9-21 and 7-19 mm, 2019)
10% (w/v) respectively against E. coli and S. aureus.
ext. in water
Leaves India Aq, MeOH and In vitro: 2-4 mg/ G-ve: P. aeruginosa (ATCC 27853), S. Aq ext. was most active on all tested bacteria (Rani et al.,
PetE ext. WDM & well. marcescens (ATCC 27137), S. flexneri (ATCC  with ZOI of 10.33-13.66 mm, and MIC 1.25- 2019a)
MTD SD of 12022), S. typhi (ATCC 13311), E. coli 2.5 mg/mL. MeOH and PetE ext. were active
100 mg/mL  (ATCC 25922), P. mirabilis (ATCC 43071),  on some of tested strains.
(for MIC) K. pneumonia (ATCC 700603). S. aureus was only susceptible to Aq ext. and
G + ve: E. faecalis (ATCC 29212), S. aureus showed highest ZOI and lowest MIC
(ATCC 259323). (1.25 mg/mL).
Leaves Pakistan MeOH ext. In vitro: 10 pg/disc G-ve: P. mirabilis, P. aeruginosa It produced ZOI of 16 + 2-19 £ 2 mm (Bilal et al.,
DDM G + ve: B. cereus against tested strains. 2020)

Abbreviation: ADM, agar dilution method; ACT, acetone; Aq., Aqueous; BtOH, butanol; CHL, chloroform; DDM, disc diffusion method; DiEE, diethyl ether; Eq., equivalent; EtAc, ethyl acetate;
EtOH, ethanol; ext., extract; Fct., fraction; Flv., flavonoids; 2fd, two-fold dilution; MDM, micro-dilution method; MeOH, methanol; MIC, minimum inhibitory concentration; NF, not found;
PetE, petroleum ether; RM, raw materials; SD, serial dilution; TDM, tube dilution method; TKA, time-kill assay; WDM, well diffusion method; ZOI, zone of inhibition.
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Table 3 Antifungal activity of C. procera latex and different extracts.

Plant parts  Geographical Extracts/Fractions Test Dosage Test microorganisms Results References
origin model
CPL Ethiopia Aq. ext. and PetE, In vitro: 200 pg/well  Candida albicans (ATCC 10231) The Aq. ext. was more potent. Thus, presumably  (Desta, 1993)
CHL, MeOH Fct. of WDM the potency could be related to the more polar
80% EtOH ext. compounds of CPL.
Leaves United Arab  95% EtOH ext. In vitro: NR C. albicans It showed MIC of 2 mg/mL. (Tanira et al.,
Emirates ADM 1994)
CPL India PetE, MeOH and Aq. In vitro: 2 mg/well C. albicans PetE, MeOH and Aq. extracts produced ZOI of 18  (Sehgal et al.,
ext. WDM + 1.6, 17.5 £ 0.6, 7.05 £ 1, and MIC of 128, 128 2005)
and 1600 mg/mL, respectively.
Leaves, Nigeria Aq., 50% EtOH ext. In vitro: 2.5-20mg/  Aspergillus niger, Trichophyton rubrum, Aq. ext. of all parts showed the most potent effects (Hassan
stem barks, and Hex, PetE, and ADM mL media  and Microsporum gypseum and significantly inhibited (97.80%) growth of et al., 20006)
roots CHL Fct. of 50% tested fungi.
EtOH ext.
Leaves, Nigeria 50% EtOH ext. and its  In vitro: Ext. 20 and C. albicans MeOH ext. of leaves and stems (20 mg/mL) (Oladimeji
stems CHL, EtAc and BtOH WDM 40 mg/mL. showed ZOI of 7 and 7.5 mm, respectively. et al., 20006)
Fct. Fct. 5 mg/ Fct. of leaf and stem (5 mg/mL) produced ZOI of
mL 7.5 and 8 mm, respectively.
Leaves, Nigeria 60% EtOH ext. In vitro: 50 pL/well  A. niger, Aspergillus flavus, C. albicans, Ext. of CPL and leaves showed ZOIs of 2.5- 8.5  (Kareem
CPL WDM (ca. Smg and Microsporium boulardii and 1.2-4.6 mm, and MIC of 5.0-12.5 and 7.5- et al., 2008)
RM /well 17.5 mg/mL, respectively. The most susceptible
fungus to the extracts was A. niger.
Stem barks  Nigeria Aq. ext. In vitro: Disk Epidermophyton floccosum, It produced ZOI of 10 and 8 mm and MIC of 0.5 (Kuta, 2008)
DDM, soaked in Tricophyton gypseum and 0.9 mg/mL, respectively against tested fungi.
TDM 4 mg/mL.
0.5-5.0 mg/
mL
Leaves and  Pakistan 80% EtOH, 80% In vitro: 1.5 mg/disc  A. niger, EtOH Leaf ext. showed ZOI of 5.3 mm (MIC: (Ahmad
flowers MeOH, and 80% DDM, Fusarium oxysporum 35mg/mL) and 7.7 mm (MIC: 33 mg/mL) against et al., 2011)
ACT ext. MDM respective tested fungi.
EtOH Flower ext. showed ZOI of 3.9 and 5.8 mm,
respectively. The MeOH and ACT extracts
produced milder effects.
Leaves India PetE, CHL, EtAc, In vitro: Discs Microsporum canis (MTCC 3270), The EtOH ext. being the potent sample produced (Verma et al.,
EtOH ext. DDM saturated Microsporum fulvum (MTCC 7675), ZOI of 12.5, 12.5 and 9.13 mm, respectively against 2011)
with 6 mg/  Trichophyton mentagrophytes (MTCC tested fungi.
mL 7250)
solution
Aerial parts India MeOH ext. In vitro: 5 mg/well A. niger (MTCC 2723), Penicillium Moderate effects with ZOI of 9—11 mm and MIC of (Vadlapudi
WDM expansum (MTCC 2006), F. oxysporum 100-152 mg/mL. et al., 2012)
(MTCC 1755). F. oxyporum was most sensitive.
Leaves India Hex, EtAc and MeOH  In vitro: 10-100 pg/  Fusarium sp. The EtAc ext. produced ZOI of 15.10 £ 2.86 mm. (Velmurugan
ext. WDM well et al., 2012)

(continued on next page)
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Table 3 (continued)

