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Abstract: The plant Zanthoxylum zanthoxyloides (Lam.) Zepern. & Timler is one of the most
important medicinal species of the genus Zanthoxylum on the African continent. It is used in the
treatment and management of parasitic diseases in sub-Saharan Africa. These properties have
inspired scientists to investigate species within the genus for bioactive compounds. However,
a study, which details a spectroscopic, spectrometric and bioactivity guided extraction and isolation of
antiparasitic compounds from the genus Zanthoxylum is currently non-existent. Tortozanthoxylamide
(1), which is a derivative of the known compound armatamide was isolated from Z. zanthoxyloides and
the full structure determined using UV, IR, 1D/2D-NMR and high-resolution liquid chromatography
tandem mass spectrometry (HRESI-LC-MS) data. When tested against Trypanosoma brucei subsp. brucei,
the parasite responsible for animal African trypanosomiasis in sub-Saharan Africa, 1 (IC50 7.78µM) was
just four times less active than the commercially available drug diminazene aceturate (IC50 1.88 µM).
Diminazene aceturate is a potent drug for the treatment of animal African trypanosomiasis.
Tortozanthoxylamide (1) exhibits a significant antitrypanosomal activity through remarkable alteration
of the cell cycle in T. brucei subsp. brucei, but it is selectively non-toxic to mouse macrophages RAW
264.7 cell lines. This suggests that 1 may be considered as a scaffold for the further development of
natural antitrypanosomal compounds.

Keywords: trypanosomiasis; antitrypanosomals; cell cycle; cell viability; Zanthoxylum; Rutaceae;
1,3-benzodioxole; spectroscopy

1. Introduction

African trypanosomiasis (AT) is a tsetse-transmitted disease of humans and other animals caused
by the parasitic protozoan that belongs to the Trypanosoma genus. Human African trypanosomiasis
(HAT) afflicts an estimated 70 million people living in over 36 countries in sub-Saharan Africa [1]
while animal African trypanosomiasis (AAT) continues to threaten the lives of several million herds
of cattle every year [2]. Trypanosome infections cause considerable losses in health, economy and
productivity of both humans and livestock every year. The prospects of vaccine development for the
disease are beset with various challenges partly due to the several immune evasive strategies possessed
by the rather resilient trypanosome parasite [3]. Chemotherapy is therefore the most efficient and
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economically worthwhile option for treatment [4], but due to challenges caused by drug resistance,
difficult and painful treatment routines, adverse side effects and several physicochemical challenges
of existing drugs, there is currently an urgent need to discover new drugs for trypanosomiasis [5–9].
In order to meet this urgent need for a more efficient chemotherapy for trypanosomiasis, insights into
possible target metabolic pathways for the action of antitrypanosomals are required alongside efficient
and systematic screening (aided by spectroscopy, spectrometry and bioassays) of both plants and
microbial natural products for novel leads.

In the last four years, our laboratory has been involved in a systematic screening of plants that are
routinely used in several traditional remedies for the treatment and management of both HAT and
AAT in several communities in Ghana, West Africa. The overall aim is to fully characterize the active
principles behind the efficacy of these remedies. One of these plants belongs to the genus Zanthoxylum
and is widely distributed in most temperate and subtropical zones of Africa, Asia, North America,
South America and Australia [10]. The plant Zanthoxylum zanthoxyloides (Lam.) Zepern. & Timler is
one of the most important medicinal species of the genus Zanthoxylum on the African continent.

