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ABSTRACT

ARTICLE HISTORY

In our continuous search for cytotoxic compounds from the
genus Zanthoxylum, chromatographic separation of the MeOH/
CH2Cl2 (1:1) extract of Z. chalybeum yielded one new alkamide; 4(isoprenyloxy)-3-methoxy-3,4-deoxymethylenedioxyfagaramide (1)
and a known one; fagaramide (2). Similarly, from the MeOH/
CH2Cl2 (1:1) extract of the stem bark of Z. parachanthum four
known compounds; canthin-6-one (3), dihydrochelerythrine (4),
lupeol (5) and sesamin (6) were isolated. Characterization of the
structures of these compounds was achieved using spectroscopic
techniques (NMR and MS). Using resazurin reduction assay 1, 3
and 6 displayed moderate cytotoxicity with IC50 values below
50 lM against the drug sensitive CCRF-CEM and multidrug-resistant CEM/ADR5000 leukemia cell lines. It is interesting to note that
3 was more active than the standard drug, doxorubicin against
CEM/ADR5000 leukemia cells. Compounds 3 and 6 showed good
selectivity on leukemia cells than normal cells. In future studies 3
should be tested against a panel of drug resistant human cells.
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1. Introduction
Cancer is a broad group of various diseases typified by unregulated cell growth. In
Kenya, cancer is estimated to be the third leading cause of death after infectious and
cardiovascular diseases accounting for 7% of overall national mortality after cardiovascular diseases (WHO 2014).
Although chemotherapy is one of the major cancer treatment modalities besides
surgery and radiotherapy, it has many challenges, including severe side effects to
patients as well as the emergence of multidrug resistance (Efferth et al. 2017).
Consequently, complementary and alternative therapies such as herbal therapies are
believed to exert less adverse effects and are increasingly used to counteract the
resistance problem (Boonyong et al. 2017). In Africa and most specifically Kenya, different communities use herbal remedies to manage numerous ailments, including tumors
and related disorders (Ochwang’i et al. 2014). Incidentally, a high percentage of these
ethnomedicinal trees and shrubs, including the plants used in the current study;
Zanthoxylum chalybeum Engl. and Zanthoxylum parachanthum Kokwaro., have been
merely investigated scientifically to support their traditional uses.
The major morphological difference between the two plants is the characteristic
trunk in Z. chalybeum which is furrowed, with corky ridges crowned with spines
(Beentje 1994). The genus Zanthoxylum is distributed worldwide, mainly in tropical
and temperate regions (Epifano et al. 2011). Different parts of Z. chalybeum are used
to treat various ailments in traditional African medicine (Beentje 1994; Kokwaro 2009).
The leaf decoction is used for the treatment of oedema in kwashiakor, while the root
bark is used for the treatment of chest pains, malaria, colds, coughs and dizziness, for
joint haemorrhagic septicaemia and helminthiansis in livestock. The fruits are used for
chest pain, fever and sore throat, the leaves for snake bite (Kokwaro 2009). On the
other hand, Z. paracanthum is rarely used in traditional Kenyan medicine. However,
previous phytochemical studies on a number of Zanthoxylum species have revealed a
diversity of interesting alkaloids including; benzo[c]phenanthridine, protoberberines,
bishordeninyls, aporphines some with interesting biological activities including, cytotoxicity against a panel of cancer cell lines (Mansoor et al. 2013; Omosa and Okemwa
2017; Nyaboke et al. 2018; Chakthong et al. 2018). Other bioactive classes of compounds from this genus include; coumarins, lignans and quinolones (Chakthong et al.
2018). The antimicrobial activity of extracts of Z. elephantiasis Macf. against a panel of
bacteria has been attributed to canthin-6-one (3), which was characterized from Z.
chalybeum in the current study (Anderson et al. 1983).
In the present project, the cytotoxicity of compounds from Z. chalybeum and Z. parachanthum against drug sensitive, multidrug-resistant cancer cell lines and normal,
peripheral blood cells in order to determine their selectivity indices

2. Results and discussion
2.1. Structure elucidation of 1
The structures of known compounds; fagaramide (2) (Omosa and Okemwa 2017), can€ckelmann et al. 2004), dihydrochelerythrine (4) (Omosa and
thin-6-one (3) (Bro
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Figure 1. Structures of 4-(isoprenyloxy)-3-methoxy-3,4-deoxymethylenedioxyfagaramide (1) and
canthin-6-one (3) isolated from Z. chalybeum and Z. paracanthum, respectively.

