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Polyalthia longifolia (Annonaceae family) is native to the drier areas of India and is locally called “Ashoka.”
Itis also cultivated in Southeast Asia, Africa, Australia and New Zealand. Polyalthia longifolia is also known
as Buddha tree, mast tree, cemetery tree, false Ashoka or green Champa. Generally, Polyalthia longifolia
is viewed as a street tree because of its effectiveness in combating noise pollution. Macroscopically, the
versatile Polyalthia longifolia can reach over 15.0 m high with symmetrical pyramidal growth and weeping
pendulous branches. The term Polyalthia is derived from Greek roots, with “poly” meaning many and
“althia" meaning cure, indicating that this plant has been used to treat various diseases/disorders. In
traditional and indigenous systems of medicine, Polyalthia longifolia has been commonly used in the
treatment of fever, helminthiasis, diabetes and various cardiac problems. Pharmacological investigations
have shown that Polyalthia longifolia possesses significant biological and pharmacological activity, which
may include antibacterial, antifungal, antitumor, anti-ulcer, antidiabetic and antioxidant properties. To
date, more than 30 studies have analyzed extracts from bark, leaves, roots, seeds, etc. of the plant and
reported a total of approximately 100 compounds, including steroids, flavonoids, clerodane diterpenes,
cleroda-oic acids and alkaloids. In context of the broad medicinal potential of Polyalthia longifolia, this
review compiles a detailed exploration of currently available knowledge of the phytochemical and their
pharmacological properties of Polyalthia longifolia. Its potential applications in the treatment of various
conditions are also discussed.

Key words: Polyalthia longifolia, pharmacological applications, therapeutic applications, phytochemicals

The Polyalthia genus belongs to Annonaceae family,
which consists of approximately 350 species distributed
mostly inthe regions of Southeast Asia, Africa, Australia
and New Zealand""\. Polyalthia longifolia (P. longifolia)
is also known as Buddha tree, mast tree, cemetery tree,
false Ashoka or green Champa. Generally, P. longifolia
is viewed as a street tree because of its effectiveness
in combating noise pollution®. Macroscopically, the
versatile P. longifolia can reach over 15.0 m high
with symmetrical pyramidal growth and weeping
pendulous branches. There are two varieties of
P. longifolia, namely “var. pendula” which has a straight
slim trunk and short branches and “var. angustifolia”
which has wide spreading branches forming a pyramidal
crown with grey and smooth bark!".
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The term Polyalthia is derived from Greek roots, with
“poly” meaning many and “althia" meaning cure,
indicating that this plant has been used to treat various
diseases/disorders. In Ayurveda, herbal preparations of
P. longifolia have been mainly used to treat duodenal
ulcers while decoctions of the plant have been used
in the treatment of fever, diabetes and skin diseases in
various traditional medicine systems!!*#, Furthermore,
the bark and leaves of P. longifolia have been used to

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed under
the identical terms

Accepted 01 July 2021
Revised 08 March 2021
Received 03 June 2020
Indian J Pharm Sci 2021;83(4):634-647

Indian Journal of Pharmaceutical Sciences 634



www.ijpsonline.com

treat microbial infection, inflammation, diabetes and
multiple diseases of the digestive system!!],

Earlier reviews on the genus Polyalthia®¥ and plant
P. longifoliaV summary the general phytochemistry
and pharmacological activities of Polyalthia extracts.
To our knowledge, there is no review on the therapeutic
applications of chemical constituents of P. longifolia,
till date. Therefore, in the current study, we aim to
provide an overview of the phytochemistry and their
pharmacological investigations to describe the many
uses of this medicinal plant.

PHYTOCHEMISTRY

P, longifolia extract consists mostly of steroids,
flavonoids, clerodane diterpenes, cleroda-oic acids
and alkaloids (fig. 1)P. To date, more than 30 studies
have analyzed extracts from bark, leaves, roots, seeds,
etc., of the plant and reported a total of approximately
100 compounds (Table 1). The main compounds
of the plant that have been identified and reported
in multiple studies are beta (p)-sitosterol (1A),
leucocyanidin (2A), proanthocyanidin (2B), 16 Alpha
(a)-hydroxycleroda-3,13(14)Z-dien-15,16-olide (3A),
(4—2)-abeo-16(R and S)-2,13Z-kolava-dien-15,16-
olide-3-al (3K), l6-oxo-cleroda-3,13(14) E-dien-15-
oic acid (4A), cleroda-3,13E-dien-15-oic acid (4B),
liriodenine (5F), solidagonal acid (4N) and labd-13E-
en-8-ol-15-oic acid (4J) (Table 1).

