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Abstract

FParinari is a genus of woody medicinal plants with expansive ethnomedicinal uses. While extensive data are available for several
members of this genus, this information is generally scattered. This review therefore crystallizes major reports relating to the ethno-
medicinal uses, phytochemistry, and biological activities of this genus for easy accessibility. The rich therapeutic applications of this
genus include their use as antimalarial, antidiabetic, anti-inflammatory, antimicrobial, anti-snake venom, and anticancer agents.
However, the overarching biological theme for this genus appears to be their application in treating infection and infection-
related diseases. These bioactivities have largely been attributed to molecules isolated from this genus and categorized under;
kaurene-type diterpenoids, triterpenoids (ursane, oleanane, and lupane types), flavonoids, steroids, and phenolic compounds.
While data is available for most parts of the plants, the stem appeats to be the most used part. Given the varied medicinal uses
of this genus, and yet the scarcity of information on many Parinari species, studies on the ethnomedicine, phytochemistry, and bio-
logical activities that fully explore the medicinal potential of this genus for drug discovery are critical. These include the need for
comprehensive phytochemical profiling to uncover novel compounds, detailed studies on mechanisms of action, and translational
research to validate clinical efficacy. Additionally, comparative ethnobotanical studies, standardization of extraction methods, and
sustainable harvesting practices are critical to fully realizing the medicinal potential of Parinari species.
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Introduction relied heavily on pharmacophores of natural origin. However,

technological advancements that started during the last few

. . . 1 .
Parinari (synonymous with maranthes)” is a genus of woody . . .
(synony ) 8 y decades resulted in more efficient synthesis of molecules,

plants in the family of Chrysobalanaceae. There are about 51 thereby accelerating high-throughput screening capabilities for

species of trees and shrubs in this family classified into 17 the discovery of hit compounds during synthetic drugs discov-

genera, r?la]orlty. of which are foun;i_in ostly in the tr(.)plcs.and ery efforts. This makes it seamless to test thousands of samples
sub-tropical regions of the world.”" They can be identified
from the other genera under Chrysobalanaceae by their zygo-

morphic floral symmetry with a unilaterally attached flowers

per day on an array of targets,” subsequently dousing the high
rising flames of natural products drug discovery. There is

i ) however a renaissance in natural products drug discovery in
that have about 6-10 stamens each. Their ovaries are located

at the side or opening of a receptacle tube, while the leaves
that are lanate on the lower surface have hair-filled stomatal cav-

recent times largely due to the expanding pathogen and
disease repertoire, prohibitive cost of synthetic drugs, toxicity

ities. A parallel but closely spaced secondaries, coupled with a
large pair of glands on the leaf petiole and woody fruits,
further distinguish these plzmts.5 Some of the common
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plants as their natural sources of drugs for prevention, manage-
ment, and treatment of diseases.® Predicated on this observa-
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and unwanted side effects, and high resistance landscape of
many pathogens to synthetic drugs.®

The plethora of compounds present in plants and other
natural products sources, and the intricate link between
human evolution and biodiversity, make them very important
avenues for the discovery of therapeutically important mole-
cules that not only serve as direct antidotes to several human
and other zoonotic diseases, but also as precursors for some
synthetic drugs.

The success of plant-based natural products drug discov-
ery programs hinges on reliable information on their ethno-
medicine, phytochemistry and pharmacology. The use of
different plant parts by different cultures and ethnicities
and how they are prepared in treating same or different dis-
eases, is perhaps the first glance into the nature of com-
pounds responsible for the observed therapeutic effects,
sometimes gleaned only from sensory effects of the extracts.
The nature of biodiversity around areas of human habitation
undoubtedly are influenced by their use, handed down
through folklore from generation to generation. Synthesis
of the folkloric uses of plants’ patts by different ethnicities,
and the different medicinal application of a particular
plant, provides very important information that serve as
starting points for scientific investigations. For instance, in
Guinea, Parinari excelsa stem bark is used to treat infectious
diseases’ while in some parts of West Africa, same is used
as an anthelmintic.'” On the other hand, it is used as an anti-
septic and antimalarial in Tanzania.'" Such knowledge can be
very useful in exploring the medicinal potential of the plant.
Therefore, a cross-fertilization of knowledge from different
cultures on the genus Parinari could give a comprehensive
view of its ethnomedicinal potential that could stimulate
drug discovery efforts.

Suffice to say that ethnomedicinal evidence alone is not suf-
ficient as a basis for drug development. Scientific evidence
obtained through a series of biological activities using z#-vivo
and zn-vitro models are a necessity. An observed biological activ-
ity offers scientific evidence of the efficacy of the plant while a
lack of activity questions the folkloric claims. Furthermore,
information on the dosage required to elicit a therapeutic
response or toxicity is critical for drug development.
Biological assays performed on extracts of Parinari species

12,13
1)

have shown that these plants possess antibactetia antima-

14,15 16 17,18
l’

laria cytotoxic, anti-snake venom and anti-

inflammatory'’ activities. They are also used against venereal
diseases, toothache, dysentery and diabetes.'>*"*!

These observed biological effects are attributed to secondary
metabolites produced by these plants.”* Many of these second-
ary metabolites are produced in response to stressors caused by
biotic factors such as insect infestation, invasion by herbivores,
or infection by pathogens. Others are produced in response to
abiotic effects such as heat, cold, drought, and climate chﬁmge.23
Therefore, in essence, humans are opportunistic beneficiaries of
these metabolites. These secondary metabolites such as pheno-
lic compounds, flavonoids, sterols, alkaloids, terpenoids, etc, are
widely varied in structure and bioactivity.”* Therefore, maturity
of the plant, the geographical location, the season of harvesting
and the part used, influence the nature, type, and quantity of
secondary metabolites even in the same species of plants™
depending on the acute nature of some of the factors already
mentioned.

Natural products remain integral to drug discovery efforts
with current estimates showing that secondary metabolites
sourced from medicinal plants constitute about 30% of the cur-
rently available drugs on the market.” Among the myriad of
compound classes isolated from this genus include kaurene-

»

Figure 1. Global distribution of Parinari species across South America and Africa. The yellow dots represent Parinari species. Image credit: GBIF.



Brew-Daniels et al

. 15,16 .
type diterpenes, >°  flavonoids,

pounds.”® Parinari species are distributed globally but are pre-

steroids, phenolic com-

dominant in tropical Africa and south America as shown in
Figure 1. They are not critically endangered, however, habitat
loss due to deforestation and land use changes pose significant
risks to conservation efforts. According to the IUCN, most
FParinari species such as curatellifolia, occidentalis, glabra, congensis,
sprucez, congolana, excelsa, hypochrysea, campestris, polyandra and
robusta are considered species of least concern with regards to
threatened species.”’

Methodology

To gather comprehensive information on the ethnomedicine,
phytochemistry, and biological activities of the Parinari genus,
a systematic review was conducted utilizing a variety of repu-
table electronic databases, including Google Scholar, JSTOR,
ScienceDirect, Elsevier, ResearchGate, Web of Science,
PubMed and Scopus. A broad range of keywords was
employed during the search process, including “Patinati,”
“Traditional
compounds,”

“Ethnomedicine,” uses,”
“Isolated

“Pharmacological activities.” These keywords were strategi-

“Phytochemistry,”
“Biological  activities,” and
cally selected to encompass all relevant aspects of Parinari
species and their various applications. To ensure thorough
coverage of the subject, both botanical and synonymous
botanical names of Parinari species were included in the
search. These names were obtained from well-established
online databases, such as The Plant List, JSTOR, Useful
Tropical Plants, and Google Scholar, which provided author-
itative sources on plant taxonomy and nomenclature. This
approach was critical in capturing all potential studies on
Parinari species, as the genus may be referred to differently
across various regions and in different contexts.

