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Abstract: Two new phorbol-type diterpene esters have bedatesd from the chloroform extract of the leaves
of Synadenium grantiHook F. and identified as 3,4,12,13-tetraacetytphb20-phenylacetate and 4-
deoxyphorbol-12,13-ditiglate for which the trivimames Synagrantol A & B respectively, were adopted.
Furthermore, two known triterpenes were isolatdte $tructures of all isolated compounds were astedd by

1D and 2D NMR spectroscopy includiflg and*C NMR, HSQC and HMBC techniques. The cytotoxicigy a
well as the antiparasitic activity of the chlorafoextract was performed and proved to be active.

Keywords: Synadenium grantiHook F.; Euphorbiaceae; phorbol-type diterpeneersst triterpenoids;
cytotoxicity; antiparasitic activity.

1. Introduction

The plant family Euphorbiaceae; Genus/species §2®) is a complex heterogeneous family
that occurs in several different habitats from aeidions to humid tropics [1]. It is well known fiis
diverse medicinal uses which often related to tharipol-type diterpenoid polyols. Its ester derivas
are known with their abilities to inhibit an HIVdaced cytopathic effect (CPE) on MT-4 cells and to
activate protein kinase C (PKC) associated withaupromoting action [2], cytotoxic agents, potent
irritant and co-carcinogens [3].

Synadenium grantiHook F. (Euphorbiaceae) is commonly called Afridditk Bush. It is a
succulent shrub or small tree native to East CeAfr&ca. In nature, the plants will reach up to fe2t
in height with an equal spread. The pale greenasio@lolate, slightly toothed leaves reach 6 inches;
shrub commonly found growing as hedges [4].

According to the observed folkloric uses of the ifgrEuphorbiaceae it received a distinctive
phytochemical investigation which revealed the @nes of flavonoids, saponins, diterpenes, phorbol
esters [5, 6], lectins [7] and glycoproteins [8]owkver, from the GenuSynadeniumtigliane,
senadenol, phorbol type diterpenoids [9, 10], fpig@oids [11] and anthocyanins [12] have been
isolated.
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Furthermore, the fibrinolytic [8], immunoregulatory7] and antitumoral [13, 14]
pharmacological properties have been reportedsocésion with its chemical constituents from the
Synadeniun@Genus.

In the present study, we reported the isolation stnettural elucidation of two new phorbol-
type diterpene esters, along with two known terpadccompounds, from the CHCéxtract of the
leaves ofSynadenium grantidook F. In addition, the cytotoxicity of the CHGlxtract was evaluated
against MRC-5 cells and the antiparasitic actiagainstTrypanosoma cruzi, Trypanosoma brucei
andPlasmodium falciparunwvas also performed.

2. Materialsand Methods
2.1. Plant Material

Synadenium grantiHook F. leaves were collected from National Regedenter garden,
Cairo, Egypt, in February 2009. It was kindly idéaet by Mrs. Teresa Labib, Head of the
Taxonomists specialists at EI-Orman Botanical Gaydg&iza, Egypt. A voucher specimen has been
deposited at the Herbarium of the National Rese&ehter, Cairo, Egypt (N0.13866). The plant
material was dried, finely powdered, and usedHerduccessive extraction.

2.2. General experimental conditions

Column chromatograph was performed on silica gelBDGA (60-200um, Davisil). TLC was
carried out using precoated silica gel 60 F-254eglaMerck). Mass spectra were obtained by
electrospray ionization (ESI) in the positive mazte a linear ion trap LXQ (Thermo Scientific) by
direct infusion of the compound &/min). NMR spectra were recorded on a Bruker DRXX-4
spectrometer at 3T operating at 400 MHz fdH-NMR and 100 MHz fof*C-NMR. Chemical shift
values were reported as ppm units relative tortetaylsilane (TMS):H-, **C-NMR, DEPT-135 and
DEPT-90 spectra were recorded, as well as 2D-NM#tsp (COSY, HSQC and HMBC). 2D-NMR
was carried out using pulsed field gradients. Camps 1, 3 and 4 were dissolved in CP@hile
compound 2 was dissolved in gI),. UV-Vis spectra were recorded on an Uvikon 93Xrumeent
(Kontron Instruments).

