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Abstract — The chemical investigation of the methanolic crude extract of leaves of Diospyros iturensis gave us
15 known secondary metabolites identified as mixture of a-amyrenone (1) and B-amyrenone (2), B-amyrin (3),
mixture of B-sitosterol (4) and stigmasterol (5), betulin (6), uvaol (7), betulinic acid (8), ursolic acid (9), corosolic
acid (10), actinidic acid (11),11-O-p-hydroxybenzoylbergenin (12), bergenin (13) and mixture of stigmasterol
glucoside (14) and [-sitosterol glucoside (15) respectively. The structures of secondary metabolites were
elucidated with the help of NMR and mass spectral data and by comparison of their spectral data with literature.
Among the fifteen isolated compounds, four compounds were identified for the first time in Diospyros genus.
These included uvaol (7), corosolic acid (10), actinidic acid (11) and 11-O-p-hydroxybenzoylbergenin (12).
Crude methanolic extract of leaves and four isolated compounds including betulin (6), betulinic acid (8), 11-O-p-
hydroxybenzoylbergenin (12) and bergenin (13) were evaluated for their antiproliferative activity against two
cancer cell lines CAL-27 and NCI-H460 by the MTT assay, antioxidant potential and inhibitory activity against
the lipoxygenase and urease enzymes, respectively. The results indicated that the methanolic crude extract of
leaves exhibited moderate antioxidant activity and was inactive against the two cancer cell lines. Betulin (6), 11-
O-p-hydroxybenzoylbergenin (12) and bergenin (13) exhibited moderate antioxidant and lipoxygenase inhibition
with ICsy = 65.8, 85.6, 82.5 uM and ICsy = 58.5, 95.2, 76.2 uM, respectively. Furthermore, 11-O-p-hydroxyben-
zoylbergenin (12) and bergenin (13) exhibited moderate urease inhibition activity with ICs, values of 45.6 uM

and 49.8 uM, respectively.

Keywords — Diospyros iturensis, secondary metabolites, leaves, biological activities

Introduction

Diospyros is a genus of about 450-500 species of
deciduous and evergreen trees. Most are native to the
tropics with only a few species extending into temperate
regions.! They are commonly known as ebony or
persimmon trees. It is the most important genus of the
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Ebenaceae family due to its high distribution and study
for biological and phytochemical properties. In addition to
Diospyros, the three other genera include Fuclea,
Lassiocarpa and Royena.' Diospyros species have turned
out to be rich at pentacyclic triterpenes (ursane, lupane,
oleanane), coumarins, steroids, diterpenes (ent-kaurane),
naphtoquinones etc which possess various biological acti-
vities such as antiprotozoal, cytotoxicity, antimolluscocidal,
antioxidant, anti-inflammatory, antibacterial activities.>*
Diospyros iturensis is a tree for a few meters high or
small tree not exceeding 20 meters in height but up to 30-
50 centimeters of diameter.* It is native to tropical central
Africa and is mainly found in equatorial forest regions
from Cameroon, Gabon, Congo Brazzaville and Kinshasa,
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Angola and Equatorial Guinea and is used in traditional
medicine for the treatment of bronchitis.> In Cameroon,
D. iturensis is present in the Littoral region (Edea), South
region (Akonetye, Ambam, kribi), Centre region (Eseka)
South-West region (Mamfe) and East region (Lomie).*
The purification of the leaves of D. iturensis furnished
mixture of a-amyrenone (1) and B-amyrenone (2), p-
amyrin (3), mixture of B-sitosterol (4) and stigmasterol
(5), betulin (6), uvaol (7), betulinic acid (8), ursolic acid
(9), corosolic acid (10), actinidic acid (11), 11-O-p-
hydroxybenzoylbergenin (12), bergenin (13) and mixture
of stigmasterol glucoside (14) and B-sitosterol glucoside
(15). We report herein the structure elucidation of the
above compounds as well as their biological activities.