The search process was followed by a careful screening of
the gathered studies to ensure that only relevant and high-
quality data were included in the review. The studies were
evaluated based on their scientific thoroughness, the clarity
of their findings, and their contribution to understanding
the medicinal, phytochemical, and biological aspects of
Parinari. To focus on the most reliable and recent informa-
tion, preference was given to studies published in the past
decade, particularly those published in peer-reviewed jour-
nals, books, or academic sources. As part of the selection
process, certain inclusion and exclusion criteria were
applied. Studies were included if they specifically focused
on any aspect of the Parinari genus, including its traditional
medicinal uses, isolated bioactive compounds, or biological
and pharmacological activities. Only peer-reviewed studies
published in English were considered, ensuring the credibil-
ity and accessibility of the research. Studies without full-text
availability or those published in languages other than
English were excluded, as were articles that did not directly
pertain to the Parinari genus or its medicinal properties.
The data obtained from the selected studies were carefully

synthesized and analyzed to create a detailed overview of
the Parinari genus, with a particular focus on its ethnomedi-
cinal applications, phytochemical profile, and biological
activities. Through this process, the review aims to contrib-
ute to the understanding of Parinari species and their poten-
tial for future research and drug discovery.

Results

Ethnomedicine

Species of Parinari have several ethnomedicinal uses. These
plants have been copiously relied upon in meeting the medical
needs of many ethnicities around the tropical and sub-tropical
world. A summary of the rich ethnomedicinal use of this
genus in the treatment of infections and inflammation is pro-
vided in Table 1, while Table 2 provides a summary of uses
for other diseases. Interestingly, for most of these plants, the
stem bark is the preferred part for the treatment of these dis-
eases in most cultures with roots, leaves, branches and seeds
occasionally mentioned.

Phytochemistry of Parinari

Phytochemical constituents accumulate in fast dividing cells
of plants including leaves, flowers, fruits, seeds, stem, and
root bark. Unsurprisingly, root barks and stem barks are
among the most popular soutrces of these bioactive phyto-
chemicals. This is a smart evolutionary move partly
because these parts serve as direct barrier to entry by patho-
gens that constitute a major biotic threat as well as a mediator
for many abiotic fluctuations. Various phytochemical studies

Table 1. Parinari species Used Ethnomedicinally for Treating
Infection and Inflammation.

Plant Part used  Ethnomedicinal use Reference
P. excelsa Stem bark  Worm infections 710
Infectious diseases
P. curatellifolia Stem bark  Dandruff, vaginal douche 28,29
P. polyandra Stem batk ~ Syphilis 30
P. congensis Stem bark  Leprosy >
P. capensis Roots Respiratory infections 3132
P. anamensis Branches  Skin itches >
P. kerstingii Stem bark ~ Skin poultice 3
P. campestris Stem bark  Filaria worm infection >
P. montana Stem bark  Dysentery 2035
Worm and parasitic
infections
Maranthes Not Diarrhea and dysentery %
Sfloribunda stated
P. kerstingii Stem batk  Inflammation 3
P. anamensis Not Antipruritic and 2
stated Anti-asthmatic
P. congensis Stem batk  Stomachache and fever 7
P. polyandra Stem bark  Fever and fractures 30
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Table 2. Other Ethnomedicinal Uses of Parinari species.

Plant Part used Ethnomedicinal use Reference
P. curatellifolia Leaves Lung tumor 29,38
Root bark Sedative 2
Fruit extract Anaemia 17
Seeds Breast tumor v
Stem bark Cardiotonic and diuretic uses 1
Hypertension, Diabetes, Liver diseases 19
Anti-snake venom
P. campestris stem bark Aphrodisiac, increase sperm, for treating erectile dysfunction 37
P. anamensis Stem bark Asthma remedy 2
P. capensis Roots Delirium 22
P. polyandra Leaves Measles, Fracture 3039
Stem bark Aphrodisiac 30
P. congensis Stem bark Purgative, stomachache, fever 537
Maranthes floribunda Roots Psychosis 4
P. kerstingii Stem bark Bronchopneumonia, breast cancer 3033
P. montana Stem bark Anaemia, tonic for pregnant women 20
Maranthes gabunensis Not mentioned Paralysis, epilepsy, convulsion and spasms 30

have been carried out on different parts of Parinari plants.
The stem bark remains the most widely studied, consistent
with its ethnomedicinal use.

In general, the stem batks of Parinari plants contain alkaloids,
saponins, cardiac glycosides, flavonoids, triterpenoids, tannins,
phenolic compounds, steroids and reducing sugars.”'”"*~*
The root barks on the other hand contain resins, alkaloids,
saponins, cardiac glycosides, flavonoids, triterpenoids, tannins,

1845 Wwhile the leaves contain alkaloids,

and anthraquinones,
saponins, cardiac glycosides, flavonoids, triterpenoids, and
tannins.* Phytoconstituents of the seeds have been reported
as alkaloids, cardiac glycosides, flavonoids, triterpenoids, ste-
roids, phenolic compounds and anthraquinones.**™*
Consistent with other families of plants and evolutionary
data on biosynthetic pathways in plants, similar classes of phy-
tochemicals (alkaloids, cardiac glycosides, flavonoids, and tri-
terpenoids) have been found common to the leaves, seeds,
stem barks and root batks of this genus. Interestingly, reducing
sugars has been reported only in the stem bark, while anthra-
quinones were reported in the seeds and root barks only.
Steroids also appear to be present only in the seeds and
stem barks.

These phytochemicals have been extracted using several sol-
vents and solvent mixture including ethanol, hydro-ethanol,
and ethyl acetate.”® The

solvent most frequently used that guaranteed the extraction of

methanol, water,49 hexane,41’48
more phytochemicals of this genus in general was hydroetha-
nol”?"*% followed by absolute ethanol*'* and metha-
nol."***® This is consistent with the nature of compounds
reported and the chemical properties of these solvents including
their polarities.

Silica gel-based column chromatography has been the
most popular method for the isolation of these compounds
from various parts of the plant while sephadex has also been

used. Successful isolations of these compounds from these
plants have relied on isocratic solvents and their combined
mixtures including hexane/dichloromethane/methanol in
an increasing order of polarity,Z(’ chloroform/ methanol,
chloroform/ ethyl acetate,”’>* petroleum ether/dichloro-
methane/ethyl acetate/ethanol,15 and dichloromethane/
ethyl acetate/methanol,” all in an increasing order of polar-
ity. Tables 3-8 provide a summary of the various compounds
isolated from these plants according to their class.

Ranrane-Type Diterpenoids

Kauranes are a group of tetracyclic diterpenes composed of a
perhydrophenanthrene unit (A, B and C rings). A cyclopentane
unit (D ring) is joined to ring C creating a bridge of two carbons
between C-8 and C-13 as shown in Figure 2. Kaurane-type
diterpenes have been isolated from many plant species belong-
ing to many families including Chrysobalanaceae, Fabaceae,
Euphorbiaceae,
Lamiaceae, Jungermanniaceae, Annonaceae, Rhizophoraceae

Asteraceae, Rutaceae, Celastraceae,
Apiaceae and Erythroxylaceae.™

The Parinari genus appears to be one of the richest
sources of kaurene-type diterpenoids. Bioaccumulation of
this class of compounds occurs predominantly in the
leaves with about thirty (30) kaurene-type diterpenes iso-
lated and characterized. Details of the structural diversity
of this class of compounds is provided below (1-30) and
in Table 3. These compounds display an array of biological
activities including antifungal®® and anticancer.'® The
structural diversity of these compounds
Parinari is generated by functional group transformations

present in

on the parent tetracyclic kaurene skeleton such as intramo-
lecular cyclization, degradation, rearrangements, reduction
and oxidation.
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Table 4. Triterpenoids Reported.