Plant parts  Geographical  Extracts/Fractions Test Dosage Test microorganisms Results References
origin model
Leaves India EtAc, MeOH and In vitro: 50-250 mg/  A. flavus, T. rubrum, Trichophyton EtAc and CHL ext. produced moderate effects with  (Halu &
CHL ext. WDM mL tonsurans, ZOI of 4-11 against some tested fungi. 7. Vidyasagar,
T. mentagrophytes, mentagrophytes, E. floccosum and A. flavus showed 2012)
E. floccosum. the largest ZOI to EtAc ext. while MeOH ext. did
not show activity.
Leaves Agra, India EtOH ext. and its In vitro: Discs Five isolates: M. canis (MTCC 3270), M. Crude EtOH ext. showed ZOI of 11.5 £ 0.025- (Verma et al.,
CHL: MeOH (5:1) DDM soaked Sfulvum (MTCC 7675), T. mentagrophytes  17.5 £ 0.025 mm. 2012)
Fct. with (MTCC 7250), A. niger (MTCC 2587), A. fumigatus was resistant to the crude ext.
600 ug/mL  Aspegillus fumigatus IMTCC 8636). The fractions produced ZOI of 10.5 £ 0.025 to
ext. 19.0 £ 0.035 mm, while 7. mentagrophytes and M.
canis were the most sensitive tested fungi.
Leaves: Saudi Arabia 80% MeOH ext. and  In vitro: 40 pg/well C. albicans (ATCC 10231), Candida Crude ext. showed ZOI of 12.0 to 22.5 mm, and (Nenaah,
Flv. fraction WDM, tropicalis, Saccharomyces cerevisiae MIC of 0.08-0.32 mg/mL. 2013a)
TDM (ATCC 10716), A. niger, A. flavus, and Flv. Fraction produced ZOI of 18-30 mm and
Penicillium chrysogenum MIC of 0.04-0.32 mg/mL.
Stem Nigeria Aq. ext. In vitro: I mL/3mL  Microsporum sp., It caused complete growth inhibition of the isolated (James et al.,
(decoction) ADM media Trichophyton sp. dermatophytes within 10 days incubation period.  2013)
CPL Egypt Crude CPL serum In vitro: 300 pL/ T. rubrum (AUMC 1804), C. albicans It produced ZOIs of 11.10-21.8 mm. (Mohamed
WDM well (AUMC 3880), Aspergillus terreus C. albicans was most susceptible. et al., 2014)
CPL Nigeria Fresh CPL In vitro: 20, 50, and  Trichophyton sp., Broad and dose dependent antifungal effects. (Aliyu et al.,
ADM 100% CPL  Microsporum sp., Epidermophyton sp. Trichophyton sp. was more susceptible and showed 2015)
(modified) and (1:3) in only 39.7, 45.8- and 51.06-mm growth spread on
medium day 6th, against 100, 50 and 20% CPL,
respectively.
35 fungal Brazil 8 mm disc of fungal In vitro: 8 mm disc  Five human pathogenic fungi: Only six endophytes were active against some of  (Nascimento
endophytes colony agar cut from C. albicans URM 5889, Malassezia furfur the tested human pathogens, and one plant et al., 2015)
of leaves block fungal URM 4849, E. floccosum URM 5110, pathogen.
method colony Trichosporum cutanum URM 5743, C. pallescens produced ZOI > 15 mm against C.
Fusarium solani URM 5776. dematium.
Two phytopathogens: C. cladosporioides inhibited E. floccosum.
Colletotrichum dematium URM 3315, F. Some strains were resistant to all of the endophytic
oxysporum URM 5283 fungi.
Endophytes isolated from old leaves showed better
activity.
Leaves, Saudi Arabia Aq., 80% MeOH, In vitro: 20 uL/disc  Yeasts: S. cerevisiae, C. albicans, C. Yeasts were more susceptible (ZOI: 9.5-26.5 mm) (Nenaah &
flowers, DiEE ext. DDM tropicalis than the mycelial fungi (ZOI: 9.0-20.5 mm). The Ahmed,
CPL Mycelial fungi: 4. niger, A. flavus, P. MeOH ext. was most effective (ZOI of 15.0— 2015)
chrysogenum 26.5 mm, MICs: 0.25-1.5 mg/mL).
Roots, India EtOH ext. In vitro: Up to A. fumigatus, Blastomyces dermatitidis, C. MIC of root ext. was 12.2 + 0.015-14.5 (Panchal &
stems ADM 20 mg/mL  albicans, Candida neoformans, Candida + 0.016 mg/mL. Singh, 2015)

vaginitis

MIC of stem ext. was 10.5 + 0.013-13.3
+ 0.015 mg/mL. C. neoformans and C. vaginitis
were most susceptible to both extracts.
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Table 3 (continued)

Plant parts  Geographical Extracts/Fractions Test Dosage Test microorganisms Results References
origin model
Leaves India Aq. MeOH, EtOH, & In vitro: Eq. 30 mg  Alternaria alternata (4 isolates A1-A4) EtOH ext. completely inhibited fungal growth. (Srivastava &
ACT ext. Food DRM/mL MIC and MFC of EtOH ext. were 6.25 and Singh, 2015)
poison media, and 12.5 mg/mL, respectively.
method 0.39— MeOH and ACT extracts caused 76-81 and 86—
and 200 mg/mL 91% growth inhibition.
MDM media Aq. ext. was very weak.
Stems, Saudi Arabia  70% MeOH ext. and  In vitro: 100 pg/ A. niger Very mild activity was observed. (Morsy et al.,
fruits, its Hex, Ether, CHL modified 10 pL/spot Only hexane and ether fractions of stem and fruits 2016)
leaves, and Aq. Fct. ADM produced ZOI of 3 mm.
flowers (spotting)
CPL Egypt Crude CPL, CPL In vitro: CPL and C. albicans (ATCC 10231), Crude CPL and CHL extract were not active. (Hassan
serum and MeOH, WDM serum: 5— A. niger (ATCC 16404). CPL serum produced ZOI of 10.5 £+ 0.7-12.3 et al., 2017)
EtOH, CHL, and Aq. 30 pg/wells. + 0.7 mm and MIC 200 pg/mL.
ext. of CPL dried CPL serum EtOH and Agq. ext. produced ZOI of 12.2 £+ 1.1-
serum ext.: 2.5— 16.3 £ 0.7 mm and MIC 50-75 pg/mL.
12.5 pg/ The C. albicans and A. niger were susceptible to
wells EtOH and Aq. extracts, respectively.

MeOH ext. produced ZOI of 12.2 &+ 1.5 mm and
MIC 75 pg/mL only against C. albicans.

Abbreviation: ADM, agar dilution method; ACT, acetone; Aq., Aqueous; BtOH, butanol; CHL, chloroform; DDM, disc diffusion method; DiEE, diethyl ether; DRM, dried raw material; Eq.,
equivalent; EtAc, ethyl acetate; EtOH, ethanol; ext., extract; Fct., fraction; Flv., flavonoids; MDM, micro-dilution method; MeOH, methanol; MFC, minimum fungicidal concentration; MIC,
minimum inhibitory concentration; NF, not found; PetE, petroleum ether; RM, raw materials; TDM, tube dilution method; WDM, well diffusion method; ZOI, zone of inhibition.
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Table 4 Antiprotozoal activity of C. procera different extracts.

Plant Geographical  Extracts/ Test model Dosage Test Results References

parts origin fractions microorganisms

Whole India 50% EtOH In vitro: 100 pg/ Plasmodium The ext. produced 36.57 £ 9.49%  (Misra

plant ext. On infected mL berghei NK 65  inhibition of P. berghei in vitro, but et al., 1991)
erythrocytes failed to show activity in the
of animal experimental animal (Mastomys

natalensis).

Buds, India EtOH ext. and  In vitro: Serial Chloroquine- The ext. showed ICsy of 0.1-1 and ~ (Sharma &

roots, its EtAc, ACT Human dilutions:  sensitive 0.3 to 0.9 mg/mL against MRC20  Sharma,

flowers and MeOH erythrocytes  0.0625— (MRC20) and MRC76, respectively. 1999)

Fct. 2mg/mL  Plasmodium Fractions at doses 62.5-125 pg/mL,
falciparum. caused 7.5-61.38% inhibition of
Chloroquine- MRC20 and 3.4-41.08% inhibition
resistant of MRC76. Root fractions were
(MRC76) P. most active on both strains.
falciparum

Leaves, India EtOH ext. In vitro 0.062.5— Chloroquine- At lower doses produced IC5g of pg/ (Sharma &

stems, 2mg/mL  sensitive P. mL. Sharma,

roots, falciparum (QS- 1Cs of all parts ext. against QS-PF  2000)
flowers, PF), and QR-PF were 0.11-0.47 and

buds chloroquine- 0.52-1.22 pg/mL, respectively.

resistant P. The flowers and buds’ extracts were
falciparum the most potent samples.
(QR-PF).
Flower India EtOH ext. In vitro 12.5- Chloroquine- It showed a dose-dependent in vitro (Simonsen
100 pg/ sensitive P. antiplasmodial effect and caused et al., 2001)
mL falciparum. 17-67% inhibition of P. falciparum.
Leaves Nigeria EtOH ext. and  In vitro: 1-5 mg/ P. falciparum in  The MeOH and aqueous fractions  (Mudi &
its different Human mL patients’ at dose 5 mg/mL produced 57.1 and Bukar,
Fct. erythrocytes erythrocytes 53.6% elimination of the parasites, 2011)
respectively.