The shrubs and trees of Z. zanthoxyloides are spiny and somewhat scandent in nature, ranging between
6 and 12 m in height [11,12]. The bark is of a grey to beige color with fine vertical fissures and woody
prickle-bearing protuberances. The species also possesses a yellow odorous slash with characteristic
solitary prickles on its stem. Its inflorescence consists of a lax terminal or axillary panicle with white
or greenish flowers that could be regular or unisexual in nature [11,12]. Z. zanthoxyloides is known to
possess pharmacologically useful phytochemicals such as acridones (helebelicine A), citronellol and
divanilloylquinic acids (burkinabins A–C) [13–15]. These phytochemicals may be partly responsible
for the trypanostatic effects observed after treatment of mice with Z. zanthoxyloides [16,17]. However,
the exact chemical structures and mechanisms of action for the antitrypanosomal compounds produced
by the plant have not been investigated in much detail. In this project, Z. zanthoxyloides was collected
from the Centre for Plant Medicine Research (CPMR) in Mampong-Akuapem, Ghana. About 1 kg of
the whole plant was extracted with cold percolation using dichloromethane followed by methanol.
The dichloromethane and methanol extracts were combined and dried under vacuum to give a total
crude extract (TCE). This crude extract was subjected to solvent partitioning using a modification
of the Kupchan process [18] (Figure S16). A bioactivity, spectroscopy and spectrometry guided
isolation process involving the use of thin layer and Sephadex LH20 chromatography followed
by HPLC led to the discovery of a new derivative of armatamide [19]. The structure of this new
compound was determined using a combination of IR, UV, 1D and 2D-NMR spectroscopy and
high-resolution liquid chromatography tandem mass spectrometry (HRESI-LC-MS) techniques as
N-(isobutyl)-3,4-methylenedioxy cinnamoyl amide (1). This new compound was found to exhibit
selectively significant antitrypanosomal activity against Trypanosoma brucei subsp. brucei through a
marked inhibition of the cell cycle phases of the parasite.

2. Results

Compound 1 (N-(isobutyl)-3,4-methylenedioxy cinnamoyl amide or tortozanthoxylamide) was
obtained at tR of 21 min on reverse phase HPLC. Compound 1 is a deep yellow oil when completely
free of solvent. The HRESI-LC-MS of compound 1 gave m/z 248.1281 for [M + H]+ corresponding to a
molecular formula of C14H18NO3

+ with ∆ = ±0.6 ppm and 7 degrees of unsaturation. An [M + Na]+

ion was also seen at m/z 270.1095 belonging to the molecular formula C14H17NNaO3
+ (∆ = +0.06 and