Experimental section

General experimental procedures — Melting points
were determined on a Biichi M-560 melting point apparatus,
UV spectra were recorded on a Hitachi UV 3200
spectrophotometer in MeOH. The IR spectra were done
with a Shimatzu FT/IR-8900 spectrophotometer, the
NMR spectra ('H, °C and 2D) were measured on a
Bruker DRX NMR spectrometer operating at 400 MHz.
The chemical shifts are given in 6 values in ppm with
TMS as internal standard and coupling constants (J) in
Hz. The EIMS and HREIMS were recorded using a
JOEL MS 600-1 mass spectrometer. Silica gel (70 - 230
mesh, Merck) was used for column chromatography and
thin layer chromatography was carried out on Merck pre-
coated silica gel 60 Fpsy aluminum foils. Spots were
visualized under UV light (254 and 365nm) or by
spraying with ceric sulfate followed by heating.

Plant material — The leaves of D. iturensis were
collected at Lolabe 1 situated at 2°40°00” of latitude
North and 9°51°00” longitude East at proximity of Kribi
in the Southern region of Cameroon, in November 2015.
The plant material was identified by M. Nana Victor at
the National Herbarium of Yaounde where a plant
specimen has been deposited under the voucher number
(20226 SRF/CAM).

Extraction and isolation — The air-dried and powered
leaves of D. iturensis were extracted at room temperature
with methanol for 72 h. The extract was concentrated
under reduced pressure to afford 190.1 g crude extract.
The methanolic extract of leaves was subjected to column
chromatography, successively eluting with #n-hexane,
mixtures of n-hexane-EtOAc and EtOAc-MeOH in
increasing order of polarity. Elution with n-hexane-EtOAc
(39:1) provided mixture a-amyrenone and p-amyrenone®
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(1 and 2; 10.1 mg; white powder) and B-amyrin’ (3; 9.0
mg; white powder). Elution with n-hexane-EtOAc (19:1)
afforded mixture of stigmasterol and B-sitosterol*’ (4 and
5; 18.1 mg; white needle. However, betulin®!® (6; 14.4
mg; white powder) and uvaol'“'? (7; 12.6 mg; white
powder) were obtained with elution at n-hexane-EtOAc
(37:3). Elution with n-hexane-EtOAc (9:1) and n-hexane-
EtOAc (7:1) afforded betulinic acid'® (8; 20.5 mg; white
powder) and ursolic acid'* (9; 12.1 mg; white powder)
respectively. Elution with n-hexane-EtOAc (3:1) yielded
corosolic acid' (10; 10.2 mg; white powder) and actinidic
acid" (11; 13.4 mg; white powder). Elution with n-hexane-
EtOAc (1:1) afforded 11-O-p-hydroxybenzoyl bergenin'®
(12; 9.2 mg; white powder), bergenin'”'® (13; 17.5 mg;
white powder) and mixture of stigmasterol and B-sitosterol
glucoside? (14 and 15; 52.7 mg; white powder).

Uvaol (7): White powder; (+)-EIMS m/z: 442.4 [M]"
(C30Hs00,); mp: 226 -227 °C. 'H NMR (500 MHz, CDCls):
85.13 (1H, ¢, J=3.8 Hz, H-12), 3.52 (1H, d, J=11.1 Hz,
H-28p), 3.22 (1H, dd, J=11.2, 5.0 Hz, H-3), 3.19 (1H, d,
J=11.0 Hz, H-28a), 1.08 (3H, s, H-27), 0.98 (3H, s, H-
23), 0.97 (3H, s, H-25), 0.93 (3H, d, J=5.8 Hz, H-30),
0.91 (3H, d, J=5.8 Hz, H-29), 0.79 (3H, d, /=112 Hz,
H-5), 0.77 (3H, s, H-24). °C NMR (125 MHz; CDCL;): §
38.8 (C-1), 27.3 (C-2), 79.0 (C-3), 38.0 (C-4), 55.2 (C-5),
18.3 (C-6), 32.8 (C-7), 40.0 (C-8), 47.7 (C-9), 36.9 (C-
10), 23.4 (C-11), 125.0 (C-12), 138.7(C-13), 42.1 (C-14),
26.0 (C-15), 23.4 (C-16), 38.0 (C-17), 54.0 (C-18), 39.4
(C-19), 39.4 (C-20), 30.6 (C-21), 35.2 (C-22), 28.1 (C-
23), 16.8 (C-24), 15.7 (C-25), 17.3 (C-26), 23.3 (C-27),
69.9 (C-28), 17.3 (C-29), 21.3 (C-30).

