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Abstract: Alcoholic extract of the aerial parts of Schimus terebinthifolius exhibit
significant antioxidant, antifungal, antialzheimer's and antileishmanicidal activities.
Investigation of the chemical constituents of this plant let to isolate one new naturally
occurring compound, synthetically known named (4-aminophenyl) acetic acid, along with
the known 2-phenylacetamide, 1-pentadecanol, 3-(4-aminophenyl) prop-2-enoic acid, (£),
ethyl 3, 4, 5-trihydroxybenzoate, cinnamic acid and benzamide. The structures of these
compounds were established by spectroscopy techmques, including 1D and 2D NMR
spectroscopy and comparison with the published data. The structure of (4-aminophenyl)
acetic acid has also been confirmed by X-ray diffraction studies. The total alcoholic extract
of Schinus terebinthifolius was evaluated for several bioassay activities and the isolated
compounds were evaluated for their antifungal and antioxidant activities.
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INTRODUCTION

The Anacardiaceae includes 76 genera with over 600 species. A survey of the literature reveals
that 25 of those genera contain poisonous species (Mitchell, 1990).

Schinus terebinthifolius RADDI (COPAL) is an ornamental plant, which belongs to family
Anacardiaceae, genus Schinus. It 1s known as pink peppercorn (Jain ez af., 1995), Brazilian pepper tree
(Ronald, 1999), Pepper tree, Christmas berry, Faux Poirier, Florida Holly and Warui (Morton, 1978,
Williams et al., 2002).

Uses in Traditional Medicine

Antihemorrhagic (reduces bleeding), analgesic (pain-reliever), antiinflammatory, antibacterial,
anticancerous, anticandidal, antifungal, antispasmodic, antitumorous, antiviral, laxative, astringent,
digestive stimulant, tonic, cardiotonic, hypotensive, wound healer, to stop bleeding and for toothaches.
It is taken internally for rheumatism and as a purgative (Sarita Varma, 2002). It is used for many
conditions in the tropics, including menstrnal disorders, bronchitis, gingivitis, gonorrhea, gout, eye
infections, sores, swellings, tuberculosis, wcers, wrethritis, urogenital disorders, venereal discases
and warts. It is also used for colds, flu and other upper respiratory infections (Lloyd ef al., 1977).
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Fig. 1: Structures of isolated compounds

Previously Isolated Constituents

Phytochemical analysis of Brazilian pepper tree reveals that the plant contains tannins,
alkaloids, flavonoids, steroidal sapomins, sterols, terpenes and a large amount of essential oil
(Lloyd et af., 1977; Stahl ez al., 1983; Skopp and Schwenker, 1984; Campello and Marsaioli, 1974,
1975; Kaistha and Kier, 1962b; Hayashi e al., 1990).

New Isolated Constituents

New naturally occurring and synthetically known (4-aminophenyl) acetic acid (Schwartz ez al.,
1987), 2-phenylacetamide (Giridhar ef ai., 2003, Manley and Bilodeau, 2004, Firouzabadi et af., 1998,
Guranda ef al., 2001; Peng et af., 2003), 3-(4-aminophenyl) prop-2-enoic acid, (£) (Aleksi ef al., 2001,
Ono et al., 1999; Shingo et a/., 2003), cinnamic acid (Marco ef al., 1978, Ripperger ef a/., 1981),
benzamide (Persinos er al., 1967, Douglas er ¢/.,1997; Buller er al., 1992; Lord eral., 1973
Cook, 1989), Ethyl gallate (Mehta ef al., 1988), 1-pentadecanol (Marongiu ef al., 2003; Laurence et al.,
1999; Dauben, 1948; Ruhoff and Reid, 1933; Kao and Shao-Yuan, 1922) were isolated (Fig. 1).

MATERIALS AND METHODS

Plant Material

Fresh acnial parts of Schimus terebinthifolius RADDI (Anacardiaceac) were collected in June, 2004
from Suez Canal University garden, Ismailia, Egypt. The identity was established by Prof. Dr. Hamdy
K. Atta-Alla, Prof. of Floriculture and Medicinal plants, Department of Horticulture, Faculty of
Agriculture, Suez Canal University. A voucher specimen (Number AMYM-1001) has been deposited
in the Herbarium of Botany Department, Faculty of Science, Suez Canal University, Ismailia, Egypt.