7 degrees of unsaturation) which further and undoubtedly confirmed the mass of this new compound
under electrospray ionization conditions. Compound 1 showed only one predominant fragment at m/z
175.0428 corresponding to the formation of the acylium ion after cleavage of 2-methylpropan-1-amine
from the parent structure (Figures S4–S6). This compound is an N-(isobutyl)-3,4-methylenedioxy
cinnamoyl amide or tortozanthoxylamide (1). Analysis of the 1H, 13C and multiplicity edited pulsed
field gradient heteronuclear single quantum coherence (gHSQCAD) spectrum of 1, suggested the
presence of 14 carbons comprising four quaternary carbons, six methines, two methylenes and two
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methyls. The 1H-NMR chemical shifts δH 6.94 (1H, d, J = 1.6 Hz, H-2), 6.71 (1H, d, J = 8.0 Hz, H-5) and
6.90 (1H, dd, J = 1.7, 8.1 Hz, H-6) together with the δC 129.4 (C-1), 106.4 (C-2), 148.9 (C-3), 148.1 (C-4),
108.4 (C-5) and 123.7 (C-6) suggested a tri-substituted benzene ring with the substituents on C-3 and
C-4 involving the same kind of heteroatom, oxygen. The coupling constants of δH 6.90 (1H, dd, J = 1.7,
8.1 Hz, H-6) was direct indication that one of the three protons was isolated by the three substitutions
on the benzene ring. Normally, substituted methylenes rarely appear at chemical shifts that are at
higher ppm values than 70 ppm. Therefore, the δH 5.92 (2 H, s, H-14) with δC 101.4 (C-14) could
only be accounted for by suggesting the presence of a 1,3-benzodioxole functionality in the chemical
structure of 1. These structure assignments were further confirmed by detailed analysis of the 1H-1H
homonuclear correlation spectroscopy (gCOSY) spectrum which showed the correlation H-5/H-6.
Due to the presence of many quaternary atoms in this region, several pulsed field gradient 1H-13C
heteronuclear multiple bond correlations (gHMBCAD) were collected in other to further confirm the
structure of this subunit. These correlations include, C-3, C-7, C-6 to H-2, C-4, C-1 to H-5 and C-3,
C-7, C-2 to H-6. The δH 7.49 (1H, d, J = 15.5 Hz, H-7), 6.33 (1H, d, J = 15.6 Hz, H-8) and δC 140.4 (C-7),
119.2 (C-8) along with gHMBCAD correlations C-1 to H-8, C-1, C-2, C-6 to H-7 led to the conclusion
that the tri-substituted 1,3-benzodioxole functionality was conjugated to a trans substituted double
bond. The chemical shift step down δC 140.4 (C-7) to 119.2 (C-8) is characteristic for such systems
and showed that the 1,3-benzodioxole functionality is on C-7 while C-8 is connected to a carbonyl.
The gCOSY correlation H-7/H-8 along with gHMBCAD C-9, C-1, C-6, C-8, C-2 to H-7 and C-9, C-7,
C-1 to H-8 provided evidence for the updated substructure. The carbon chemical shift δC 166.4 (C-9)
was quite low compared to other carbonyls like those of ketones, aldehydes, esters and carboxylic
acids and therefore assigned to an amide. Finally, the δH 0.91 (6H, d, J = 6.7 Hz, H-13), 1.82 (1H,
n, J = 6.7 Hz, H-12), 3.17 (2H, t, J = 6.7 Hz, H-11) and δC 47.2 (C-11) suggested the presence of a
2-methylpropan-1-amine moiety in the structure of 1. All the gCOSY correlations H-5/H-6, H-7/H-8,
H-13/H-12, H-12/H-11,H-13 and H-11/10NH,H-12 were further confirmed by similar 1H-1H total
correlation spectroscopy (2D-TOCSY) correlations, including H-5/H-6, H-7/H-8, H-11/10NH, H-12,
H-13, H-12/10NH, H-11, H-13 and H-13/10NH, H-11, H-12. Analysis of the 1H-1H rotating-frame
Overhauser spectroscopy (ROESY) data gave only few correlations including H-7/H-8, H-11/H-12,
H-12/H-11,H-13 and H-13/H-12. The complete NMR data for compound 1 are given in Table 1 while the
raw data can be found in the Supplementary Figures S9–S15. In Figures 1 and 2, a visual representation
of COSY, HMBC, 2D-TOCSY and ROESY correlations are shown. Furthermore, a new compound
which is structurally unrelated to compound 1 due to the differences in fragmentation pattern was
also detected in the crude solvent partitioning fraction of the plant at m/z 224.2001 alongside the
previously characterized compound armatamide (Figures S1, S7 and S8 ). The quantities of armatamide
present were too low to facilitate purification. We may have missed the new eluting compound at
m/z 224.2001 during one of the chromatographic runs due to the fact that this metabolite did not have
a strong UV absorbing chromophore and probably lacks activity. This represents a weakness in the
techniques that we used because we are very likely to miss novel structures by virtue of their lack of
UV chromophores in photodiode array PDA detection. However, using the HRESI-LC-MS data we
were able to hypothesize that this compound was an analogue of the known structures lanyuamide
I–III [20]. This hypothesis was based on the fact that in their mass spectrometry fragmentation
pathways, lanyuamide I–III characteristically loose m/z = 58.0783 corresponding to molecular formula
C4H10 which is an isobutyl functionality. Tortozanthoxylamide (1) also loses this fragment in its mass
fragmentation pathway and since it is coming from the same genus, we proposed that it is similar in
structure to lanyuamide I–III.
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Figure 1. Structure of N-(isobutyl)-3,4-methylenedioxy cinnamoyl amide (1).

Figure 2. Key homonuclear correlation spectroscopy (COSY) and total correlation spectroscopy (TOCSY)
(bold lines), 1H-13C HMBC (single arrows), rotating-frame Overhauser spectroscopy (ROESY) (double
arrows) correlations for compound 1.

Table 1. 1D and 2D-NMR spectroscopic data for compound 1 in CDCl3, in ppm.