Corosolic acid (10): White powder; (+)-EIMS m/z:
495.4 [M+Na]" (C3Hys0,); mp: 213-215°C. '"H NMR
(400 MHz; CD;0D+CDCl;): 6 5.23 (1H, ¢, J=3.8 Hz, H-
12), 3.77 (1H, d, J=10.4, H-28), 3.30 (1H, d, J=10.8,
H-2), 3.19 (1H, dd, J=11.2, 4.8, H-3), 2.62 (1H, ddd,
11.2, 11.2, 6.0, H-19), 2.12 (3H, s, H-29), 2.05 (1H, d,
J=8.5, H-21), 2.02 (1H, d, J=11.2, H-18), 1.91 (1H, d,
J=1.6, H-22), 1.63 (1H, d, J=11.2, H-1), 1.59 (1H, d,
J=5.0,H-2), 1.54 (1H, ddd, J=12.4, H-13), 1.40 (1H, d,
J=9.8, H-7), 1.40 (1H, d, J=12.2, H-11), 1.35 (1H, d,
J=9.8, H-6), 1.27 (1H, dd, J=12.2, H-9), 1.26 (1H, d,
J=2.7,H-16), 1.15 (1H, d, J=12.4, H-12), 1.04 (1H, d,
J=2.77, H-15), 0.98 (6H, s, H-26, H-27), 0.95 (3H, s, H-
23), 0.80 (3H, s, H-25), 0.74 (3H, s, H-24), 0.68 (1H, d,
J=10.8, H-5). *C NMR (100 MHz; CD;OD+CDCl;): &
48.0 (C-1), 69.4 (C-2), 84.3 (C-3), 40.6 (C-4), 56.5 (C-5),
19.4 (C-6), 34.0 (C-7), 40.3 (C-8), 48.0 (C-9), 37.9 (C-
10), 24.3 (C-11), 126.5 (C-12), 139.5 (C-13), 43.2 (C-14),
29.0 (C-15), 25.2 (C-16), 48.4 (C-17), 54.1 (C-18), 40.2
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(C-19), 40.2 (C-20), 27.1 (C-21), 38.0 (C-22), 29.1 (C-
23), 21.6 (C-24), 17.7 (C-25), 19.4 (C-26), 24.1 (C-27),
181.5 (C-28), 24.3 (C-29), 17.6 (C-30).

Actinidic acid (11): White powder: (+)-EIMS m/z:
486.3 [M]" (C30H40s); mp: 213-215°C. '"H NMR (500
MHz; CD;0D+CDCl,): 6 5.28 (1H, t, J=3.5, H-12), 4.62
(1H, s, H-30), 4.67 (1H, s, H-30), 3.90 (1H, ddd, /= 11.3,
9.6, 4.5, H-2), 3.60 (1H, d, J=9.6, H-3), 3.54 (1H, d,
J=11.1, H-23), 3.40 (1H, d, J=11.1, H-23), 2.34 (1H, d,
J=11.4, H-18), 1.19 (3H, s, H-27), 1.03 (3H, s, H-25),
1.01 (3H, d, J= 6.4, H-29), 0.84 (3H, s, H-26), 0.77 (3H,
s, H-24). >*C NMR (125 MHz; CD;0D+CDCl;): § 40.8
(C-1), 67.2 (C-2), 78.7 (C-3), 44.2 (C-4), 56.5 (C-5), 18.9
(C-6), 33.7 (C-7), 40.8 (C-8), 49.6 (C-9), 48.3 (C-10),
24.4 (C-11), 127.0 (C-12), 139.5 (C-13), 43.5 (C-14), 29.1
(C-15), 25.3 (C-16), 49.6 (C-17), 54.3 (C-18), 39.1 (C-
19), 154.5 (C-20), 33.7(C-21), 40.4 (C-22), 71.3 (C-23),
16.7 (C-24), 17.8 (C-25), 19.4 (C-26), 24.1 (C-27), 180.9
(C-28), 24.1(C-29), 105.3 (C-30).

