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Abstract: About 140 genera and more than 1,600 species
belong to the Rutaceae family. They grow in temperate and
tropical zones on both hemispheres, as trees, shrubs, and
herbs. Casimiroa is one of the genera constituting 13 species,
most of which are found in tropical and subtropical regions.
Many chemical constituents have been derived from this
genus, including quinoline alkaloids, flavonoids, coumarins,
and N-benzoyltyramide derivatives. This article reviews
different studies carried out on aromatic compounds of
genus Casimiroa; their biological activities; the different
skeletons of coumarins, alkaloids, flavonoids, and others;
and their characteristic NMR spectral data.

Keywords: aromatic compounds, Casimiroa, NMR spec-
tral data, Rutaceae

1 Introduction

Natural products, including plants, animals, microorgan-
isms, and marine organisms, have been used by humans as
medicines to prevent and treat diseases since ancient times.
According to historical records, the use of plants as
medicines is an traditional practice and started with human
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interaction with the environment [1-5]. Both in the
developing and developed countries, people rely on herbal
medicine because of fewer side effects [6,7]. There are many
plants used in folk medicine. Many plant-based bioactive
substances have been isolated, characterized, and used in
pure form or as suitable derivatives for the therapeutic
purpose [8,9]. The World Health Organization estimates
that 80% of the world’s population rely on traditional
medicines for their primary health care needs [10]. The
therapeutic potential of plants lies in chemical substances
that produce a definite physiological action on man and
animals. The key bioactive compounds in plants are
produced as secondary metabolites [11,12].

Plants of Casimiroa belong to the Rutaceae family,
which grows as tree in the tropical and subtropical areas
of Central America and Mexico, the Caribbean, the
Mediterranean region, India, Southeast Asia, South
Africa, Australia, and New Zealand. This genus consti-
tutes 13 species, and most of them, both wild and
cultivated, are found in Mexico. The best-known species
is Casimiroa edulis La Llave, also called “sapote blanco,”
“Mexican apple,” “white sapote,” “Casimiroa,” and
“sapote blance” by native people. Its fruit are edible
[13,14]. Traditionally, the fruit and leaves of Casimiroa
species are used to treat anxiety, as sedatives, and to
treat dermatological conditions [15]. The pharmacolo-
gical studies of an aqueous extract and alcohol extracts
of the seeds and leaves of C. edulis exhibited the
cardiovascular, anticonvulsant, sedative activities, anti-
inflammatory, antimutagenic, diuretic activities, hyp-
notic, antihypertension, diuretic, anti-inflammatory
muscle relaxant, and contractile properties. The phar-
macological activities of the bioactive compounds from
Casimiroa were also reported. Several species of this
genus have been reported to possess interesting
secondary metabolites. Among the major constituents
of Casimiroa species are alkaloids, flavonoids, cou-
matrins, limonoids, and N-benzoyltyramide derivatives
[16-38]. The structures of the isolated compounds were
elucidated based on the spectroscopic data, including
NMR spectroscopy. This article also includes a review of
characteristic NMR data of various classes of compounds
from this genus.
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Table 1: Pharmacological properties of compounds obtained from Casimiroa species

Compound (Cp) Biological activities Plant Part used Ref.
Umbelliferone (1) Anticoagulant C. edulis Leaves [25]
Esculetin (2) Anticoagulant C. edulis Leaves [25]
Herniarin (3) Vasodilation and radical scavenging C. edulis and C. pubescens Seeds [31]
3-(1",1'-Dimethyl-allyl)-herniarine (4) - C. pubescens Roots [36]
Auraptene (5) - C. pubescens Roots [36]

2 Plant description

Plant descriptions of the best known species from
Casimiroa are presented as follows:

Kingdom Plantae
Order Sapindales
Family Rutaceae
Genus Casimiroa
Species C. edulis

Casimiroa edulis La Llave
White sapote
Tha-kyar-tee

Botanical name
English name
Myanmar name

C. edulis is 4.6-18.3m high. Flowers are small, odorless,
and pale green to cream color with five sepals, petals, and

stamens. Fruits are round, ovary, or ovoid and golden-yellow
when ripe. The leaflets are ovate and 4.5-12cm long and
1-5cm wide, with cuneate base, subserrate margins, bright
green, glahrous or with scattered pubescence on the veins,
pinnate vennation, and anastomising at the margins. The
apex is acuminate.

2.1 Casimiroa tetrameria

C. teframeria is about 50 ft height with dense, white, furry
underside leaves. The small flowers grow in big groups and
blossom many times a year, with fruit ripening after 6-8
months. This plant is originally from Southern Mexico, and
it is not grown commercially.

Table 2: **C and 'H NMR (8, ppm) chemical shift data of simple coumarins isolated from genus Casimiroa

Carbon no. Cp 1[62] Cp 2 [64] Cp 3 [63] Cp 4 [36] Cp 5 [65]
Oc dy dc ay dc dy dc (prediected) ay dc gy
2 162.9 - 162.9 - 1611 - 159.7 - 161.4 -
3 113.7 6.16 111.0 6.16 112.5 6.25 131.1 - 113.0 6.23
4 145.0 7.77 144.7 7.77 143.3 7.62 138.0 7.54 143.6 7.61
4a 112.2 - 111.3 - 112.5 - 112.5 - 112.5 -
5 129.6 7.39 1115 6.74 128.7 737 129.8 7.36 128.8 7.34
113.7 6.77 143.2 - 113.0 6.85 111.0 6.83 113.3 6.83
7 162.0 - 150.8 - 162.8 - 160.2 - 162.2 -
102.8 6.71 102.2 6.93 100.8 6.82 100.6 6.83 101.7 6.80
8a 156.2 - 149.1 - 155.8 - 156.9 - 155.9 -
7 0-Me - - - - 55.7 3.86 55.8 3.88 - -
1 - - - - - - 40.3 - 65.6 4.58
2 - - - - - - 145.6 6.19 118.5 5.45
3 - - - - - - 112.6 5.09, 5.13 142.5 -
iy - - - - - - - - 39.6 2.10
5 - - - - - - - - 26.3 212
6 - - - - - - - - 123.7 5.06
7 - - - - - - - - 1321 -
8 - - - - - - - - 25.8 1.65
9 - - - - - - - - 17.8 1.59
10° - - - - - - - - 16.9 175
1-Me-a - - - - - - 26.2 150 - -
1'-Me-b - - - - - - 26.2 1.50 - -
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Table 5: *C and 'H NMR chemical shift data (4, ppm) of furanocoumarins isolated from genus Casimiroa

Carbon no. Cp 13 [29] Cp 14 [71] Cp 15 [24] Cp 16 [72] Cp 17 [29] Cp 18 [30] Cp 19 [33]
ac [ ac [ ac Oy dc Oy dc Oy dc Oy dc [N
2 160.43 — 160.5 — 160.7 160.84 — 160.42 160.7 - 160.4 —
3 114.83 777 1128 6.27 112.7 6.28 113.04  6.27 112,91 6.28 112.82 6.27 112.9  6.27
4 144.27 6.38 139.4 8.12 1395 8.13 139.71 811 139.55 8.12 139.7 8.11 139.3 8.10
4a 116.54 — 107.5 — 1075 = 107.78 107.61 — 107.7 - 107.6 —
5 113.81 7.37 1443 — 1445 — 144,67 — 144.26 — 150.7 - 1445 —
5-0Me - - 60.7 4.17  60.7 4.18 61.02 416  60.79 418 60.8 4.16 60.8 4.16
6 125.95 — 1145 — 1145 - 114.73 - 114.61 - 114.6 - 4.6 —
7 148.32 — 150.8 — 150.9 — 15118 - 150.57 — Abs - 150.5 —
8 131.39 - 126.8 — 126.7 - 126.99 — 136.51 — Abs - 126.6 —
8-OMe - - - - - - - - - - - - - -
8a 143.67 = 144.3 = 144.4 = 144.70 125.63 = 143.1 - 144.2
2 146.76 7.69 1451 7.62 1451 7.63 145.34  7.61 145.16 7.64 1453 7.61 1451  7.60
3 106.76 6.82 105.0 6.98 105.1 7.00 105.36  6.98 105.12 6.99 105.3 6.98 105.1 6.97
1" 69.12 5.09 70.4 4.83 70.3 4.8B8 70.53  4.87 69.36 491 693 4.86 69.3  4.90
2" 125.13 5.86 119.8 5.59 120.2 5.66 119.70  5.58 12527 5.8B6 122.2 5.71 125.2  5.84
E 136.57 — 139.7 — 142.6 — 143.41 - 136.51 Abs - 136.5
4" 62.79 4.66 25.8 173 36.4 2,26, 2,12 39.85 1.99 62.78 466 21.5 1.85 21.4 1.79
5" 2142 1.81 180 169 29.2 155 1.38 26.63 199 21.41 180 618 5424 62.8 4.62
6" - - - - 77.6  3.24 12407 501 — - - - - -
7 - - - - 730 - 13198 —  — - - - -
g - - - - 264 117 17.92 156 — - - - - -
9" - - - - 23.0 113 25.93 164 — - - - - -
10" - - - - 16.3 1.68 16.77 166 — - - - - -
Acetyl-Me 20.83 2,04 — - - - - - 20.84 203 - - 20.9 2.02
Acetyl(C=0) 170.85 — - - - - - 170.84 — - 170.8 —
Table 6: Pharmacological properties of compounds isolated from Casimiroa species
Compound (Cp) Biological activities Plant Part used Ref.
Proline (20) Cardiovascular C. edulis Seeds [35]
N-Methylproline (21) Cardiovascular C. edulis Seeds [35]
N-Monomethylhistamine (22) Cardiovascular C. edulis Seeds [35]
N,N-Dimethylhistamine (23) Cardiovascular C. edulis Seeds [35]
Synephrine acetonide (24) Cardiovascular C. edulis Seeds [35]
y-Amino-butyric acid (25) Cardiovascular C. edulis Seeds [35]
Casimiroedine (26) Cardiovascular C. edulis Seeds [35]
Table 7: Pharmacological properties of compounds obtained from Casimiroa species
Compound (Cp) Biological activities Plant Part used Ref.
4-Methoxy-1-methyl-2(1H)-quinolinone (27) Antimutagenic C. edulis Seeds [24]
Edulitine (28) - C. edulis Trunk & root bark (23]
Casimiroin (29) Antimutagenic C. edulis Seeds [24]
Dictamnine (30) - C. edulis Bark (23]
y-Fagarine (31) Antimutagenic C. edulis Seeds & bark [23,24]
Skirnmianine (32) - C. edulis Bark [23]
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Table 10: *C and 'H NMR chemical shift data (8, ppm) of
furoguinoline alkaloids isolated from genus Casimiroa