2.3. Extraction and isolation

The leaves oSynadenium grantiHook F. (700 g) were extracted with CHCbx1 L) at room
temperature. The extracts were combined and thversiolvas removed under vacuum to yield 56.5 g.
The CHC} extract was dissolved in 400 ml of CH®1eOH (1:1 v/v), and then mixed with 30 g
charcoal at 40C overnight for removing the chlorophyll pigmentben filtered. The filtrate was
evaporated to dryness and weighted to afford 1Biglwwas chromatographed over silica gel column
chromatography (1203 cm) and eluted with mixtwes-hexane and EtOAc of increasing polarity.
Fractions (20 mL, each) were collected and combbeegked on TLC to afford seven sub-fractions (I-
VII). Sub-fraction VI was further purified with PTL using solvent system of Toluene-EtOAc (10:4.5
v/v) to afford compound$ and2 (17 and 11 mg, respectively). Sub-fraction Ill @oned compoun@

(45 mg), while, sub-fraction V contained compodnd.3.5 mg).

2.4. Biological Activity
2.4.1. In Vitro Activity against Plasmodium falcipen

For the determination of the antiplasmodial agfivihe parasite lactate dehydrogenase assay
[15] was used. The assay was based on the obserthtit the lactate dehydrogenase (LDH) enzyme
of P. falciparumhas the ability to rapidly use 3-acetyl pyridindD (APAD) as a coenzyme in the
reaction leading to the formation of pyruvate friatate. Tested extracts were added in 4-fold Iseria
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dilutions in 96-well multiwell plates t®. falciparum(chloroquine-sensitive Ghana strain) cultures
(1% parasitemia, 2% HCT). After 48 h at %7, 20 uL of the lysed culture was added to 100 fiL o
Malstat reagent (Flow Inc.). Adding 40 ug of nitiud tetrazolium (NBT) and 2 pg of phenazine
ethosulfate (PES) to the Malstat reagent enabledtsygphotometric (650 nm) assessment of LDH
levels, and 1G, values were calculated.

2.4.2. In Vitro Activity against Trypanosoma bru¢eypomastigotes

ICso values against. bruceiwere determined as described [15]. Briefly, bldmasm forms of
T. bruceiwere cultivated in HMI-9 medium. In a 96-well noplate, 10000 haemoflagellates were
incubated at different concentrations of the tedraet for 4 days. Parasite multiplication was
measured fluorimetrically after addition of resaayexcitation 530 nm, emission 590 nm).

2.4.3. In Vitro Activity against Intracellular Trgmosoma cruzi Amastigotes

ICso values againstl. cruzi were determined as described [15]. In brief, primenouse
peritoneal macrophages were seeded in 96-well plates at 30000 cells/well. After 24 h, about
10000 trypomastigotes df. cruziwere added per well together with 4-fold diluticofsthe extract.
The cultures were incubated at 37 °C in 5%,06% air for 7 days, and parasite growth is assesse
after adding 50 pL/well CPRG (chlorophenol @®-galactopyranoside) as substrate. Color change
was measured spectrophotometrically at 580 nm dftér incubation at 37 °C. The results were
expressed as % reduction in parasite burden cohpauentrol wells, and an igwas calculated.

2.4.4. Cytotoxicity on MRC-5 Cells

A human diploid embryonic lung cell line (MRC-5) svased to assess the cytotoxicity of the
tested compounds. MRC-5 cells were seeded at 58lI3%veell in 96-well microtiter plates. After 24
h, the cells were washed and 4-fold dilutions &f ¢xtract were added in 200 pL of standard culture
medium (RPMI+ 5% FCS). The final DMSO concentratiorthe culture remained below 0.5%. The
cultures were incubated with different concentragiof test extract at 37 °C in 5% ¢@6% air for 7
days. Untreated cultures were included as conti©#&l viability was assessed after addition of
Alamar-Blue (5 pL of a 1/10 solution/well), and dhescence was measured (550 nm excitation, 590
nm emission) after 4 h incubation at 37 °C. Theltsavere expressed as % reduction in cell viabilit
compared to untreated control wells [15].