11-0O-p-hydroxybenzoylbergenin (12): White powder;
(+)-EIMS m/z: 448.2 [M]" (Cy1Hy0011); mp: 213 - 215 °C.
'H NMR (400 MHz, CD;OD+CDCls): § 3.55 (1H, t,
J=9.4 Hz, H-3), 3.89 (3H, s, H-OCH3;), 3.87 (1H, dd,
J=10.5;9.3 Hz, H-4), 3.97 (1H, ddd, J=9.3; 7.5; 1.9 Hz,
H-2), 4.13 (I1H, t, J=10.5 Hz, H-4a), 4.39 (1H, dd,
J=12.0; 1.6 Hz, H-11), 492 (2H, dd, J=12.0; 1.6 Hz,
H-11), 5.03 (1H, d, J=10.5 Hz, H-10b), 6.84 (2H, d,
J=8.8 Hz, H-3’, H-5"), 7.09 (1H, s, H-7 ), 7.94 (2H, d,
J=8.8 Hz, H-2’, H-6"); *C NMR (100 MHz, CD;0D+
CDCl;): 6: 80.6 (C-2), 71.8 (C-3), 75.3 (C-4), 81.1 (C-
4a), 165.6 (C-6), 119.2 (C-6a), 111.2 (C-7), 152.2 (C-8),
142.2 (C-9), 149.2 (C-10), 116.2 (C-10a), 74.3 (C-10b),
64.7 (C-11), 60.9 (9-OCH3;), 121.7 (C-17), 132.9 (C-2),
116.1 (C-3’), 163.6 (C-4’), 116.1 (C-5’), 1329 (C-6’),
167.8 (COO).

In vitro anti-proliferative activity — The anti-prolifera-
tive activities of crude extracts and isolated compounds
were evaluated against two cancer cell lines CAL-27
(Human oral squamous cell carcinoma) and NCI-H460
(Human lung cancer cell line) using MTT assay.'>?° Both
cell lines were seeded in 96 well plate with the density of
15.000 and 10.000 cells per well, in DMEM supple-
mented with 10% FBS and incubation for 24 h at 37 °C in
a humidified incubator with 5% CO,. After incubation,
the compounds were serially diluted to the plate in
incomplete medium. After 48 h of treatment, media was
aspirated. MTT dye with concentration of 0.5 mg/ml was
added in the plate and further incubated for 4 h.
Subsequently, formazine crystals were dissolved with
100 ul DMSO per well after aspiration of media, absorbance
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was measured at 570 nm. According to the FDA, ICs
represents the concentration of a drug that is required for
50% inhibition in-vitro. In our study, ICs, is a con-
centration of drug at which 50% of cell population die.
For primary screening, a threshold of 50% cell growth
inhibition as a cut off for compound toxicity against cell
lines was used. ICsy values were determined from plot of
dose response curve between log of compound con-
centration and percentage (%) of cell growth inhibition.
Graph was plotted by keeping log concentration of drug
on X axis and % cell growth inhibition or % cytotoxicity
Y axis. ICs, values were estimated as a concentration of
drug at 50% position on Y axis. The relationship should
be sigmoidal, log concentration of the drug on the X axis
and ‘response / measurement’ of the Y axis. The prism
web site has some good guides for this. So, we have used
this software. ICsy values were calculated using the
nonlinear regression program origin. The average of two
(duplicates manner) were taken in determination. 1Cs
value has been derived using curve fitting methods with
graph pad prism statistical software

Determination of DPPH Radical Scavenging activity
— The free radical scavenging activity was measured by
1,1-diphenyl-2-picryl hydrazil (DPPH) using the method
described by Gulcin.?! The solution of DPPH of 0.3 mM
was prepared in ethanol. Five microliters of each sample
of different concentration (62.5 g - 500 ug) was mixed
with 95 uL. of DPPH solution in ethanol. The mixture was
dispersed in 96 well plate and incubated at 37 °C for 30
min. The absorbance at 515nm was measured by
microtiter plate reader (Spectramax Plus 384 Molecular
Device, USA) and percent radical scavenging activity was
determined in comparison with the methanol treated
control.”! BHA was used as standard.