Okemwa 2017), lupeol (5) (Reynolds et al. 1986) and sesamin (6) (Mbaze et al. 2009)
(Figure S1) were identified by comparison of the spectroscopic data obtained with
those reported in literature.
The new compound, 1 (Figure 1) was isolated as white crystals which were UV254
active. The molecular formula of this compound (C19H27O3N) was confirmed from its
HRESIMS (m/z 317.1979, calculated 317.1991) (Figure S17). The 1H NMR spectrum
(Table S1, Figure S6 to S8), of 1 showed signals for three olefinic protons at d 7.58 (d,
J ¼ 15.5 Hz, 1H, H-7), d 6.35 (d, J ¼ 15.5 Hz, 1H, H-8) and d 5.52 (m, 1H, H-200 ). The large
coupling constant of J ¼ 15.5 Hz is characteristic of an olefinic bond flanked by two
protons in a trans-configuration (Okorie 1976; Kubo et al. 1984). The analysis of this
spectrum also made it possible to highlight the presence of three mutually coupled
aromatic protons with an ABX spin system at d 7.08 (d, J ¼ 8.2 Hz, 1H, H-2), d 7.10 (dd,
J ¼ 8.2, 2.0 Hz, 1H, H-6) and d 6.89 (d, J ¼ 8.2 Hz, 1H, H-5), of a tri-substituted benzene
ring. The 1H NMR (Table S1, Figure S6, S8, S9) further displayed signals at d 3.21 (-CH2,
t, J ¼ 6.4 Hz, 2H, H-10 ) resulting from the H-10 protons coupling with N-H and H-20 as
observed from the COSY spectrum, d 1.86 (m, 1H), 0.98 (CH3  2, d, J ¼ 6.7 Hz)
assigned to C-10 , C-20 and C-30 /40 indicating the presence of an isobutyl amide functional group (Kubo et al. 1984). There were two characteristic resonances for oxygenated carbons of which one was assigned to a methoxy groups at d 3.89 (-OCH3, s)
assigned to C-3 with the other being placed to a prenyloxy group at C-4. Furthermore,
the 1H NMR spectrum (Table S1, Figure S6, S8, S9) showed two shielded singlets characteristic of methyl groups appearing at d 1.78 (CH3 s) and 1.83 (CH3 s). 1H NMR
showed a downfield shifted resonance integrating for two protons at d 4.59 (d, J ¼ 6.
8 Hz, 2H, H-100 ) that were placed at C-100 by virtue of their strong 1H, 1H COSY correlation (Figure S11) with the methyne proton at d 5.52 (br s 1H, H-200 ) together with 2J
and 3J long range correlation of these methyl protons with C-200 and C-300 (d 138.4),
respectively. Similarly, the placement of two set of the methyl groups at C-400 and C-500
was confirmed from the 2J and 3J long range correlation of these methyl protons with
C-300 and C-200 , respectively, (Table S1, Figure S13, S15).
Analysis of 13C NMR spectrum (Table S1, Figure S10) confirmed the presence of 19
carbon signals which were attributed to five methyls (including one methoxy group),
two methylenes, seven methynes (including six sp2 hybridized ones) from HSQC spectrum (Figure S12) together with 5 quaternary carbons. One of this quaternary carbons
was characteristic of the carbonyl group d 165.9 assigned to C-9. This carbonyl group
was attached to an amide functional group and an olefinic hydrocarbon C-8 and
hence the observed chemical shift value (Table S1, Figure 1, Figure S10). There was a
signal at d 47.0 assigned to -CH2 that was bonded to a nitrogen atom while that at d
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65.4 was due to oxygenated methylene group. There was one carbon resonance integrating for six protons at d 19.8 assigned to two identical methyl groups. Furthermore,
there were two resonances for two methyl groups at d 17.9 and 25.5 (Table S1,
Figure S10). The placement of the methyl groups resonating at d 19.8 at 30 and 40 was
confirmed from the observed long range correlations of the two carbon atoms with H10 (d 3.21). Similarly, the methyl groups at d 17.9 and 25.5 were assigned to C-400 and
500 , respectively based on their long range correlation with the olefinic proton at H-200
(Table S1, Figure S13, S15).
The placement of the methoxy group at C-3 and not C-4 was due to the 3J long
range correlation of the methoxy protons (d 3.89) with C-3 (d 149.5). The prenyloxy
group was placed at C-4 (d 149.9) as was confirmed from the 2J and 3J long range
correlations of H-6 (d 7.10), H-5 (d 6.89) and H-2 (d 7.08) with C4 (d 149.9) and not
with C-3 (d 149.5) (Table S1, Figure S13, S14, S15). The placement of the prenyloxy
group at C-3 was confirmed further from the NOESY cross peak of H-100 with the
aromatic H-5 (Figure 16S). Based on these spectral data and comparison with
chemical shift values of known compounds, 1 was characterized as 4-(isoprenyloxy)3-methoxy-3,4-deoxymethylenedioxyfagaramide (1), this compound has not been
identified in nature before.