Seven steroids have been isolated from this plant
(fig. 2). 1A was one of the earliest steroids to be

identified from the ethanolic extract of stem bark®l.
Afterward, several other groups analyzed extracts from
leaves!”®, stems®!'%, roots!'"! and bark!'?! and identified
six others, namely stigmasterol (1C), stigmasterol-
3-B-D-glucoside (1D), stigmasterol-3,5-diene (1G),
stigmast-5-en-3-O-B-D-glucoside tetraacetate (1J),
B-sitosterol-D-glucoside (10) and longitriol (1T).
None of these compounds have been reported for their
bioactivities.

In addition, 9 flavonoids have been isolated and
reported from P. longifolia (fig. 3). Of these, 2A and
2B were among the earliest flavonoids identified from
the stem bark extract of this plant!®!. Later, chemical
examination of butanol fraction of leaf extract yielded
5 known compounds (2C, 2D, 2E, 2F and 2G) with
good scavenging of free radicals!'®. The other study
on the ethanolic extract of P. longifolia leaves, using
thin-layer chromatography (TLC) and reverse phase
high-performance liquid chromatography (RP-HPLC),
identified 3 more flavonoids (2G, 2H and 2I), which
showed antimicrobial, antioxidant and anti-cancer
potential™¥l, 27 clerodane diterpenes have also been
isolated from P. longifolia (fig.4). Two major compounds
that have been repeatedly identified in the extract of
leaves, stem bark, root bark and berries of this plant
were 3A and 3K (Table 1). The remaining compounds
were reported by several other studiest”#1215-23],

Moreover, 22 cleroda-oic acids with diverse
bioactivities have also been identified (fig. 5), of which
4A, 4B, 4N and 4] have been repeatedly reported
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Fig. 1: Core chemical structures of secondary metabolites reported from P. longifolia including steroids, flavonoids, clerodane

diterpenes, cleroda-oic acids and alkaloids
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TABLE 1: SECONDARY METABOLITES ISOLATED AND REPORTED FROM DIFFERENT PARTS OF
P. longifolia AND THEIR BIOLOGICAL IMPORTANCE
Part used Solvent Used Isolated compound(s) Biological activity Reference
Petroleum ether 3B - [l
1A:1C (3:1), 1D:10 (1:4),
1H-N/N’, 3A, 3C, 3K, 3N-

3A, 3C and 30 showed significant cytotoxicity

Bark activity and 4L showed better anti-inflammatory (2l
Methanol 0, 4J, 4L-N, 5A, 5F, 5J, 5R, .
activity, compared to other compounds.
5Y, 5Z, 5AA
35 - [23]
Berries Methanol 1E - 1l
Acetone 3A, 4A Both exhibited significant antifeedant activity (24
. Only 2C, 2D, and 2G showed significant
Butanol fraction 2C-G, IE . . L (3l
antioxidant activity compared to ascorbic acid.
15, 3A, 3K, 3P, 4A, 4I-J, 45, Among all, 3A was fo'und to be most potent agen.t
(MIC=6.25 pg/ml against S. aureus and Sporothrix (201
5F-G, 5T, 5Al .
schenckii).
3A 3A was found to be a potential antileishmanial 301
activity.
Ethanol 1T, 3L, 3R 1T and 3R were active against C33A cell lines. 8l
Only 2G showed significant antibacterial,
2G-| antiradical, and cytotoxicity activity compared (4
to the standards.
3A, 3P, 3W, 4A Only 3A showed pron.o.unced lipid lowering (1)
Leaves activity.
Ethyl Acetate 3A, 4A°B 4A and 4B h'ad better apoptotic potentiality -
against HL-60 cells than 3A.
Hexane fraction 3A, 3P-Q, 4A All are effective cytotoxic agents. 21
5A-H - 28]
1A-C, 3A, 3J-K, 4B, 4H-J, Only 3A, 5Q, and 5G were tested for cytotoxicity -
5F-G, 5M-U/U’ and found to be active against HA59T cells.
4H significantly inhibited the release of elastase
4H in FMLP/CB-activated human neutrophils 23]
Methanol
(1C50=3.30+0.48 pm).
3A 3A exhibited significant anti-MRSA activity (3
compared to a B-lactam antibiotic.
4 4V did not exhibit significant inhibitory effect -
against HL-60 cells.
Except 4L and 40, all are active antimicrobial
Leaves and . .
berries Methanol 3A, 3K, 30-P, 4A, 4L, 40  agents with MIC values ranging between 7.8-500 019
pg/ml.
Only 5V and 5W showed good antimicrobial
Root Methanol 1D-E, 4B, 5Q, 5V-X y ovan weas microb! (1
activity with MIC values of 0.02-20 pg/ml.
At 30 mg/kg, only 4B produced a 22 % fall in the
3L, 3M, 4B, 4l, 4K, 5F, 5Y rel
Root bark Methanol MABP.
3A, 4B 3A had higher antimicrobial potential than 4B. [l
Both 4B and 4N found to have mild antimicrobial
Root-wood Methanol 4B, 4N . (9]
activity.
Both 3A and 4A showed significant antimicrobial
Hexane 3A, 4A activity as compared to nystatin and Dithane 2]
M-45.
Seeds 3A, 3C and 3Q, 4A, 4H 3A', 3;,. and 3Q were exhibited to be potent dual .
inhibitors towards COX-1/2 and LOX enzymes
Methanol o . S
3¢, 3Q Both exhibited potent xanthine oxide inhibitory 561
’ activity
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Ethanol 1F, 5F
Stem
Methanol
R, 5M, 5AB-AH
Bioassay guided 3A, 4A, 4B
Ethanol 1A, 2B, 2C
Stem bark Hexane 3A, 3C-H, 4A-G
Petroleum ether 4A-B, 3l
Stem parts Methanol 5E, 5F, 5I-L
. . 3A, 3C, 3J, 3T, 4A, 4N,
Unripe fruit Methanol 4T-U

