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Abstract:  The  phytochemical  composition  of  medicinal  plants  is  responsible  for  the
ethnopharmacological applications. These phytochemicals vary in plants of same species planted in
various geographical locations. The seed of Moringa oleifera Lam., a widely consumed multi-medicinal
plant was examined for the bioactive phytochemicals. With the aid of Nuclear Magnetic Resonance (1H-
NMR/13C-NMR)  spectrometer,  Electrospray  Ionisation  Mass  Spectrometry  (ESI-MS)  and  Fourier
Transform Infrared (FT-IR) spectroscopy, the phytochemical investigation of the seed of M. oleifera
afforded nine compounds which included niazimicin  1,  niazidin  2,  glucomoringin isothiocyanate  3,
niazinin acetate 4, niazinin triacetate 5, niazirinin 6, glucotropaeolin 7, triolein 8, trivaccenin 9. The
Gas  Chromatography-Mass  Spectrometry  (GC-MS)  analysis  of  a  major  oily  fraction  revealed  the
presence of additional ten compounds which include oleic acid (major), 13-docosenoic acid, stearic
acid, p-hydroxybenzyl cyanide, α -l-rhamnopyranose and other fatty acids/esters.  This is the first
account  of  a  fully  acetylated  niazinin  (a  4-(2’,3',4’-O-triacetyl-α-L-rhamnosyloxy)benzyl
isothiocyanate) 5 from Moringa oleifera seed. The in silico toxicity evaluation indicated that most of
the isolated compounds are either immunotoxic, carcinogenic or mutagenic. The result thus obtained
could serve a basis for the pharmacological and toxicological evaluation and profiling of the seed. The
result further implied the need for dosage regulation of the consumption of the seed.
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INTRODUCTION

The  phytochemicals  of  plants  used  in  folkloric
medicine  are  apparently  responsible  for  the
ethnopharmacological  applications.  These
phytochemicals within plants of same species vary
due to differences in their geographical locations.
Moringa oleifera Lam. of the monogenetic family,
Moringaceae is a widely cultivated medicinal plant
with many attributes (1-3). All parts of the plant

which include the stem bark, leaves, root, flowers,
fruits,  pods,  and  seeds  are  used  in  folkloric
medicine. Particularly, the seed is used for water
purification  as  flocculants  and  de-immobiliser  of
some pathogens (2). Apart from the application of
the seed in water purification, the seed is widely
consumed by locals in Africa and Asia as a cheap
source of anti-hypertension therapy (4). It is also
consumed as food or used as food supplement in
many part of Africa while its  oil  is also used for
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cosmeceutical  purposes  (5,  6).  Prior  to  the
commencement  of  this  work,  there  has  been
paucity  of  comprehensive  detail  chemical
composition of the seed of M. oleifera of Nigerian
origin. However,  major compounds which include
thiocarbamates,  isocyanates,  glucosinolates,
triglyceride, triterpenes and fatty acids have been
isolated from the seed majorly of Asian origin (7-
10). Various reports have been documented about
the  chemical  and  biological  applications  of  the
plant (4, 11, 12). Despite the numerous emerging
reports on M. oleifera, the plant is still considered
underexplored and underutilised for its many great
potential (2, 4). Due to environmental impact and
geological  differences,  the  phytochemicals  of
plants often vary from place to place (13). In our
previous  report  (14),  we  indicated  that  the
ethanolic  seed  extract  of  M.  oleifera  of  Nigerian
origin could trigger infertility of the male through
decreased  semen  pH  and  also  induce
hepatotoxicity  due  to  persistent  increase  in  AST
and ALP despite withdrawal of the administration
of the extract. In addition, we have also previously
shown that  the  seed  has  the  potential  to  cause
renal  toxicity  (15).  Our  previous  studies  further
indicated  that  though  the  Moringa  oleifera seed
extracts  had  high  anti-oxidant  potentials,  it
however  showed  low  proteinase  and  membrane
stabilisation responses (10). In the continuation of
our  work  on  the  chemical  and  biological
investigations  on  Moringa  oleifera seeds  of
Nigerian origin (10,  14,  16),  we here report  the
isolation  and  characterisation  of  nine  bioactive
compounds  and  additional  ten  compounds
identified with the aid of GC-MS.