General Methods

Melting points were determined on Biichi 535 melting point apparatus and are uncorrected.
IR spectra were recorded on Brnker FTIR vector 22 spectrophotometer, in KBr disks. UV spectra
were obtained on Hitachi UV 3200 spectrophotometer. EIMS (ionization voltage 70 ev) was
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measured on a Varian MAT 311/A mass spectrometer and HREIMS were taken by MS JEOL-MS
route, IMS-600H, Agilent 6890N. Fab-JEQL. IMS-HX 110 Mass spectrometer, glycerol was used
as the matrix. 1D and 2D NMR spectra were run on Bruker AMX 400 and AMX 500 MHZ NMR
spectrometers. The chemical shifts are given in ppm (&), relative to TMS as internal standard and
coupling constants are in Hz.

Single Crystal Structure Determination

A Dblock shaped vellowish crystal of compound 4 CHNO,: Mr 151.4 with dimension
0.61x0.31x0.24 mm was selected for X-ray diffraction studies.
Crystal data for the structure of 4 is presented in Table 1.

Intensity data of compound 4 was collected on a Bruker Smart CCD 1-K area-detector
diffractometer using Mo-Ke radiation (A = 0.7107 A) (Siemens, SMART and SAINT, 1996). Data
reductions were performed using SAINT. The structure was solved by direct methods (Altomare et
al , 1993) and refined by full-matrix least squares on F? using the SHELXTL-PC package (Sheldrick,
1997). The intensity data within the O range 2.52-24.99 were collected at 293 (2) K. The figure was
plotted with the aid of ORTEP (Jhnson, 1976). Crystallographic data for compound 4 has been
deposited to Cambridge Crystallographic Data Center (CCDC 610583), 12 Union Road, Cambridge,
CB/EZ, UK (Fax: 44-1223-336-033, e-mail: depositi@ccde.cam.ac.uk).

Column chromatography was carried out on silica gel (70-230 mesh, Merck). TLC was performed
on Merck precoated silica gel 60 F,., aluminium foil plates and detection was achieved by UV light
(254 um), p-dimethylaminobenzaldehyde and iodine solution.

Extraction, Isolation and Characterization

Air-dried and powder acrial parts (5.0 kg) of the plant were macerated with ethanol 80% at room
temperature till exhaustion. The resulting alcoholic extract was concentrated in vacuo to obtain a
crude residue (3.0 kg). A part of this residue (1.0 kg) was dissolved in distilled water (600 mL) and
defatted with »-hexane then acidified with glacial acetic acid to pH 3-4. The acidic solution was
exhaustively extracted 5 times with CHCL; (5x500 mL) to vield the acidic chloroform extract
(132.2 g). The aqueous solution was basified with 10% NH,OH (pH 8-9) and re-extracted with

Table 1: Crystal data, details of the data collection and stnicture analysis of compound 4

Compound 4

Crystal color, shape Yellow, block

Crystal size [mm)] 0.61=0.31=0.24

Empirical formula CisHieN2 Oy

Chemical formula CisHisN, Oy

Formula weight 302.32

Crystal system Orthorhombic

Space group P2,2,2,

Unit cell dimensions [pm], angles [°] a=509.68(5), b =951.77(10)
¢ =1538.91(16), x =L =y =90

Volume [10° pmr] 746.52(13)

zZ 4

Density (calculated) [g cm™] 1.345

Absorption coefficient [mm™] 0.098

F(000) 320

Goodness-of-fit on F? 1.125

Collected reflections 3757

8 range for data collection [°] 2.52-24.99

Completeness to maximum 0 [%6] 99.9

Index ranges S2h<6-11<k=11,-18<1<15

Final R indices RI/WR2 [I>2 o ()] 0.0629/0.1939

R indices R1/wR2 (all data) 0.0633/0.1948

Max./min. e-density [10¢ e. * pm~3] 0.399/-0.380
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the growth inhibition. Growth on the media containing compound was determined by measuring the
linear growth (mm) of fungal culture (Atta-ur-Rahman ef af., 2001). Growth inhibition (%) was
calculated with reference to the negative control.