Flower Kenya MeOH In vitro: 1.56— Chloroquine- Strong activity with ICsy < 25pg/  (Muthaura
MDM 100 mg/ sensitive P. mL against the resistant strain. et al., 2015)

mL falciparum.
chloroquine-
resistant P.
falciparum.

Leaves India EtOH ext. Ex vivo: NR Chloroquine- Showed ICsj of 2.5 and 2.9 pg/mL, (Singh
human RBC sensitive respectively against the sensitive et al., 2015)
culture (Pf3D7) P. and resistant tested strains.

falciparum.
chloroquine-
resistant
(P/INDO) P.
falciparum

Leaves Saudi Arabia MeOH ext. In vitro 12.5- Leishmania The crude MeOH extract showed (Nasr,

and its PetE, 100 pg/ major dose-dependent effects i.e., 52.6 to  2020)
CHL, EtAc, mL 35.5% parasite inhibition and ICsq

BtOH and Aq. of 66.8 pg/mL.

Fct. Amongst fractions, the CHL, EtAc

and Aq. fractions showed more
potent effects with 1Cs of 44.2, 33.5
and 26.3 pg/mL, respectively.

Abbreviation: ACT, acetone; Aq., Aqueous; BtOH, butanol; CHL, chloroform; EtAc, ethyl acetate; EtOH, ethanol; ext., extract; Fct., fraction;
MDM, micro-dilution method; MeOH, methanol; PetE, petroleum ether.

In addition, C. procera grows in all types of soils including other environmental pollutants in into its different organs/-
roadsides and soils polluted with heavy metals. Since the plant parts. These accumulated heavy metals further contribute to
has a high capacity of absorbing various chemicals elements the toxicity of the plant (Naz et al., 2020).

(e.g., heavy metals), it bioaccumulates higher concentrations CPL bearing pH 5.2, has a caustic effect on mucosal mem-
of hazardous heavy metals such as Cr, Cd, Ni, Pb, etc. and branes of the body, while cardiac glycosides of C. procera, sim-
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Table 5 Antiviral activity of C. procera latex and different extracts.

Plant Geographical  Extracts/ Test Dosage Test Results References

parts origin fractions  model microorganisms

CPL India Aqueous  In vitro: 0.1, 1 and Tobacco mosaic All dilutions significantly (80%) (Khurana &
dilutions  Applied 10% in virus (TMV) inhibited growth of TMV. Singh, 1972)

on leaf water
surface

Leaves  India Hot Aq. p24 2-5 mg/ Human A potent and dose dependent anti-HIV  (Mohanraj
ext. antigen well immunodeficiency  effect was observed, and at highest dose et al., 2010)

assay virus (HIV-1) elicited 60 = 1.3% inhibition of HIV
p24 antigen expression.

Leaves  India Hex, In vitro: 10 pL of ~ White spot The EtAc extract effectively suppressed (Velmurugan
EtAc, incubation 5mg/mL  syndrome virus growth of WSSV during the et al., 2012)
and In vivo: + 5ulL (WSSV) incubation, and in in vivo study, caused
MeOH injected to  viral 80% survival of the experimentally-
ext. Penaeus Susp. infected P. monodon.

monodon 10 pL, IM The Hex and MeOH extracts showed
to shrimp lower effects.

Leaves, Pakistan Aq. and  In vitro: 2fd: Foot and mouth The MeOH ext. of leaf showed (Saher et al.,

root MeOH Cell 0.032— disease virus maximum effects. MeOH leaf ext. and 2018)

barks, ext. culture Smg/mL  (FMDV) a Aq. rootbark ext. at 0.15-0.625 mg/mL

flowers technique member of showed antiviral effects without

Apthovirus spp.

cytotoxicity.

Aq. ext. of flower showed activity at
0.075-0.15 mg/mL, without
cytotoxicity.

MeOH flower ext. at 0.15 mg/mL
showed activity, while the Aq. leaf ext.
was not active.

Abbreviation: ACT, acetone; Aq., Aqueous; EtAc, ethyl acetate; ext., extract; Fct., fraction; 2fd, two-fold dilution; IM, intramuscular; MeOH,

methanol; Susp., suspension.

ilar to those of Digitalis, coarsely increase heartbeat and sub-
sequently, cause death of the animals (Al-Mezaine et al.,
2005, 2008).

Itis worth noting that CPL caused ocular toxicity while being
splashed into human eyes, as several cases in this regard have
been documented. For instance, in India (where the plant is wor-
shiped), CPL splashed into the eyes caused ocular toxicity in
terms of ocular inflammations, corneal oedema, dimness of
vision that might be associated with keratouveitis (Basak
etal., 2009; Lakhtakia et al., 2010). Similarly, some cases of per-
manent endothelial cell injury due to contact and intracorneal
penetration of CPL into eyes of some people in Saudi Arabia
have been reported (Al-Mezaine et al., 2005, 2008). However,
owing to its local anesthetic effect on corneal epithelial cells, it
is not very painful when CPL is splashed into the eye. Interest-
ingly, CPL is not very toxic to the corneal epithelium, but it is
highly toxic to the corneal endothelial cells, causing serious haz-
ards in terms of decrease in endothelial cells count and changes
of their morphology (Al-Mezaine et al., 2005, 2008).

Toxicity of C. procera in experimental animals has also
been reported. Arya & Kumar, (2004) reported pro-
inflammatory effects of crude CPL and its methanolic extract
in experimental animals after being injected with 0.1 mL aque-
ous solution of the tested samples through sub-plantar injec-
tion. Both the dried CPL and its extract revealed
inflammatory effects on the paw of animals with a rapid onset
and peak effect within the first 2 h following injection. Jato
et al., (2010) reported a dose-dependent toxicity of oral admin-
istration of aqueous C. procera leaf extracts in rabbits. Admin-

istration of CPL and ethanolic C. procera leaf extract caused
significant elevation in level of heart enzymes e.g., creatine
kinase-MB isoenzyme (CK-MB), aspartate aminotransferase
(AST) and lactate dehydrogenase (LDH) in serum along with
impairment of the normal structure of heart associated with
inflammation and necrosis of cardiac myocytes in experimental
animals. Meanwhile, an increase in the malondialdehyde
(MDA) level in treated animals’ serum was observed. MDA
is an index of lipid peroxidation or production of reactive oxy-
gen species (ROS). However, it was found that the toxic effects
of CPL and ethanolic C. procera leaf extract was dose-
dependent (Ahmed et al., 2016). Likewise, nephrotoxicity of
C. procera fresh leaves (Mahmoud et al., 1979b), CPL and
ethanolic C. procera leaf extract has been reported through
in vivo study (Fahim et al., 2016).

Interestingly, in another in vivo study it was found that CPL
toxicity was related to the rubber (>90% in crude CPL) por-
tion and other organic fractions of the latex. The rubber-free
or purified water-soluble proteins of CPL was nontoxic to
the animals even at high oral dose of 5000 mg/kg/bw
(Bezerra et al., 2017).

C. procera wildly grows in many countries and is tradition-
ally used for diverse medicinal purposes, as well. However,
topical or external use of the plant seems to be somehow safer
when compared to oral use of the plant. Meanwhile, caution is
required to avoid direct contact of CPL and other herbal
preparations of the plant with the eyes.