No. Name Part used Plant Reference
31. 16p-hydroxylupane-1,20(29)-dien-3-one Stem bark P. excelsa 1
32. (3-B)-3-hydroxyolean-12-en-28-oic acid Stem bark P. excelsa "
33. 3f-hydroxy-olean-5,12-dien-28-oic acid Stem bark P. excelsa 1
34, Betulin (lup-20(29)-en-3p,28-diol) Stem bark P, curatellifolia 52
35. Betulinic acid (3p-hydroxy-lup-20(29)-en-28-oic acid) Stem batrk P. curatellifolia 32
Leaves P. ypochrysea >
36. Betulonic acid Stem bark P. polyandra >3
37. Oleanolic acid Stem batk P. curatellifolia v
38. Ursolic acid Leaves P. ypochrysea >
39. 20-hydroxy-ursolic acid Leaves P. hypochrysea >
40. Lupeol Leaves P. hypochrysea >
41. Polyanside A Stem bark P. polyandra >
42 Polyanside B Stem bark P. polyandra >
Table 5. Steroids Reported.
No. Name Part used Plant Reference
43, B-Sitosterol or 22,23-dihydrostigmasterol Stem bark P. curatellifolia 26.52
P. anamensis 5255
P. polyandra
P. curatellifolia
44, Stigmast-4-en-3-one Stem bark P. curatellifolia >
P. polyandra >
45. Stigmasterol Stem bark P. curatellifolia >
P. polyandra >
46. B-Sitosterol-3-O- B-glucoside Stem bark P. anamensis 6
47. Daucosterol Stem bark P. excelsa 1
48. 3-O-B-D-glucopyranosyl-stigmasta-5,11(12)-diene Stem bark P. excelsa 1
49. Stigmastane-3,6-dione Stem bark P. polyandra >
50. 4,22-stigmastadiene-3-one Stem bark P. polyandra >
51. B-Sitosterol B-D-glucoside Stem bark P. polyandra >
Table 6. Flavonoids Reported.
No. Name Part used Plant Reference
52. Sparnaritin Leaves P. bypochrysea 2
53. Kaempferol Leaves P. hypochrysea 2
54. Quetcetin Leaves P. ypochrysea >
P. anamensis 2
55. Taxifolin Leaves P. hypochrysea 2
56. Taxifolin-3-O-rhamnoside Leaves P. bypochrysea 2
57. Quercetin 3-O-a-rhamnoside Leaves P. anamensis 2
58. Isocarthamidin Stem bark P. anamensis 2
59. Quercetin 3-O-B-galactoside Leaves P. anamensis %
Table 7. Phenolic Compounds Reported.
No. Name Part used  Plant Reference
60.  Toddalolactone Root bark  P. curatellifolia >
61.  Chlorogenic acid Stem batk P exvelsa 1
62.  1-(7-allyl-5-(ethoxymethoxy)-8-methoxy-4,6 bis (methoxy methoxy) naphthalen-1-yl) ethanone  Stem bark  P. exvelsa 1
63.  4-hydroxy-benzoic acid Leaves P. anamensis 26
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Table 8. Other Compounds Reported.

No. Name Part used Plant Reference
64. Palmitic acid Stem bark P. polyandra >

65. Parinaramide Leaves P. hypochrysea >

66. 2,3-dihydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl) -1-propanone Leaves P. hypochrysea >

67. Sucrose Leaves P. hypochrysea 26

Figure 2. Carbon skeleton of Kaurane-type diterpene.
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Triterpenoids

Pentacyclic triterpenoids are among the most medicinally useful
class of natural products produced by plants for chemical
warfare. Unsurprisingly, the Parinari genus is not an exception to
this with several triterpenoids identified and characterized.
Isolated triterpenes from these plants are mostly of the lupane,

.0.5H0

ursane and oleanane types as indicated below. Structural details
of these compounds are shown below (31-42) and other details
in Table 4. Unlike the kaurene-types that bioaccumulate in the
leaves, these pentacyclic triterpenoids are mostly found in the
stem bark and exhibit various pharmacological effects such as
anti-snake venom activity,'” anticonvulsant and sedative effect.'’
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Steroids displayed below are typical examples of steroids. As shown

The steroidal backbone,
perhydrophenanthrene is a phenanthrene with a cyclopentane

also known as cyclopentano-
ring attached creating a 17-carbons core structure of a four-ring
system. They are similar in structure to cholesterol but occur
copiously in plants with structures varying in the absence or
presence of a double bond or other functional groups attached

to the four-ring core.” Lanostane and beta-sitosterol

Lanostane

in Table 5 below, ten steroidal compounds (43-51) such as
f-sitosterol and its glycosides and stigmastane and its deriva-
tives have been isolated, mostly from the stem bark. These
phytoconstituents have wide pharmacological applications,
eg, stigmast-4-en-3-one is reported to exert a hypoglycemic

effect®” and B-Sitosterol is a popular anti-inflammatory

61
agent.

Beta-sitosterol
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Flavonoids

Flavonoids contain a 15-carbon unit in their core structure
arranged in the form C6-C3-C6 with two aromatic rings A
and B connected by a bridge of propane which either forms a
closed pyran ring or remains open (chalcone).”” Noted for
their antioxidant, and anticancer activities as well as their

51

ability to prevent atherosclerosis,”’ Parinari remains a good
source of these compounds. Table 6 shows details of character-
ized flavonoids from this genus. A total of eight (8) flavonoids
(structures 52-59) have been isolated from the leaves of Parinari
plants with quercetin being the common flavonoid shown

below.
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Phenolic Componnds

This is an extensive and ubiquitous group of secondary metabolite
molecules in plants that possess a wide range of structures and
functions. They are made up of water-soluble compounds includ-
ing phenylpropanoids, quinones, and phenolic acids, as well as
water-insoluble compounds such as condensed tannins, cell-wall
bound hydroxycinammic acids, and lignins. Phenolic compounds
get synthesized during the normal development and growth of the
plant as well as when exposed to adverse conditions such as stress

HO

59

and UV radiation. They play a role in preventing degenerative dis-
eases caused by oxidative damage by scavenging free radicals from
cell metabolism.”* They are compounds with hydroxylated aro-
matic rings in which the hydroxy group is directly attached to
the phenyl, or the substituted phenyl, or other aryl group. A
typical example of phenolic compounds is benzoic acid shown
below. Few phenolic compounds (four) from the root and stem
barks have been isolated from Parinari (structures 60-63) details

of which are provided in Table 7.

OH

Benzoic acid

OCH,
HO

OH

60

0
HO }—OH
H 0
HO. =~
O OH
H
OH
HO
61
0
OH
HO

63
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Other Compounds Reported

Other compounds reported include a fatty acid (64), a ceramide or lipid (65), a phenylpropanone (66) and a sugar (67) as shown in

Table 8 with their chemical structures below.

64

OH

OH
66

Biological Activities

Cytotoxic Activities. Several classes of compounds found in
Parinari demonstrate some cytotoxic activity to a range of cell
lines consistent with its folkloric use in the treatment of
cancer and related diseases. For instance, Kaurane diterpenes
isolated from P. curatellifolia root bark and generously abundant
in Parinari, exhibited a broad-spectrum cytotoxicity against
several cell lines from humans including lung cancer cells, epi-
dermal carcinoma cells, colon cancer cells, breast cancer cells,
and prostate cancer cells with EDs, values ranging from
0.3-16.5 uM. The compounds were most active against the epi-
dermal carcinoma cells with EDs( 0.6, 0.3 and 0.3 uM for com-
pounds 1-3 respectively.'® Gororo e al’' also reported
inhibitory activity of the root bark extract of same plant on xan-
thine oxidase (an enzyme implicated in oncogenesis) and cyto-
toxic effect on Jurkat-T cells. They found that DNA from cells
treated with extracts of P. curatellifolia showed cleavages suggest-
ing that apoptosis may be the mechanism of cytotoxity.
Similarly, 50% ethanolic extracts of P. anamense displayed con-
siderable cytotoxicity against malignant human hepatoma
(HepG?2) cell line and a normal African green monkey kidney
(Vero) cell line with ICsy values of 546 ng/mL and 431 pg/
mlL respectively with selectivity index (SI) of 0.8

In a cytotoxicity screening of Tanzanian medicinal plants,
Kamuhabwa e# a/,ll reported that extracts of the stem bark of
P excvelsa exhibited antiproliferative activity against human
cancer cells of the cervix, colon and skin. The extracts at
100 pg/mlL, inhibited the proliferation of 75%-100% of the cet-
vical cell carcinoma, 50%-75% of the colon cell adenocarci-
noma and 25%-50% of the skin carcinoma cells.