Carbon no. Cp 27 [81] Carbon no. Cp 30 [82] Cp 31 [83] Cp 32 [84]
ac [N ac " [ Oy ac [N
1-NMe 29.03 3.70 2 168.9 - 163.2 - 164.4 -
2 163.82 - 3 103.7 - 103.9 - 102.0 -
3 96.49 6.06 4 157.0 - 156.9 - 157.2 -
4 162.64 - 4a 119.0 - 119.7 - 114.9 -

4-0Me 55.79 3.97 4-0Me 59.1 445 59.0 442  58.9 4.42

4a 116.50 - 5 122.4 8.27 114.1 7.82  118.2 8.01

5 131.18 7.35 6 123.8 7.45 123.4 7.34 112.1 7.23
6 121.61 7.60 7 129.6 7.68 107.5 7.04 1522 -

7 123.34 7.24 7-0Me - - - - 56.8 4.03
8 114.01 7.99 8 128.0 8.01 154.6 - 142.0 -
8a 139.75 - 8a 145.9 - 137.5 - 141.5 -

8-OMe - - 56.0 4.06 617 4.12

2 143.7 7.08  143.9 7.62  143.0 7.58

3 104.8 7.69 104.5 7.05 104.6  7.03

2.2 Casimiroa pringlei

C. pringlei is a small tree found in central Mexico, which is
about 4m tall. There were no other literature references
found. There were no reports about plant descriptions for
other species.

3 Chemical constituents

Recently, many chemical constituents have been derived
from Casimiroa. These compounds can be classified into
four groups: coumarins, alkaloids, flavonoids, and four
N-benzoyltyramide derivatives. Name of the compounds

Table 9: ®C and 'H NMR chemical shift data (d, ppm) of alkaloid
isolated from genus Casimiroa

Carbon no. Cp 29 [24]

dc ay
1-NMe 29.1 3.84
2 164.1 -
3 94.6 5.89
4 162.7 -
4-0Me 55.8 3.91
5 118.0 7.53
6 104.3 6.78
7 149.9 -
8 133.5 -
9 101.0 6.04
4a 113.0 -
8a 126.5 -

and the corresponding plant sources are presented in
Tables 1, 3, 6, 7, 11, 14, and 18.

4 Coumarins

Coumarin, being one of the members of the benzopyrone
family, comprises a large group of compounds. More than
1,300 naturally occurring coumarins have been isolated
from plants, bacteria, and fungi. It was first isolated from
tonka bean and is reported in about 150 different species,
distributed over neatly 30 different families, of which a few
important ones are Rutaceae, Umbelliferae, Orchidaceae,
Leguminosae, Labiatae, Clusiaceae, Guttiferae,
Caprifoliaceae, Oleaceae, Nyctaginaceae, and Apiaceae.
Coumarin is also found in fruits, green tea, and other
foods such as chicory. Natural coumarins are mainly
classified into six types based en their chemical structures.
They are simple coumarins, furano coumarins, dihydro-
furano coumarins, pyrano coumarins (linear and angular
types), phenyl coumarins, and bicoumarins [39-41].
Coumarin is a plant-derived natural product known for its
pharmacological properties such as anti-inflammatory
[42,43], antibacterial [42], anticoagulant [44], antifungal
[45,46], antiviral [47,48], anticancer [49-51], antidiabetic
[52,53], antihypertensive [54], anticonvulsant [55], antiox-
idant [56-59], antimicrobial [60], and neuroprotective
properties [61]. Casimiroa is the abundant source of
coumarins. Simple coumarins, umbelliferone (1), esculetin
(2), hemiarin (3), 3-(1,1-dimethyl-allyl)-herniarine (4), and
auraptene (5) were isolated from various parts (leaves,
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Table 11: Pharmacological properties of quinolinone alkaloids obtained from Casimiroa species

Part used

Plant

Biological activities

Compound (Cp)

Seeds

C. tetrameria

Solid tumor selective cytotoxicity

1-Methyl-2-phenyl-4-quinolone (33)

Edulein (34)

Trunk & root bark

Seeds

Leaves

Leaves

Leaves & Fruits

Fruits

Fruits

Fruits

Antimutagenic

5-Hydroxy-1-methyl-2-phenyl-4-quinolone (35)

5,6-Dime
5,6-Dime
5,6-Dime
5,8-Dime
5,8-Dime

3'-methoxyphenyl)-1H-quinolin-4-one (36)

3",4'-dimethoxyphenyl)-1H-quinolin-4-one (37)

Antihypertensive

2',5%,6'-tri-methoxyphenyl)-1H-guinolin-4-one (38)

Antihypertensive

3'-methoxy-phenyl)-3-propyl-1H-guinolin-4-one (39)

Antihypertensive

3',4'-di-methoxyphenyl)-3-propyl-1H-quinolin- 4-one (40)

Antihypertensive

2-(2'-Hydroxy-4'-methoxy-phenyl)-5,8 -dimethoxy-3-propyl-1H-guinolin-4-one (41)

DE GRUYTER

seeds, and roots) of C. edulis and Casimiroa pubescens
[25,31,36]. Fourteen furocoumarins, xanthotoxol (6), ber-
gapten (7), 5-methoxy-8-hydroxypsoralen (8), isopimpi-
nellin (9), imperatorin (10), (R,S)-8-[(6,7-dihydroxy-3,7-
dimethyl-2-octenyl)oxy]psoralen (11), 8-geranyloxypsoralen
(12), 8-(3'-hydroxymethyl-but-2-enyloxy)-psoralen acetate
(13), phellopterin (14), (R,S)-5-methoxy-8-[(6,7-dihydroxy-
3,7-dimethyl-2-octenyl)oxy]psoralen (15), 5-methoxy-8-ger-
anyloxypsoralen (16), 8-(3-hydroxymethyl-but-2-enyloxy)-
5-methoxypsoralen acetate (17), 5-methoxy-8-(3”-hydroxy-
methyl-but-2""-enyloxy)-psoralen (18), and 5-methoxy-8-
(4"-acetoxy-3'-methyl-but-2-enyloxy) psoralen (19) were
also identified from various parts (leaves, stem bark, and
seeds) of C. edulis, C. pubescens, and C. tetrameria
[24,25,29-31,33,38,66]. The structures of various coumarin
compounds are shown in Figure 1 and 2, and their NMR ('H
NMR and “*C NMR) data are listed in Tables 2, 4, and 5.

5 Alkaloids

More than 12,000 alkaloids have been isolated from the plant
kingdom, and this number is increasing exponentially.
Based on their structure, alkaloids may be classified as
indole, tropane, piperidine, purine, imidazole, pyrrolizidine,
pyrrolidine, quinolizidine, and isoquinoline alkaloids
[73-75]. They are well known for their pharmacological
activities such as antioxidant [76,77] antidiabetic [76],
antimicrobial [77], anti-inflammatory [78], anticancer [79],
and amoebicidal properties [80]. The structures of various
alkaloids isolated from Casimiroa and their biological
activities are described in the following section. Genus
Casimiroa are famous for different alkaloids like furoquino-
line, quinolinone, and quinolone. In 1999, seven active
alkaloids, proline (20), N-methylproline (21), N-monomethyl-
histamine (22), N,N-dimethylhistamine (23), synephrine
acetonide (24), y-amino-butyric acid (25), and synephrine
acetonide, (26) have been derived from the seeds of C. edulis
(data not reported) [35]. Iriarte et al. and Ito et al. found the
presence of 4-methoxy-1-methyl-2(1H)-quinolinone (27),
edulitine (28) (no NMR data), casimircin (29), dictamnine
(30), y-Fagarine (31), and skimmianine (32) from various
parts (seeds, bark, trunk, and root bark) of
C. edulis [23,24]. A quinolone alkaloid, 1-methyl-2-phenyl-4-
quinolone (33) was identified from the seeds of C. tetrameria
[33]. Other researchers reported the presence of quinolone
alkaloids: edulein (no NMR data) (34), seven quinolinone
alkaloids: 5-hydroxy-1-methyl-2-phenyl-4-quinolone (35),
5,6-dimethoxy-2-(3-methoxyphenyl)-1H-quinolin-4-one (36),
5,6-dimethoxy-2-(3,4-dimethoxyphenyl)-1H-quinolin-4-one
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5 4

1 p2— : 1 p2— 3_
3.RLR*=H, R*=0Me S R.R*=HR 3{0

Figure 1: Structures of simple coumarins of Casimiroa.

7.R'=0Me,R*=H

$R' =0OMe,R? =0OH 1,,

9 R! = OMe, R? =OMe

10.R' =H, R*=0

Figure 2: Structures of furanocoumarins from Casimiroa.

(37), 5,6-dimethoxy-2-(2,5,6-tri-methoxyphenyl)-1H-quinolin-
#-one (38), 5,8-dimethoxy-2-(3'-methoxy-phenyl)-3-propyl-
1H-quinolin-4-one (39), 5,8-dimethoxy-2-(3",4"-di-methoxy-
phenyl)-3-propyl-1H-quinolin-4-one (40), and 2-(2-hydroxy-4-
methoxy-phenyl)-5,8-dimethoxy-3-propyl-1H-quinolin-4-one
(41) from the various parts (leaves, fruits, seeds, trunk, and
toot bark) of C. edulis [23,24,27,28]. The chemical structures
of various alkaloids are shown in Figures 3-5, and their
NMR ('H NMR and ®C NMR) data are presented in Tables 8,
9, 10, 12, and 13.