Overall, toxicity of C. procera local herbal preparations
should not be ignored, and it is recommended to be cautiously
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used as per advice of qualified traditional community healers
or herbal medicine experts.

2. Antimicrobial activities of C. procera

Microbial diseases are caused by any of the four common
types of microorganisms which include bacteria, fungi, proto-
zoa and viruses. Many MPs including C. procera have been
traditionally used as natural antimicrobial remedies in treat-
ment of various infections caused by the pathogenenic
microorganisms (Joshi, 2018). As per the literature survey,
in vitro antimicrobial potentials of C. procera have been inves-
tigated against a wide range of microorganisms, which are dis-
cussed below wunder four sub-headings specified for
antibacterial, antifungal, anti-plasmodial, and antiviral activi-
ties of C. procera. For ease of understanding and reading, the
data are shown in tabulated forms that includes the used plant
parts, geographical origin, solvents and extracts’ types, test
model, dosage, test microorganisms along with their ATCC
or NTCC numbers, the brief results and references.

2.1. Antibacterial activity of C. procera latex and extracts/
fractions of different parts

The CPL and different parts of C. procera collected from sev-
eral countries and geographical origins have been investigated
for antibacterial properties against numerous Gram-negative
(G +ve) and Gram-positive (G—ve) bacterial strains (Mascolo
et al., 1988; Yesmin et al., 2008; Nenaah, 2013a; Tiwari
et al., 2016; Radwan et al., 2019). About 57 original publica-
tions on antibacterial effects of C. procera were reviewed and
their summarised results are presented in tabular form in
Table 2.

As shown in Table 2, different parts/products of C. procera
e.g., arial parts, buds, flowers, fruits, latex (CPL), leaves, roots,
root-bark, seeds, stems/twigs, stem-barks and whole plant
have been tested in vitro against over 65 different bacterial
strains. The dominant plant parts that have been tested for
antibacterial activity (study case) were the leaves (37 study
cases), followed by flowers (14 cases), roots (11 cases), stems
(9 cases), CPL (8 cases), fruits (3 cases), stem-barks (3 cases),
and the remaining parts with only one study case for each.
In few cases, extracts prepared from C. procera endophytes
also showed antibacterial properties (Aharwal et al., 2014;
Rani et al., 2017). Wells’ diffusion method (WDM) and disc
diffusion method (DDM) were the two commonly used
antibacterial assay methods, while Micro-dilution method
(MDM), tube dilution method (TDM) and time kill assay
(TKA) were also used by some authors. Different authors used
various solvents extracts and varied dose ranges (0.01-25 mg/
well) in in vitro antibacterial assay, and consequently diverse
levels of antibacterial potency of C. procera different parts
and CPL were reported. For instance, in some studies, aqueous
extract of C. procera showed potent antibacterial effects
(Yesmin et al., 2008; Samy & Chow, 2012; Panda, 2014), while
in another study the aqueous extract of C. procera was the
least active sample (Parabia et al., 2008; Asfere et al., 2018).
Some authors reported methanolic and ethanolic extracts of
the plant with good potency (Salem et al., 2014; Kar et al.,
2018), while others reported nonpolar fractions of other

organic solvents extracts of C. procera as potent samples
(Morsy et al., 2016). In certain cases, the EtAc extracts were
the most potent samples (Mohanraj et al., 2010). Similarly,
some authors reported CPL extracts with potent antibacterial
effects (Kareem et al., 2008), while in another study, CPL did
not show antibacterial effects (Jain et al., 1996). Unfortu-
nately, some authors did not clearly mention the doses used
in WDM or DDM of in vitro antibacterial assay (Adamu
et al., 2005; Oladimeji et al., 2006; Mainasara et al., 2011,
2012).

Overall, due to experimental inconsistencies, comparison of
the results of C. procera antibacterial studies seems to be very
complicated. However, more systematic and in-dept studies
are encouraged to explore antibacterial potential of C. procera
isolated compounds and their MOA that hopefully serve as
new antibacterial agent (s).

2.2. Antifungal activity of C. procera latex and extracts of
different parts

In vitro antifungal activity of CPL and extracts of different
parts from C. procera against numerous fungi and yeasts have
been evaluated by several researchers. As per about 23
reviewed literatures, different extracts of C. procera and of
its CPL have been tested for in vitro antifungal potential
against different fungi and yeasts. In this regard, for ease of
reading the summarized data extracted from reviewed litera-
tures are presented in tabular forms in Table 3.

As shown in Table 3, CPL and extracts of different parts
e.g., arial parts, flowers, fruits, leaves, roots, rootbarks, stems,
and stem-barks of C. procera were reported for their in vitro
antifungal effects against around 27 different fungi and yeasts.
With regards to antifungal study of C. procera, its leaves were
the dominant plant part (14 study cases), followed by CPL (7
cases), stems (4 cases), flowers (3 cases), roots (2 cases), stem-
barks (2 cases), and only one study case for each of C. procera
aerial parts and fruits. In a study, 35 fungal endophytes iso-
lated from C. procera leaves were tested for their antifungal
potential and six of them was active against some tested fungi
(Nascimento et al., 2015).

Various authors used different solvent extracts and diverse
dose ranges (0.005-5 mg/well) in in vitro antifungal assay of
the test samples. Dissimilarities are obvious in the reported
results of the studies. For example, aqueous extracts of C. pro-
cera leaves, stem barks and roots significantly inhibited
(97.80%) the growth of tested fungi (Hassan et al., 2006). In
another study, EtAc extract of leaves showed stronger antifun-
gal effects when compared to other extracts (Halu &
Vidyasagar, 2012), while CHL: MeOH (5:1) fraction of crude
EtOH leaf extract of C. procera produced larger ZOI (up to
19 mm) when compared to that of the crude EtOH leaf extract
(Verma et al., 2012). Nenaah & Ahmed, (2015) found that
yeasts were more susceptible than mycelial fungi to both aque-
ous and MeOH extracts of C. procera leaves, flowers and CPL.
However, in this study, MeOH extracts were more potent
against the tested fungi (Nenaah & Ahmed, 2015). Interest-
ingly, crude CPL at doses of 5-30 pg/wells was not active
against C. albicans and A. niger, while EtOH and aqueous
extracts of dried CPL serum 2.5-12.5 pg/wells elicited antifun-
gal effects (ZOI up to 16 mm) against the tested fungi (Hassan
et al., 2017).
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Indeed, there are considerable controversy also in results of
previously reported antifungal studies, and hence, comparison
of the results of different works would be difficult.

2.3. Antiprotozoal activities C. procera

To justify the traditional uses of C. procera as anti-malarial
remedy, some authors have investigated in vitro and ex vivo
anti-plasmodial effects of the plant against Plasmodium species
(Sharma & Sharma, 2000; Simonsen et al., 2001; Mudi &
Bukar, 2011; Muthaura et al., 2015; Singh et al., 2015). In
addition, antileishmanial property of C. procera has also been
recently reported (Nasr, 2020). Table 4. depicts the antiproto-
zoal properties of C. procera.

Table 4 shows that eight published papers reported about
the antiprotozoal properties of CPL and extracts of different
parts of C. procera. Both flowers and leaves of C. procera were
the dominant plant parts with 4 and 3 study cases, respectively,
in antiplasmodial studies of the plant against different Plas-
modium species. Buds, roots, whole plant and stems of C. pro-
cera were also studied against Plasmodium species but CPL is
still not evaluated for anti-plasmodial or anti-protozoal poten-
tial. As shown in Table 4, C. procera leaves EtOH extract
revealed a strong ex vivo anti-plasmodial effect with ICsy of
2.5 and 2.9 pg/mL against chloroquine-sensitive (P/3D7) and
chloroquine-resistant  (PAINDQO)  Plasmodium  falciparum,
respectively. In this study, C. procera was one the most potent
plants among 22 medicinal plants used traditionally for treat-
ment of malaria in Jharkhand, India (Singh et al., 2015).