DPPH scavenging effect (%) = (Ac — As)/Ac x 100

Where Ac=absorbance of control (DMSO treated);
As = absorbance of sample

Lipoxygenase Inhibition Assay — Lipoxygenase inhi-
bitory activity was measured by modifying the spectro-
photometric method developed by Tappel.”” Lipoxygenase
enzyme solution was prepared so that the enzyme
concentration in reaction mixture was adjusted to give
rates of 0.05 absorbance/min. The reaction mixture
contained 160 pl. (100 mM) sodium phosphate buffer
(pH 8), 10 pL of test solution and 20 pL. of LOX solution,
in buffer. The contents were mixed and incubated for 10
min at 25°C. The reaction was then initiated by the
addition of 10 pL substrate solution (linoleic acid, 0.5
mM, 0.12%w/v tween 20 in ratio of 1:2) and the change
in absorbance at 234 nm was followed for 6 min. The



314

concentration of the test compound that inhibited
lipoxygenase activity by 50% (ICsp) was determined by
monitoring the effect of increasing concentrations of these
compounds in the assays on the degree of inhibition. The
ICs values were calculated by means of EZ-Fit, Enzyme
kinetics Program (Perrella Scientific In., Amhherset, USA).

Urease Inhibition Assay — Reaction mixtures com-

RO
4 R=H
15 R=Glc

5 R=H
14 R=Glc
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prising 25 pL of enzyme (Jack bean urease) solution and
55 pL of buffers containing 100 mM urea were incubated
with 5 pL of test compounds (1 mM concentration) at 30°C
for 15min in 96-well plates.”® Urease activity was
determined by measuring ammonia production using the
indophenol method as described by Weatherburn.®*
Briefly, 45 pL each of phenol reagent (1% w/v phenol and

Fig. 1. Chemical structures of compounds isolated from leaves of D. iturensis.
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0.005% w/v sodium nitroprusside) and 70 pL of alkali
reagent (0.5% w/v NaOH and 0.1% active chloride NaOCl)
were added to each well. The increasing absorbance at
630 nm was measured after 50 min, using a microplate
reader (Molecular Device, USA). All reactions were
performed in triplicate in a final volume of 200 pL. The
results (change in absorbance per min) were processed by
using Soft Max Pro software (Molecular Device, USA).
All the assays were performed at pH 8.2 (0.01 M
K,HPO,.3H,0, 1 mM EDTA and 0.01 M LiCl,). Percen-
tage inhibitions were calculated from the formula 100 —
(ODyegtwett / ODcongror) * 100. Thiourea was used as the
standard inhibitor of urease.

Results and discussion

The methanolic crude extract of D. iturensis leaves was
subjected to silica gel column chromatography to afford
fifteen compounds. The structures of the isolated com-
pounds 1 - 15 (Fig. 1) were unambiguously confirmed by
spectroscopic methods, including '"H NMR, *C NMR, 2D
NMR, and MS analysis and by comparison of their
spectroscopic data with those reported in the literature.