6 Flavonoids

Flavonoids are a large group of plant metabolites. They
are divided into several subgroups. Among them,
flavones, flavonols, flavanones, flavanonols, flavanols
or catechins, antocyanins, and chalcones are almost
always in the plant kingdom. They have been isolated
from fruits, nuts seeds, stem, flowers, wine, and other

wn
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R R! %/7 3
3 = LRLRZ=H,R*=0H 4R!= ,’/ RR=H
3 - .
. ] 2. R'=H,R% R*=0H 1 4
7 0" 270 ' 7
B 1 P! =

A "
7 3 g 7

16. R =0OMe, R?=0

17.R'=0Me, R*=0

5
E ]
18.R'=0OMe, R? = x
! CH0H
&
19.R!=OMe, R?= =3
CH,0Ac
OH 5

vegetal tissues of large number of plants [87]. Flavonoids
are known for their pharmacological properties such as
antioxidants [88-90], antibacterial [90], antiviral [91],
anti-inflammatory [92,93], antiallergic [93], antidiabetic
[94], and anticancer activities [95]. Twenty flavonoids,
namely, 6,7-dimethoxyflavone (42), 6-hydroxy-5-meth-
oxyflavone (43), zapotinin (44), 5,6,2- trimethoxyflavone
(45), 5,6,3'-trimethoxyflavone (46), 5,6,2’,3'-trimethoxy-
flavone  (47), 5,7,3’,5-tetramethoxy-flavone  (48),
5,6,3',5-tetramethoxy-flavone (49), zapotin (50), zapo-
tinin acetate (51), 5,6,2',3',4’-pentamethoxyflavone (52),
5,6,2",3',6’-pentamethoxy-flavone (53), 5,6,2',3',4’,6"-hex-
amethoxy-flavone (54), 5,6,2,3",5,6"-hexamethoxy-fla-
vone (55), 5-methoxyflavone 6-0-B-p-glucoside (56),
quercetin (57), quercetin 3-O-rutinoside (58), kaempferol
3-O-rutinoside (59), quercetin 3-0-glucoside (60), and
kaempferol 3-O-glicoside (61) were isolated from
various parts (stem bark, leaves, and seeds) of C. edulis,
C. pubescens, Casimiroa sapota, and C. tetrameria. The
structures of flavonoids are shown in Figure 6, and their
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Table 13: C and 'H NMR chemical shift data (5, ppm) of
quinolinone and quinolone alkaloids isolated from genus

Casimiroa
Carbon no. Cp 40 [27] Cp 41 [27]
dc Oy dc ay
2 158.79 - 163.9 -
3 113.31 - 113.31 -
3-Propyl  24.63, 0.96, 24.63, 0.96,
21.92, 1.58, 2.45 21.92, 1.58, 2.45
13.94 13.94
3 178.56 - 178.3 -
ha 117.83 - 117.31 -
5 149.77 - 152.32 -
6 145.29 6.88 No data 6.81
5-0Me 61.90 3.98 61.90 3.92
7 147.12 7.95 121.34 7.97
8 114.94 - 114.94 -
8-0Me 56.77 3.97 57.13 3.85
8a 116.51 - 116.81 -
iy 147.79 - 133.4 -
2’ 119.61 7.56 119.21 -
3 No data - 162.1 7.49
Iy 151.781 - 131.12 -
5 108.14 7.39 108.14 7.29
6’ 120.14 7.49 120.14 7.26
2'-0Me - - - -
3'-0Me No data 3.93 - -
4-0Me 56.77 3.93 56.11 3.85
5'-0Me - - - -
6'-0OMe - - - -
N-Me - - - -

NMR (‘"H NMR and "C
Tables 15-17.

NMR) data are presented in

7 N-Benzoyltyramide derivatives

Four N-benzoyltyramide derivatives 62-65 (Table 18),
were reported from the genus Casimiroa. Compounds 62
and 63 contain isopropylidene moiety in their O-alkyl

R R
|
N 2 20, R'=H,R*=COOH N-p2

2
\_/ 21. R' =Me, R2 = COOH \‘--*ng
3 7

&)
w
.

4

56 - 4
B 1'} Me H,N ~oH 13
! N, ¥ 2 N™ =
¥ Me ! N
24 25 15 R

Figure 3: Structures of alkaloids from Casimiroa.
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side chains. Likewise, compound 62 contains mono-
terpenic moiety in 0-alkyl side chain. The structures of
N-benzoyltyramide derivatives are shown in Figure 7,
and their NMR (*H NMR and '*C NMR) data are presented
in Table 19.

8 Pharmacological activities

Several pharmacological reports have confirmed the
wide variety of biological activities of the genus
Casimiroa. For example, Mora et al. [16] reported the
effect on central nervous system by the extract of
hydroalcoholic leaves of C. edulis, using different
behavioral tests and animal models of depression and
anxiety. The extract exhibited sedative and antidepres-
sant properties in rodents. The leaves and seeds extracts
of C. edulis also showed the anticonvulsant activity in
vivo [15,17]. Esposito et al. [20] studied the HIV-1 reverse
transcriptase-associated activities of the hydroalcoholic
extract of C. edulis seeds, using HIV-1 RT RDDP assay
and HIV-1 RT RNase H assay. The extract exhibited the
ability to inhibit both RDDP (ICsy 0.27 pg mL ') and
RNase H (ICsq 2.0 pg mL ™) activities in a dose-dependent
manner. The extract was also displayed dose-dependent
cytotoxicity on K562 (CCsy 3.1mg mL™") cell line. The
antimutagenic activity of several compounds (9, 11, 14,
15, 27, 29, 31, 35, 45, and 48) were evaluated against
Salmonella typhimurium strain TM677, using the anti-
mutagenicity assay. Compounds 15 and 29 were found to
have the most significant antimutagenic activity against
S. typhimurium strain TM677. Compounds 29 and 45 were
also inhibited the formation of DMBA-induced preneo-
plastic lesions in the mouse mammary gland [24]. Awaad
et al. [25] reported not only the antimicrobial activity of
ethyl acetate, butanol, ether, and chloroform fractions
but also anticoagulant activity of ethanol extract and

22 R'=H,R* = Me
23 R' = Me, R*=Me

O

26. R = [-Dglucose
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Table 16: “C and 'H NMR chemical shift data (4, ppm) of flavonoids isolated from genus Casimiroa

Carbon no. Cp 50 [99] Cp 52 [32] Cp 53 [30] Cp 55 [30] Cp 56 [26]
ac [ dc dy dc Oy ac [ ac dy
2 158.9 160.6 - 158.5 - 158.6 - 164.18 -
3 115.2 6.26 110.9 6.84 115.2 6.27 114.5 6.29 108.19 6.75
4 178.2 - 178.4 - 178.0 - 177.8 - 180.29 -
4a 119.4 - 118.9 - 119.5 - 119.5 - 119.48 -
5 148.0 - 147.8 - 148.6 - 148.1 - 149.10 -
6 149.6 - 149.9 - 149.8 - 149.9 - 149.28 -
7 119.1 7.28 119.3 7.30 113.7 7.26 113.6 7.26 125.63 7.72
8 113.7 7.20 113.3 7.25 119.1 7.18 119.2 717 115.28 7.45
8a 152.7 - 151.7 - 152.6 - 152.4 - 154.19 -
5-0Me 61.8 3.98 56.2 3.98 62.0 3.97 62.0 3.98 62.5 3.9
6-0Me 57.3 3.92 613 3.93 57.4 3.91 57.3 3.91 - -
1 111.4 - 118.5 - - - 101.7 - 132.49 -
2 158.6 - 153.3 - 147.15 - 140.9 - 127.46 07.98
¥ 104.0 6.63 142.7 - 132.1 - 149.2 - 130.28 7.54
4 132.0 7.39 156.5 - 115.0 6.98 114.5 6.67 133.04 07.54
5 104.0 6.63 107.4 6.79 106.3 6.65 149.2 - 130.28 7.54
6’ 158.6 - 124.2 7.5 151.8 140.9 - 127.46 7.98
2'-0Me 56.0 3.79 57.2 3.95 61.6 3.83 61.8 3.75 - -
3'-0OMe - - 62.0 3.91 56.7 3.85 56.7 3.88 - -
4'-0Me - - 61.0 3.94 - - - - - -
5-0Me - - - - - - 56.7 3.88 - -
6’-0Me 56.0 3.79 61.3 3.93 57.4 3.91 57.3 3.91 - -
Acetyl(C=0) - - - - - - - - - -
Acetyl-Me - - - - - - - - - -
1" - - - - - - - - 103.38 4.96
2" - - - - - - - - 75.05 -
3" - - - - - - - - 78.11 -
4 - - - - - - - - 7134 3-3.9
5" - - - - - - - - 78.4 -
6 - - - - - - - - 62.74 -

30.R'=0OMe, R*, R =H
' R*=0Me, R =H

fa o JEEN

B R o R

. R'= OMe, R?= H, RE= Me ' 2 R-
P 3 A 29.R'= OMe, B2 = Me

B R, R=0Me R'=H

Figure 4: Structures of guinolone alkaloids from Casimiroa.

33 R'-R!Y= H,R"! = Me

M RR = H R = OMe, R = H,R'' = Me

35 R! -RY, RAR=H, R7= OH. R"= Me

36. R\, R -RS R -R"=H, R% R, R = OMe

37.RLRY, RS, R%-R"'= H, R%, R*, R7, R = OMe

38.[R", R%,R5,R7, R¥ = OMe, R2 R*, RS R*-R!'=H

39 RLR*- RS, RS, R%, R!'= H, RZ R, R"%= OMe,R® = -C/H,

0 RS R R RS RPR" = HRL R, R, R'%= OMe, RS = -C:3Hy
41 R'=0H,R:RY, RS RY R*R''= H, R’ ", R'"= OMe, R® = -C3H,

Figure 5: Structures of quinolinone and quinolone alkaloids from Casimiroa.
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42.R'-R7=H,R% R’ SR -R.R.K

43 R'-R® R7= H,R7 = OMe, R* = OH
44. R\, R% R¥ = OMe, R? -R%, R®, R = H, R"= OH
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OMe, R*-R® R*=H
53R, B2 RS, R7, R® = OMe, R*,R%, RS, R%= H

54 R'-RL RS, R, R¥ = OMe, R4, RS R* =H

55 R, B2, R4, R R™ R® = OMe, R, R, R" =H

45 RU-R% RS, R%= H, RS, R7,R¥ = OMe
46. R1, R, RS, RS, R® = H,R2, RY, R7,R? = OMe
47 R RY R? =OMe, R, R*-R*.R" = H

48 R, R R R®= OMe, R%-R", R’
49 R! R* R°.RE.RY =H,R2 B4 R R® = OMe
50.R', R, R", R® = OMe, R®, R, R*,R", R’
51. R, RS, R® = OMe, R2-R%, R, R*= H, K"

56/RV-RE R

OAcD

Figure 6: Structures of flavonoids from genus Casimiroa.