Although C. procera has been traditionally used in treat-
ment of cutaneous and digestive illnesses (Table 1), more
recently, a dose-dependent in vitro antileishmanial potential
of C. procera leaves was reported (Nasr, 2020). In this regard,
studying antiprotozoal properties of C. procera against other
protozoa particularly responsible for digestive illnesses would
be interesting research topics. Considering traditional uses of
C. procera in alleviating digestive system upsets, anthelminthic
properties of this plant have already been established through
in vitro (Shivkar & Kumar, 2003) and in vivo studies (Igbal
et al., 2005).

2.4. Antiviral activity of C. procera

Viral diseases are considered as one of the major threats for
human, animals and plants globally. In addition to the chal-
lenges due to emergence of antiviral resistance and also side
effects of available antiviral drugs (Bagla et al., 2012), the out-
breaks of deadly viral diseases such COVID-19 which is
severely challenging human survival worldwide further necessi-
tates the discovery of vaccines or treatment solutions against
these deadly microorganisms.

MPs have been proven to contain bioactive compounds
with antiviral properties, and some of them have shown
promising and broad spectrum antiviral potentials (Mukhtar
et al., 2008; Mohanraj et al., 2010; Tariq et al., 2019). As per
literature, C. procera has also been investigated for its
in vitro and in vivo antiviral effects (Khurana & Singh, 1972;
Mohanraj et al., 2010; Saher et al., 2018; Velmurugan et al.,
2012), as summarised in Table 5.

Data in Table 5 indicates that the antiviral properties of
CPL and other extracts of C. procera seem to be promising

despite the limited studies that reported the antiviral potential
of C. procera against only four viral species. Hence, further in-
depth studies are required in order to isolate potent antiviral
compounds from this miracle plant.

The overall data of Tables 25, show that in addition to the
use of a wide dose-range in iv-vitro antimicrobial screening of
C. procera (Mohanraj et al., 2010; Doshi et al., 2011; Ul-
Zaman & Ahmad, 2017), a considerable inconsistencies were
found in the results reported by different authors, and hence,
it would be difficult to compare reported results of different
works. For instance, some studies reported good antibacterial
potential of the nonpolar fractions of C. procera extracts
(Morsy et al., 2016), while some others reported methanolic
extracts of the plant with higher in vitro antibacterial proper-
ties (Kar et al., 2018). However, such controversies in the
results of biological screening of crude plant extracts could
be attributed to several factors such as: geographical origin
of raw materials, time of sample collection, nature or types
of solvents used in the extraction, extraction procedures, purity
of extracts, dose ranges, diversity in genetics of test microor-
ganisms, assay methods, etc. (Muthaura et al., 2015).

Interestingly, from around 78 original research that had
reported the antimicrobial properties of C. procera (see Tables
2-5), 35 (44.87%) of them have been conducted on raw mate-
rials collected from different parts of India, followed by Nige-
ria with 14 studies (17.94%), Saudi Arabia with 7 studies
(8.97%), Pakistan with 7 studies (8.97%), Egypt with 6 studies
(7.69%), Ethiopia with 2 studies (2.56%), and Bangladesh,
Brazil, Kenya, Morocco, Iraq, United Arab Emirates and
Yemen each with one study (1.28%).

Briefly, current review showed that, C. procera from about
thirteen different countries have been collected and studied for
different antimicrobial (antibacterial, antifungal, antiprotozoal
and antiviral) activities by various groups of researchers. On
the other hand, it was found that researchers had screened
C. procera against different categories of microorganisms of
human, animal and plant pathogens since 1980. Meanwhile,
as per the overall data shown in Tables 2-5, to date C. procera
is being screened in vitro against >90 different microbial
strains including 34 G-ve bacteria, 31 G+ve and 2g-
variable pathogens, 27 fungal strains, 6 protozoa (including
both chloroquine sensitive- and chloroquine-resistant P. falci-
parum and Leishmania major), and 4 viral pathogens, (see also
Fig. 1).

However, thanks to all prior antimicrobial works of C. pro-
cera which besides justifying traditional uses of the plant in dif-
ferent infectious diseases, their compiled results also encourage
further researches, and hence, more advanced investigations
are now necessary in order to make use of this potent plant
in drug discovery, particularly in development of antimicrobial
formulations.

2.5. The use of C. procera as biomaterials in development of
antimicrobial and wound healing approaches

Recently, CPL and different extracts of C. procera have been
used as biomaterial in production of metallic nanoparticles
and a bio-membrane that exhibited antimicrobial properties.
The silver nanoparticles (AgNPs) of 4-25 nm diameter that
were developed from CPL serum showed potent in vitro
antimicrobial effects when compared to the crude CPL. The
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Different categories of microorganisms tested with C. procera

Protozoa, 6,6%
Fungi, 27,26%

Gram-positive, 31,30%

Gram-variable, 2,29% Gram-negative, 34,32%

Fig. 1 Numbers and percentages of microorganisms that have
been tested with C. procera.

AgNPs at dose of 20 uL/well produced ZOIs of 11.5, 13.8 and
16.8 mm, respectively against Pseudomonas aeruginosa (P.
aeruginosa), Serratia sp. and Escherichia coli (E. coli), while
at dose of 50 pL/wells produced ZOIs of 23, 24, and 26 mm
against Aspergillus terreus, Trichophyton rubrum (T. rubrum)
AUMC 1804, and Candida albicans (C. albicans) AUMC
3880, respectively. However, the authors did not report the
concentration of the AgNPs solution or suspension they used
in the assay (Mohamed et al., 2014). In a different study,
CPL was used as the capping agent in synthesising AgNPs
and tested at doses of 2.5-12.5 pg/wells against selected bacte-
ria (E. coli ATCC 8739, P. aeruginosa ATCC 9027, S. aureus
ATCC 6538P and B. subtilis ATCC 6633), and fungi (C. albi-
cans ATCC 10231, A. niger ATCC 16404). The findings
showed varied degrees of in vitro antimicrobial effects. The
AgNPs at the highest dose produced ZOI of 16.2 + 0.5-21.2
+ 0.2, and 20.7 £ 2.1-22.2 + 1.2 mm against the tested bac-
teria and fungi, respectively. The activity was significantly
more potent than that of crude CPL and CPL extracts
(Hassan et al., 2017). In another study, C. procera laticifer pro-
teins (CPLP) at doses of 0.2 and 1% have been used in devel-
oping of a PVA-based bio-membrane as a delivery system that
showed significant in vivo wound healing effect in mice model
(De Figueiredo et al., 2014).

3. Isolated phytochemicals of C. procera and their antimicrobial
activities

Thus far, only limited authors investigated antimicrobial prop-
erties of some isolated phytochemicals of C. procera, as dis-
cussed in the following sections:

3.1. C. procera cardenolide derivatives and their antimicrobial

effects

Currently, 36 different cardenolides were reported for C. pro-
cera (Rajagopalan et al., 1955; Bruschweiler et al., 1969;
Elgamal et al., 1999; Hanna et al., 1999, 2002; Mohamed
et al., 2015; Sweidan & Zarga, 2015), out of which five agly-
cones, and seven cardenolide glycosides have been investigated
for antimicrobial properties.