Antioxidant Assay (DPPH (1, 1-diphenyl-2-picryl Hydrazyl) Free Radical Scavenging Activity)

The reaction mixture containing 5 pL of test sample (1 mm in DMSO) and 95 pl. of DPPH
(Sigma, 300 pm) in ethanol the reaction mixture was taken in a 96-well micro titer plate (Molecular
Devices, USA) and incubated at 37°C for 30 min. The absorbance was measured at 515 nm. Percent
radical scavenging activity determined by comparison with a DM SO containing control. IC.; values
represent concentration of compounds to scavenge 50% of DPPH radicals. BHA (3-t-Butyl-4-
hydroxyanisole) was used as a positive control. All the chemicals used were of analytical grade
(Sigma, USA) (Gulcin et al., 2004).

Anti-Alzheimer’ s Assay
In vitre Cholinesterase Inhibition Assay

Electric-cel acetylcholinesterase (EC 3.1.1.7), horse-serum butyrylcholinesterse (E.C 3.1.1.8),
acetylthiocholine iodide, butyrylthiocholine chloride, 5,5 -dithiobis [2-nitrobenzoic acid] (DTNB) and
galanthamine were purchased from Sigma (St.Louis, MO, USA). All other chemicals were analytical
grade. Acetylcholinesterase and butyrylcholinesterase inhibiting activities were measured by the
spectrophotometric method developed by Ellman er al. (1961). Acetylthiocholine iodide and
butyrylthiocholine chloride were used as substrates to assay acetylcholinesterase and
butyrylcholinesterase, respectively. The reaction mixture contained 150 pl. of (100 mM) sodinm
phosphate buffer (pH 8), 10 pL of DTNB, 10 pL of test-compound solution and 20 pL of
acetvlcholinesterase or butyrylcholinesterase solution, which were mixed and incubated for 15 min
(25°C). The reaction was then initiated by the addition of 10 plL acetylthiocholine or
butyrylthiocholine, respectively. The hydrolysis of acetylthiocholine and butyrylthiocholine were
monitored by the formation of yellow 5-thio-2-nitrobenzoate anion as the result of the reaction of
DTNB with thiocholine, released by the enzymatic hydrolvsis of acetylthiocholine and
butyrylthiocholine, respectively at a wavelength of 412 nm (15 min). Test extract and the positive
control (Galanthamine and Eserine) were dissolved in EtOH. All the reactions were performed in
triplicate in 96-well micro-plate in Spectralax 340 (Molecular Devices, USA). The percentage (%)
inhibition was calculated as follows {(E-SYE x 100, where E is the activity of the enzyme without test
compound and S is the activity of enzyme with test compound (Tougu, 2001).

Determination of I1Cg, Values

The concentrations of test compounds that inhibited the hydrolysis of substrates
(acetylthiocholine and butyrylthiocholine) by 50% (IC,) were determined by monitoring the
effect of increasing concentrations of these compounds in the assays on the inhibition values. The IC,,
values were then calculated using the EZ-Fit Enzyme Kinetics program (Perrella Scientific Inc.,
Ambherst, USA).

Anti-leishmanial Assay

Leishmania major prmastigotes (DESTO), cultivated in bulk were aseptically be sedimented down
at 3000 rpm, counted with the help of improved Neubavr chamber under the microscope and diluted
with the fresh medium to a final concentration of 1x10° parasites/mL. The compound to be checked
were dissolved to a final concentration of 1.0 mg in 0.1 mL of PBS (Phosphate Buffered Saline, pH 7.4
containing 0.5% MeOH, 0.5% DMSQO). In 96-well microtiter plate, 180 ul of the parasite culture
(1.0x106 parasites’'mL) was added in difference wells. Twenty microliter of the experimental
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compound was added in culture and serially diluted so that minimum concentration of the compound
is 0.1 pg mL ™. Ten microliter of PBS was added as negative control while glucantime, amphotericin
B, pentaamidine and ampicilline to a final concentration of 0.1 mg mL ™ was added separately as
positive control. The plate was incubated between 21-22°C in dark for 2 h. The culture was examinzd
microscopically on an improved neubaver chamber and IC., values of compounds possessing
antileishmanial activity were calculated (Habtemariam, 2003). All assays were runin duplicate.