The methanolic crude extract and four isolated
compounds including betulin (6), betulinic acid (8), 11-O-
p-hydroxybenzoylbergenin (12) and bergenin (13) were
evaluated for their antiproliferative activity against two
cancer cell lines CAL-27 and NCI-H460 by the MTT
assay, antioxidant potential and inhibitory activity against
the enzymes lipoxygenase and urease, respectively. The
results showed that betulin (6) presented moderate
antioxidant and lipoxygenase inhibition with ICsy = 65.8
uM and ICsy = 58.5 puM, respectively (Table 1), confirming
that the presence of the hydroxyl group at C-3 and C-28
on the lupane-type triterpenoids are necessary to exert the
antioxidant and lipoxygenase inhibition activities.*’
Furthermore, 11-O-p-hydroxybenzoylbergenin (12) and
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bergenin (13) exhibited moderate urease inhibition activity
with IC5p=45.6 uM and ICsy=49.8 uM, respectively
(Table 1), suggesting that the presence of methoxyl group
in C-9 and benzoyl function in C-11 in 11-O-p-hydro-
xybenzoylbergenin (12) as well as the methoxyl group in
C-9 in bergenin (13) enhanced significantly the urease
inhibition activity.® 11-O-p-hydroxybenzoylbergenin (12)
and bergenin (13) presented moderate antioxidant activity
with ICsy=85.6 uM and ICso = 82.5 uM, respectively; and
moderate lipoxygenase inhibition activity with ICsy = 95.2
uM and 76.2 uM, showing that the presence of the
methoxyl group in C-9 in the both compounds 12 and 13
reduced the antioxidant and lipoxygenase activities.® The
crude methanolic extract is inactive against two cancer
cell lines (Table 2).

In conclusion, fifteen compounds were isolated in the
present study including nine triterpenoids, four steroids
and two isocoumarins. Furthermore, four of these
compounds namely uvaol (7), corosolic acid (10),
actinidic acid (11) and 11-O-p-hydroxybenzoylbergenin
(12) were obtained from D. iturensis for the first time.
Moreover, we evaluated the anti-proliferative activity of
the methanolic crude extract of leaves against two cancer
cell lines CAL-27 and NCI-H460 by MTT assay,
lipoxygenase inhibition and urease inhibition activities of
some isolated compounds. The result indicated that the
methanolic crude extract is inactive against two cancer
cell lines, betulin (6) exhibited moderate antioxidant and
lipoxygenase inhibition with 1Cs,=65.8 uM and 1Cs, =

Table 2. ICs, values of crude extracts of D. iturensis leaves for
NCI-H460 and CAL-27 cancer cell lines

ICspin uM
Compounds
NCI-H460 CAL-27
DIL >200 >200
5-Flurouracil 12.70

DIL: D. iturensis leaves extract.

Table 1. ICs, values of pure compounds of leaves of D. iturensis for antioxydant and enzyme inhibition activities

ICsp in uM
Compounds — o : P
Antioxidant Urease Inhibition Lipoxygenase Inhibition
6 65.8+0.54 Nil 58.5+0.17
8 87.5+£0.69 Nil >500
12 85.6+0.18 45.6+0.14 952+0.18
o e oae 49.8+0.26 7624026
BHA 442 +0.06 -
Baicalein - 22.6£0.08
Thiourea 21.6+0.12 -

DIL: D. iturensis leaves extract.
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58.5 uM, respectively. Furthermore, 11-O-p-hydroxyben-
zoylbergenin (12) and bergenin (13) inhibited moderate
urease activity with 1Cso=45.6 uM and 1Csp =49.8 uM,
respectively. This study revealed that Diospyros genus
plants can be explored to discover new drugs for degene-
rative diseases.

Acknowledgments

The authors acknowledged TWAS and International
Center for Chemical and Biological Sciences, Pakistan for
the financial support, contribution in spectral registration
and the biological screening. We also thank M. Nana
Victor of the Cameroon National Herbarium for
identification of plant material.

Conflicts of interest

The authors declare no conflict of interest.

References

(1) Wallnofer, B. Ann. Naturhist. Mus. Wien. 2001, 103B, 485-512.

(2) Feumo Feusso, H. M.; Akak, C. M.; Tala, M. F.; Azebaze, A. G. B.;
Vardamides, J. C.; Laatsch, H. Biochem. Syst. Ecol. 2017, 74, 51-56.

(3) Maridass, M. Ethnobotanical Leaflets 2008, 12, 231-244.

(4) Letouzey, R.; White, F. Flore du Cameroun: les Ebénacées et les
Ericacées; Muséum National d’Histoire Naturelle: Paris, 1970, pp 3-57.