3. Resultsand Discussion

The CHC} extract of Synadenium grantiHook F. leaves was subjected to silica gel column
chromatography eluted with-hexane and EtOAc. Further separation was achieyedubsequent
TLC on silica gel, which resulted in the isolatiofithe four terpenoidal compounds.

Compound 11t was isolated as brown needles. Its moleculdghitevas determined to be;¢El 44011

by HRESIMS (+ve), which showed a quasi-molecular jmeak atm/z 653.2956 [M+H] (calcd
653.2950 for GHOr1). *H-, *C-NMR, DEPT & HSQC data (Table 1) for this compowgale an
overall indication that the compound was a ditegi@rester with a phorbol nucleus [16], with eight
methyl, three methylene, twelve methine, and tairtquaternary group&d- and**C-NMR (CDC})
spectra showed the presence of two doublet me#ty]s0.86 (3Hd, J = 7.2 Hz, CH-18) andjy 1.53
(3H,d, J= 1.2 Hz, CH-19), and two singlet methyls &; 0.97and 1.08 (each 3K, CH;-17 & -16),
which were confirmed by the DEPT and HSQC daité:di5.60, 15.10, 17.25, and 28.65 respectively.
Furthermore, four acetyloxy methyls were assignedya2.00, 2.01, 2.10 and 2.14 (each 3,
CHsOCO-3, -4, -12, & -13), and at 20.59, 20.72, 20.97 and 21.09, this was in agraemith the
DEPT data. HSQC spectrum showed four cross-peakespmnding to the correlation of the four
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methyls with its four carbonyl groups appeared-at69.74, 170.14, 170.74 and 170.88. Two doublets
appeared avy 4.38 (1H, bd, J = 12.4 Hz, H-20a) & 4.64 (1H, trJ = 12.4 Hz, H-20b),
corresponding to the geminal methylene &8 which appeared @ 60.61 and confirmed by the
cross-peak in HSQC. A doublet of doublet signalesped at 4.66 (1Hdd, J = 1.2 & 11.2 Hz)
corresponding to a methene group CH-15@tl29.21 as indicated by the cross-peak appeared in
HSQC. This group (CH-1) correlated through a cqussk with a methine proton &g 1.11 — 1.16
(1H, m, H-10), and allylicly coupled to GHL9 atdy 1.53. The absence of the characteristic carbonyl
carbon at position-3 which usually appeared aroandc 209.70 for all the previously isolated
phorbol-type diterpene ester [16] suggesting theside acylation instead. This was confirmed by the
presence of a singlet signaldt5.36 (1H,s), which correlated with the methine carborvat70.82
confirming the presence of a methine group (CH)aaition-3. This singlet signal at; 5.36 (1H,s,
H-3) in turn showed a long range correlation whik tarbonyl carbon @t 169.74 of the acetyloxy
group (Figure 1), this confirming the presence adtgloxy group at the methine group CH*8-'H
COSY spectrum, revealed the presence of a numhmps$-peaks represents the correlations between
H-7 atoy 5.16 (1H, bd, J = 11.6 Hz) & H-8 aty 1.39 (1H, bd, J = 9.2) which in turn correlated with
H-14 at 1.11 — 1.16 (1H). Moreover, two cross-peaks correlated H-14,a2.29 (1H,dd, J=7.2 &

8.4 Hz) with CH-18 atoy 0.86 (3H,d, J = 7.2 Hz) and H-12 ai, 5.11 (1H,d, J = 8.4 Hz), a cross-
peak corresponding to the geminal coupling betvieemmethylene protons &t 2.12 — 2.19 (2H, lok,