OH
O. z
NH OH
HO. H H ~
OH
65
HO.
HO,,
» 0 OH
HO : .ml,okz.\\ \OH
OH o “oH
67

Antimicrobial Activities. A continued surge in antimicrobial resis-
tance to virtually all drugs on the market has brought into sharp
focus the need for new and effective antimicrobial agents with
different mechanisms of action and higher barrier to resistance.
FParinari quickly comes into focus as a genus with the potential
for new antimicrobial agents. In this regard, the ethyl acetate
extract of P. curatellifolia root bark and one of its isolated mole-
cules (compound 1) have been reported to exhibit antifungal
activities against candida albicans, cryptococcus neoformans, and asper-
gillus niger.” The ethyl acetate extract of the seeds of P. pohyandra
(Maranthes polyandra) on the other hand demonstrates impressive
sensitivity against various microbes such as S. aureus, S. pyogens,
S. typhi, 8. dysenteriae, C. albicans, C. tropicalis, C. stellatoidea and T.
rutbrum.*® Additionally, the ethanolic extract of P. excelsa seeds
has also been shown to possess antimicrobial activity, with mod-
erate sensitivity against clinical isolates of S. aurens, E. colj,
K. pnenmonia and S. typhi.*’ Bhunu et al® reported that extracts
of the leaves of P. curatellifolia exhibit strong activity against
Mycobacterium tuberculosis. They reported MICs of 6.2 pg/mL
for the acetone extract, 12.5 pg/mL for the ethanol extract
while the methanol and ethyl acetate extracts recorded 50 pg/
mL. Additionally, the ethanol extract, dichloromethane extract
and water extracts inhibited biofilm formation using the
model organism Mycobacterinm smegmatis. This data was corrob-
orated by Mawire ¢z a/°® who also reported that various extracts
of P. curatellifolia demonstrated robust antimicrobial activity
against Candida krusei and M. smegmatis with MIC of 25 pg/mlL..

Antidiabetic Activity. Hydrolysis of starch and other polysaccha-
rides to simple sugars after meals that lead to postprandial spike
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in blood glucose level is catalyzed by o-amylase and
a-glucosidase.”” Inhibition of these enzymes thus provides a
therapeutic strategy for diabetic patients in reducing blood
glucose levels. Anecdotally, Parinari have been used to treat dia-
betes with some scientific evidence showing that some extract
from plants in this genus demonstrate strong activity against
these enzymes. In support of the use of these plants for treating
diabetes, Srisongkram ¢ al,"* reported that extract of the twigs
of P. anamense inhibited the activity of a-glucosidase with an ICs
of 0.52 pg/mL. The specificity of this activity was confirmed
when they showed that this extract had no «-amylase activity.
Additionally, aqueous extracts of P. exvelsa stem bark, when
tested against alloxan-induced diabetic rats, and on overnight
(16 h) fasted rats by administering glucose (4 g/kg) 90 min
after treatment, showed that the extract at 100 and 300 mg/
kg/day for 7 days reversed the hyperglycemia induced by the
alloxan. In this experiment, the blood glucose decreased from
3.11 to 0.91 g/L and from 3.60 to 0.85 g/L, respectively for
the two doses. Thus, the oral treatment with P. excelsa stem
bark aqueous extract at the dose of 100 and 300 mg/kg signifi-
cantly reduced the blood glucose level at 1/2h.*' Furthermore,
the antidiabetic activity of coconut water extract of P. polyandra
seeds,” and ethanolic extract of P. curatellifolia stem bark'® have
also been confirmed, consistent with their traditional use for the
treatment of diabetes.

Anti-Inflammatory — Activity. Inflammation is a  protective
response to harmful or potentially harmful substances in the
body and hence a key component of a functional innate immu-
nity. Prolonged inflammation can however have a deleterious
effect on the body because of tissue damage resulting in diseases
such as arthritis and hay fever. In this regard, inhibition of
inflammation is necessary to prevent excessive tissue loss and
reduce pain and redness. The genus Parinari is rich in com-
pounds that exert anti-inflammatory activity. For instance, the
methanolic extract of P. polyandra stem bark exhibited anti-
nociceptive and anti-inflammatory activities in different z vivo
models of laboratory rats and mice. In the acetic acid-induced
abdominal constriction test model of rats, the extract was effec-
tive at 100 mg/kg dose level, was also effective at 200 mg/kg
dose for the hot plate-induced nociceptive model in mice and
demonstrated anti-inflammatory  activity in  the egg
albumin-induced inflammation or edema in rats with a dose
of 200 mg/kg.*

P. kerstingii methanolic leaf extract demonstrated significant
acute anti-inflammatory effects on egg albumin-induced paw
edema, with activity most pronounced at the 100 mg/kg dose
at the third hour after induction of edema. The extract was
also found to show anti-inflammatory activity by significantly
reducing carrageenan-induced paw edema concomitant with a
significant reduction in the production of IL-1, TNF-a,
COX-2, NF-xB, and PGE%3 Also, the stem bark ethanolic
extract of M. glabra (P. montana) was found to downregulate
Gweshelo
et al,”” reported that the ethanolic extract of P. curatellifolia was

the expression of proinflammatory cytokjnes.l()

a potent inhibitor of glutathione s-transferase (GST), a key
enzyme in the biosynthesis of prostaglandins with an ICs,
value of 12 pg/mL comparable to that of ethacrynic acid, a
standard GST inhibitor, found to be 10 pg/mlL, confirming
its traditional use in ameliorating pain.

Antimalarial Activities. Malaria continues to be an important
public health enigma causing mortality and morbidity to mil-
lions of people a year especially in sub-Sahara Africa. Plant sec-
ondary metabolites have been very important in the fight
against malaria with most of the current drugs for treating
malaria derived from plant sources. Parinari genus is endowed
with secondary metabolites that have strong antimalarial activ-
ity. Three diterpene lactones (compounds 1-3) isolated from
both the petroleum ether and dichloromethane extracts of the
stem batk of P. capensis showed anti-plasmodial activity against
chloroquine-resistant strain of Plasmodium falciparum with 1Cs
of 0.67, 0.54 and 1.57 pg/mL respectively for compounds 1, 2
and 3."° In an i vitro experiment, P. curatellifolia stem bark
extracts (ethanolic and n-hexane) inhibited the growth of P. fa/-
ciparum parasites in a manner that was dose and duration-
dependent. The ethanolic extract exhibited a higher parasite
inhibition than the hexane extract.”! The hydroethanolic
extract of P. congensis stem bark was found to display moderate
activity ~ against
chloroquine-resistant  strains of P. faliparum tespectively.”’

chloroquine-sensitive  field isolates and
These pieces of scientific evidence lend credence to the ethno-
medicinal application of some Parinari plants for malaria
treatment.

Anti-Tyrosinase Activities. Tyrosinase is an enzyme that mediates
the biosynthesis of melanin in plants and animals and is impli-
cated in skin diseases, including hyperpigmentation. In investi-
gating the cosmetic use of P anamensis, Werawattanachai
et al”® tested isolated compounds (43, 46, 54, 57, 58, 59 and
63) from the stem and leaves for tyrosinase inhibitory activity.
These compounds inhibited tyrosinase activities with ICs
values that ranged from 0.80-5.38 uM with compound 63
found to be the most active. In this experiment, the ICs
value of kojic acid, the positive control was reported as
0.001 pM. The ability to inhibit tyrosinase implicated in derma-
tological disorders scientifically supports the application of
some species of Parinari for skin disorders.

Discussion and Conclusion

Parinari is distributed across the tropical and subtropical regions
of Africa as well as Central and Southern America.”* This vast
geographical distribution straddles different ethnicities and cul-
tures resulting in myriad and varied ethnomedicinal applications
that can be harnessed for drug discovery. Some uses reported
include the treatment of snake bites, worm infections, erectile
dysfunction, sexually transmitted infections, anemia, skin
itches, malaria, fractures, diabetes, hypertension, liver-related
diseases, infections, inflammations,

parasitic dysentery,
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stomach aches, and cancer. The ethnomedicinal data gathered
revealed that treatment of infections and infection-related dis-
eases was dominant among the many folkloric uses across cul-
tures. Various parts of the plants including the leaves, stem
barks, roots, seeds, fruits, twigs, and branches are used but
the stem bark appears to be the part most widely used in
ethnomedicine.