Signal
Number δc mult δH mult (J Hz)

1H-1H
COSY

1H-1H
TOCSY

ROESY HMBC

1 129.4, C

2 106.4, CH 6.94, d (1.7) C-3, C-7, C-6

3 148.9, C

4 148.1, C

5 108.4, CH 6.71, d (8.0) 6 6 C-4, C-1

6 123.7, CH 6.90, dd (1.7, 8.0) 5 5 C-3, C-7, C-2

7 140.4, CH 7.49, d (15.5) 8 8 8 C-9, C-1, C-6, C-8, C-2

8 119.2, CH 6.33, d (15.5) 7 7 7 C-9, C-7, C-1

9 166.4, C

10NH 2.00

11 47.2, CH2 3.17, t (6.7) 10, 12 10, 12, 13 12 C-9, C-12

12 28.7, CH 1.82, n (6.7) 11, 13 10, 11, 13 11, 13 C-11, C-13,

13 20.2, 2CH3 0.91, d (6.7) 12 10, 11, 12 12 C-11, C-12, C-13

14 101.4, CH2 5.92, s

In order to determine its effects on the general metabolism of parasites, compound 1 was
tested for its antitrypanosomal activity in a 48 h Alamar blue cell viability assay by employing the
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absorbance property of resazurin (Figure 3). Normal cell lines (macrophages RAW 264.7) were also
used to investigate its potential selectivity and toxicity profile. Compound 1 exhibited significant
antitrypanosomal activity with an IC50 value of 7.78µM (Figure 3). It also displayed a relatively non-toxic
selectivity profile with regards to its effects on mouse macrophages RAW 264.7, IC50 = 214.96 µM and
selectivity index (SI) = 26.62 (Figure 3). Compound 1 was thus selective to T. brucei subsp. brucei as
compared to mouse macrophages RAW 264.7 cell lines.

The cell cycle of trypanosomes involves four phases: G1, S, G2 and M phases [21]. Species from
the genus Zanthoxylum have been reported previously to affect the cell cycle of different types of cells
such as the human hepatoma-derived cell lines and human colon adenocarcinoma cell lines [22,23].
However, no compound isolated from the genus Zanthoxylum has been reported to inhibit the cell
cycle of trypanosomes. The effect of compound 1 on the cell cycle phases of T. brucei subsp. brucei
was thus investigated through flow cytometry (Figures 4 and 5; Table S1). There was a significant
reduction of G0-G1 phase from 61.40% in the negative control to 55.0% in the presence of compound 1.
Furthermore, there was a significant increase of S phase from 14.87% in the negative control to 18.80%.
Compound 1 resulted in a significant increase of G2-M phase from 21.90% in the negative control to
25.83% (Figures 4 and 5; Table S1).

Figure 3. Dose-response curves for compound 1: IC50 values were calculated from Alamar blue
cell viability assays in both T. brucei subsp. brucei and mouse macrophages RAW 264.7 cell lines.
Selectivity index (SI = 27.62) was calculated as a ratio of the IC50 in T. brucei to that in RAW 264.7 cell lines.

Figure 4. Effect of compound 1 on cell cycle of T. brucei subsp. brucei. The bar graph was plotted from
the dot distributions in the cell cycle assay. P-values were calculated from four distinct counts [n = 4;
p ≤ 0.05 (*, significant); p > 0.05 (not significant)]. Error bars originate from mean percentage count ±
standard deviation of the mean (mean ± SD). CN is Negative control.
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Figure 5. A typical histogram depicting the effects of tortozanthoxylamide (1) on the cell cycle phases
(G0-G1, S and G2-M) of T. brucei subsp. brucei. PI is propidium iodide; CN is negative control.

The present study therefore, represents the first report of a compound isolated from the genus
Zanthoxylum and shown to affect the cell cycle of trypanosomes. Since there was a significant reduction
and increase in the G0-G1 and G2-M phases, respectively, compound 1 most probably constrained
the parasites to the G2-M phase, thereby inhibiting karyokinesis and cytokinesis [21]. Compound 1
therefore, inhibited the complete separation of the parasites into two daughter cells after cell division,
thereby potentially increasing the number of tetraploid cells at the G2-M phase. Moreover, compound 1
caused an increase in the S phase, which suggests possible inhibitory effects on DNA synthesis in
T. brucei subsp. brucei.