Proceragenin (1), a cardenolide isolated from MeOH
extract of C. procera was screened against a panel of 12 bacte-
rial strains consisted of six G—ve (Aeromonas caviae, Aeromo-
nas sobriae, E. coli (N-97-4), K. pneumoniae (U-671),
Pseudomonas pseudomalliae, and Vibrio cholerae (N.C-58))
and six G + ve strains (B. subtilis, Corynebacterium diphthe-
riae, Corynebacterium pseuedodiphthericum, Micrococcus luteus
(M. luteus), Streptococcus agalactiae, and Streptococcus fae-
calis). Compound (1) at dose of 150 pg/well produced ZOI val-
ues of 20-30 and 16-27 mm and MIC values of 90-150 and
100-150 pg/mL against the G-ve and G+ ve strains, respec-
tively. Aeromonas sobriae and S. faecalis showed the largest
ZOI values (Akhtar et al., 1992). In another study, eleven
CPL isolated cardenolides namely: afrogenin (2), 12p-
hydroxy carpogenin (3), 12f-hydroxy coroglaucigenin (4), 3-
Epi,12-hydroxycoroglaucigenin  (5), calactin (6), 15f-
hydroxy calactin (7), 3'f-methoxy-15f-hydroxy calactin (8),
calotoxin (9), afroside (10), Uscharin (11), and 15p-hydroxy
uscharine (12) were screened for in vitro antimicrobial effects
against C. albicans and four bacteria (B. subtilis, Mycobac-
terium bovis (M. bovis) BCG, E. coli and MRSA). All of the
compounds showed MIC > 80 pug/mL against M. bovis and
MIC > 100 pg/mL against other tested microorganisms
(Mohamed et al., 2015). Molecular structures of C. procera
isolated aglycones (genins) and their glycoside derivatives are
shown in Fig. 2.

3.2. C. procera flavonoids and their antimicrobial effects

Four flavonoids e.g., quercetin-3-O-rutinosides or rutin (13),
kaempferol-3-O-rutinoside (14), isorhamnetin-3-O-rutinoside
(15), and 5-hydroxy-3,7-dimethoxyflavone-4'-O-f3-
glucopyranoside (16) isolated from MeOH extract of C. pro-
cera leaves were tested against a group of both G + ve and
G-ve bacteria and a panel of fungi (C. albicans, C. tropicalis,
S. cerevisiae, A. niger, A. flavus, and P. chrysogenum). Rutin
(13) was the most potent compound that produced ZOIs of
11.5-22.0 mm, and MICs of 80—640 pg/mL against tested bac-
teria, while B. subtilis and S. aureus were the most sensitive
strains. Similarly, compound (13) produced ZOI of 12.0-
22.5mm and MICs of 80-320 pg/mL against tested fungi,
while the yeast species were most sensitive (Nenaah, 2013a).
However, the antimicrobial MOA of C. procera isolated flavo-
noids specifically against the tested microorganisms was not
investigated by the authors. Molecular structures of C. procera
isolated antimicrobial flavonoids are shown in Fig. 2.

Flavonoids are potent natural antioxidants, and recently
attracted more attentions due to their multiparous biological
activities including antimicrobial effects against bacteria, fungi
and viruses. Studies showed that some flavonoids even exhib-
ited inhibitory activity against some resistant microbial strains
through reversing or antagonising the resistance mechanisms
of pathogens (Sato et al., 2004; Chan et al., 2013; Gupta &
Pandey, 2020). Moreover, flavonoids contribute in synergistic
antimicrobial effects if combined with other antibacterial com-
pounds and antibiotics. For example, two weak antimicrobial
flavones (chrysosplenol-D and chrysoplenetin) while combined
with sub-inhibitory dose of berberine, they showed a potent
effect against S. aureus via inhibition of MDR-pump of the
bacterium (Stermitz et al., 2002).
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Fig. 2 Chemical structures of C. procera isolated compounds tested for in vitro antimicrobial activity.

Flavonoids can form complexes with the bacterial cell wall,
extracellular components, soluble proteins, phosphate and glu-
tamate from bacteria that eventually leads to disruption of cell
wall peptidoglycan and attenuation of bacterial membrane
permeability. Thus, the common antibacterial MOA of flavo-
noids could be via direct or indirect damaging of bacterial cel-
lular membrane or cell wall (Wu et al., 2013; Gupta & Pandey,
2020). Flavonoids may also inhibit important enzymatic path-
ways of bacteria (Nenaah, 2013a), as their hydroxyl (—OH)
groups contribute in their binding (through hydrogen bonds)
with the enzymes’ active sites and consequently alter their

metabolism and lipid solubility. Overall, plants’ flavonoids
are considered as ideal antimicrobial compounds due to their
lower toxicity (Wu et al., 2013; Gupta & Pandey, 2020) to
overcome with the resistant infections.

3.3. C. procera isolated|/purified proteins and peptides and their
antimicrobial effects

C. procera is rich in proteins, peptides and different
enzymes, some of which have been purified or isolated from
CPL and different parts of the plant. Few purified proteins
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and enzymes of C. procera were evaluated for their antimi-
crobial properties.

Osmotin (CpOsm) a polypeptide isolated from CPL was
tested at the dose of 22 pg/mL against the phytopathogenic
fungus Fusarium solani. The protein revealed its antifungal
activity via membrane permeabilisation mechanism. Interest-
ingly, CpOsm retained its antifungal potential in different
pH ranges of 3.0 to 9.0, and was stable at up to 75 °C temper-
ature (de Freitas et al., 2011a). Similarly, CpOsm at dose of
50 pg/wells inhibited growth of fungi F. solani, Neurospora
sp. and Colletotrichum gloeosporioides with 1Csy values of
67.0, 57.5 and 32.1 pg/mL, respectively (de Freitas et al.,
2011b). The antifungal MOA of CpOsm was proposed to be
mediated through two-steps, first, binding of CpOsm with
the fungal spores’ cell wall, and second, perturbation of the
spores’ cell membrane by CpOsm. Based on atomic force
microscopy analysis, CpOsm caused wrinkling and up to
80% volume reduction of the treated fungal spores which
was due to CpOsm-induced leakage in spores’ membrane
and loss of cytoplasmic contents of the treated spores
(Ramos et al., 2015). Osmotin along with some other antibac-
terial peptides is found in latex of plants and is well known to
be active against microorganisms invading plants (Ramos
et al., 2019). However, molecular mechanism of CpOsm anti-
fungal potential is still not clearly known.

Another protein (Calo-protein) purified from aqueous
extract of C. procera stem barks showed broad in vitro antibac-
terial effects at doses of 6.25-100 pg/disk against a panel of
bacteria (E. coli, E. aerogenes, P. mirabilis, P. vulgaris, P.
aeruginosa and S. aureus) responsible for skin infections. At
the highest dose (100 pg/disc) Calo-protein produced ZOI of
16.5-30 mm which was comparable with that of standard chlo-
ramphenicol (30 pg/disc, ZOI: 10-29 mm) against tested bacte-
ria, while S. aureus was the most susceptible strain. Moreover,
the antibacterial potential of Calo-protein against the tested
bacteria which commonly cause skin infections, was supported
by its significant in vivo wound-healing effect in a mouse model
(Samy & Chow, 2012). Similarly, the enzyme chitinases iso-
lated from CPL revealed antifungal effect against Col-
letotrichum gloeosporioides through degradation of the fungal
cell wall, and probably alteration of fungal cell membrane per-
meability. Chitinases are capable of hydrolysing chitin of fun-
gal cell walls and exert their antifungal effects (Freitas et al.,
2016).

In a recent study, different cysteine peptidases (CpCP 1-3)
purified from CPL were screened for their antifungal potential.
The peptidases showed good antifungal potential (ICsq
~50 pg/mL) against two phytopathogenic fungi (F. oxysporum
and Colletotrichum acutatum). The authors further evaluated
the antifungal mechanism of actions of peptidases on F. oxys-
porum spores, and confirmed that the antifungal effects were
imposed through fungal cells’ membrane permeabilisation,
morphological changes alongside leakage of cellular content,
and induction of reactive oxygen species (ROS) (Freitas
et al., 2020).