A review of the phytochemistry of this genus revealed the
presence of alkaloids, saponins, tannins, phytosterols, terpenes,
flavonoids, cardiac glycosides, anthraquinones, fatty acids,
reducing sugars and phenolic compounds in the various parts
of the plants. Compounds isolated from various parts of
these plants can be broadly categorized into kaurene-type diter-
penes, triterpenoids of the ursane, lupane and oleanane types,
flavonoids mainly of the quercetin, kaempferol and taxifolin
types, steroidal compounds, phenolic compounds, fatty acids,
lipids, sugars, and simple organic compounds. Interestingly,
while phytochemical screening has identified alkaloids from
many Parinari species, no alkaloid has been isolated and charac-
terized from this species to the best of our knowledge.

Column chromatography was reported as the most common
method of compound isolation with solvent extraction the
commonest method of extracting these metabolites. Solvent
systems frequently used for the isolation were reported as
CHCl3: MeOH and CH,Cl,: MeOH for normal phase chroma-
tography and MeOH: H,O for reverse phase.'*”"">>*
Kaurane-type diterpenes and triterpenoids are the most abun-
dant secondary metabolites isolated from Parinari mostly from
the leaves and stem bark respectively. These diterpenes were
found to possess antispasmodic, antidiabetic, antinociceptive,
antiallergic, anticancer, and antimicrobial pmperties58 while
the triterpenoids were found to exert antibacterial, antjviml,70
anti-inflammatory, anticancer, antioxidant’' and anti-snake
venom activities."” Isolated flavonoids however exhibited che-
mopreventive and chemotherapeutic actjvities,72 while the ste-
roids were noted to have anti-inflammatory activities.”
Consistent with other reports in the literature, the phenolic
compounds demonstrated anticancer, antibacterial, antihyper-
tensive and antidiabetic activities.”* The medicinal importance
of these isolated secondary metabolites suggest that there is
enormous potential to discover new therapeutics against
cancer, inflaimmation, oxidative stress, nociception, snake
venoms as well as hypertension from this genus.

While 67 bioactive compounds have been identified, this
represents only a fraction of the potential metabolites present
in Parinari species. Plants often produce a wide array of second-
ary metabolites, some of which may have unique and synergistic
therapeutic effects. Advanced analytical techniques such as
metabolomics, Liquid chromatography-mass
(LC-MS), or Nuclear magnetic resonance (NMR) spectroscopy
could help identify these uncharacterized molecules. This is

spectrometry

crucial for discovering novel compounds that could serve as
drug leads.” Establishing the mechanism of action is another
relevant research gap to consider. Although the biological activ-
ities of Parinari have been documented (eg antimalarial,

antimicrobial, anticancer), the molecular or cellular pathways
these compounds target are often unknown. Understanding
how these compounds work at the molecular level (eg, their
effect on enzymes, receptors, or signaling pathways) can help
optimize their use in medicine and even guide synthetic modi-
fications to enhance efficacy and/or reduce side effects.”® Most
studies on Parinari have been conducted using iz vitro (cell-
based) ot n-vivo (animal-based) models. These provide valuable
insights but don’t guarantee the same effects in humans due to
differences in physiology, hence clinical relevance remains one
critical research gap. To bring Parinari closer to therapeutic
use, it is essential to conduct clinical trials that evaluate safety,
efficacy, the pharmacokinetics and pharmacodynamics of the
various extracts.

Standardization and quality control is another research gap
in the literature. Variations in how Parinari plants are harvested
and prepared (eg, seasonal and geographical variations, different
solvents, plant parts, or methods) can lead to inconsistent
results in research and hinder pharmaceutical development.
Establishing standardized extraction protocols and ensuring
consistent quality in derived products are critical for reproduc-
ibility and reliable therapeutic use. Without standardization, it is
challenging to develop Parinari-based treatments that meet reg-
ulatory approval.73 Finally, the widespread use of Parinari, espe-
cially the stem bark, can lead to overharvesting and threaten the
plants! survival. Bark harvesting often kills the tree, making
conservation even more critical. Sustainable harvesting prac-
tices and conservation strategies, such as cultivating Parinari
or using alternative plant parts (eg, leaves or roots) are essential
for ensuring the plant remains available for both traditional and

modern medicinal use.
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J (O half-maximal Inhibitory Concentration

MIC Minimum Inhibitory Concentration

GBIF  Global Biodiversity Information Facility

IUCN International Union for Conservation of Nature
Acknowledgment

The team is grateful to the Centre for Plant Medicine Research and the
University of Ghana, Legon for the use of their facilities.

Author’s Contribution

All authors contributed to the realization and completion of this work.
They also read and approved this manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Brew-Daniels et al

19

Funding

The authors disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: This work was

supported with funding from the Building the New Generation of

Academics in Africa (Banga-Africa) Project, funded by the Carnegie

Cooperation of New York.

ORCID iD

Jerry Harrison

https://orcid.org/0000-0002-3153-3024

References

1.

6.

10.

11.

12.

World Flora Online Plant List. 2024. https://wfoplantlist.otg/
taxon/wfo-0000816496-2024-06?matched_id=wfo-
0000817911&page=1

. Christenhusz MJM, Byng JW. The number of known plants

species in the world and its annual increase. Phytotaxa.
2016;261(3):201-217.

. Yakandawala D, Morton CM, Prance GT. Phylogenetic relation-

ships of the Chrysobalanaceae inferred from chloroplast,
nuclear, and morphological data. Awz Mo Bot Gard.
2010;97(2):259-281. https://doi.org/10.3417/2007175.

. Jud NA, Nelson CW, Hetrera F. Fruits and wood of Parinari from

the early Miocene of Panama and the fossil record of
Chrysobalanaceae. Am | Bot. 2016;103(2):277-289. https://doi.
org/10.3732/ajb.1500425.

. Prance GT, Sothers CA. Chrysobalanaceae 1 & 2, species plantarum:

Sflora of the world, parts 9 &10. Australian Biological Resources
Study; 2003.

Sofowora A, Ogunbodede E, Onayade A. The role and place of
medicinal plants in the strategies for disease prevention. Afr |
Tradit Complement Altern Med. 2013;10(5):210-229.

. Attene-Ramos MS, Austin CP, Xia M. High throughput screening,

In: Philip W ed., Encyclopedia of toxicology, 3rd ed, vol 1. Academic
Press;  2014:916-917.  https://doi.otg/10.1016/B978-0-12-
386454-3.00209-8.

. George P. Concerns regarding the safety and toxicity of medicinal

plants- an overview. | App/ Pharm Sci. 2011;(2011):40-44.

. Magassouba FB, Diallo A, Kouyaté M, et al. Ethnobotanical

survey and antibacterial activity of some plants used in Guinean
traditional medicine. |  Ethnopharmacol.  2007;114(1):44-53.
https://doi.org/10.1016/j.jep.2007.07.009.

Diehl MS, Atindehou KK, Téré H, Betschart B. Prospect for
anthelminthic plants in the Ivory Coast using ethnobotanical crite-
tia. | Ethnopharmacol. 2004;95(2-3):277-284. https://doi.org/10.
1016/5.jep.2004.07.012.

Kamuhabwa A, Nshimo C, De Witte P. Cytotoxicity of some
medicinal plant extracts used in Tanzanian traditional medicine. |
Ethnopharmacol.  2000;70(2):143-149.  www.elsevier.com/locate/
jethpharm.

Chukwudi U, Ayodeji F, Amos ], Olowunmi O. Antibacterial
activity and phytochemical evaluation of the leaf root and stem
bark extracts of Parinari curatellifolia. Int ] Adv  Chem.
2014;2(2):178-181.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Garo E, Maillard M, Hostettmann K. Absolute configuration of a
diterpene lactone from Parinari capensis. Hely  Chim  Acta.
1997;80(2):538-544.

Attioua B, Yeo D, Lagnika L, et al. In vitro antileishmanial, anti-
plasmodial and cytotoxic activities of a new ventiloquinone and
five known triterpenes from Parinari excelsa. Pharm  Biol.
2012;50(7):801-806.  https://doi.org/10.3109/13880209.2011.
633270.

Uys AC, Malan SF, van Dyk S, van Zyl RL. Antimalarial com-
pounds from  Parinari Bioorg  Med ~ Chem  Lett.
2002;12(16):2167-2169.