J = 12.8 Hz, CH5). The ESI/IMS/MS spectrum suggested the presehce phenylacetyl group
(CsHs-CH,-CO) atm/z = 136 corresponding to the loss of the corresjponacid (GHs-CH,-COOH).
This was confirmed byH-NMR spectrum aby 7.24 — 7.35 (5H, overlapped, H-2", -3°, -4°, ")

and characterized BYC-NMR and DEPT as two quaternary carbondcat69.94 (CO) andc 127.22
(C-4") and two methine carbonsdat128.59 (C-3° & C-57) and 129.48 (C-2" & C-6"). iglet signal

at oy 3.72 (2H,s) correlated with a methylene carbondat41.64 corresponding to the methylene
group of the phenylacetyl as confirmed by DEPT &f8QC. The attachment position of the
phenylacetyl group was assigned at Q2#H as indicated by the HMBC, which revealed thespnce

of a long range correlation between the geminahgiehe CH-20 protons ady 4.38 & 4.64 (2H, h,

J =12.4 Hz) and the carbonyl carbon of the phemtidato: 169.94 (Figure 1). Hence, according to
the above mentioned data, compounavas established as depicted in (Figure 1) andyredito
3,4,12,13-tetraacetylphorbol-20-phenylacetate.

Compound 21t was isolated as brown needles. Its moleculaghtewvas determined to be
CsoH400; by HRESIMS (+ve), which showed a quasi-molecutar peak aim/z 512.2852 [M+H]
(caled 513.2846 for £H40;). Pseudo-molecular ion [M+18]appeared atm/z 530.31068
corresponding to [M+H+NH*. 'H-, "*C-NMR, DEPT & HSQC data (Table 1) for compouhdave
an overall indication that the compound was a géroid ester with a phorbol nucleus [16], with nine
methyl, one methylene, nine methine, and elevereguary groups. A characteristic signal appeared
at dc 209.68 stipulated for the carbonyl carbon of therpol nucleus at C-3 [16}H- and**C-NMR
(CD.Cl,) spectra showed the presence of four singlet netdppeared aty 1.15, 1.19, 1.75 and 1.85
(each 3Hgs, CHs-17, CH-16, CH-19 & CHs-20), one more doublet methyl appeared;a0.85 (3H,

d, J = 8 Hz, CH-18) and were confirmed by the DEPT and HSQC datk 48.79, 17.19, 10.05,
22.21 and 14.98 respectively. Furthermore, a nmattgignals appeared &t 1.76 — 1.86 (12Hpn, four
methyls of tiglate-A & -B), and confirmed by DEPRcAHSQC ab: 12.34 & 14.53 for tiglate-A, and
oc 14.27 & 14.57 for tiglate-B. A multiplet signal pgared aby 6.80 — 6.82 (2Hm) characteristic for
the methine CH-group of tiglate-A &-B. The attachhpositions of the tiglate-A & -B groups were
assigned at C-12 and C-13 respectively, this wadiroeed by the HMBC long range correlations
between the multiplet H-12 appearedab.38 — 5.47 (1Hm) and the carbonyl group &t 168.05 of
tiglate-A, while, for tiglate-B was assigned at 8depending on the down-field shift of the C-13at
66.16 as compared with un esterified phorbol [18}'"H COSY spectrum revealed the presence of a
cross-peak, represented the correlation of thedosaglet signals aiy 7.76 (1H, bs, H-1) with oy
3.47 (1H, bs, H-10). Two characteristic cross-peaks revealeddbrrelations of the broad singlet
signal atoy 3.35 (1H, bs, H-8) together witly 5.38 — 5.47 (1Hm, H-7) andsy 1.02 (1H, bs, H-14).
Furthermore, two cross-peaks correlates the H-b}, at01 (1H,m) with H-12 atéy 5.38 — 5.47 (1H,
m), and H-1 aby 7.76 (1H, bs) with H-10 atoy 3.47 (1H, bs). Finally, a broad doublet appearedat
3.66 (2H, bd, J = 8 Hz, CH-5). Hence, according to the above mentioned datapound2 was
formulated as shown in (Figure 1) and assigneddeakyphorbol-12,13-ditiglate.
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Compound 3colourless needlesH-NMR (CDCk): 6 3.26 (1H,dd, J = 11.6 & 11.6 Hz, H-3), 0.80
(1H, s, H-18). 0.76 (1H,s, H-19), 0.85 (2Hd, J = 6.0 Hz ,H-21), 1.6 (3Hs, CH;-26), 1.68 (3Hys,
CHs-27), 0.97 (3Hs, CH:-28), 5.10 (each 3H{d, J = 7.0 and 7.0 Hz, C}24 & -25), 0.86 (each 3H,
s, CH:-29 & -30).*C-NMR (CDCE): ¢ 35.3 (C-1), 28.0 (C-2), 79.1 (C-3), 39.0 (C-4),5(C-5), 19.2
(C-6), 27.8 (C-7), 134.2 (C-8), 133.6 (C-9), 37G310), 21.6 (C-11), 90.8 (C-12), 44.3 (C-13), 50.1
(C-14), 29.8 (C-15), 28.3 (C-16), 49.8 (C-17), 182618), 20.4 (C-19), 35.9 (C-20), 18.9 (C-21),535.
(C-22), 24.9 (C-23), 125.3 (C-24), 130.9 (C-25),71{C-26), 25.9 (C-27), 82.2 (C-28), 15.5 (C-29),
24.5 (C-30). Hence, according to the above mentiatza and by comparison with the literature [17,
18] compound was established as depicted in (Figure 2) angreagito euphol.