Only 1F showed significant antibacterial activity

1D:10 (1:2), 1P-R, 4A, 40- Among all, 4A exhibited cytotoxicity against A549

All showed significant antibacterial activity

©l
compared to amphicilin.

[10]

and MCF-7 cell lines.

4A found to be most efficient in inhibition of

27

crown gall tumours.
- 6]
- (el

|
compared to kanamycin.

Among all, only 5F showed potent cytotoxicity. 1291

At 10 pm, compounds 3A and 4A exhibited
promising NO inhibitory activity.

2]

Note: “-”: Not tested for any biological activity; A549: Lung adenocarcinoma; C33A: Cervical carcinoma cell lines; FMLP/CB:
formyl-methionyl-leucyl-phenilalanine/cytochalasin B; HA59T: Hepatoma cells; HL-60: Human leukemia cell line; IC,: Half maximal
inhibitory concentration; MABP: Mean arterial blood pressure; MCF-7: Human breast cancer cell line; MIC: Minimum inhibitory concentration;

MRSA: Methicillin-resistant S. aureus; NO: Nitric oxide
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Fig. 2: Steroids and miscellaneous secondary metabolites reported from P. longifolia

(Table 1). These compounds have been noted for their
antifeedant?!], antioxidant®!, antibiotic!!*?%?¢! and anti-
cancer activities®2!1271,

Lastly, 35 alkaloids have also been isolated while
exploiting different parts of this plant (fig. 6). Among

those, 5F was repeatedly found in various parts of the
plant[7:12182028291  Bjoactivity studies of these alkaloid
compounds revealed the cytotoxicity properties of
5F2, 5A and 5G!"! and the antibacterial capacities of
5V, 5W and 5X!"1,
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Fig. 3: Flavonoids reported from P. longifolia

ANTIMICROBIAL ACTIVITY

Bioassay of the metabolites isolated from P. longifolia
extracts has revealed several with strong antibacterial
activity, including 1FP1, 2G4, 3A[19:20261 4 A[17:261 - 5V
5W and 5XM,

Rashid et al.l' performed an isolation work on the
petroleum ether extract of P. longifolia stem bark
and discovered 3 metabolites comprising 2 cleroda
(4A and 4B) and a clerodane diterpene (31). The total
extract and metabolites were then tested for their
antibacterial activities against 7 gram-positive (Gram'*)
and 12 gram-negative (Gram™) bacterial strains and
7 fungal strains and it was found that both the extract and
those metabolites had significant antimicrobial activity.
Among the 3 compounds, 4A had the highest activity
against most of the tested microorganisms and had
better inhibition potential as compared to kanamycin
on several strains; diterpene 31 had the highest activity
against Bacillus polymyxa and Shigella shiga and 4B
was found to be the least active!'”.