" 6. R-

H, R’
57. R, RY RS, R¥ = H, R% R*, RY,R7, R7= OH
H 58 R B R° Rf=H,R% R} R7 R’
59. R'R?, RY R®, R¥ = H,R*,R7,R?
H 6. R R® RS R®=H, R R R7 R’ - OH R®
6L R\ R RY RS R¥=H R R R" - OH,R®

Ohde

OH, RY
OH, R®

Chrhamnose glucose

Chrhamnose glucose

(-glucoside
O-glucoside
13 OH 17
64. R = 19
15 =
2 4 16 18
21 20
13 17
6. R= 14 16 19
12 13 | 18
0
21 20

Figure 7: Structures of N-benzoyltyramide derivatives from Casimiroa.

compounds 1, 2, 6, and 10 from the leaves of C. edulis.
Another important study was performed on the antiox-
idant activity of fractions and isolated compounds (43,
54, 55, and 56) from leaves of C. edulis. Ethanol fraction
was exhibited the more potent antioxidant activity
(842 M Trolox equivalents/g dry weight) [26]. According
to the study by Awaad et al. [27], compounds 38-39 and
fruit extracts of C. edulis were tested for the antihyper-
tensive activity using male dogs. All compounds showed
the antihypertensive activity at doses of 50, 100, 200,
and 300 mg/kg, and the ethanolic and total alkaloids
(in chloroform) extracts were found to possess important
antihypertensive properties at doses of 500 and
200 mg/kg, respectively. Nagai et al. [29] reported the
functions of glucose and lipid metabolism activities with
3T3-L1 adipocytes on two furocoumatins (13 and 17) and
two polymethoxyflavones (45 and 53) from leaves of
C. edulis. It was clear that the addition of furanocoumarin
increased the glucose uptake and lipid accumulation in
3T3-L1 adipocyte. Bertin et al. [31] reported vasodilation
and radical-scavenging activity of imperatorin and

selected coumarinic and flavonoid compounds (3, 10,
12, and 50) from seeds of C. edulis and C. pubescens.
Ya-ming et al. [33] evaluated solid tumor selective
cytotoxicity of extract, fractions, and compounds (19,
33, 45, 46, 48, 61, and 62) from C. tetrameria. Compounds
48, 61, and 62 were active against solid tumor cell line
C38 and a leukemia cell line L1210. Cardiovascular
activities for compounds 20-27 were also reported [35].
Ubaldo-suarez et al. [36] evaluated antidepressant-like
effect of hexane, ethyl acetate, and methanol roots
extracts of C. pubescens, using the forced swim test. The
result showed antidepressant-like activity on hexane
extract. Further studies reported antidiabetic and anti-
oxidant activities of compounds 7, 9, 42, and 45, isolated
from C. edulis using the DPPH radical scavenging assay
and the yeast a-glucosidase assay [37,38]. Moreover, the
leaves, seeds, and nonedible fruit's parts extracts of
C. edulis have been studied for their biological effects,
including antihypertensive, vasorelaxant, antioxidant,
anti-inflammatory, antitumor, relaxant, and contractile
effect in vitro [18,103,104]. Landaverde et al. [105] noted
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Table 18: Pharmacological properties of benzoyltyramide derivatives isolated from Casimiroa species

Compound (Cp) Biological activities

Plant Part used Ref.

Pubesamide A (62) Solid tumor selective cytotoxicity C. tetrameria & C. pubescens Seeds [33,34]
Pubesamide B (63) Solid tumor selective cytotoxicity C. tetrameria & C. pubescens Seeds [33,34]
Pubesamide C (64) - C. pubescens Seeds [34]
Tetrahydropubesamide A (65) - C. pubescens Seeds [34]
Table 19: *C and 'H NMR chemical shift data (8, ppm) of N-benzoyltyramide derivatives isolated from genus Casimiroa
Atom no. Cp 61 [34] Cp 62 [34] Cp 63 [34] Cp 64 [34]

O¢ 8y ac 8y B¢ By dc 8y
1 41.3 3.69 41.3 3.69 41.3 3.67 41.2 3.69
2 34.8 2.87 34.8 2.86 34.8 2.86 34.8 2.87
3 131.2 - 130.7 - 131.3 - 130.8 -
4 129.8 7.14 129.7 7.13 129.8 7.14 129.7 7.15
5 114.9 6.85 114.8 6.86 114.9 6.85 114.7 6.85
6 157.5 - 157.7 - 157.2 - 157.7 -
7 167.4 - 167.4 - 167.4 - 167.4 -
8 134.7 - 134.7 - 134.6 - 134.7 -
9 126.8 7.69 126.1 7.68 126.8 7.68 126.8 7.69
10 128.5 7.45 128.5 7.45 128.5 7.41 128.5 7.38
1 1314 7.38 131.4 7.41 131.4 7.47 131.6 7.45
12 65.9 4.09 67.2 4.16 65.4 4.12 66.0 3.97
13a 40.6 2.59 33.7 3.06 40.9 2.14 36.0 1.78
13b - - - - 40.9 1.97 36.0 167
14 154.9 - 155.0 - 727 - 26.4 2.26
15 126.2 6.08 127.4 6.08 136.6 5.63 50.6 2.41
16 191.4 - 190.8 - 124.5 6.52 210.4 -
17 127.4 6.13 126.0 6.13 124.3 5.82 52.3 2.26
18 153.0 - 153.0 - 135.5 - 24.5 2.15
19 27.8 1.88 27.8 1.89 18.3 1.73 22,6 0.90
20 20.6 2.17 20.6 2,15 26.0 1.76 22,6 0.91
21 19.3 2.22 26.8 2.01 29.0 1.37 19.9 0.97

that essential oils extracted from C. pringlei displayed
significant sedative and anxiolytic properties in rats.
However, there is still a lack of biological and other
phytochemical research to prove medicinal uses of genus
Casimiroa like Casimiroa watsonii, Casimiroa tomentosa,
C. sapota Var. Villosa, Casimiroa calderoniae, Casimiroa
dura, Casimiroa emarginata, Casimiroa greggii, and
Casimiroa microcarpa.

9 Concluding remarks

Casimiroa genus is a rich of diverse plant metabolites,
with important biological activities. Their potential as
drug leads is yet to be explored. Several Casimiroa

species have not yet been chemically studied. Therefore,
it is necessary to carry out these studies to contribute to
the taxonomic classification and medicinal chemistry. In
this article, the emphasis has been on the NMR data of
compounds obtained from the genus, and pharmaceu-
tically most of these compounds were reported in 1968s,
and during that time, the data were either incomplete or
unavailable. In this review, we have presented the NMR
data and its description of compounds isolated from the
genus Casimiroa. In addition, the information con-
cerning different skeletons of the compounds is also
provided.

Acknowledgments: The authors are grateful to Airlangga
Development Scholarship (ADS) and RISET MANDAT




794 —— Khun Nay Win Tun et al.

GRANT of Universitas Airlangga, Surabaya, Indonesia.
The appreciation is also conveyed to Prof. M. Igbal
Choudhary from H. E. J. Research Institute of Chemistry,
Intemational Center of Chemical and Biological Sciences,
University of Karachi, Karachi-75270, Pakistan, for his
help in improving this review article.

Conflict of interest: The authors have no conflict of
interest.

References

(1]

(2]

3]

(4]

5]

(6]

[7]

(8]

(9]

[10]

(11]

(12]

Cragg GM, Newman D). Natural product drug discovery in the
next millennium. Pharm Biol. 2001;39(Suppl 1):8-17.

doi: 10.1076/phbi.39. s1.8.0009.

Yuan H, Ma Q, Ye L, Piao G. The traditional medicine and
modern medicine from natural products. Molecules.
2016;21(5):559. doi: 10.3390/ molecules21050559.
Wohlleben W, Mast ¥ Stegmann E, Ziemert N. Antibiotic drug
discovery. Microb Biotechnol. 2016;9(5):541-8. doi: 10.1111/
1751-7915.12388.

Pan SY, Litscher G, Gao SH, Zhou SF, Yu ZL, Chen HQ, et al.
Historical perspective of traditional indigenous medical
practices: the current renaissance and conservation of
herbal resources. Evid Based Complementary Altern Med.
2014;2014:1-20. doi: 10.1155/2014/525340.

Karunamoorthi K, Jegajeevanram K, Vijayalakshmi },
Mengistie E. Traditional medicinal plants: A source of
phytotherapeutic modality in resource-constrained health
care settings. ] Evid Based Complementary Altern Med.
2012;18(1):67-74. doi: 10.1177/2156587212460241.

Ekor M. The growing use of herbal medicines: issues relating
to adverse reactions and challenges in monitoring safety.
Front Pharmacol. 2014;4:177. doi: 10.3389/fphar.2013.00177.
Van Andel T, Carvalheiro LG. Why urban citizens in
developing countries use traditional medicines: the case of
suriname. Evid Based Complementary Altern Med.
2013;201:1-13. doi: 10.1155/2013/687197.

Dias DA, Urban S, Roessner U. A historical overview of
natural products in drug discovery. Metabolites.
2012;2(2):303-36. doi: 10.3390/metabo2020303.

Chikezie PC, Ibegbulem CO, Mbagwu FN. Bioactive principles
from medicinal plants. Res ] Phytochemistry.
2015;9(3):88-115. doi: 10.3923/rjphyto.2015.88.115.
Duraipandiyan V, Ayyanar M, Ignacimuthu S. Antimicrobial
activity of some ethnomedicinal plants used by Paliyar tribe
from Tamil Nadu, India. BMC Complementary Altern Med.
2006;6:35-41. doi: 10.1186/1472-6882-6-35.

Phua DH, Zosel A, Heard K. Dietary supplements and herbal
medicine Toxicities when to anticipate them and how to
manage them. Int | Emerg Med. 2009;2(2):69-76.

doi: 10.1007 [s12245-009-0105-2.

Bernardini S,Tiezzi A, LaghezzaMasci V, Ovidi E. Natural
products for human health: an historical overview of the
drug discovery approaches. Nat Prod Res.