Compound 4brown needlesH-NMR (CDCL): 6 0.75 (3H,s, H-23), 0.77 (3Hs, H-25). 0.88 (3Hs,
H-24), 0.95 (6Hs, H-28), 1.03 (3Hs, H-29), 1.08 (3Hs, H-30), 3.96 (1Hdd, J= 11.6 & 11.6 Hz, H-
3), 4.86 (3Hs, H-19)."*C-NMR (CDCL): 6 38.5 (C-1), 27.6 (C-2), 78.9 (C-3), 38.9 (C-4),58C-5),
18.3 (C-6), 34.5 (C-7), 40.5 (C-8), 51.2 (C-9),8{C-10), 21.3 (C-11), 26.5 (C-12), 38.9 (C-13),443
(C-14), 27.8 (C-15), 37.8 (C-16), 34.6 (C-17), T4@C-18), 129.5 (C-19), 32.4 (C-20), 32.3 (C-21),
37.5 (C-22), 27.9 (C-23), 15.5 (C-24), 15.9 (C-ZH,7 (C-26), 14.5 (C-27), 25.3 (C-28), 31.3 (C;29)
29.6 (C-30). Hence, according to the above mentiata#a and by comparison with the literature [19,
20] compound! was established as depicted in (Figure 2) ang@adito germanicol.

4. Biological investigation

Despite all the efforts to eradicate malaria, thégase continues to be one of the greatest health
problems facing the tropical and subtropical regiowHO estimated that about 300-500 million
clinical cases and more than 2 million deaths egdr. Malaria is one of the three most deadly
communicable diseases in the world [21]. The irgiren prevalence of drug-resistant strains of
Plasmodium falciparumits most widespread etiological agemd, standard antimalarial drugs
necessitates a continuous effort to search for angitmalarial drugs with new modes of action, used
alone or in association. The search for new dragsfollow many directions: study &lasmodium
biochemical pathways, chemical synthesis and phgtmical investigation of medicinal plants.

The cytotoxicity and antiparastic activity of théHCl; extract of Synadenium grantileaves
were evaluated against MRC-5 ce{lSecondary Human Lung Fibroblast§)yypanosoma cruzi,
Trypanosoma bruceand Plasmodium falciparumAs shown in (Table 2). The extract showed a
marginal cytotoxicity (IGy 26.49 pg/mL) against MRC-5. However, the extraesvactive against
Trypanosoma bruceindPlasmodium falciparunfiCs, 8.11 and 23.70 pg/mL, respectively). While, it
was highly potent again3trypanosoma cruzilCs, 2.21 pg/mL), this activity was mainly due to the
isolated tigliane phorbol esters. These compourd® fbeen shown to be responsible for eliciting a
remarkable range of biochemical effects, althoughability of these compounds to promote tumors
presents one potential limitation to their utilityshould be stressed that there are many phediets
that exert profound beneficial biological effectshout tumorigenesis [22].
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Table 1. *H-, *C-NMR, and DEPT data of the isolated new compounds
a: quaternary (C), b: tertiary (CH), c: second&@#{), d: primary (CH)