Lee I-S, Shamon LA, Chai H-B, et al. Cell-cycle specific cytotox-

capensis.

icity mediated by rearranged ent-kaurene diterpenoids isolated
trom Parinari curatellifolia. Chem-Biol Interact. 1996;99(1-3):193-204.
Halilu EM, October N, Ugwah-Oguejiofor CJ, Jega AY, Nefai MS.
Anti-snake venom and analgesic activities of extracts and betulinic
and oleanolic acids isolated from Parinari curatellifolia. | Med Plants
Econ Dev. 2020;4(1). https://doi.org/10.4102/jomped.v4il.77.
Omale S, Amagon K, Auta A, Amagon KI, Ighagbon MV.
Anti-Snake venom activity of flavonoids from the root bark
extract of Parinari curatellifolia in mice anti-snake venom activity
of flavonoids from the root batk extract of Parinari curatellifolia in
mice. Int | Pharm Res. 2012;4(2):55-58.

Epa C, Moulari B, Tsati G, Ongoka PR, Abena AA. The ethanolic
extract of Maranthes glabra (Olivi) prance (chrysobalaceae) bark
the through the
pro-inflaimmatory cytokines level. IOSR | Pharm Biol Sci
(IOSR-JPBS) ¢-ISSN. 2020;15(6):8-13. https://doi.org/10.9790/
3008-1506030813.

Arnold HJ, Gulumian M. Pharmacopoeia of traditional medicine
in Venda. | Ethnopharmacol. 1984;12(1):35-74.

Ndiaye M, Diatta W, Sy AN, Dieye AM, Faye B, Bassene E.
Antidiabetic properties of aqueous barks extract of Parinari excelsa
in alloxan-induced diabetic rats. Fitoterapia. 2008;79(4):267-270.
https://doi.org/10.1016/j.fitote.2008.01.004.

Hussein R, El-Anssary A. Plants secondary metabolites: The key

reduces inflammation modulation of

drivers of the pharmacological actions of medicinal plants. In:
Philip FB ed., Herbal Medicine. IntechOpen. 2019. https://doi.
org/10.5772/intechopen.76139

Figueiredo AC, Barroso ]G, Pedro LG, Scheffer JJC. Factors
affecting secondary metabolite production in plants: volatile com-
ponents and essential oils. Flavour Fragrance J. 2008;23(4):213-226.
https://doi.org/10.1002/££.1875.

Mahapatra AD, Bhowmik P, Banerjee A, Das A, Ojha D,
Chattopadhyay D. Ethnomedicinal wisdom: an approach for anti-
viral drug development. In: Mohd SAK, Igbal A, Debprasad C
eds., New Look to phytomedicine: advancements in herbal products as
novel drug leads. Academic Press; 2018:35-61. https://doi.otg/10.
1016/B978-0-12-814619-4.00003-3.

Raskin I, Ribnicky DM, Komarnytsky S, et al. Plants and human
health in the twenty-first century. Trends Biotechnol. 2002;20(12):522-
531. https://doi.otg/10.1016/S0167-7799(02)02080-2.
Werawattanachai N, Kaewamatawong R. Chemical constituents
trom Parinari anamense. Biochemr Syst Ecol. 2010;38(4):836-838.
https://doi.org/10.1016/j.bse.2010.06.007.


https://orcid.org/0000-0002-3153-3024
https://orcid.org/0000-0002-3153-3024
https://wfoplantlist.org/taxon/wfo-0000816496-2024-06?matched_id=wfo-0000817911%26page=1
https://wfoplantlist.org/taxon/wfo-0000816496-2024-06?matched_id=wfo-0000817911%26page=1
https://wfoplantlist.org/taxon/wfo-0000816496-2024-06?matched_id=wfo-0000817911%26page=1
https://wfoplantlist.org/taxon/wfo-0000816496-2024-06?matched_id=wfo-0000817911%26page=1
https://doi.org/10.3417/2007175
https://doi.org/10.3417/2007175
https://doi.org/10.3732/ajb.1500425
https://doi.org/10.3732/ajb.1500425
https://doi.org/10.3732/ajb.1500425
https://doi.org/10.1016/B978-0-12-386454-3.00209-8
https://doi.org/10.1016/B978-0-12-386454-3.00209-8
https://doi.org/10.1016/B978-0-12-386454-3.00209-8
https://doi.org/10.1016/j.jep.2007.07.009
https://doi.org/10.1016/j.jep.2007.07.009
https://doi.org/10.1016/j.jep.2004.07.012
https://doi.org/10.1016/j.jep.2004.07.012
https://doi.org/10.1016/j.jep.2004.07.012
http://www.elsevier.com/locate/jethpharm.
http://www.elsevier.com/locate/jethpharm.
https://doi.org/10.3109/13880209.2011.633270
https://doi.org/10.3109/13880209.2011.633270
https://doi.org/10.3109/13880209.2011.633270
https://doi.org/10.4102/jomped.v4i1.77
https://doi.org/10.4102/jomped.v4i1.77
https://doi.org/10.9790/3008-1506030813
https://doi.org/10.9790/3008-1506030813
https://doi.org/10.9790/3008-1506030813
https://doi.org/10.1016/j.fitote.2008.01.004
https://doi.org/10.1016/j.fitote.2008.01.004
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.1002/ffj.1875
https://doi.org/10.1002/ffj.1875
https://doi.org/10.1016/B978-0-12-814619-4.00003-3
https://doi.org/10.1016/B978-0-12-814619-4.00003-3
https://doi.org/10.1016/B978-0-12-814619-4.00003-3
https://doi.org/10.1016/S0167-7799(02)02080-2
https://doi.org/10.1016/S0167-7799(02)02080-2
https://doi.org/10.1016/j.bse.2010.06.007
https://doi.org/10.1016/j.bse.2010.06.007

20

Natural Product Communications

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

International Union for Conservation of Nature. Parinari. 2024.
https://www.iucnredlist.org/scarch/list?query=parinari&search
Type=species

Qasem JR , Aau-Blan HA. Fungicidal Activity of Some Common
Weed Extracts Against Different Plant Pathogenic Fungi. [
Phytopathology. 1996;144(3):157-161.

Peni I, Elinge CM, Yusuf H, et al. Phytochemical screening and
antibacterial activity of Parinari curatellifolia stem extract. | Med
Plants Res. 2010;4(20):2099-2102. http://www.academicjournals.
org/JMPR

Burkill 1. H. Families AD. Useful Plants West Tropical Afr.
1985;1 Royal Botanic Gardens, Kew. University Press of Virginia.
Prayong P, Barusrux S, Weerapreeyakul N. Cytotoxic activity
indigenous  Thai plants.  Fitoterapia.
https://doi.org/10.1016/].fitote.2008.06.

screening of some
2008;79(7-8):598-601.
007.

York T, De Wet H, Van Vuuren SF. Plants used for treating respi-
ratory infections in rural Maputaland, KwaZulu-Natal, South
Aftica. | Ethnopharmacol. 2011;135(3):696-710. https://doi.org/
10.1016/j.jep.2011.03.072.

Linus LO, Wang SL, Shi N, et al. The new plant Parinari kerstingii
Engl.: toxicity studies and anti-inflammatory properties. |
Ethnopharmacol.  2018;220:26-34. https://doi.org/10.1016/j.jep.
2018.03.016.

DeFilipps RA, Maina SL, Crepin J. Medicinal Plants of the
Guianas (Guyana, Surinam, French Guiana). Med Plants Guianas
(Guyana, Surinam, French Guiana). 2004;54.

Meneguelli AZ, Camargo EES, Buccini DF, Roriz BC, Cerqueira
GR, Moteno SE. Ethnopharmacological and botanical evaluation
of medicinal plants used by Brazilian Amazon Indian community.
Interagies (Campo Grande). 2020;21(3):633-645.

Koné WM, Kamanzi Atindehou K, Terreaux C, Hostettmann K,
Traoré D, Dosso M. Traditional medicine in North Cote-d’ Ivoire:
screening of 50 medicinal plants for antibacterial activity. |
Ethnopharmacol. 2004;93(1):43-49. https://doi.org/10.1016/j.jep.
2004.03.006.