3. Experimental Section

3.1. General Experimental Procedures

1D and 2D NMR data were recorded on a Bruker AVANCE III HD Prodigy (BRUKER, Sylvenstein,
Germany) at 500 and 125 MHz for 1H and 13C, respectively. This instrument was optimized for 1H
observation with pulsing/decoupling of 13C and 15N, with 2H lock channels equipped with shielded
z-gradients and cooled preamplifiers for 1H and 13C. The 1H and 13C chemical shifts were referenced
to the solvent signals (δH 7.26 (1H, s) and δC 77.16 ppm in CDCl3). High-resolution mass spectrometry
data were measured using a ThermoScientific LTQXL Linear Ion Trap High-resolution, Accurate-mass
spectrometer-Discovery Orbitrap (Thermo Scientific, Bremen, Germany) coupled to an Accela Ultra
Performance Liquid Chromatography-Diode Array Detection (UPLC-DAD) system. The following
conditions were used for mass spectrometric analysis: capillary voltage 45 V, capillary temperature
320 ◦C, auxiliary gas flow rate 10–20 arbitrary units, sheath gas flow rate 40–50 arbitrary units,
spray voltage 4.5 kV and mass range 100–2000 amu (maximum resolution 30,000). The ion source was
normal electrospray ionization that acts both in positive and negative modes. Semi-preparative HPLC
purifications were carried out using a Phenomenex Luna reverse-phase (C18 250 × 10 mm, L × i.d.)
column connected to a Waters 1525 Binary HPLC pump Chromatograph with a 2998 photodiode
array detector (PDA), column heater, and in-line degasser. Detection was achieved on-line through
a scan of wavelengths from 200 to 400 nm. This system was also used to record the UV profile
for the compound. IR was measured using a PerkinElmer Fourier Transform (FT)-IR (Universal
Attenuated Total Reflection-UATR Two) spectrometer. All solvents were HPLC grade. Sephadex LH
(Lipophilic-hydrophilic hydroxypropylated cross-linked dextran)-20 and HP (Polyaromatic adsorbent
for hydrophobic compounds)-20 resin were obtained from Sigma Aldrich (Munich, Germany).
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3.2. Plant Collection

The plant material, Z. zanthoxyloides, was collected from an arboretum of the Center for Plant
Medicine Research (CPMR), Mampong-Akuapem, Ghana. It was authenticated by Herone Blagogee,
a Senior Botanist at the Plant Development Department of CPMR. The plant material was given a
voucher specimen number of CPMR 4120/4121/4122, air-dried and pulverized. The plant was collected
at GPS coordinates 5◦55′22.89′N and 0◦06′20.75′W elev. 7 m; eye alt. 7.5 km.

3.3. Extraction and Purification

About 1 kg of the Z. zanthoxyloides whole plant was extracted under cold percolation conditions first
with dichloromethane and followed by methanol. The sample was filtered after each extraction through
a piece of glass wool under suction in a Buchner funnel to separate the filtrate from the plant debris.
The methanol and dichloromethane extracts were combined and dried under vacuum with a Heidolph
Rotavap at 40 ◦C and 1 atm pressure to give 1.5 g of total crude extract (TCE) of Z. zanthoxyloides.
The TCE was suspended in 200 mL water and extracted three times with dichloromethane (600 mL).
The remaining aqueous layer was then extracted once with sec-butanol and the butanol fraction was
dried under vacuum to give the butanol/water (WB) fraction (0.5 g). The dichloromethane layer
was dried under vacuum to give 0.9 g of extract which was suspended in a 9:1 mixture of methanol
and water (200 mL). This fraction was then extracted three times with hexane (200 mL) after which
the hexane layer was dried under vacuum to give a hexane fraction (FH) (0.2 g). The remaining
9:1 mixture of methanol and water layer was phase adjusted to a 1:1 mixture and extracted three
times with dichloromethane which was dried under vacuum to give a dichloromethane fraction (FD)
(0.6 g). The 1:1 methanol and water layer was also dried under vacuum to give a methanol/water (FM)
fraction (0.1 g) (Figure S16). About 1 mg each of the four Kupchan solvent partitioning fractions (FH,
FD, FM and WB) from Z. zanthoxyloides were submitted for high resolution electrospray ionization
liquid chromatography tandem mass spectrometry (HRESI-LC-MSn). Analysis of the HRESI-LC-MSn

data obtained for each solvent partitioning fraction in addition to testing antitrypanosomal biological
activities and measurement of 1H and 13C-NMR suggested that the fraction of highest priority was FD
(Table S2).