260

No Compound 1 Compound 2
' Oy ¢ Oy ¢
4.66 (1H,dd, J=1.2 and b
1 11.2 H2) 129.21 7.76 (1H, bs) 164.40°
2 136.53° 138.32°
3 5.36 (1H9) 70.82° 209.68
4 66.59° 76.71°
2.12-2.19 c _
5 (2H. bid, J=12.8 Hz) 38.90 3.66 (2H, bd, J= 8 Hz) 41.6F
6 124.69 138.29°
7 5.16 (1"';_'2‘)” J=116 129.22° 5.38 — 5.47 (1Hm) 129.62°
1.39 b b
8 (1H, brd, J = 9.2 Hz) 26.44 3.35 (1H, bs) 39.54
9 77.7% 78.45°
10 1.11-1.16 (1HM) 29.70° 3.47 (1H, bs) 54.11°
2.29 (1H,dd,J=7.2 and b b
11 8.4 Hz) 29.32 2.01 (1H,m) 41.61
5.11 b b
12 (1H.d. 1= 8.4 Hz) 77.49 5.38 — 5.47 (1Hm) 77.31
13 66.55° 66.16°
14 1.11 - 1.16 (1Hy) 29.69" 1.02 (1H, bs) 34.66°
15 22.88 26.52°
16 1.08 (3Hy) 28.65° 1.19 (3H, s) 17.19
17 0.97 (3Hy) 17.25° 1.15 (3H, s) 18.79
18 0.86 (3Hd, J= 7.2 Hz) 15.60 0.85 (3H,d, J = 8 Hz) 14.9¢
1.53 (3H,d, J = 1.2 Hz, d
19 CH.-19) 15.10 1.75 (3H, s) 10.08
438 & 4.64 c
20 (2H, brd, J= 12.4 Hz) 60.61 1.85 (3H, s) 22.21
Phenylacetyl
Cc=0 169.94
CH, 3.72 (2Hy) 41.64°
1 134.14
s A b
2.6 7.24-17.35 129'48b
3.5 (5H, overlapped) 128.59
& ’ PP 127.22°
Acetyl groups
3-OCOCH, 2.00 (3H,9) 169.74° — 20.59"
4-OCOCH 2.01 (3H,) 170.14° — 20.72"
12-OCOCH 2.10 (3H,5) 170.74° — 20.97°
13-OCOCH 2.14(3H, 9) 170.88° — 21.09"
Tiglate-A
Cc=0 168.05
C 133.8F
CH; 12.34°
CH, 1.76 — 1.86 (6Hm) 14530
CH 6.80 — 6.82 (1Hn) 137.90°
Tiglate-B
Cc=0 167.62
C 134.65
CH, 14.27°
CH, 1.76 — 1.86 (6Hm) 1457
CH 6.80 — 6.82 (1Hn) 137.78°
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Table 2. Antiprotozoal activity and cytotoxicity of CHgextract ofSynadenium grantieaves (G,

Hg/mL)
Extract Plasmodium Trypanosoma Trypanosoma cruz MRC-5
falciparum brucei
CHCI; extract 23.70 8.11 2.21 26.49

3,4,12,13-tetraacetylphorbol-20-phenylacetaté ( 4-deoxyphorbol-12,13-ditiglate2]

Figure 1. *H-'"H COSY indicated by bold bonds and HMBC indicategl drrows of 3,4,12,13-
tetraacetylphorbol-20-phenylacetate and 4-deoxypiiet2,13-ditiglate

H3C

H
HsC  CHs HsC CHg
Euphol @) Germanicol 4)

Figure 2. The structures of the isolated known compounds
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