2.2. In vitro cytotoxicity results
The isolated compounds were tested for their potential to inhibit drug-sensitive
(CCRF-CEM), multidrug-resistant cell lines (CEM/ADR5000) and normal human peripheral
blood mononuclear cells with doxorubicin as the reference drug.
4-(isoprenyloxy)-3-methoxy-3,4-deoxymethylenedioxyfagaramide (1), canthin-6-one
(3) and sesamin (6) displayed moderate cytotoxicity with IC50 values below 50 lM
against the two tested cell lines (Table S2, Figure 1, Figures S1–S4) (Kuete and Efferth
2015). The values were as follows; 29.13 ± 2.54 (towards drug sensitive CCRF-CEM) and
31 ± 4.74 (towards multidrug-resistant CEM/ADR5000 leukemia cell line) (Table S2,
Figure S2) for 1; 15.82 ± 1.26 lM (towards CCRF-CEM) and 10.52 ± 0.05 lM (towards
CEM/ADR5000) (Table S2, Figure S3) for 3 and 40.74 ± 4.41 lM (towards CCRF-CEM), 30.
70 ± 2.89 lM (towards CEM/ADR5000) (Table S2, Figure S4) for 6. It is important to
note that 3 was more active than the standard drug, doxorubicin against CEM/
ADR5000 leukemia cell lines and therefore would be considered for development into
a drug prototype especially against the drug resistant cancer cells (Table S2, Figure
S5). Compounds 3 and 6 were more active towards the two leukemia cells as compared to the normal cells, PBMCs with selectivity indices of 1.27 (towards CCRF-CEM)
and 1.97 (towards CEM/ADR5000) and 2.03 (towards CCRF-CEM) and 2.70 (towards
CEM/ADR5000) (Table S2, Figure S3, S4), respectively and therefore relatively safer on
normal cells. However, 1 which exhibited selectivity indices of <1 was more active on
the normal cells (Table S2, Figure S2). The results against the drug sensitive leukemia
cell lines concurs with previous studies on canthin-6-one (3) which exhibited an IC50
value of 1.11 lg/mL against KB tissue culture studies (Anderson et al. 1983). Follow up
studies (Fukamiya et al. 1987) showed that hydroxylation and methylation of canthin6-one (3) at C-10/C-11 were the structural requirement for good activity in KB tissue
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culture cells in contrast to hydroxylation and methylation at C-1 and C-5 which led to
insignificant effect on cytotoxicity. Recent studies on canthin-6-one (3) and derivatives
have focused on evaluating their cytotoxicity against mainly drug sensitive cell lines
(Jiang and Zhou 2008; Miyake et al. 2010). However, there is scanty or no information
on the cytotoxic activity of canthin-6-one (3) against the drug resistant and normal
cell lines, therefore the importance of the current study. It has been proven from previous investigations that structure modification of canthin-6-one (3) substantially
improved on its cytotoxicity against various cancer cells. This therefore should be
one of the motivations for future research on extensive chemical modifications to
obtain analogues probably with higher potencies against different cancer cell lines.
Furthermore, this compound should be tested on a panel of drug resistant cell lines
in order to establish its degree of resistance. Compounds 3 and 6 showed higher
cytotoxic activities against drug resistant as compared to the drug sensitive cells
making them better candidates to fight multi-drug resistance in different cancer cells
than doxorubicin. Fagaramide (2) was inactive as it exhibited IC50 values >100 lM
against all the cell lines tested (Table S2) (Kuete and Efferth 2015).

3. Experimental
3.1. General experimental procedures
Merck silica gel 60 (70–230 mesh) and Sephadex LH–20 were used as stationary
phases for column chromatography (CC). Preparative thin layer chromatography (PTLC)
(1.0 mm, 20  20 cm) were prepared using Merck silica gel 60 (PF254 þ 366); factory
made analytical aluminium TLC plates (silica gel 60 F254, Merck) were used to monitor
the purity of the isolates by visualizing the spots under UV light at 254 or 366 nm for
UV active compounds, followed by placing the plate in an iodine tank and spraying
with Dragendorff’s reagent for both the non–UV active and alkaloid compound tests,
respectively. The 1H and 13C NMR spectra were recorded using Varian–Mercury 200 MHz
and Bruker–Avance 500 and 600 MHz spectrometers. The Homo Nuclear Correlation
Spectroscopy (COSY), Hetero Nuclear Single Quantum Coherence (HSQC) and Hetero
Nuclear Multiple Bond Connectivity (HMBC) spectra were obtained using standard Bruker
software. Chemical shifts were measured in ppm relative to the internal standard tetramethylsilane (TMS). The solvents used for chromatography were n–hexane (n–C6H14),
dichloromethane (CH2Cl2), ethyl acetate (EtOAc) and methanol (MeOH).