Semi-preparative normal phase thin layer chromatography (TLC) was repeatedly run for both
Kupchan and gravity column fractions to estimate the levels of polarity and purity of all fractions, as well
as to determine the appropriate solvent systems for subsequent chromatographic runs. The solvent
systems used in TLCs were selected based on the Kupchan fractions (FH, FD, FM and WB) of interest.
For the FD fractions, the solvents used were ethyl acetate, dichloromethane, n-hexane and occasionally
methanol to facilitate the movement of highly polar compounds on normal phase. The data obtained
from TLC runs were used to set up gravity column chromatography. Detection on TLC plates
was facilitated by the use of UV lamps at both long (365 nm) and short (254 nm) wavelengths and
phytochemical screening with the reagents iodine, ninhydrin, Dragendorff and antimony (III) chloride.
For the ninhydrin and antimony (III) chloride tests, TLC spots were developed in 10% H2SO4 with
heating at 110 ◦C.

Silica gel gravity column chromatography was used in the further purification of Kupchan
solvent partitioning fractions. The column used for this chromatographic step was 120 cm long and
2.5 cm wide with ethyl acetate, n-hexane and methanol routinely used as mobile phases. Briefly,
the 600 mg FD fraction obtained from the Z. zanthoxyloides Kupchan solvent partitioning was loaded
on a glass column containing silica gel packed to the 80 cm mark. The column was subjected to
gradient elution using a mixture of n-hexane and ethyl acetate (90/10, 80/20, 70/30, 60/40, 50/50,
40/60, 30/70, 20/80 and 0/100). The remaining compounds on the silica column were then flushed
out using 100% methanol. The column fractions obtained were dried under vacuum and labeled
ZRFD-C1-C11 (17.7, 28.8, 83.8, 75.0, 21.1, 56.9, 29.3, 45.6, 17.7, 21.5 and 61.2 mg, respectively) in order
of increasing polarities. The antitrypanosomal activities of the column fractions were determined
(Table S2), after which fractions ZRFD-C3 (0.08 g) and ZRFD-C4 (0.08 g) were found to be the most
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promising. Fraction ZRFD-C3 (0.08 g) was further purified by HPLC. HPLC separations were carried
out using a Phenomenex Luna reverse-phase (C18 250 × 10 mm, L × i.d.) column connected to
a Waters 1525 Binary HPLC pump Chromatograph with a 2998 PDA detector, column heater and
in-line degasser. Detection was achieved on-line through a scan of wavelengths from 200 to 400 nm.
Each injection took 60 min and started at time 0 min with solvent A (100% water) to 30 min with
solvent B (100% acetonitrile) and hold at 100% acetonitrile for another 30 min. About 10.6 mg of the
purified tortozanthoxylamide (1) was obtained after 48 h injections at tR of 21 min and submitted for
NMR data acquisition.

3.4. N-(Isobutyl)-3,4-Methylenedioxy Cinnamoyl Amide (1)

Deep yellow pungent oil; IR (neat)νmax 3410, 3003, 2916, 1658, 1436, 1406, 1314, 1015, 951, 703 cm−1;
UV (H2O:CH3CN) λmax 226, 278, 320 nm; for 1H and 13C NMR data, see Table 1; Mass spectrometry
data is detailed in Supplementary Figure S4–S6.

3.5. Culture of Parasites and Mammalian Cell Lines

Blood stream forms of T. brucei subsp. brucei (GUTat 3.1 strains) were cultivated in vitro to
the logarithm phase using Hirum’s Modified Iscove’s Media (HMI9, Thermo Fisher Scientific)
supplemented with 10% foetal bovine serum (Thermo Fisher Scientific) at 5% CO2 and 37 ◦C.
Macrophages (RAW 264.7 cell lines) were cultivated in vitro to the logarithm phase using Dulbecco’s
Modified Eagle Media (DMEM, Thermo Fisher Scientific) with 10% foetal bovine serum at 5% CO2 and
37 ◦C.