(13]

[14]

(15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

DE GRUYTER

2018;32(16):1926-50. doi: 10.1080/14786419.2017.
1356838.

Satheesh M. Review on distribution, nutritional and medic-
inal values of Casimiroa edulisllave-an underutilized fruit in
Ethiopia. American-Eurasian ] Agric Env Sci.
2015;15(8):1574-83. doi: 10.5829/
idosi.aejaes.2015.15.8.9585.

Yamamoto M, Tomita T, Onjo M, Ishihata K, Kubo T,
Tominaga S. Genetic diversity of white sapote (Casimiroa
edulis La Llave & Lex.) demonstrated by intersimple
seguence repeat analysis. HortScience.
2007;42(6):1329-31. doi: 10.21273/HORTSCI.42.6.1329.
Garzon-De la Mora P, Garcia-lopez PM, Garcia-Estrada J,
Navarro-Ruiz A, Villanueva-Michel T, Villarreal-de Puga LM,
et al. Casimiroa edulis seed extracts show anticonvulsive
properties in rats. | Ethnopharmacol. 1999;68(1-3):275-82.
doi: 10.1016 /s0378-8741(99)00125-7.

Mora S, Diaz-Veliz G, Lungenstrass H, Garcia-Gonzalez M,
Coto-Morales T, Poletti C, et al. Central nervous system
activity of the hydroalcoholic extract of Casimiroa edulis in
rats and mice. ] Ethnopharmacol. 2005;97(2):191-7.

doi: 10.1016 /j.jep.2004.10.028.

Navarro Ruiz A, Bastidas Ramirez BE, Garcia Estrada ], Garcia
Lopez P, Garzon P. Anticonvulsant activity of Casimiroa
edulis in comparison to phenytoin and Phenobarbital.
JEthnopharmacol. 1995;45(3):199-206. doi: 10.1016 /0378-
8741(94)01216-m.

Véazquez-Cruz B, Vdzquez-Mufioz M, Navarrete-Bastida R,
Trujillo-Gonzalez ID, De Haro R, Segura D, et al.
Antihypertensive and vasorelaxant effects of the aqueous
extract of Casimiroa edulis. Pharmacologyonline.
2009;3:73-8.

Romero ML, Escobar LI, Lozoya X, Enriquez RG. High
performance liquid chromatographic study of Casimiroa
edulis: |. Determination of imidazole derivatives and rutin in
aqueous and organic extracts. ] Chromatogr.
1983;281:245-51. doi: 10.1016/S0021-9673(01)87882-1.
Esposito F, Zinzula L, Maxia A, Tramontano E, Sanna C.
Inhibition of HIV-1 reverse transcriptase associated activities
by the hydroalcoholic extract of Casimiroa edulis seeds. Nat
Prod Res. 2011;25(11):106 7-73. doi: 10.1080/
14786419.2010.508896.

Miller SL, Haber WA, Setzer WN. Chemical composition of the
leaf essential oil of Casimiroa edulis La llave & lex.
(Rutaceae) from Monteverde, Costa Rica. Nat Prod
Commun. 2009;4(3):425-6. doi: 10.1177/
1934578X0900400322.

Kincl FA, Romo |, Rosenkranz G, Sondheimer F. The
constituents of Casimiroa edulis Llave et lex. Part I. The
seed. ] Chem Soc. 1956;4136-69. doi: 10.1039/
JR9560004163.

Iriarte |, Kincl FA, Rosenkranz G, Sondheimer F. The
constituent of Casimiroa edulisLlave et lex. Part Il. The bark.
] Chem Soc. 1956;4170-3. doi: 10.1039/]R9560004170.

Ito A, Shamon LA, Yu B, Mata-Greenwood E, Lee SK,
Breemen RBV, et al. Antimutagenic constituents of Casimiroa
edulis with potential cancer chemopreventive activity. ] Aric
Food Chem. 1998;46:3509-16. doi: 10.1021/jf9802373.
Awaad AS, Al-Jaber NA, Soliman GA, Al-Outhman MR,

Zain ME, Moses JE, et al. New bioclogical activities of




DE GRUYTER

(26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Casimiroa edulis leaf extract and isolated compounds.
Phyther Res. 2012;26(3):452-7. doi: 10.1002/ptr.3690.
Awaad AW, El-Sayed NH, Maitland D], Mabry T). Phenolic
antioxidants from Casimiroa edulis leaves. Pharm Biol.
2006;44(4):258-62. doi: 10.1080/138802006 00713899.
Awaad AS, Maitland DJ, Moneir SM. New alkaloids from
Casimiroa edulis fruit and their pharmacological activity.
Chem Nat Compd. 2007;43(5):576~80. doi: 10.1007/s10600-
007-0196-9.

Khaleel AEM. 2-Phenyl-4-quinolinone alkaloids from
Casimiroa edulis Llave et Lex (Rutaceae). Monatshefte fur
Chem. 2012;133:183-7. doi: 10.1007/s706-002-8248-4.
Nagai H ,Tanaka T, Goto T, Kusudo T, Takahashi N, Kawada T.
Phenolic compounds from leaves of Casimiroa edulis
showed adipogenesis activity. Biosci Biotechnol Biochem.
2014;78(2):296-300. doi: 10.1080/09168451.2014.877821.
Heneka B, Rimpler H, Ankli A, Sticher O, Gibbons §,
Heinrich M. A furanocoumarin and polymethoxylated flavo-
noids from the Yucatec Mayan plant Casimiroa tetrameria.
Phytochemistry. 2005;66:649-52. doi: 10.1016/
j.phytochem.2004.12.005.

Bertin R, Chen Z, Martinez-vazquez M, Garcia-argaéz A,
Froldi G. Vasodilation and radical-scavenging activity of
imperatorin and selected coumarinic and flavonoid com-
pounds from genus Casimiroa. Phytomedicine.
2014;21(5):586-94. doi: 10.1016/j.phymed.2013.10.030.
Garcia-Argdez AN, Gonzdlez-Lugo NM, Parra-Delgado H,
Martinez-Vazquez M. Casimiroin, zapoterin, zapotin and
5,6,2',3',4'-pentamethoxyflavone from Casimiroa pubescens.
Biochem Syst Ecol. 2005;33(4):441-3. doi: 10.1016/
j.bse.2004.11.004.

Ya-ming XU, Ramirez-ahumada MDC, Valeriote FA,
Gunatilaka AAL. Solid tumor inhibitory and other constitu-
ents of Casimiroatetrameria. Chin ] Nat Med.
2011;9(5):334-7. doi: 10.3724/SP.].1009.2011.00334.
Garcia-Argaez AN, Gonzalez-Lugo NM, Parra-Delgado H,
Martinez-Vazguez M. Pubesamides A, B, and C, three new N-
benzoyltyramide derivatives isolated from Casimiroa pub-
escens. Z Naturforsch. 2004;59(b):245-8. doi: 10.1515/znb-
2004-0219.

Magos GA, Vidrio H, Reynolds WF, Enriguez RG.
Pharmacology of Casimiroa edulis IV. Hypotensive effects of
compounds isolated from methanolic extracts in rats and
guinea pigs. ] Ethnopharmacol. 1998;64(1):35-44.

doi: 10.1016/s0378-8741(98)00101-9.

Ubaldo-suarez D, Reyes RE, Rosa-sierra RDL, Martinez-
Vazquez M. Antidepressant-like effect of Casimiroa pub-
escences root extracts. Nat Prod Res. 2019;33(17):2526-30.
doi: 10.1080/14786419.2018.144 8808.

Tun KNWT, Aminah NS, Kristanti AN, Ramadhan R, Takaya Y.
Two flavonoids from stem bark of Casimiroa edulis and their
antidiabetic and antioxidant activities. I0P conference
secrecies: Earth and Environmental Science; 2018 Oct 8-12;
Universitas Airlangga, Indonesia, 2019. doi: 10.1088/1755-
1315/217/1/012006.

Tun KNW, Aminah NS, Kristanti AN, Ramadhan R, Takaya Y,
Aung HT. Coumarins from Myanmar edible fruit tree
(Casimiroa edulis). ) Indian Chem Soc. 2019;96(6):737-40.
Venugopala KN, Rashmi V, Odhav B. Review on natural
coumarin lead compounds for their pharmacological activity.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

— 795

Natural products isolated from Casimiroa

Biomed Res Int. 2013;2013:963248. doi: 10.1155/2013/
963248,

Borges F, Roleira F, Milhazes N, Santana L, Uriarte E. Simple
Coumarins and Analogues in Medicinal Chemistry: Occurrence,
Synthesis and Biological Activity. Curr Med Chem.
2005;12(8):887-916. doi: 10.2174/0929867053507315.
Srikrishna D, Goduqu C, Dubey PK. A review on pharmaco-
logical properties of coumarins. Mini Rev Med Chem.
2018;18(2):113-41. doi: 10.2174/
1389557516666160801094919.

Chavan RR, Hosamani KM. Microwave-assisted synthesis,
computational studies and antibacterial anti-inflammatory
activities of compounds based on coumarin-pyrazole hybrid.
R Soc Open Sci. 2018;5(5):172435. doi: 10.1098 [rsos.172435.
Hadjipavlou-Litina D, Kontogiorgis C, Pontiki E, Dakanali M,
Akoumiabaki A, Katerinopoulos HE. Anti-inflammatory and
antioxidant activity of coumarins designed as potential
fluorescent zinc sensors. | Enzyme Inhib Med Chem.
2007;22(3):287-92. doi: 10.1080/147563606 01073914,

Lei L, Xue Y, Liu Z, Peng S, He ¥, Zhang Y, et al. Coumarin
derivatives from Ainslinea fragrans and their anticoagulant
activity. Sci Rep. 2015;5:13544. doi: 10.1038/srep13544.
Ramirez-Pelayo C, Martinez-Quifiones ], Gil ], Durango D.
Coumarins from the peel of citrus grow in
Colombia:composition, elicitation and antifungal activity.
Heliyon. 2019;15(6):e01937. doi: 10.1016/j.heliyon.
2019.e01937.

Montagner C, Souza SM, Groposoa C, Monache FD,
Sménia EF, Smania A. Antifungal activity of coumarins. Z
Naturforsch C | Biosci. 2008;63¢(1-2):21-28. doi: 10.1515/
znc-2008-1-205.