3.2. Plant material
The stem barks of Z. paracanthum and Z. chalybeum were collected from Msambweni
in Kwale County, which is approximately 37 km from Mombasa city in the Coastal
region of Kenya on 25 August 2016. The two plants were authenticated at the
University of Nairobi herbarium, School of Biological Science (SBS), where voucher
specimen (GMM2016/09/ZC and GMM/2016/09/ZP) are deposited.
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3.3. Extraction and isolation
The dried and ground stem bark of Z. chalybeum (900 g) and Z. parachanthum (1000 g)
were each extracted at room temperature with sufficient volumes of 50% methanol
(MeOH) in dichloromethane (CH2Cl2) (Omosa and Okemwa 2017). The resultant
extracts were concentrated in vacuo using a rotary evaporator resulting into residues
of 84 and 97 g for Z. chalybeum and Z. parachanthum, respectively. The total extract of
Z. chalybeum (84 g) were purified using column chromatography using silica gel matrix
and eluting with solvent systems of varying polarities; initially with 1% ethyl acetate
(EtOAc) in n-C6H14 and then increasing upto 100% EtOAc. The fraction eluted with 15
to 20% EtOAc in n-C6H14 were further purified through preparative TLC with multiple
development (10% EtOAc in n-C6H14) affording white crystals of the previously undescribed compound; 4-(isoprenyloxy)-3-methoxy-3,4-deoxymethylenedioxyfagaramide
(1,50 mg). The fractions eluted with 20% and 30%; were pulled, loaded onto Sephadex
LH 20 (50% MeOH in CH2Cl2); affording creamy crystals of fagaramide (2, 28 mg).
Similarly, the residue from Z. parachanthum stem bark (97 g) loaded onto a silica gel
column (1 kg) initially in 1% EtOAc in n-hexane (n-C6H14) and then increasing the
polarity up to 100% EtOAc. The fractions of the main column eluted with 7-10%
EtOAc in n-C6H14 yielded white amorphous solids of sesamin (6, 60 mg) while subsequent fractions eluted with 10-15% EtOAc in n-C6H14 formed colorless crystals of dihydrochelerythrine (4, 22 mg). The fractions eluted with 20% EtOAc in n-C6H14 yielded
white amorphous solids of lupeol (5, 80 mg). Purification of the fraction of the major
column eluted with 30 to 50% EtOAc in n-C6H14 by size exclusion using Sephadex-LH
20 eluting with 50% MeOH in CH2Cl2 solvent system resulted to white amorphous solids of the indolonaphthyridine alkaloid, canthin-6-one (3, 20 mg).

3.4. Leukemia cell lines
The cell lines used were drug-sensitive leukemia CCRF-CEM and multidrug-resistant Pglycoprotein-over-expressing subline CEM/ADR5000 cells. Their origin, maintenance and
characterization were described (Efferth et al. 2003; Kuete et al. 2016). The cell lines were
tested for Mycoplasma with a Mycoplasma Stain Kit (Sigma-Aldrich, St Louis, MO, USA)
and found to be free from contamination. Cells were not passaged more than 20 times.

3.5. Normal cells line
The normal human peripheral blood mononuclear cells (PBMC)s were isolated from
R (Sigma-Aldrich, St. Louis,
fresh blood samples of a healthy donor using HistopaqueV
R and centriMO, USA). Briefly, three mL of blood was layered onto the HistopaqueV
fuged (400  g) for 30 mins at 20  C. The buffy coat interface, including lymphocytes
and other mononuclear cells, was transferred into a new tube and washed several
times with phosphate buffered saline solution. Obtained PBMCs were stored in
Panserin 413 medium (PAN-Biotech, Aidenbach, Germany) supplemented with 2%
phytohemagglutinin M (PHA-M, Life Technologies, Darmstadt, Germany) and directly
used for the resazurin assay. The resazurin assay was performed as described below.
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3.6. Cytotoxicity assays
Resazurin reduction assay was applied as previously described (O’Brien et al. 2000)
and used to evaluate the cytotoxicity of samples. All experimental conditions were
similar to those previously reported (Kuete et al. 2016). Controls used were doxorubicin (drug or positive control) and dimethylsulfoxide (DMSO; solvent or negative control). The highest concentration of DMSO was less than 0.4%. Assays were performed
at least twice, with six replicate each. The fluorescence was measured after 72 h incubation with Infinite M2000 ProTM plate reader (Tecan, Crailsheim, Germany) using an
excitation wavelength of 544 nm and an emission wavelength of 590 nm.
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