RESULTS AND DISCUSSION

The basic chloroform extract of the finely powder aerial part of Schinus terebisifolius was
subjected to column chromatography. The fractions obtained were subjected to different sub-columns
and preparative thin layer chromatography, afforded one new naturally occurring compound,
synthetically known named (4-aminophenyl) acetic acid, along with the known 2-phenylacetamide,
1-pentadecanol, 3-(4-aminophenyl) prop-2-enoic acid, (£), ethyl gallate cinnamic acid and benzamide.
The known compounds were identified by comparison of their spectral analysis data with the
published ones (Schwartz et af, 1987, Giridhar ef af., 2003; Manley and Bilodzau, 2004,
Firouzabadi et al., 1998; Guranda ef af., 2001; Peng ez af., 2003; Aleksi ef a/., 2001; Ono et al., 1999,
Shingo et al., 2003; Marcoefal., 1978; Ripperger et al., 1981, Persinos ef al., 1967, Douglas et af., 1997,
Buller ef al., 1992; Lord et ai., 1973; Cook, 1989; Mehta ef al., 1988; Marongiu et af., 2003,
Laurence ef af., 1999; Dauben, 1948; Ruhoff and Reid, 1933; Kao and Shao-Yuan, 1922).

(4-aminophenyl) acetic acid was obtained as yellow needle crystals, m.p. 170-172°C. Tts showed
violet color under UV-light (A 254 um) and reacted positively with p-dimethylaminobenzaldehyde
reagent. The molecular formula was determined as C;H,O,N by HR EIMS [M"] m/z: 151.0637, in
conjunction with the NMR spectra. The IR spectrum showed hydroxyl group (3394 ¢m™), amino
group (2673-2492 ecm™), carbonyl group (1660 ¢cm™). In 'H-NMR spectrum we observed a singlet
of two protons at 3.74 corresponding for a methylene group and in the region of aromatic proton, a
typical AA'BB’® system at 7.43 and 7.13 (2H each, 4, J 8.39) can also been observed. The mass
spectrum showed a base peak at 107 corresponding to the loss of one carboxylic group. This was
confirmed in the '"H-NMR spectrum, which displayed a singlet of one hydroxyl group at 811.33. In
addition, the "H-NMR spectrum showed two broad singlet of one proton each at §7.74 and 7.88 due
to the amine group. This group was deduced to be in Para position with the methylene group according
to the HMBC spectrum in which we observed the 7 correlation between the proton signal at & 3.74
and C-2. On the other hand, the signal at 87.88 was assigned for C-3. The assigument of all the carbons
was possible from HMBC and COSY correlation experiment.

X-ray Crystal Structure Analysis of (4)

X-ray structure analysis was possible for compound 4. This compound crystallizes from
dichloromethane-methanol at room temperature as yvellow block in the orthorhombic space group
P2,2,2,, witha = 509.68(5), b = 951.77(10), ¢ = 1538.91(16) pm, & = = v = 90°, V = 746.52(13)
x10% pm? and Z = 4. The crystallographic data are listed in Table 1. The solid-state structure of 4 is
shown in Fig. 2.

In the crystal lattice of compound 4, one molecule interacts with four nearest neighbors, which
results in a net motif, as depicted in Fig. 2b. It is interesting to note that the intermolecular aryl groups
are directly stacked over one another for every two molecules. The dotted lines in Fig. 2b represent
distances of 296.5(5), 276.2(<) and 292.8(4) pm for the N1....02, N1....01 and O2....01 interactions,
respectively (Table 2).

From the above mention the structure of compound 4 was deduced to (4-aminophenyl) acetic
acid. This compound was already synthesized by Schwartz e# al. (1987), but it is the first time to
isolate from any plant, so it is new naturally compound.
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Fig. 2a: ORTEP drawing (30% probability level) of compound 4. Selected bond lengths [pm]: N(1)-
C(4) 136.0(5), C(1)-C(7) 151.3¢6), C(7)-C(8) 151.9(6); O(1)-C(8) 125.3(5); O(2)-C(8)
131.6(5); selected bond angels [*]: N(1)-C{4)-C(3) 118.3(3), N(1)-C(4)-C(3) 122.2(4), C(2)-
C(1)-C(7) 120.2(4); C(6)-C(1)-C(7) 121.9(4); C(L)-C(N-C(8) 112.7(3); O(1)-C(8)-C(7)
120.9{4); O(1)-C(8)-0(2) 121.7{4); selected torsion angles [°]: C(2)-C(3)-Ci{4)-N(1) 179.3{4),
N(1)-C(4)-C(5)-C(6)-179.6(4), C(2)-C(1)-C(7)-C(8)-68.6(5), C(6)-C(1)-C(7)-C(8) 111.7(4)
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Fig. 2b: The crystal packing of compound 4 along a-axis, showing H-bonding in dashed-lines

Total aleoholic extract of Schimuis terebinthifolics showed significant activity against
Trichaphyton logifisus and Candida albicans. Compound 1 and 2 showed moderated activity against
Trichphytan longifisus and Microsporum canis, compound 4 showed good activity against
Micrasporum canis and moderate activity against Trichphyton longificsus, compound 5 showed
moderate activity against Trickophyton logifisus and Micrasporum canis and compound 6 showed
good activity against Trichophyton logifisus, Micrasparum canis and Aspergillus flavis, while
compounds 3 and 7 were not investigated because they have small amounts (Table 3).