Murthy et al? analyzed the extract of seeds and
found 2 metabolites, 3A and 4A. Antibacterial and
antifungal activities of 3A and 4A were checked for
9 Gram™ and 7 Gram™ bacterial strains and 8 fungal

July-August 2021
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(1-6)-R-glucopyranoside [2F]

HO

Proanthocyanidin (2J)

strains using the two fold serial dilution method and the
paper disc method, respectively. Similar to the previous
study, this study also revealed significant antibacterial
activity of 4A. Moreover, 4A has the ability to act against
fungi Candida and Saccharomyces with comparable
potency as compared to the standard fungicides dithane
M-45 and nystatins, respectively. On the other hand,
3A was found to be highly active against most Gram™°
bacteria, such as Escherichia coli (E. coli), Klebsiella
aerogenes, Pseudomonas species and Sarcina lutea and
one Gram™ species (Bacillus) for which it showed a
stronger effect than standard gentamycin[*!,

The antibacterial activity of 3A and/or 4A has also
been reported by several later studies!'**". Specifically,
Faizi et al.' isolated 10 metabolites (1E, 3A, 3K, 30,
3P, 4A, 4B, 4L, 4N and 40) from methanolic extracts
of different parts of P. longifolia®®3* and tested them
for antifungal and antibacterial potential against
11 fungal and 21 bacterial strains, using the disc diffusion
technique. Among those, 5 clerodanes (3A, 4A, 3K,
30 and 3P) were found to be bioactive antimicrobial
compounds and 3A emerged as the best one!'”l. Later,
Gupta et al. successfully isolated 7 metabolites (3A,
3K, 3P, 4A, 41, 4] and 4S) from this variant. All these
metabolites were tested against 6 fungal and 4 bacterial
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Fig. 4: Clerodane diterpenes reported from P. longifolia
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Fig. 5: Cleroda-oic acids reported from P. longifolia

strains and most of the tested compounds were found
to be active against £. coli. Of those, diterpene 3A was
most active against Staphylococcus aureus (S. aureus)
and fungi Sporothrix schenckii.

Additionally, in vitro and in vivo assays revealed 3A’s
ability to work against methicillin-resistant S. aureus
with a minimum inhibitory concentration (MIC) of
15.625-31.25 mg/l; while the MICs were significantly
lower for the reference and clinical isolated strains
of S. aureus. The combination of 3A with 7.5 %
sodium chloride (NaCl) caused a significant decrease
in microbial count within 24 h, signifying the loss of
the salt tolerance capacity of S. aureus. Furthermore,
application of 3A in infected mice significantly dropped
the systemic microbial load in spleen, liver, lung, blood
and kidney tissues and it did not show any significant
toxicity at 100 mg/kg dosel**!. Bhattacharya et al.*
obtained metabolite 3A from methanolic extract
July-August 2021
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of P. longifolia leaves and reported its antifungal
activity against Cryptococcus neoformans (a human
pathogen), Candida albicans and Neurospora crassa
(saprophyte)®]. The mechanism of action of 3A in
C. albicans was suggested to be compromised cell
membrane permeability and/or cell wall structures or
reactive oxygen species (ROS) generation as antifungal
mechanisms™. Zhang et al.*® isolated 3A, 4A and
4B from stem bark extracts of P. longifolia and tested
for antibacterial activity against methicillin-resistant
Staphylococcus aureus and S. aureus. Of these, 4B was
reported to have better activity than 3AP¢.

Faizi et al" analyzed an ethanolic extract of stems
of P. longifolia and the obtained metabolite 1F. This
metabolite was tested for its antibacterial, antifungal,
anti-mycobacterial and anticandidal activities using the
disc diffusion method and was reported for its weak
activity against these organisms!'!l. Contemporaneously,

640



www.ijpsonline.com

OH
N
(0] =
\ OH
Polylongine (5-hydroxy- (+)-O-Methyl- (+)-O-Methyl- (+)-N-Methyl- (-)-Oliveroline- Liriodenine [5F]
6-methoxy-1-methyl- bulbocapnine- bulbocapnine- nandigerine B-N-oxide [SE]
4-azafluoren-9-ol) [5A] R-N-oxide [6B] alpha-N-oxide [5C] -B-N-oxide [5D]
(o}
~ NH
NH (6]
N= N= N=
® 0 o o
HO 0 \ \
(-)-Anonaine [5G] 0 Darienine [5J] Polyfothine [5K] Isooncodine [5L]

Noroliveroline [51]

(+)-Norlirioferin [5H]

~© O 0 o) HO o
N 9©
HO B ° N o A
OH ¥d
N e} N= - N=
~ o " HO ] oH
© 1-Aza-4-methyl-2 6-Hydroxy-7-methoxy: Gs,
-Aza-4-methyl-2-0xo- - -7- - ,
bk 1,2-dihydro-9,10- onychine [50] (-)-Norpaliidine [5P] Isoursuline[5Q]
(-)-8-Oxopolyalthiaine [5M] anthracenedione [5N]
HO HO
HO
o ‘ NH
N Nee
H ()
O ~o
OH
(-)-Asimilobine [5T] .
(#)-Norboldine (5U/U’) Pendulamine A [5V]