Chitinases and other enzymes e.g., peptidases or peptide
enzymes and cysteine proteases exist in plants, and they are
called as antimicrobial peptides (AMPs). These peptides exhi-
bit their antimicrobial effects by binding to the microbial mem-
brane, altering membrane permeabilization that eventually
leads to rupture of microbial cells (Salas et al., 2015). Chiti-
nases can damage fungal cell walls through a chitinolytic activ-

ity, and cause growth inhibition and death of the
microorganisms (Ramos et al., 2019).

4. Future perspective and trends in antimicrobial research of C.
procera

Considering the rich phytochemistry and wide-ranging antimi-
crobial potential of C. procera against diverse microorganisms,
the plant is highly expected to contribute in development of
new alternative antimicrobial drugs. In this regard, further
advanced antimicrobial investigations of this plant are highly
emphasized. Nevertheless, in light of reviewed literatures and
also considering the previous authors’ suggestions, here we
enumerated future research opportunities regarding C. pro-
cera, as discussed in the following sections:

4.1. Exploration of C. procera aimed at development of systemic
antibacterial formulations

Phytochemicals are promising sources of new drugs including
antibiotics. The MOA suggested for phytochemicals are; a
direct antibacterial action, modifying or breaking the antibi-
otic resistance, reducing the MIC of another antibiotic, and
modulating host defense through immunomodulatory effects
(Khameneh et al., 2019).

In a study, crude MeOH extracts of C. procera leaves
and flowers in combination with standard antibiotics, dori-
penem and imipenem, showed a synergistic effect against
carbapenem-resistant  Acinetobacter baumannii. Therefore,
the authors recommended isolation of the active compounds
of the crude extracts (Tiwari et al., 2016). Meanwhile, sev-
eral authors have already suggested further investigations
of C. procera in order to isolate potent antibacterial con-
stituents. For instance, isolation and identification of active
antimicrobial compounds from C. procera whole plant
(Morsy et al., 2016), leaves (Jeya & Veerapapgu, 2017;
Akin-Osanaiye & Okhomina, 2018; Alhazmi et al., 2018;
Bilal et al., 2020), flowers (Ranjit et al., 2012; Tiwari
et al., 2016), stem barks and roots (Asfere et al., 2018) were
suggested by different authors in order to develop new and
safe antibiotics. Nenaah, (2013a) endorsed C. procera flavo-
noids as antimicrobial biorationals, while Ullah et al., (2017)
proposed isolation and purification of lead compounds from
C. procera stems and leaves to be used specifically as anti-
M. tuberculosis.

In addition to some cardenolides, flavonoids, proteins and
peptide enzymes which were isolated earlier from C. procera
as antimicrobial compounds, the plant contains many other
compounds e.g., glycosides, triterpenoids, alkaloids, steroids,
tannins, phenolic compounds, anthocyanins, saponins, resins,
fatty acids, different enzymes, etc. (Khan & Malik, 1989;
Gupta et al., 2003; Mendki et al., 2005; Chundattu et al.,
2011; Mohamed et al., 2015; de Sousa et al., 2018; Freitas
et al., 2020), which are also interesting to be systematically
explored for their antibacterial effects and relevant MOA.
Thus, we also suggest further in-depth studies of C. procera
compounds in combination with other failed antibiotics to
evaluate their efficiency as antibacterial agents or antibacterial
resistance breakers (ARBs) against the resistant bacteria.
Potential ARBs are highly valued nowadays in antibiotics drug
discovery.
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It is also worth noting that different endophytic fungi have
been isolated from C. procera (Khan et al., 2007; Rani et al.,
2019b), and some of them have shown potent in vitro antibac-
terial properties against tested bacteria (Table 2). C. procera
endophytic fungi have been recommended to be further
explored for their antimicrobial effects (Aharwal et al., 2014;
Nascimento et al., 2015; Rani et al., 2017), and hence, this
could be another opportunity in drug discovery of new antibi-
otics. Since C. procera is distributed in many territories, it pro-
vides a wide variety of endophytes that need to be explored, as
well.

4.2. Exploration of C. procera aimed at development of wound-
dressings and topical antibacterial formulations

Based on the wound-healing processes and the time required
for wounds to heal, the wounds are broadly classified as acute
and chronic wounds. However, due to the different types of
wounds, and also advancement in medical technology, differ-
ent products as wound healing aids or wound-dressings have
been developed (Ghomi et al., 2019). Application of wound-
healing dressings are indispensable in management of severe
infected wounds and chronic wounds like diabetic wounds
(Jaric et al., 2018). Although there are >2000 marketed prod-
ucts including different wound-dressings for treatment of
wounds (Alves et al., 2019), some of them are reported to cause
unwanted side effects. Thus, there is still a huge demand for
developing efficient and safe wound-healing products particu-
larly for treatment of chronic wounds such as diabetic wounds.
Herbal products have been used in wound treatment since long
back, and commonly herbal wound-healing dressings are more
preferred since they are nontoxic and could be used for a long
time (Alves et al., 2019; Ghomi et al., 2019).

C. procera has been traditionally used in treatment of dif-
ferent dermal infections, injuries, cuts, boils and wounds
(Table 1), and has shown a wide range of antimicrobial effects
(Samy & Chow, 2012; Mohamed et al., 2014), significant
in vivo wound-healing effects in different animal models
(Rasik et al., 1999; Aderounmua et al., 2013; De Figueiredo
et al., 2014; Patil & Makwana, 2015), and in vitro and in vivo
anti-inflammatory effects (Mascolo et al., 1988; Kumar
et al., 2011; Ramos et al., 2020).

In a study, the Calo-protein purified from C. procera stem
barks showed potent in vitro antibacterial effects comparable
to that of chloramphenicol against some bacterial strains
responsible for skin infections. Similarly, the proteins showed
a significant in vivo wound healing activity comparable to stan-
dard fusidic acid in experimental animal model. Thus, the
authors recommended Calo-protein for the development of
antibacterial drugs against wound infectious bacteria (Samy
& Chow, 2012). Similarly, a PVA-based bio-membrane inte-
grated with 0.2 and 1% C. procera laticifer proteins was devel-
oped that revealed significant in vivo wound healing effect in
mice model, and was safe as well (De Figueiredo et al.,
2014). The studies have shown that different natural com-
pounds e.g., glycosides, flavonoids, triterpenoids, steroids,
phenolics, saponins, fatty acids, peptides, amino acids and pro-
teases efficiently promote the wound-healing processes (Urs
etal., 2017; Jaric et al., 2018; Alves et al., 2019), and C. procera
is documented to be rich in all such compounds. Thus, C. pro-

cera could be a suitable candidate for developing of wound-
healing pharmaceutical formulations such as: skin patches or
wound dressings for topical applications.

4.3. Exploration of C. procera aimed at development of topical
antifungal formulations

Around one-fourth of world’s population is suffering from
cutaneous fungal infections (Pai et al., 2018). The emergence
of antifungal drug resistance is likewise a paramount public
health concern worldwide (Friedman & Schwartz, 2019). Tak-
ing into account the limited number of antifungal drugs, one of
the essential strategies in treatment of fungal infection is to
overcome antifungal resistance. Understanding of the resis-
tance mechanism is important in developing appropriate anti-
fungal therapy. Meanwhile, combination therapy facilitates
synergistic effects of antifungal drugs, enhance further the
activity spectrum (Pai et al., 2018), and will contribute in
breaking the resistance mechanisms of the fungal pathogens.