3.6. Analysis of Cell Viability

For T. brucei subsp. brucei, cells were seeded at a density of 3.0 × 105 cells/mL in 96 well plates at
two-fold dilution of fractions and incubated for 24 h. Alamar blue dye (10% V/V) was added to wells
and incubated for another 24 h.

For mouse macrophages (RAW 264.7), cell lines were plated at a density of 3.0 × 105 cells/mL for
48 h to allow for sufficient adherence to plates. Compounds were added to cells in a two-fold dilution
and incubated for another 24 h. Alamar blue dye (10% V/V) was added to wells and incubated for
another 24 h to allow for sufficient change in color of the dye. Experiments were run in quadruplicates.
Spectrophotometric absorbances were recorded at a wavelength of 570 nm.

3.7. Analysis of Cell Cycle

Cells were seeded at a density of 3.0 × 105 cells/mL in 25 cm2 culture dish with or without
compounds for 24 h and centrifuged at 1700 rpm for 10 min. Cell pellets were suspended in
1.5 mL of 1× phosphate-buffered saline (PBS) and vortexed. Absolute ethanol was added (3.5 mL,
final concentration of 70%) to fix cells at −20 ◦C for 1 h. Cells were centrifuged at 1700 rpm for
10 min. Cell pellets were suspended with 200 µL of guava cell cycle reagent that contains propidium
iodide as a DNA-binding stain (EMD, Millipore). Suspended cells were added to wells containing the
same volume of fresh guava cell cycle reagent. Cells were incubated for 30 min in darkness at room
temperature. Distribution of cells at distinct cell cycle phases was measured with the BD LSFortessa
X-20 flow cytometer.

3.8. Statistical Analysis

Data from the cell viability assay was analyzed with Graphpad Prism version 5. The half-maximal
inhibitory concentration (IC50) was calculated as the concentration that caused a 50% reduction
in cell viability. IC50 values were calculated from a non-linear regression model as statistically
appropriate. Histograms of cell cycle assays were analyzed with the BD FACSDiva 8.0.1 and FlowJo
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V10. Graphpad Prism version 5 was employed for the analysis of unpaired t-test. P-values ≤0.05 were
considered to be significant.

4. Conclusions

The genus Zanthoxylum is a copious producer of many structurally intriguing and biologically
active compounds [24]. This explains why several species belonging to the genus are found in many
remedies used in the treatment and management of several diseases in sub-Saharan Africa and the
rest of the world. Herein we have shown that a bioassay, spectroscopic and spectrometric guided
extraction and isolation procedure for plants belonging to the genus could lead to the discovery
of scaffolds that could form the starting points for the development of future antiparasitic agents.
This technique can be extended to the discovery of novel scaffolds for other diseases such as infection
and cancer. Tortozanthoxylamide (1) is produced by the Ghanaian Z. zanthoxyloides species collected
and identified by the Center for Plant Medicine Research (CPMR), Mampong-Akuapem, Ghana.
Generally, the 1,3-benzodioxole moiety in compound 1 can be found in the structures of many
metabolites produced by plants such as Astrodaucus persicus (Boiss.) Drude [25]. Within the genus
Zanthoxylum, several species such as Zanthoxylum armatum DC., Zanthoxylum acanthopodium DC. and
Zanthoxylum heitzii (Aubrev. and Pellegri.) P.G. Waterman also produce compounds containing the
1,3-benzodioxole moiety [19,24,26]. The discovery of a new compound based on the 1,3-benzodioxole
moiety in Z. zanthoxyloides is completely in line with the chemistry of such plants. Also, the fact that
armatamide was detected in the extracts presupposes some similarities in the biosynthesis of these
secondary metabolites.

Tortozanthoxylamide (1) exhibited significant antitrypanosomal activity with an IC50 value of
7.78 µM compared to the commercially available drug diminazene aceturate (IC50 1.88 µM). It also
displayed a relatively non-toxic selectivity profile with regard to its effects on mouse macrophages
RAW 264.7, IC50 = 214.96 µM and selectivity index (SI) = 26.62. Hence, compound 1 has the potential
to be bioactive against T. brucei subsp. brucei while at the same time producing little or no effects on
normal cells. This result is interesting, given that the drug diminazene aceturate which is used to treat
bacteria and protozoan infections in animals is significantly toxic [27–30].
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