/
o (0] HO NH,
HO N - O’
N= (0]
HO (ONg O

Penduline [5X] o)

(+)-Stepharine [5AA]

OH

(-)-8-Ox0-10-hydroxy-2,3,9- (-)-8-Ox0-2,11-dihydroxy- (-)-8-Oxo-11-hydroxy-
trimethoxyberberine [5AB] 3,10-dimethoxyberberine [5AC] 2,3,9,10-tetramethoxy (-)-8-Ox0-2,10-dihydroxy-
berberine [SAD] 3,9,11-trimethoxyberberine [SAE]

U

(-)-8-Oxotetra-
hydroplamatine [SAF] (-)-8-Ox0-9,10-dihydroxy- (-)-8-Ox0-11-hydroxy-2,3,9-
2,3-dimethoxyberberine [SAG] trimethoxyberberine [5AH] (+)-Isoboldine [SAI]

Fig. 6: Alkaloids reported from P. longifolia
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this group investigated the antibacterial activity of
petroleum ether and methanolic extract of roots of
P. longifolia and its metabolites (5V, SW and 5X) and
showed that methanolic extract had better antibacterial
activity as compared to petroleum ether extract and
5V and 5W were more active than 5XU. Jain et al.*"]
isolated 1U from a butanol fraction of P. longifolia
stem bark and both were tested against aerobic bacterial
strains. 1U exhibited higher antibacterial potential
than the butanol fraction against almost all examined
bacterial strains, but the potency was lower compared
to standards (erythromycin, vancomycin, oxacillin and
ciprofloxacin)”.

Later, two flavonoids (F1 and F2, names not mentioned)
were isolated from the ethanolic extract of bark of
P. longifolia and reported for their antimicrobial and
antifungal activities. F1 showed a strong inhibition
against B. subtilis and a moderate inhibition against
E. coli, B. thuringiensis and P. aeruginosa; whereas
F2 showed moderate activity against FE. coli,
B. thuringiensis, B. subtilis and P. aeruginosa®®).

Multiple extracts of different parts of P. longifolia were
also tested for their antimicrobial activity. Accordingly,
the petroleum ether extract was displayed to be more
effective in antimicrobial activity than other solvent
extracts®4,

ANTI-INFLAMMATORY ACTIVITY

Several studies have investigated the anti-inflammatory
activity of compounds isolated from extracts of
P longifolia and found 2 clerodane diterpenes (3A
and 3K) and 3 cleroda-oic acids (4A, 4L, 4H) to be
active. 4L and 3K were the first compounds isolated
from this plant to be reported for inhibitory activity
against formyl-L-methionyl-L-leucyl L-phenylalanine/
cytochalasin B  (fMLP/CB)-induced superoxide
generation by neutrophils!'?. After that, Chang et a/.l'”
established the anti-inflammatory functions of 4H in
isolated human neutrophils. 4H induced the discharge
of elastase in fMLP-activated human neutrophils in a
concentration-dependent mode. Its suppressive effects
on degranulation and human neutrophil respiratory burst
were at least partly facilitated by inhibition of protein
kinase B (PKB/AKT), calcium and p38 signaling
pathway!®*!. Later, Wu et a/.?® isolated and investigated
the inhibitory effect of 3A and 4A on nitric oxide
production in lipopolysaccharide (LPS)-stimulated
macrophage (RAW 264.7) cells by the Griess reaction
and half maximal inhibitory concentration (IC, ) values
of 3A and 4A were found to be ~1 um. Similarly,
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Shih et al. found that 3A reduced the expression of
cyclooxygenase 2 (COX-2), inducible nitric oxide
synthase (iNOS), nuclear factor kappa-light-chain-
enhancer of activated B cells protein 65 (NF-kBp65) and
a glycosylated 91-kDa glycoprotein (gp91°™*), while it
boosted the expression of HO'!, an anti-inflammatory
and cytoprotective enzyme. Moreover, 3A reduced
LPS-activated microglia-induced cell death, suggesting
3A as a potential candidate to treat inflammation related
to microglia and neuronal cell death!*!.