On the other hand, total aleoholic extract of Schirs terebinthifolius showed very significant
activity (92.8%) against DPPH Radical at 200 pg mL ™! (Table 3) and the isolated compound 2 showed
very significant activity (96.1%6) at 1 mM; compound 4 displayed moderate activity (50%) and the
other compounds showed low activity. Compound 1 showed low antibacterial activity against
Shigella flexmars, while the other compounds showed non-significant antibacterial activities (Table 4).

The total alcoholic extract gave significant inhibition for alzheimer's as shown in Table 3,
good antileishmanicidal activity. On the other hand, it gave low antibacterial activity against
FPseudomonas mirugimosa and Salam orella typhi, non-signi ficant inhibition against insecticidal activity,
non-significant phytotoxiecity and non-significant eytotoxieity.
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Table 2: Intermolecular hy drogen bond distances [pm] and angles [°] of the participating moieties of 4

D-H..A D-H H.A D..A < (DHA)
N(1)-H(1A)...O(2) 0.8580 2.2811 296.5(5) 136.7
N(L)-HQAB)...O(L)E 0.8603 2.0469 276.2(4) 1399
0(2)-H(102)...0(1) 1.15(6) 1.94(7) 202.8(4) 141.0

Symmetry codes (D-1+xy,z (ii)-Ye-x,-v,1/2+2 (ii)-x,1/2+y,3/2-z

Table 3: Invitro antifiingal bicassay (agar tube dilution protocol)

% Inhibition
Name of MIC of standard
the fungus Total Alc. extract C-1 C-2  C4 -5  C6 Standard drigs Drug (ug mL~Y)
Trichophvton longifisis 83 50 50 60 50 65 Miconazole 70
Candida albicans 90 0 0 0 0 0 Miconazole 110.8
Aspergilius flavus 0 0 0 0 0 70 Amphotericin 20
Microsporum canis 80 45 55 70 45 70 Miconazole 98.4
Fusarium solani 65 0 0 0 20 40 Miconazole 73.25
Candida glbarata 0 0 0 0 0 0 Miconazole 110.8
MIC: Minimum Inhibitory Concentration, C: Compound
Table 4: DPPH (1, 1-Diphenyl-2-picryl hydrazy]) free radical scavenging activity
Code of sample T (mM) + "SEM DPPH radical scavenging activity
Total alcoholic Extract - 92.8 (at 200 ng mL™)
a1 - 10.0 (at 1 mM)
c-2 0.1418+0.003 96.1 (at 1 mM)
C-3 - -
c-4 - 50.0 (at 1 mM)
C-5 - 40.1 (at 1 mM)
C-6 - -
Standard
3+-Butyl-4-Hydroxy anisole 0.044+ 0.001 92.1 (at 1mM)

*C : Compound, *SEM: Standard error of mean, °ICs;: The concentration of sample required to inhibit 5026 of DPPH
radical

Table 5: Bioassay results of the total alcoholic extract of Schinus terebinthifolius

Type of bicassay %% inhibition Comment
Enzyme inhibition studies
Acetyl choline esterase 75.4 (1 mg mL™) Significant inhibition for Alzheimer's
Butyl choline esterase 100
Antiinflammatory activity 5.39 Non-significant inhibition
Antileishmanial activity 1Cs; 76.67 ng mL! Good Leishmanicidal activity
Antiinsecticidal activity 20 Mon-significant activity against
Riyzopertha dominica
Antibacterial activity 15 mm (Pseddomonas auruginosa Low antibacterial activity against
and Sdamonelia typhi) Pseudomonas anriiginosa and
Salamonelia typhi
Phytotoxic activity 80 at the highest concentration Non-significant phytotoxicity
(1000 pg mL™")
Brine-shrimp activity No positive cytotoxicity Non-significant cytotoxicity
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