Shokoohinia Y, Sajjadi SE, Gholamzadeh S, Fattahi A,
Behbahani M. Antiviral and cytotoxic evaluation of cou-
marins from Prangos ferulacea. Pharm Biol.
2014;52(12):1543-9. doi: 10.3109/13880209.2014.907322.
Hassan MZ, Osman H, Ali MA, Ahsan M). Therapeutic
potential of coumarins as antiviral agents. Eur | Med Chem.
2016;123:236-55. doi: 10.1016/j.ejmech.2016.07.056.

Ding C, Zhang W, Li |, Lei ], Yu ). Cytotoxic constituents of
ethyl acetate fraction from Dianthus superbus. Nat Prod Res.
2013;27(18):1691-4. doi: 10.1080/14786419.2012.763127.
Susidarti RA, Rahmani M, Ismail HBM, Sukari MA, Hin TYY,
Lian GEC, et al. Cytotoxic activity of coumarins from
Micromelum minutum. Pharm Biol. 2009;47(2):182-5.

doi: 10.1080/13880200802436513.

Mojarrab M, Emami SA, Delazar A, Tayarani-Najaran Z.
Cytotoxic Properties of Three Isolated coumarin-hemiterpene
ether derivatives from Artemisia armeniaca Lam. Iran ] Pharm
Res. 2017;16(1):221-9.

Dehghan H, Sarrafi ¥, Salehi P, Ebrahim SN. a-Glucosidase
inhibitory and antioxidant activity of furanocoumarins from
Heracleum persicum. Med Chem Res. 2017;26:849-55.

doi: 10.1007/s00044-017 -1796-y.

Karakaya S, Gozcii S, Giivenalp Z, Ozbek H, Yuca H,
Dursunoglu B, et al. The a-amylase and a-glucosidase
inhibitory activities of the dichloromethane extracts and
constituents of Ferulagobracteata roots. Pharm Biol.
2018;56(1):18-24. doi: 10.1080/13880209.2017.1414857.
Razavi BM, Arasteh E, Imenshahidi M, Iranshahi M.
Antihypertensive effect of auraptene, a monoterpene




796 =—— Khun Nay Win Tun et al.

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

coumarin from the genus Citrus, upon chronic administra-
tion. Iran | Basic Med Sci. 2015;18(2):153-8.

Mukes S, Kaikini A, Peshattiwar V, Bagle S, Dighe V,
Sathaye S. Neuroprotective effect of coumarin nasal
formulation: kindling model assessment of epilepsy. Front
Pharmacol. 2018;9:992. doi: 10.3389/fphar.2018.00992.
Kassim NK, Rahmani M, Ismail A, Sukari MA, Ee GC,

Nasir NM, et al. Antioxidant activity-guided separation of
coumarins and lignin from Melicope glabra (Rutaceae). Food
Chem. 2013;139(1-4):87-92. doi: 10.1016/
j.foodchem.2013.01.108.

Esterhuizen LL, Meyer R, Dubery IA. Antioxidant activity of
metabolites from Coleonema album (Rutaceae). Mat Prod
Commun. 2006;1(5):367-75. doi: 10.1177/

193457 8X0600100505.

Vera N, Zampini C, Maria Inés Isla MI, Bard n A. Antioxidant
and XOD inhibitory coumarins from Pterocaulon polysta-
chyum DC. Nat Prod Commun. 2007;2(5):551-6. doi: 10.1177/
1934578X0700200508.

Thuong PT, Hung TM, Mgoc TM, Ha DT, Min BS, Kwack SJ,
et al. Antioxidant activities of coumarins from Korean
medicinal plants and their structure-activity relationships.
Phytotherapy Res. 2010;24(1):101-6. doi: 10.1002/ptr.2890.
Widelski ], Luca SV, Skiba A, Chinou L, Marcourt L,
Wolfender L, et al. Isolation and antimicrobial activity of
coumarins derivatives from fruit of Peucedanum luxurians
Tamamsch. Molecules. 2018;23(5):1222. doi: 10.3390/
molecules23051222.

Wang C, Pei A, Chen ], Yu H, Sun ML, Liu CF, et al. A natural
coumarins derivative esculetin offers neuroprotection on
cerebral ischemia/reperfusion injury in mice. ] Neurochem.
2012;121(6):1007-13. doi: 10.1111/j.1471-4159.2012.0 77 44.x.
Kim ]S, Kim JC, Shim SH, Lee E, Jin WY, Bae K, et al. Chemical
constituents of the root of Dystaenia takeshimana and their
anti-inflammatory activity. Arch Pharm Res.
2006;29(8):617-23. doi: 10.1007/bf02968244.

Askari M, Sahebkar A, Iranshahi M. Synthesis and purifica-
tion of 7-prenyloxycoumarins and herniarin as bioactive
natural coumarins. Iran | Basic Med Sci. 2009;12(2):63-69.
Dudek-Makuch M, Matlawska I. Coumarins in horse cheatnut
flowers: isolation and quantification by UPLC method. Acta
Pol Pharm. 2013;70(3):517-22.

Tjahjandarie TS. Coumarins from the stem bark of Feronia
limonia. ) Chem Pharm Res. 2014;6(12):499-504.

Dreyer DL. Citrus bitter principles. IX. Extractives of
Casimiroa edulis Llaveet Lex. The structure of Zapoterin.

) Org Chem. 1968;3(9):3577-82. doi: 10.1021/jo01273a049.
Attia GIEA, Abou-El-seoud KA, lbrahim ARS.
Biotransformation of furanocoumarins by Cunninghamella
elegans. Bull Fac Pharm Cairo Univ. 2015;53(1):1-4.

doi: 10.1016/j.bfopcu.2014.09.001.

Shults EE, Petrova TN, Shakirov MM, Chernyak EI,
Pokrovskiy LM, Nekhoroshev SA, et al. Coumarin compounds
from roots of Peucedanum (Peucedanum morisonii Bess).
Chem Sustain Dev. 2003;4:649-65.

O0'Neill T, Johnson JA, Webster D, Gray CA. The Canadian
medicinal plant Heracleum maximum contains antimyco-
bacterial diynes and furanocoumarins. | Ethnopharmacol.
2013;147(1):232-7. doi: 10.1016/j.jep.2013.03.009.

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771]

(78]

[79]

(80]

[81]

[82]

[83]

DE GRUYTER

Nam VD,Teruhisa F, Hirofumi T, Hiroshi K, Khoi NM, Dung LV,
et al. Chemical composition of Clausena lansium (Lour.)
skeels leaves and antifungal activity. Nat prod Sci.
2016;22(1):35-40. doi: 10.20307 /nps.2016.22.1.35.
Bergendorff 0, Dekermendjian K, Nielsen M, Shan R, Witt R,
Ai ], et al. Furanocoumarins with affinity to brain benzodia-
zepine receptor jn vitro. Phytochemistry.
1997;44(6):1121-214. doi: 10.1016 /s0031-9422(96)00703-0.
Chung LY, Yap KF, Goh SH, Mustafa MR, Imiyabir Z.
Muscarinic receptor binding activity of polyoxygenated
flavones from Melicope subunifoliolata. Phytochemistry.
2008;69(7):1548-54. doi: 10.1016/
j.phytochem.2008.01.024.

Facchini P). Alkaloid biosynthesis in plants: biochemistry,
cell biology, molecular regulation, and metabolic engi-
neering applications. Annu Rev Plant Physiol Plant Mol Biol.
2001;52(1):29-66. doi: 10.1146/annurev.arplant.52.1.29.
Khan F, Qidwai T, Shukla RK, Gupta V. Alkaloids derived from
tyrosine: modified benzyltetrahydroisoquinoline alkaloids.
In: Ramawat K, Mérillon M, editors. Natural Products. Berlin,
Heidelberg: Springer; 2013. p. 405-60. doi: 10.1007/978-3-
642-22144-6_15.

Kaur R, Arora 5. Alkaloids-important therapeutic secondary
metabolites of plant origin review article. | Crit Rev.
2015;2(3):1-8.

Tiong SH, Looi CY, Hazni H, Arya A, Paydar M, Wong WF, et al.
Antidiabetic and antioxidant properties of alkaloids from
Catharanthus roseus (L.) G. Don, Molecules.
2013;18(8):9770-84. doi: 10.3390/ molecules18089770.
Costa EV, da Cruz PEO, de Lourengo CC, de Souza Moraes VR,
de Lima Nogueira PC, Salvador M). Antioxidant and
antimicrobial activities of aporphinoids and other alkaloids
from the bark of Annona Salzmannii A. DC. (Annonaceae).
Nat Prod Res. 2013;27(11):1002-6. doi: 10.1080/
14786419.2012.688044.

Souto AL, Tavares JF, da Silva MS, de Fatima M, Diniz FFM, de
Athayde-Filho PF, et al. Anti-Inflammatory activity of
alkaloids: An update from 2000 to 2010. Molecules.
2011;16(10):8515-34. doi: 10.3390/molecules16108515.

Lu J), Bao ], Chen XP, Huang M, Wang YT. Alkaloids isolated
from natural herbs as the anticancer agents. Evid Based
Complement Altern Med. 2012;2012:1-12. doi: 10.1155/2012/
485042,

Vaid RM, Bhutani KK. Comparison of anti-amoebic activity of
stereoisomeric diamino and monoaminopregnene alkaloids
and their N-methylated analogs. ] Chem Sci.
2013;25(1):183=5.

Min YD, Kwon HC, Yang MC, Lee KH, Choi 5U, Lee KR.
Isolation of limonoids and alkaloids from Phellodendron
amurense and their multidrug resistance (MDR) reversal
activity. Arch Pharm Res. 2007;30(1):58-63. doi: 10.1007/
bfo2977779.

Pusset ], Lopez ], Pais M, Neirabeyeh M, Veillon JM. Isolation and
2D NMR studies of alkaloids from Comptonella sessilifoliolal.
Planta Med. 1991;57(2):153-5. doi: 10.1055/s-2006-960053.
Hague MM, Begum S, Sohrab MH, Ahsan M, Hasan CM,
Ahmed N, et al. Secondary metabolites from the stem of
Ravenia spectabilisLindl. Pharmacogn Mag. 2013;9(33):76.
doi: 10.4103/0973-1296.108147.