More recently, our group identified five clerodane
diterpenes (3A, 3C, 3Q, 4A and 4H) from methanolic
extract of seeds of P. longifolia and reported on their
anti-inflammatory activities. Of these, compounds 3A,
3C and 3Q were exhibited to be potent dual inhibitors
towards COX-1/2 and lipoxygenases (LOX) enzymes
with IC, values lower than or similar to those of the
indomethacin and allopurinol®?,

CYTOTOXICITY

Several compounds isolated from this plant have also
been tested for their cytotoxicity and a few of them,
including 3A and 4A, have been repeatedly reported for
their anti-cancer properties. Wu et al.®! investigated
the bioassay-guided isolation of methanolic extract of
P. longifolia stem parts using the KB cytotoxicity assay.
Specifically, metabolite SF obtained from this extract
demonstrated great potential cytotoxicity against
adenocarcinomic human alveolar basal epithelial cell
(A549), tebu-bio's knockdown (KB), human cancer cell
lines (HCT-8), mouse lymphocytic leukemia cell line
(L-1210) and leukemia cell (P-388) cells®®. In another
study, 3 metabolites (3A, 4A and 4B) obtained from
stem bark of P. longifolia were tested for cytotoxicity by
brine shrimp bioassay. These compounds were found to
have a strong anti-growth capacity against crown gall
tumors (A-549, MCF-7 and HT-29) on potato discs?”..

Later, Chen et al®' assessed the petroleum ether
extract of leaves of P. longifolia and reported that
several of the isolated compounds (3A, 5A and 5G)
were highly active against different cancer cell lines via
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, a tetrazole (MTT) assay. Particularly, SA
was active against Hepatoma cell line (HAS9T) while
3A and 5G displayed significant cytotoxicity against
adenocarcinoma gastric cell line (AGS) and HA59T and
AGS, Colorectal Adenocarcinoma cell line (DLD1),
human hepatoma cell lines (HepG2) and HAS9T,
respectively!. Similarly, another group isolated 13
metabolites (1L, IN’, 3A, 3C, 3K, 30, 4L, 4N, 5A, 5F,
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SR, 5Y and 5AA). All these compounds were tested
against breast cancer cell line (MCF-7) and an epithelial,
human breast cancer cell line (MDA-MB-231), while
3A, 3C, 30, 4L and 4J were further tested on human
hepatoma (Hep 3B and Hep G2) cell lines. Their results
exposed significant inhibitory activity against Hep
3B and Hep G2 of 3A, 3C and 302!, Misra et al.*,
isolated 3 compounds 3A, 3P and 3Q. The activity of
3A on J774A.1 macrophages was assessed by MTT
reduction assay and no cytotoxic effect was found even
at 200 mg/ml concentration®”. Wu et al.**! obtained 12
diterpenes (3B, 3K, 30, 3P, 3Q, 3W, 3X, 3Y, 3Z, 3AA,
40 and 4L) from the methanolic extract of unripe fruit
of P. longifolia and tested for cell viability in human
neuroblastoma (SKNMC) cells using amyloid-beta
(AP)-induced neurotoxicity. Of these, compounds 3P,
30, 3W, 3AA and 40 improved the ability of SKNMC
cells. Among the active compounds, 3W and 3AA
revealed the most powerful activity toward SKNMC
cells. Additionally, the isolated compounds were found
to have strong acetylcholinesterase inhibitory actions in
TLC bioautographic assay'*.

In addition, several other compounds have been
isolated and tested for their cytotoxicity on different
cell lines!'*2321, 3P and 3Q were examined for their
growth inhibitory actions on ovarian teratocarcinoma
cell line (PA1), MCF-7, KB and cervical cancer cells
(C33A) using MTT assay and both of them exhibited
good inhibitory activity against C33A and PA1 and
moderate inhibitory activity against the remaining cell
lines. They have also been tested against Vero (African
green monkey kidney) cell lines, in which 3Q was
more active than 3P?!. 2G was isolated from ethanolic
extract of P. longifolia leaves and examined against
A549 using MTT-based cytotoxicity activity and the
cytotoxic concentration (CTC,)) values of ethanol
extract, preparative thin layer chromatography (PTLC)
1solate and 2G were found to be 210+5.14, 230+10.62
and 270+3.001 pg/ml, respectively!.

Compounds 3A, 4A and 4B isolated from ethyl
acetate extract of P. longifolia leaves were tested for
cytotoxicity on promyelocytic cell line (HL-60) using
MTT assay. The IC, values of 3A, 4A and 4B were
reported to be 25.0, 12.5 and 6.25 pm, respectively?.
Compound 3A exhibited a potential effect on cell
viability on mouse neuroblastoma (N18) and rat glioma
(C6) cell lines by MTT assay and cell cycle arrest in the
resting phase-growth 1 phase (G -G,) phase. Treatment
with compound 3A raised pro-apoptotic proteins and
reduced anti-apoptotic proteins™*l. The involvement of
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3A-induced autophagy in N18 and C6 via activation of
active extracellular-signal-regulated kinase 1/2 (pERK
1/2) and phosphorylated-p38 mitogen-activated protein
kinase expression (P-p38 MAPK) pathway has also
been studied. It was found that 3 A significantly induced
p-ERK-1/2 and P-p38 MAPK proteins, implying
that 3A acts as a potential anticancer compound that
employs its action via inducing ROS-mediation™. The
IC,, values of compounds 4V and 3Aisolated from ethyl
acetate fraction of P. longifolia leaves were 71.1 and
44.8 pum, respectively*®l. Multiple compounds (1D:10
(1:2), 1P-R, 4A, 40-R, 5M and 5AB-AH) have also
been successfully isolated by Lee et al.!'l, but among
those, only 4A exhibited cytotoxicity against A549 and
MCEF-7 cancer cells!'”.