(5) Burkill, H. The useful plants of West Tropical Africa. Vol. 2:
Families EI; Royal Botanic Gardens: United Kingdom, 1994, p 636.

(6) Quintdo, N. L. M.; Rocha, L. W.; Silva, G. F.; Reichert, S.; Claudino,
V. D.; Lucinda-Silva, R. M.; Malheiros, A.; De Souza, M. M.; Cechinel
Filho, V.; Bellé Bresolin, T. M.; da Silva Machado, M.; Wagner, T. M.;
Meyre-Silva C. Biomed. Res. Int. 2014, 2014, 1-11.

(7) Ebajo Jr, V. D.; Shen, C. C.; Ragasa, C. Y. J. Appl. Pharm. Sci.

Natural Product Sciences

2015, 5, 33-39.

(8) Feumo Feusso, H. M.; Dongmo, J. D.; Akak, C. M.; Lateef, M.;
Ahmed, A.; Azebaze, A. G. B.; Kamdem Waffo, A. F.; Shaiq Ali, M;
Vardamides, J. C. Trends Phytochem. Res. 2019, 3, 117-122.

(9) Akbar, A.; Shaiq Ali, M.; Zikr-Ur-Rehman, S.; Lateef, M.; Saify, Z.
S. Int. J. Biol. Biotech. 2020, 17, 9-15.

(10) Liu, M.; Yang, S.; Jin, L.; Hu, D.; Wu, Z.; Yang, S. Molecules
2012, 17, 6156-6169.

(11) Collins, D. O.; Ruddock, P. L.; de Grasse, J. C.; Reynolds, W. F.;
Reese, P. B. Phytochemistry 2002, 59, 479-488.

(12) Liao, C. R.; Kuo, Y. H.; Ho, Y. L.; Wang, C. Y.; Yang, C. S.; Lin,
C. W,; Chang, Y. S. Molecules 2014, 19, 9515-9534.

(13) Feumo Feusso, H. M.; Akak, M. C.; Feussi Tala, M.; Azebaze, A.
G. B.; Tsabang, N.; Vardamides, J. C.; Laatsch, H. Z. Naturforsch. 2016,
71b, 935-940.

(14) Woo, K. W.; Han, J. Y.; Choi, S. U.; Kim, K. H.; Lee, K. R. Nat.
Prod. Sci. 2014, 20, 71-75.

(15) Lahlou, E. H.; Hirai, N.; Kamo, T.; Tsuda, M.; Ohigashi, H. Biosci.
Biotechnol. Biochem. 2001, 65, 480-483.

(16) Kashima, Y.; Yamaki, H.; Suzuki, T.; Miyazawa, M. J. Enzyme
Inhib. Med. Chem. 2013, 28, 1162-1170.

(17) Zamarrud.; Ali, 1.; Hussain, H.; Ahmad, V. U.; Qaiser, M.; Amyn,
A.; Mohammad, F. V. Fitoterapia 2011, 82, 722-725.

(18) Subramanian, R.; Subramanian, P.; Raj, V. Beni-suef Univ. J. Basic
Appl. Sci. 2015, 4, 256-261.

(19) Hansen, M.; Nielsen, S. E.; Berg, K. J. Immunol. Methods 1989,
119, 203-210.

(20) Subhasree, B.; Baskar, R.; Laxmi Keerthana, R.; Lijina Susan, R.;
Rajasekaran, P. Food Chem. 2009, 115, 1213-1220.

(21) Gulcin, L.; Alici, H.; Cesur, M. Chem. Pharm. Bull. 2005, 53, 281-
285.

(22) Tappel. A. L. Methods of enzymology Vol. 5; Academic Press:
New York, 1962, pp 539-542.

(23) Mehta, N.; Olson, J. W.; Maier, R. J. J. Bacteriol. 2003, 185, 726-
734.

(24) Weatherburn, M. W. Anal. Chem. 1967, 39, 971-974.

Received September 27, 2020
Revised November 10, 2020
Accepted November 17, 2020