C. procera, which is being used traditionally in treatment of
dermatophytic infections, ringworm, and tinea capitis
(Table 1), showed in vitro antifungal potential against various
pathogenic fungi (Table 2). Few authors reported anti-
candidial and anti-dermatophytic properties of some C. pro-
cera isolated compounds, as well. Consequently, previous
authors also suggested further isolation of C. procera antifun-
gal and anti-dermatophytic compounds, elucidation of their
action mechanisms (Verma et al., 2011, 2012; Hassan et al.,
2006; Aliyu et al., 2015), and development of tineacide antifun-
gal formulations from CPL (Kuta, 2008). Hence, C. procera
could be counted as the best candidate for further extensive
researches and bioassay-guided investigations in order to iso-
late its potent antifungal compounds aimed to develop topical
antifungal formulation (s).

4.4. Exploration of C. procera aimed at development of anti-
malarial formulations

Drug resistant malaria is still a public health burden and there
is an urgent need for identification of new anti-malarial drugs
in order to combat with the resistant plasmodium (Singh et al.,
2015). C. procera has been traditionally used in treatment of
malarial fever and pains by local people (Muthaura et al.,
2015). Furthermore, in vitro antiplasmodial potential of C.
procera whole plant extract against P. berghei (Misra et al.,
1991), and in vitro schizontocidal effects of crude extracts of
C. procera (different parts) and its fractions has been evaluated
against both chloroquine-sensitive and chloroquine resistant
strains of P. falciparum (Sharma & Sharma, 1999, 2000;
Muthaura et al., 2015). Strong ex vivo antimalarial potential
of C. procera leaves had also been reported (Singh et al.,
2015). As isolation and identification of C. procera potent
anti-malarial compounds was recommended earlier (Sharma
& Sharma, 2000), recent studies also confirmed that C. procera
could be a suitable candidate for further advanced studies in
order to characterise the active anti-plasmodial constituents
of the plant. Further in silico studies and derivatisation strate-
gies of C. procera phytochemicals would also be considered as
future research opportunities.
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4.5. Development of natural herbicides, insecticides and phyto-
fungicides from C. procera

C. proceraisenlisted among the invasive weeds in some countries
due to its fast growing and drought tolerance natures (Pompelli
etal., 2019). Besides the fast-growing capability of C. procera in
both wet and dry environments, its potent constituents such as
cardenolides, flavonoids, alkaloids, different enzymes, etc. could
act as allelochemicals and suppress growth of some other plants.
Allelopathic properties of C. procera have been evaluated by sev-
eral authors (Radwan et al., 2019). Strong allelopathic proper-
ties of C. procera shoot, root, and leaf extracts were recently
reported and the plant was suggested for investigation of allelo-
chemicals that would contribute as natural herbicides or insecti-
cides (Radwan et al., 2019; Hussain et al., 2020).

C. procera laticifer proteins (CPLP) showed insecticidal
effects against different crop pests. The activity was attributed
to the presence of chitin-binding proteins (e.g., chitinases) and
their chitinolytic activity that damage peritrophic membranes
of insects (Ramos et al., 2007, 2019). In a study, significant
insecticidal activity of CPL proteins, 80% MeOH extract of
C. procera leaves and crude flavonoid fraction have been
reported against adults of Sitophilus oryzae (L) and Rhyzop-
ertha dominica (F), the two worst insects of stored grains
e.g., rice. Similarly, C. procera isolated flavonoids namely
kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, 5-h
ydroxy-3,7-dimethoxyflavone-4'-O-B-glucopyranoside, and
quercetin-3-O-rutinoside (rutin) were tested for insecticidal
effects. In this case, rutin (quercetin-3-O-rutinoside) revealed
potent effects against the two tested insects (Nenaah, 2013b).

Similarly, aqueous extract of CPL at dose of 1% produced
significant inhibition of feeding and mortality against alfalfa
weevil larvae (Al-Doghairi & El Hag, 2003), while PetE extract
of C. procera leaves revealed significant antifeedant effect
against the 4th instar larvae of cotton leafworm (Abdel-
Rahman & Al-Mozini, 2007). In another study, EtOH extract
of C. procera leaves significantly inhibited growth of the phy-
topathogenic fungi Alternaria alternata (A. alternata)
(Srivastava & Singh, 2015), while n-hexane fraction of MeOH
extract of C. procera leaves showed potent in vitro inhibitory
effect against Macrophomina phaseolina, a phytopathogenic
fungus responsible for charcoal rot diseases of crop plants
(Waheed et al., 2016).

Consequently, further research is encouraged to develop
natural & biodegradable herbicides, insecticides and phyto-
fungicides from the extracts or phytochemicals of C. procera
to control fungal infections and pests of crop plants.

In terms of environmental health and safety, natural phyto-
fungicides and herbicides are more ecofriendly and biodegrad-
able, and there is a huge demand for such products worldwide.
It is worth noting, that ecofriendly approaches using safe and
natural chemicals is sought in controlling pests of crop plants
and fungal diseases of agricultural plants. In this regard, plants
are considered as the unique arsenals of potent natural com-
pounds, and some of which are believed to function against
pests and various pathogens (Chauhan et al., 2017).

5. Summary and conclusion

In order to combat the resistant pathogens and nosocomial
infections, there is a huge demand of developing new alterna-

tive efficient antibiotics. In this regard, natural products and
MPs are still the unique resources of antimicrobial com-
pounds. Natural compounds e.g., phytochemicals have shown
to act as natural synergism, antibiotics’ resistance breakers and
resistance modifiers, and hence, their combination with other
conventional antibiotics is counted as a promising approach
for developing new and efficient antimicrobial drugs. As such,
understanding the MOA and structure activity relationships of
isolated antimicrobial phytochemicals would be helpful in their
derivatisation and further use in developing alternative potent
antimicrobial formulations.

C. procera, being rich in various bioactive constituents,
showed multiparous biological activities. Although the plant
is reported for antimicrobial effects by the different crude
extracts and few isolated compounds against a wide range of
microorganisms, further advanced and systemic bioassay-
guided studies are encouraged to isolate antimicrobial com-
pounds from the plant, to elucidate of antimicrobial MOA
of its constituents, and to study synergistic properties of its
phytochemicals in combination with other failed conventional
antibiotics. In addition, considering the vast number of differ-
ent phytochemicals reported from C. procera, in silico studies
are also recommended in order to explore binding capabilities
of C. procera phytochemicals with different target proteins and
virulence factors of the resistant microorganisms.

Considering the reported potent in vitro antibacterial
potential of crude extracts of C. procera endophytic fungi, this
could be of novice research opportunities. C. procera endo-
phytes still need to be explored as sources of potent antimicro-
bial compounds.

Lastly, toxicity (particularly ocular toxicity) of C. procera
latex and its homemade remedies should not be underesti-
mated. Therefore, necessary health education is required to
inform local community healers as well as their patients to pre-
vent splashing of CPL and other C. procera preparations into
eyes, to avoid internal/oral use of non-standardized local her-
bal preparations of the plant, and to not collect C. procera
grown in polluted areas/environments for medicinal
consumption.

Overall, C. procera by virtue of its rich phytochemistry,
provides many research opportunities for its isolated potent
compounds in order to develop antimicrobial drugs not only
for human infections but also for management of animals’
infections and agricultural plants’ microbial diseases. How-
ever, a bioassay-guided isolation, chemical characterisation
and molecular mechanism studies of potent antibacterial com-
pounds of Malaysian C. procera aerial parts (e.g., stems,
leaves, and flowers) is currently in progress as part of our
research project, at faculty of Pharmacy, Universiti Teknologi
MARA (UiTM), Puncak Alam, Malaysia.
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