DE GRUYTER

[84]

(85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

Parhoodeh P, Rahmani M, Mohd N, Sukari HMA, Ee GCL.
Alkaloid constituents of Haplophyllumlaeviusculum
(Rutaceae) (Kandungan Alkaloid daripadaHaplophyllum
laeviusculum(Rutaceae). Sains Malays. 2012;41(1):47-52.
Biavatti MW, Vieira PC, da Silva MFDGF, Fernandes |B,
Victor SR, Pagnocca FC, et al. Zukerman-Schpector J.
Biological activity of quinoline alkaloids from Raulinoa
echinata and X-ray structure of flindersiamine. ] Braz Chem
Soc. 2002;13(1):66-70. doi: 10.1590/50103-
50532002000100010.

Setzer WN, Vogler B, Bates RB, Schmidt JM, Dicus CW,
Nakkiew P, et al. HPLC-NMR/HPLC-MS analysis of the bark
extract of Stauranthus perforates. Phytochem Anal.
2003;14(1):54-59. doi: 10.1002/pca.687.

Panche AN, Diwan AD, Chandra SR. Flavonoids: an
overview. | Nutr Sci. 2016;5(e47):1-14. doi: 10.1017/
jns.2016.41.

Hasan A, Sadig A, Abbas A, Mughal E, Khan KM, Ali M.
Isolation and synthesis of flavonols and comparison of their
antioxidant activity. Nat Prod Res. 2010;24(11):995-1003.
doi: 10.1080/14786410902847302.

Badmus JA, Ekpo OE, Ratenbach F, Marnewick JL, Hussein AA,
Hiss DC. Isolation and antioxidant activity of flavonoids from
Holarrhena floribunda (G.don) leaves. Acta Biochim Pol.
2016;63(2):353-8. doi: 10.18388/abp.2015_1178.
Benmerache A, Benteldjoune M, AlabdulMagid A, Abedini A,
Berrehal D, Kabouche A, et al. Chemical composition,
antioxidant and antibacterial activities of Tamarix balansae
]. Gay aerial parts. Nat Prod Res. 2017;31(24):2828-35. doi:
10.1080/14786419.2017.1299729.

Kang SY, Kang J¥, Oh M). Antiviral activities of flavonoids
isolated from the bark of Rhus verniciflua stokes against fish
pathogenic viruses in vitro. ] Microbiol. 2012;50(2):293-300.
doi: 10.1007/512275-012-2068-7.

Peng W, Wang L, Qiu XH, Jiang YP, Pan L, Jia XG, et al.
Flavonoids from Caragana pruinosa roots. Fitoterapia.
2016;114:105-9. doi: 10.1016 /j.fitote. 2016.08. 020.

Chan SC, Chang YS, Wang JP, Chen SC, Kuo SC.

Three new flavonoids and antiallergic, anti-inflammatory
constituents from the heartwood of Dalbergiaodorifera.
Planta Med. 1998;64(2):153-8. doi: 10.1055/s-2006-
957394,

Alhassan AM, Ahmed QU, Latip ], Shah SAA. A new sulphate
flavone and other phytoconstituents from the leaves of
Tetraceraindica Merr. And their alpha-glucosidase inhibitory
activity. Nat Prod Res. 2019;33(1):1-8. doi: 10.1080/
14786419.2018.1437427.

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

— 797

Natural products isolated from Casimiroa

Batra P, Sharma AK. Anti-cancer potential of flavonoids:
recent trends and future perspectives. 3 Biotech.
2013;3(6):439-59. doi: 10.1007/513205-013-0117-5.

Garratt PJ, Scheinmann F, Sondheimer F. Constituents of
Casimiroa edulid Llave et Lex. -VI:2',5,6-trimethoxyflavone,
2',5,6,7-tetramethoxyflavone (zapotin) and 5-hydroxy-2°,6,7-
trimethoxyflavone (zapotinin). Tetrahedron.
1960;3(4):139-44. doi: 10.1016/0040-4020(60)80001-4.
Mostafa NM, El-Ghffar, Hegazy HG, Eldahshan OA. New
methoxyflavone from Casimiroa sapota and the biological
activities of its leaves extract against lead acetate induced
hepatotoxicity in rats. Chem Biodivers. 2018;(4):e1700525.
doi: 10.1002 /cbdv.201700528.

Heinrich M, Heneka B, Ankli A, Rimpler H, Sticher O, KostizaT.
Spasmolytic and antidiarrhoeal properties of the Yucatec
Mayan medicinal plant Casimiroa tetrameria. | Pharm
Pharmacol. 2005;57(9):1081-5. doi: 10.1211/jpp.57.9.0002.
Budzianowski ], Morozowska M, Wesolowska M. Lipophilic
flavones of Primula veris L. from field cultivation and in vitro
cultures. Phytochemistry. 2005;66(9):1033-9. doi: 10.1016/
j.phytochem.2005.03.024.

Kyriakou E, Primikyri A, Charisiadis P, Katsoura M,
Gerothanassis IP, Stamatis H, et al. Unexpected enzyme-
catalyzed regioselective acylation of flavonoid aglycones
and rapid product screening. Org Biomol Chem.
2012;10(9):1739-42. doi: 10.1039/C20B06784F.

Akkola EK, Suntara |, Kelesb H, Sezika E, Gurlerc G.
Bioassay-guided isolation and characterization of wound
healer compounds from Morus nigra L. (Moraceae). Rec Nat
Prod. 2015;9(4):484-95.

Aisyah LS, Yun YF, Herlina T, Julaeha E, Zainuddin A,
Nurfarida I, et al. Flavonoid compounds from the Leaves of
Kalanchoe prolifera and their cytotoxic activity against P-388
Murine Leukimia Cells. Nat Prod Sci. 2017;23(2):139-45. doi:
10.20307/nps.2017.23.2.139.

Elkady WM, lbrahim EA, Gonaid MH, El Baz FK. Chemical
profile and biological activity of Casimiroa edulis non-edible
fruit's parts. Adv Pharm Bull. 2017;7(4):655-60. doi:
10.15171/apb.2017.079.

Magos GA, Vidrio H, Enriquez R. Pharmacology of Casimiroa
edulis; Ill. Relaxant and contractile effects in rat aortic rings.
] Ethnopharmacol. 1995;47(1):1-8. doi: 10.1016/0378-
8741(95)01247-b.

Landaverde NA, Juarez-Flores B, Jimenez-Capdeville ME,
Ortiz-Perez MD. Anxiolytic and sedative effects of essential
oil from Casimiroa pringlei on wistar rats. ] Med Plant Res.
2009;3(10):791-8.




Natural products isolated from Casimiroa

ORIGINALITY REPORT

20, 14, 19, 3.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.mdpi.com

Internet Source

1o

)

www.frontiersin.org

Internet Source

1o

Weber, W.M.. "Anti-oxidant activities of
curcumin and related enones", Bioorganic &
Medicinal Chemistry, 20050601

Publication

1o

=

www.mysciencework.com

Internet Source

1o

£l

Carey Meredith Suehs, Stéphane Charpentier,
Laurence Affre, Frédéric Médail. "The
evolutionary potential of invasive Carpobrotus
(Aizoaceae) taxa: are pollen-mediated gene flow
potential and hybrid vigor levels connected?”,
Evolutionary Ecology, 2006

Publication

1o

www.tandfonline.com

Internet Source

1o




=0

Amal E. M. Khaleel. Monatshefte fuer
Chemie/Chemical Monthly, 2002

Publication

1o

www.ncbi.nlm.nih.gov

Internet Source

1o

Submitted to Universitas Airlangga
Student Paper < 1 %
academicjournals.or
Internet SourceJ g <1 %
Tin Myo Thant, Nanik Siti Aminah, Alfinda Novi <1 o
Kristanti, Rico Ramadhan, Hnin Thanda Aung, °
Yoshiaki Takaya. " Phytoconstituents of Genus
and Their Bioactivity—a Review ", Natural
Product Communications, 2020
Publication
hdl.handle.net
Internet Source <1 %
Xiao-Fei Shang, Susan L. Morris-Natschke, <1 o
Guan-Zhou Yang, Ying-Qian Liu et al. °
"Biologically active quinoline and quinazoline
alkaloids part II", Medicinal Research Reviews,
2018
Publication
beilstein-journals.or
Internet SourceJ g <1 %




ibcs.sbqg.org.br
JInternet Soucrlce g <1 %
dfs.semanticscholar.or
Il:n)ternet Source g <1 %
T. M. Thant, N. S. Aminah, A. N. Kristanti, R. <1 o
Ramadhan, H. T. Aung, Y. Takaya. °
"Antidiabetes and Antioxidant agents from
Clausena excavata root as medicinal plant of
Myanmar", Open Chemistry, 2019
Publication
veprints.unica.it
Interﬁet Source <1 %
Rodrigo Sant’Ana Cabral, Pierre-Marie Allard, <1 o
Laurence Marcourt, Maria Claudia Marx Young °
et al. " Targeted Isolation of
Indolopyridoquinazoline Alkaloids from Based
on Molecular Networks ", Journal of Natural
Products, 2016
Publication
www.degruyter.com
Internet Sourc% y <1 %
ims.com.pk
Ilfw)’-clernet Source p <1 %
29 KNW Tun, N S Aminah, A N Kristanti, R <1 o
(0}

Ramadhan, Y Takaya. " Two Flavonoids From



Stem Bark of and Their Antidiabetic and
Antioxidant Activities ", IOP Conference Series:
Earth and Environmental Science, 2019

Publication

Rina Herowati, Gunawan Pamudji Widodo.
"Chapter 5 Molecular Docking Analysis:
Interaction Studies of Natural Compounds to
Anti-inflammatory Targets", IntechOpen, 2017

Publication

<1%

Maria Conceicado M. Torres, José Gustavo L.
Almeida, Raimundo Braz-Filho, Edilberto R.
Silveira, Otilia Deusdénia L. Pessoa. "Structure
elucidation and NMR assignments of new
spirosolane alkaloids from Solanum
campaniforme", Magnetic Resonance in
Chemistry, 2012

Publication

<1%

Jun Wang, Benzheng Su, Haigiang Jiang, Ning
Cui, Zongyuan Yu, Yuhan Yang, Yu Sun.
"Traditional uses, phytochemistry and
pharmacological activities of the genus
Cinnamomum (Lauraceae): A review",
Fitoterapia, 2020

Publication

<1%

Bharat Singh, Ram Avtar Sharma. "Secondary
Metabolites of Medicinal Plants", Wiley, 2020

Publication

<1%




57 Khan, A.T.. "A highly efficient and <1 .
. : : Yo
environmentally benign synthesis of 6,8-
dibromoflavones, 8-bromoflavones, 5,7-
dibromoaurones and 7-bromoaurones”,

Tetrahedron Letters, 20050725
Publication

Francesca Esposito, Luca Zinzula, Andrea <1 o
Maxia, Enzo Tramontano, Cinzia Sanna. " °
Inhibition of HIV-1 reverse transcriptase
associated activities by the hydroalcoholic
extract of seeds ", Natural Product Research,

2011

Publication
Sig]rtrglt:eerd to iGroup <1 "
Bartner, Peter, Dena L. Boxler, Raymond <1 0

Brambilla, Alan K. Mallams, James B. Morton,
Paul Reichert, Frederick D. Sancilio, Henry
Surprenant, Gregory Tomalesky, Gabor Lukacs,
Alain Olesker, Ton That Thang, Lydia Valente,
and Satoshi Omura. "The megalomicins. Part 7.
A structural revision by carbon-13 nuclear
magnetic resonance and X-ray crystallography.
Synthesis and conformational analysis of 3-
dimethylamino- and 3-azido-D- and -L-
hexopyranosides, and the crystal structure of
435€3-0-(4-lodobenzoyl)megalomicin A", Journal



of the Chemical Society Perkin Transactions 1,
1979.