Laryea MK, Borquaye LS. Antimalarial efficacy and toxicological
assessment of extracts of some Ghanaian medicinal plants. |
Parasitol Res. 2019;2019. https://doi.org/10.1155/2019/1630405

Kola P, Metowogo K, Kantati YT, et al. Ethnopharmacological
survey on medicinal plants used by traditional healers in central
and Kara regions of Togo for antitumor and chronic wound
healing effects. Evidence-Based Complementary Altern Med. 2020.
https://doi.org/10.1155/2020/6940132

Aniama SO, Usman SS, Ayodele SM. Ethnobotanical documenta-
tion of some plants among Igala people of Kogi State. In? | Eng Sci.
2016;5(4):33-42.

Innocent E, Moshi M, Masimba P, Mbwambo Z, Kapingu M,
Kamuhabwa A. Screening of traditionally used plants for in vivo
antimalarial activity in mice. Afr | Tradit Complement Altern Med.
2009;6(2).

Omoniwa BP, Okaiyeto K, Omoniwa DO, Olorunyomi OA. In
vitro antiplasmodial evaluation of ethanolic and n-hexane extracts
of  Parinari  curatellifolia  stem bark. | Pharme>  Bioresour.
2021;18(2):103-112. https://doi.org/10.4314/jpb.v18i2.3.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Srisongkram T, Waithong S, Thitimetharoch T, Weerapreeyakul
N. Machine learning and in vitro chemical screening of poten-
tial a-amylase and a-glucosidase inhibitors from thai indige-
nous plants. Nutrients. 2022;14(2). https://doi.org/10.3390/
nul4020267.

Vongtau HO, Abbah J, Ngazal IE, et al. Anti-nociceptive and anti-
inflammatory activities of the methanolic extract of Parinari polyan-
dra stem bark in rats and mice. | Ethnopharmacol. 2004;90(1):115-
121. https://doi.org/10.1016/j.jep.2003.09.038.

Otun BKO, Olatunji GA, Ajboye AT, Badeggi UM. Isolation and
characterization of the chemical constituents of the stem bark of
Parinari polyandra. Int Res | Pure Appl Chem. 2014;4(6):710-717.
Halilu E, Yebpella GG, Hassan LG, Achor M. Preliminary
Phytochemical screening, anti-bacterial activity and elemental analysis of the
leaves and root bark of Parinari curratellifolia Planch EX  Benth
(Chrysovalanaceae) Physicochemical analysis of Ipomoea carnea. 2010.
http://www.wiloludjournal.com

Ogbonnia S. Extracts of mobola plum (Parinari curatellifolia planch
ex benth, Chrysobalanaceae) seeds and multiple therapeutic activ-
ities. In Nuts and seeds in health and disease prevention. Academic Press;
2011: 767-774. https://doi.org/10.1016/B978-0-12-375688-6.
10091-X.

Olaleye MT, Amobonye AE, Komolafe K, Akinmoladun AC.
Protective effects of Parinari curatellifolia  flavonoids against
Acetaminophen-induced hepatic necrosis in rats. Saudi | Biol Sci.
2014;21(5):486-492. https://doi.org/10.1016/j.sjbs.2014.06.005.
Tor-Anyiin TA, Anyam J, Anger G, Anyam JN. Preliminary phy-
tochemical screening and antimicrobial activity of dried seed
extracts of Maranthes polyandra. | Chem Soc Nigeria. 2015;40(1).
Enabulele SA, Ehiagbonare JE. Antimicrobial, nutritional and
phytochemical properties of Parinari excelsa seeds. Int | Pharm Bio
Sei. 2011;2(3):459-469.

Braca A, Abdel-Razik AF, Mendez ], Morelli I. A new kaurane diter-
pene dimer from Parinari campestris. Fitoterapia. 2005;76(7-8):614-619.
https://doi.org/10.1016/j.fitote.2005.05.005.

Gororo M, Chimponda T, Chirisa E, Mukanganyama S. Multiple
cellular effects of leaf extracts from Parinari curatellifolia. BMC
Complement  Altern Med. 2016;16(1). https://doi.org/10.1186/
$12906-016-1287-6.

Halilu ME, October N, Balogun M, Musa KY, Abubakar MS.
Isolation and characterization of triterpenes from petroleum
ether and ethyl acetate extracts of stem bark of Parinari curatellifolia
planch Ex. Benth (Chrysobalanaceae). Chemz Mater Res.
2013;3(9):100-107.

Mbunde MVN, Innocent E, Mabiki F, Andersson PG. In vitro
study for antifungal compounds from Parinari curatellifolia
(Chrysobalanaceae) and Terminalia sericea (Combretaceae). Int |
Biol Chem Sci. 2021;15(1):367-378. https://doi.org/10.4314/ijbcs.
v15i1.31.

Braca A, Armenise A, Morelli I, et al. Structure of kaurane-type
diterpenes from Parinari sprucei and their potential anticancer activ-
ity. Planta Med. 2004;70(6):540-550. https://doi.org/10.1055/s-
2004-827155.


https://www.iucnredlist.org/search/list?query=parinari%26searchType=species
https://www.iucnredlist.org/search/list?query=parinari%26searchType=species
https://www.iucnredlist.org/search/list?query=parinari%26searchType=species
http://www.academicjournals.org/JMPR
http://www.academicjournals.org/JMPR
http://www.academicjournals.org/JMPR
https://doi.org/10.1016/j.fitote.2008.06.007
https://doi.org/10.1016/j.fitote.2008.06.007
https://doi.org/10.1016/j.fitote.2008.06.007
https://doi.org/10.1016/j.jep.2011.03.072
https://doi.org/10.1016/j.jep.2011.03.072
https://doi.org/10.1016/j.jep.2011.03.072
https://doi.org/10.1016/j.jep.2018.03.016
https://doi.org/10.1016/j.jep.2018.03.016
https://doi.org/10.1016/j.jep.2018.03.016
https://doi.org/10.1016/j.jep.2004.03.006
https://doi.org/10.1016/j.jep.2004.03.006
https://doi.org/10.1016/j.jep.2004.03.006
https://doi.org/10.1155/2019/1630405
https://doi.org/10.1155/2019/1630405
https://doi.org/10.1155/2020/6940132
https://doi.org/10.1155/2020/6940132
https://doi.org/10.4314/jpb.v18i2.3
https://doi.org/10.4314/jpb.v18i2.3
https://doi.org/10.3390/nu14020267
https://doi.org/10.3390/nu14020267
https://doi.org/10.3390/nu14020267
https://doi.org/10.1016/j.jep.2003.09.038
https://doi.org/10.1016/j.jep.2003.09.038
http://www.wiloludjournal.com
http://www.wiloludjournal.com
https://doi.org/10.1016/B978-0-12-375688-6.10091-X
https://doi.org/10.1016/B978-0-12-375688-6.10091-X
https://doi.org/10.1016/B978-0-12-375688-6.10091-X
https://doi.org/10.1016/j.sjbs.2014.06.005
https://doi.org/10.1016/j.sjbs.2014.06.005
https://doi.org/10.1016/j.fitote.2005.05.005
https://doi.org/10.1016/j.fitote.2005.05.005
https://doi.org/10.1186/s12906-016-1287-6
https://doi.org/10.1186/s12906-016-1287-6
https://doi.org/10.1186/s12906-016-1287-6
https://doi.org/10.4314/ijbcs.v15i1.31
https://doi.org/10.4314/ijbcs.v15i1.31
https://doi.org/10.4314/ijbcs.v15i1.31
https://doi.org/10.1055/s-2004-827155
https://doi.org/10.1055/s-2004-827155
https://doi.org/10.1055/s-2004-827155

Brew-Daniels et al

21

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Ali N, Khan FA, Salawu KM, et al. Phytochemical Characterizations
of Maranthes polyandra (Benth.) Prance. Molecules. 2022;27(4). https://
doi.org/10.3390/molecules27041316.