Recently, Liu et al. investigated the antitumor activity
of 3A in two human clear-cell type renal (7860 and
A498) carcinoma lines and stated that 3A induced cell
necrosis via ROS overproduction*”, Also, Chen et al.*®)
investigated the governing mechanisms of 3A-induced
programmed cell death in 7860 and A498 cells and
reported that 3A-induced cell phase arrest, focal
adhesion complex break down and the inactivation
of signaling pathways (migratory-related) to prompt
apoptosis*®,

In addition, two fractions (F1 and F2) were isolated
from seed proteins of P. longifolia using trypsin. The
MTT assay revealed a significant cytotoxicity of F2
against immortal cell line (HeLa) and A-549 cells at
30 and 10 ug/ml, respectively. Further, flow cytometry
analyses found that F2 augmented apoptotic cells in
sub-G, phase of HeLa and A549 at 30 and 10 pg/ml,
respectively. This suggested that F2 peptide is an active
inducer of programmed cell death of cancer cells!*’..

ANTIOXIDANT PROPERTIES

The ability of 4H to scavenge O, and free radicals was
assayed using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
free radical scavenging test and cell-free xanthine
oxidase system. Up to 10 pm concentration, 4H failed
to modify DPPH and water soluble tetrazolium salts-1
(WST-1) reduction, indicating that the inhibitory effect
by O, release shown by 4H occurs via scavenging of
free radicals and O,". In addition, 4H did not induce
the elimination of O, by superoxide dismutase
(0.5 U/ml), meaning that 4H did not have superoxide
anion-scavenging or antioxidant activity®!. Sashidhara
et al. isolated and tested three compounds 2C, 2D and
2G for scavenging of free radicals and reported that
2C had the highest antioxidant activity (4.10 mM) of
July-August 2021



www.ijpsonline.com

all, followed by 2G (2.38 mM) and 2D (1.91 mM)
(8l Additionally, 2G metabolite (IC,, value=14.67
+0.023 pg/ml) from the ethanolic extract of leaves of
P, longifolia was reported for its antioxidant ability['.

Two flavonoids (F1 and F2) obtained from the ethanol
(95 %) extract of bark of P. longifolia were tested for
DPPH radical scavenging, nitric oxide scavenging,
metal chelating and reducing power activities. The
results showed that F1 had stronger antioxidant activity
than F2B%. Chen et al™ isolated 2J from acetone
extract of leaves of P. longifolia and reported DPPH,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS) and ferric ion reducing activities. The
IC,, values were 89.32+12.07 and 76.79+5.88 mg/ml
against DPPH and ABTS free radicals respectively
and the ferric ion reducing power value was 710.54
+142.82 mg ascorbic acid equivalent/g dry weight?,

The compound 1U from butanol fraction of P. longifolia
stem bark was also tested against DPPH free radicals
by Jain et alP”l. The highest antioxidant activity of
1U and butanol fraction was 57.95 % and 66.05 %
respectively, at 40 pg/ml. Accordingly, 1U exhibited
better antioxidant properties than the standard drug,
vitamin CP7,

MISCELLANEOUS ACTIVITIES

Two isolated metabolites (3A and 4A) from acetone
extract of leaves of P. longifolia were tested for their
antifeedant activity against casterlooper i.e., Achara
janata and antifeedant activity was noted in both of
them!?4,

Metabolites 3L, 3U and 3V were isolated from bark
of P. longifolia and reported for their anti-plasmodial
property with IC, values ranging 1.51-3.37 ug/mi®".
Gbedema er al.5? identified 1C, 3A, 3Q, 4A, 5T and 5R
from steam barks of P. longifolia and tested for anti-
plasmodial activity using Plasmodium falciparum K1
strain. Among those, 3A, 3Q and 4A were found to
have potent IC, values ranging from 3-6 pug/ml, while
others showed mild anti-plasmodial activity®.