Publication

31 "Natural Products", Springer Science and <1 .
. : Yo
Business Media LLC, 2013
Publication

Nishiyama, Y.. "Se.condary and tgrtiary | <1 o
isoquinoline alkaloids from Xylopia parviflora",
Phytochemistry, 200612
Publication
www.bibra-information.co.uk

Internet Source <1 %

Amani S. Awaad, Derek J. Maitland, Samar M. <1 o
Moneir. "New alkaloids from Casimiroa edulis °
fruits and their pharmacological activity",

Chemistry of Natural Compounds, 2007
Publication

35 El Sayed, K.A.. "Microbial transformation of <1 o
papaveraldine", Phytochemistry, 20000308 °
Publication

V. V. Lyaskovskyy. "11H-isoindolo[2,1- <1 y
a]benzimidazoles (Review)", Chemistry of °
Heterocyclic Compounds, 03/2007
Publication
doczz.net

Internet Source <1 %




Cédric Guy Tchatchouang Noulala, Ghislain <1 o
Wabo Fotso, Robert Rennert, Bruno Ndjakou °
Lenta et al. "Mesomeric form of quaternary
indoloquinazoline alkaloid and other
constituents from the Cameroonian Rutaceae
Araliopsis soyauxii Engl.", Biochemical
Systematics and Ecology, 2020

Publication

¥ nepis.epa.gov <1 o,

Internet Source

N www.niper.ac.in <1 %

Internet Source

B

www.worldagroforestry.org <1 Y
0

Internet Source

B
—

5 Amani S. Awaad. "New alkaloids from <1 o
Casimiroa edulis fruits and their °
pharmacological activity", Chemistry of Natural
Compounds, 09/2007

Publication

B

43 www.freepatentsonline.com <1 0,

Internet Source

Sakakibara, T.. "Preparation of 2-C- and 3-C- <1 y
cyano-2-enopyranoside derivatives and their °

epoxidation", Carbohydrate Research,
20071126

Publication

44




alldokument.com
Internet Source <1 %
WWwWWw.science.gov
Internet Source g <1 %
esbiotech.or
Internet Source g <1 %
Nagarajan, S.R.. "Discovery of +.(2.-{4-[2- <1 o
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)ethoxy]phenyl}-cyclopropyl)acetic acid as
potent and selective @a"v@b"3 inhibitor:
Design, synthesis, and optimization", Bioorganic
& Medicinal Chemistry, 20070515
Publication
Ta.naka, N.. Xanthongs from Hypericum <1 o,
chinense", Phytochemistry, 200610
Publication
www-organik.chemie.uni-wuerzburg.de
Internet Sour?e g <1 %
Emad H. M. Hassanein, Ahmed M. Sayed, <1 o
Omnia E. Hussein, Ayman M. Mahmoud. °
"Coumarins as Modulators of the
Keap1/Nrf2/ARE Signaling Pathway", Oxidative
Medicine and Cellular Longevity, 2020
Publication
www.eurekaselect.com
Internet Source <1 %




Raphael F. Luz, Ivo J. C. Vieira, Raimundo <1 .
. L . Yo

Braz-Filho, Vinicius F. Moreira. "
<sup>13</sup>C-NMR Data from Coumarins
from Moraceae Family", American Journal of
Analytical Chemistry, 2015
Publication

Denisse Ubaldo-Suarez, Rosa Estrada Reyes, <1 y
Roberto De la Rosa-Sierra, Mariano Martinez- °
Vazquez. " Antidepressant-like effect of root
extracts ", Natural Product Research, 2018
Publication

H. E. K. Hartmann. "Chapter 26 Carpobrotus <1 o
Ruschioideae", Springer Science and Business °
Media LLC, 2017
Publication

Jiaju Zhou. "Volume 3 Isolated Compounds (H- <1 o
M)", Encyclopedia of Traditional Chinese °
Medicines - Molecular Structures
Pharmacological Activities Natural Sources and
Applications, 2011
Publication

Riccardo Bertin, Aida Garcia-Argaéz, Mariano <1 o

Martinez-Vazquez, Guglielmina Froldi. "Age-
dependent vasorelaxation of Casimiroa edulis
and Casimiroa pubescens extracts in rat caudal
artery in vitro", Journal of Ethnopharmacology,
2011



Publication

"Bioactive Natural products in Drug Discovery", <1 o
Springer Science and Business Media LLC, °
2020
Publication

ubmed.ncbi.nim.nih.gov

IEternet Source g <1 %
"Natural Compounds", Springer Nature, 2013

E Publication p p g <1 %

Beatriz Hernandez-Carlos, Rafael Fernandez, <1 o
Francisco Delgado, Joaquin Tamariz, L. °
Gerardo Zepeda, Pedro Joseph-nathan. " The
Chemical Constituents of var. ", Natural Product
Letters, 1996
Publication

Prabhudatta Hota, Supriya Priyambada Biswal, <1 o
Sagarika Panigrahi, Pramila K. Misra. °
"Vibrational and Electronic Spectral Analyses of
Substituted N-Benzylideneanilines for Possible
Application as Material for a Functional Dyad:

Theoretical and Experimental Explorations”,
Materials Today: Proceedings, 2019
Publication
br.123dok.com
63 Internet Source < 1 %

Hartwig Schulz. "Charakterisierung von



Grapefruitdl und -saft durch HPLC", Zeitschrift

fur Lebensmittel-Untersuchung und -Forschung, <1 Yo
09/1992
Publication
Kendall G. Bylgr, Chen Wang, William N. <1 o
Setzer. "Quinoline alkaloids as intercalative
topoisomerase inhibitors", Journal of Molecular
Modeling, 2009
Publication
link.springer.com
E Internet g)urceg <1 %
Young-Won Chin, Yoo-Hyun Jung, Hee-Sung <1 o
Chae, Kee-Dong Yoon, Jin-Woong Kim. "Anti- °
inflammatory Constituents from the Roots of
Saposhnikovia divaricata”, Bulletin of the
Korean Chemical Society, 2011
Publication
nardus.mpn.gov.rs
E Internet Sourcep g <1 %
E A.N.M. Alamgir. "Therapeutic Use of Medicinal <1 o
Plants and their Extracts: Volume 2", Springer °
Science and Business Media LLC, 2018
Publication
A.S. Awaad, N.H. El-Sayed, D.J. Maitland, T.J. <1 o

Mabry. " Phenolic Antioxidants from . Leaves ",
Pharmaceutical Biology, 2008

Publication




71 Muzart, J.. "Aldehydes from Pd-catalysed <1 o
oxidation of terminal olefins", Tetrahedron, °
20070806
Publication
worldwidescience.or

Internet Source g <1 %

Gokhan Zengin, Kouadio Ibrahime Sinan, <1 o
Gunes Ak, Mohamad Fawzi Mahomoodally et al. °
"Chemical profile, antioxidant, antimicrobial,
enzyme inhibitory, and cytotoxicity of seven
Apiaceae species from Turkey: A comparative
study"”, Industrial Crops and Products, 2020
Publication

t.scribd.com

IEternet Source <1 %

Nguyen Hoang Anh, Andrea Porzel, Helmut <1 .
Ripperger, Gerhard Bringmann, Manuela o
Schaffer, Ralf God, Tran Van Sung, Gunter
Adam. "Naphthylisoquinoline alkaloids from
Ancistrocladus cochinchinensis”,

Phytochemistry, 1997
Publication
"Natural Bio-active Compounds", Springer <1 o
(0]

Science and Business Media LLC, 2019

Publication

Hodek, Petr. "Flavonoids", Metabolism of Drugs



and Other Xenobiotics ANZENBACHER

XENOBIOTICS 0O-BK, 2012. <1 %o
Publication
ubmed.cn
Ilzternet Source <1 %
Omid Gholami. "Chapter 6 Cytotoxicity and <1 o
Apoptosis Induction by Coumarins in CLL", °
IntechOpen, 2018
Publication
E bmccomplementalternmed.biomedcentral.com 1
Internet Source < %
repository.unair.ac.id
InteE:]et Sourcey <1 %
M. Mostafa, Nilufar Nahar, M. Mosihuzzaman, <1 o
Selestin D. Sokeng, Naheed Fatima, Atta-ur- °
Rahman, M. Igbal Choudhary. "
Phosphodiesterase-| inhibitor quinovic acid
glycosides from ", Natural Product Research,
2006
Publication
Ramendra Pratap, Vishnu Ji Ram. " Natural and <1 o

Synthetic Chromenes, Fused Chromenes, and
Versatility of Dihydrobenzo[ Jchromenes in
Organic Synthesis ", Chemical Reviews, 2014

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography On



Natural products isolated from Casimiroa

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20






	Natural products isolated from Casimiroa
	by Alfinda Novi Kristanti

	Natural products isolated from Casimiroa
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Natural products isolated from Casimiroa
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