Adjapmoh MFE, Toze FAA, Songue JL, et al. A new ceramide and
biflavonoid  from  the leaves of  Parinari  hypochrysea
(Chrysobalanaceae). NPC Nat Prod Commun. 2016;11(5):615-620.
Mattia CA, Braca A, De Tommasi N, Pulii R. A new
norkaurane-y-lactone from Parinari sprucei. Acta Crystallogr Sect C:
Crystal  Struct Commmn. 2003;59(11). https://doi.org/10.1107/
S0108270103019814.

Garcia PA, Braga De Oliveira A, Batista R. Occurrence, Biological
Activities and Synthesis of Kaurane Diterpenes and their
Glycosides. Molecules. 2007;12(3):455-483. http://www.mdpi.org.
Zhao X, Cacherat B, Hu Q, Ma D. Recent advances in the synthe-
sis of ent -kaurane diterpenoids. Naz Prod Rep Royal Soc Chem.
2022;39(1):119-138. https://doi.org/10.1039/d1np00028d.
Jamaluddin F, Mohamed S, Nordin Lajisb M. Hypoglycaemic
effect of Stigmast-4-en-3-one, from Parkia speciosa empty pods.
Food Chem. 1995;54(1):9-13.

Paniagua-Pérez R, Flores-Mondragén G, Reyes-Legorreta C, et al.
Evaluation of the anti-inflammatory capacity of Beta-sitosterol in
rodent assays. Afrr | Tradit Complement Altern Med: AJTCAM.
2017;14(1):123-130. https://doi.otg/10.21010/ajtcam.v14i1.13.
Falcone F, Maria L, Rius SP, Casati P. Flavonoids: biosynthesis,
biological functions, and biotechnological applications. Front
Plant Sci. 2012;222. https://doi.org/10.3389/fpls.2012.00222.
Burak M, Imen Y. Flavonoids and their antioxidant properties.
Turkiye Klin Tip Bil Derg. 1999;19(1):296-304.

Haminiuk CWI, Maciel GM, Plata-Oviedo MSV, Peralta RM.
Phenolic compounds in fruits — an overview. Int | Food Sci
Technol. 2012;47(10):2023-2044. https://doi.org/10.1111/§.1365-
2621.2012.03067 x.

Bhunu B, Mautsa R, Mukanganyama S. Inhibition of biofilm for-
mation in  Mycobacterium smegmatis by Parinari curatellifolia leaf
extracts. BMC Complement Altern Med. 2017;17(1):285. doi: 10.
1186/512906-017-1801-5).

Mawire P, Mozirandi W, Heydenreich M, Chi GF, Mukanganyama
S. Isolation and antimicrobial activities of phytochemicals from
Parinari curatellifolia (Chrysobalanaceae). Ady Pharmacol Pharm Sc.
2021;2021:8842629.

Poovitha S, Parani M. In-vitro and in-vivo o-amylase and
a-glucosidase inhibiting activities of the protein extracts from

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

two vatieties of bitter gourd (Momordica charantia 1. BMC
Complement ~ Altern  Med.  2016;16.  https://doi.org/10.1186/
$12906-016-1085-1.

Ighodaro OM, Omole JO, Adejuwon AO, Odunaiya AA. Effects
of Parinari polyandra seed extract on blood glucose level and bio-
chemical indices in wistar rats. Inf | Diabetes Res. 2012;1(4):68-72.

Gweshelo D, Muswe R, Mukanganyama S. In vivo and in vitro
inhibition of rat liver glutathione transferases activity by extracts
trom Combretum zeyberi (Combretaceae) and Parinari curatellifolia
(Chrysobalanaceae). BMC Complement Altern Med. 2016;16:238.
doi: 10.1186/512906-016-1235-5.

Yang W, Chen X, Li Y, Guo S, Wang Z, Yu X. Advances in phat-
macological activities of terpenoids. Nat Prod  Commun.
2020;15(3):1934578X20903555.

Laszczyk MN. Pentacyclic triterpenes of the lupane, oleanane and
ursane group as tools in cancer therapy. Planta Med.
2009;75(15):1549-1560. https://doi.org/10.1055/5-0029-1186102.

Shrestha R, Mohankumar K, Martin G, et al. Flavonoids kaemp-
ferol and quercetin are nuclear receptor 4A1 (NR4A1, Nur77)
ligands and inhibit rhabdomyosarcoma cell and tumor growth. |
Exp Clin Cancer Res2021;40(1). https://doi.org/10.1186/s13046-
021-02199-9

Patel SS, Savijani JK. Systematic review of plant steroids as poten-
tial anti-inflammatory agents: Current status and future perspec-
Phytopharmacol. — 2015;4(2),  121-125.
phytopharmajournal.com

tives. | WWW.
Shahidi F, Yeo JD. Bioactivities of phenolics by focusing on sup-
pression of chronic diseases: A review. Int | Mol Sci. 2018;19(6).
https://doi.org/10.3390/ijms19061573.

Warra AA, Umar RA, Sani I, Gafar MK, Nasiru A, Ado A.
Preliminary phytochemical screening and physicochemical analysis
of gingerbread plum (Parinari macrophylla) seed oil. | Pharmacogn
Phytochem. 2013;1(2):20-25.

Josiah SS, Oyeleye SI, Crown OO, Olaleye MT. Ameliorative
eftect of Parinari curatellifolia seed extracts on sodium nitroprus-
side—induced cardiovascular toxicity in rats. Comp Clin Path.
2020;29(1):239-246.

Vermeulen WJ, Geldenhuys CJ, Esler KJ, Syampungani S,
Meke G. Conceptual decision-making framework for the sus-
tainable harvesting of forest and woodland species for medic-
inal tree bark in Southern Africa. South For: A | For Sci. 2020;
82(1):32-46.


https://doi.org/10.3390/molecules27041316
https://doi.org/10.3390/molecules27041316
https://doi.org/10.3390/molecules27041316
https://doi.org/10.1107/S0108270103019814
https://doi.org/10.1107/S0108270103019814
https://doi.org/10.1107/S0108270103019814
http://www.mdpi.org
http://www.mdpi.org
https://doi.org/10.1039/d1np00028d
https://doi.org/10.1039/d1np00028d
https://doi.org/10.21010/ajtcam.v14i1.13
https://doi.org/10.21010/ajtcam.v14i1.13
https://doi.org/10.3389/fpls.2012.00222
https://doi.org/10.3389/fpls.2012.00222
https://doi.org/10.1111/j.1365-2621.2012.03067.x
https://doi.org/10.1111/j.1365-2621.2012.03067.x
https://doi.org/10.1111/j.1365-2621.2012.03067.x
http://dx.doi.org/10.1186/s12906-017-1801-5)
http://dx.doi.org/10.1186/s12906-017-1801-5)
http://dx.doi.org/10.1186/s12906-017-1801-5)
http://dx.doi.org/10.1186/s12906-017-1801-5)
http://dx.doi.org/10.1186/s12906-017-1801-5)
https://doi.org/10.1186/s12906-016-1085-1
https://doi.org/10.1186/s12906-016-1085-1
https://doi.org/10.1186/s12906-016-1085-1
http://dx.doi.org/10.1186/s12906-016-1235-5
http://dx.doi.org/10.1186/s12906-016-1235-5
http://dx.doi.org/10.1186/s12906-016-1235-5
http://dx.doi.org/10.1186/s12906-016-1235-5
https://doi.org/10.1055/s-0029-1186102
https://doi.org/10.1055/s-0029-1186102
https://doi.org/10.1186/s13046-021-02199-9
https://doi.org/10.1186/s13046-021-02199-9
https://doi.org/10.1186/s13046-021-02199-9
http://www.phytopharmajournal.com
http://www.phytopharmajournal.com
https://doi.org/10.3390/ijms19061573
https://doi.org/10.3390/ijms19061573

	 Introduction
	 Methodology
	 Results
	 Ethnomedicine
	 Phytochemistry of Parinari
	 Kaurane-Type Diterpenoids
	 Triterpenoids
	 Steroids
	 Flavonoids
	 Phenolic Compounds
	 Other Compounds Reported
	 Biological Activities
	 Cytotoxic Activities
	 Antimicrobial Activities
	 Antidiabetic Activity
	 Anti-Inflammatory Activity
	 Antimalarial Activities
	 Anti-Tyrosinase Activities


	 Discussion and Conclusion
	 Acknowledgment
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