Clerodane diterpene 3A from hexane extract of
P. longifolia leaves was tested for in vitro and in vivo
antileishmanial activities. The antileishmanial activity
of 3A (IC,; value: 5.79+£0.31 pg/ml) was found to
be similar to that of the standard drug (miltefosine,
5 pg/ml). At 250 mg/kg dose, a higher efficacy of 3A
administered by the oral route was observed in the liver
(87.5£1.8 %), bone marrow (89.1+2.1 %) and spleen
(9142 %); while at 100 mg/kg, the percentages of
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inhibition were found to be 86.88+1.3, 83.7+1.5 and
84.2+2.2 %, respectively®®. Similarly, Zhang group
tested 3A, 4A and 4B isolated from P. longifolia stem
bark extract for their antileishmanial activity against
Leishmania donovani (L. donovani) axenic amastigote,
L. donovani amastigote and L. donovani promastigote
in human acute monocytic leukemia cell line (THP-1)
macrophage cultures. Among all of these, only 3A was
reported to have activity, with IC, values of <1.60,
2.34 and 4.50 pg/ml, respectively!*®!,

Amongst 7 isolated compounds (4A, 4B, 4C, 3L,
3M, 5F and 5Y) of defatted extract of root bark of
P. longifolia in methanol (50 %), 4B (30 mg/kg dose)
was claimed to be the one that confers hypotensive
activity as it caused a 22 % reduction in the mean
arterial blood pressurel!'®],

3A and 3K were isolated from methyl chloride (CH,Cl)
soluble fraction from 70 % hydroalcoholic extract of
leaves of P. longifolia and tested for antihistaminic
activity. 3A (IC,, value of 29.7 pg/ml) showed a dose-
dependent inhibition of histamine discharge, while 3K
(IC,,=189.2 ug/ml) showed very weak activity>.

The two metabolites 3A and 3K were also tested for
anti-helicobacter property against H. pylori and it
was found that 3A completely inhibited the growth of
H. pylori with MIC of 3125 pg/ml. 3K
(MIC value>125 pg/ml), on the other hand, showed a
weak inhibitory action™3,

Four clerodane diterpenes (3A, 3K, 3P and 4A) were
obtained from ethanolic extract of P. longifolia leaves
and reported for their lipid lowering strength in the high
fat diet hamster model, at 25 mg/kg dose. Among these
4, only 3A showed pronounced activity comparable
to lovastatin, while others did not show any activity.
The mechanistic studies of 3A “privileged structure”
exposed that it inhibited the DNA topoisomerase I of
L. donovani and proposed as a potential 3-hydroxy-3-
methyl-glutaryl-coenzyme A (HMG-CoA) reductase
inhibitor®!,

Ebiloma et al.F4 isolated 3A, 4A and 4B from the leaves
of P. longifolia and tested for anti-trypanosomatid
activity using Trypanosoma brucei (T. brucei) and
T. congolense and promastigotes of L. mexicana.
Among those, 3A was found to be more potent against
the above pathogens, with half maximal effective
concentration (EC, ) value of below 0.38 pg/ml* and
the mechanism of action of 3A for anti-trypanosomatid
activity was found to be multi-targeted>>. Moreover,
besides anti-oxidant activity, 2J obtained from acetone
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extract of leaves of P. longifolia also showed a potent
antityrosinase activity with IC,  value of 773.09
+1.47 mg/mlb%,

More recently, Nuygen group screened compounds
3C and 3Q for their xanthine oxidase inhibitory assay
using both in vitro and in silico methods and found
that both showed potent inhibitory activity against
xanthine oxidase enzyme, compared to standard drug
allopurinol®,

The broad and ongoing use of P. longifolia in a system
of traditional medicine suggests its safety for human
use at appropriate doses. This has been confirmed in
the lab via toxicology studies of leaf extracts in Wistar
albino ratt’l. Moreover, treatment with leave extracts
of P. longifolia reversed the adverse effects in the
cadmium-induced tissues via increased antioxidant
activity. This effect could partly due to a rich source
of phenolic compounds and other effective antioxidants
present in the leaf extract of this plant!"-'*,

CONCLUSION

Plants used in traditional systems of medicine have
often been a starting point in the search for new and
effective pharmaceuticals. This is partly because their
history of human use suggests their safety and partly
because a significant portion of traditional medicines
have been shown to be effective. The investigations into
P. longifolia summarized in this review have reinforced
that it is worthy of further, more in-depth study in
terms of potential drug discovery. Future research into
P. longifolia and its extracts is needed to determine their
degree of benefit in the treatment of specific conditions
and their mechanisms of action.
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