MATERIAL AND METHOD

General Method
Solvents and chemicals used were analytical grade
and  where  applicable,  solvents  were  re-distilled
before  use.  Infrared  spectra  were  recorded  on
Shimadzu  (8400S)  Fourier  Transform-Infrared,
Shimadzu, Japan, using KBr pellets.  1H-NMR (300
MHz)  and  13C-NMR  (75  MHz)  spectra  were
recorded  in  deuterated  chloroform  (CDCl3)  on
Bruker  300  Nuclear  Magnetic  Resonance
Spectrometer.  Adopting  tetramethylsilane  (TMS)
as an internal  standard,  all  chemical  shifts  were
expressed  in  parts  per  million  (ppm)  downfield
from it.  Mass  spectral  data  were  taken  on  JMS
spectrometer  (ESI+)  ion  trap  LCQ  and
Thermoelectron Corporation. Chromatography was
carried out on a silica gel gravity loaded column.
Thin  layer  chromatography  (TLC)  was performed
on pre-coated plates of silica gel 60F-264 (Merck),
and spots were visualised using an ultraviolet-light
lamp or by exposure to iodine vapour.

GC-FID/GC-MS Analyses
One of  the  major  oil  fraction  obtained  from the
column chromatography was subjected to GC-FID/
GC-MS  using  an  Agilent  Technology  7890A  gas
chromatograph  equipped  with  a  HP-5MS  column
with size 30 m by 0.32, 0.5 μm and coupled to a
mass  spectrometer.  The  injection  and  interface

were  operated  at  250  and  380  °C  respectively
while  the  oven  temperature  was  set  to  operate
from  60  to  300  °C  at  5  °C  min-1 and  held
isothermally at that temperature using a splitless
mode at the injection volume of 0.2 µL. The scan
was operated for a total time of 0.5 h and chemical
constituents identified primarily by comparing the
fragmentation  pattern  of  each  spectrum  with
reference  compounds  in  the  NIST  library  and
literature.

Preparation of Plant Material
The  seed  of  M.  oleifera was  collected  from
Northern  Nigeria  and  authenticated  at  the
herbarium  of  the  department  of  Plant  Biology,
University of Ilorin, Nigeria. The voucher number
UILH/002/1008 was assigned.

Extraction,  Column  Chromatography
Fractionation and Isolation
The  dried,  de-husked  seed  material  (2  kg)  was
pulverised and extracted exhaustively with ethanol
for  nine  days followed by water  extraction for 5
days.  The  aqueous  extract  was  partitioned  with
dichloromethane (DCM) and the DCM extract was
collected  and  concentrated  in  vacuo to  afford
46.30  g  extract  while  the  ethanolic  extract  was
also  concentrated  in  vacuo using  a  rotary
evaporator to afford 37.10 g of thick brown syrup-
like  extract.  Both the  DCM and ethanol  extracts
were  subjected  to  silica  gel  column
chromatography  separately  with  elution  using  n-
hexane, DCM, and methanol in an increasing order
of polarity. The DCM extract afforded 23 fractions
while  the  ethanolic  extract  afforded  42  fractions
which were further pulled together based on their
TLC profile to afford 7 and 11 major fractions for
DCM and ethanol extracts respectively. The major
fractions  were  re-chromatographed  and  some
partially  purified  compounds  were  further
subjected  to  preparative  thin  layer
chromatography  or  washing  with  solvents  as
appropriate. Thus, compounds  1-9 were obtained
and subjected to various spectroscopic studies for
the elucidation of the structures.  An oily fraction
obtained  from  the  fractionation  of  the  ethanolic
extract was subjected to GC-MS analysis.

Extraction,  Column  Chromatography
Fractionation and Isolation
In order to further identify if any of the compounds
have toxic potentials, computational methods were
used to predict their toxic effects using ProTox-II
web server (17), which has a total 33 models for
the  prediction  of  various  toxicity  endpoints  was
used  for  this  study,  such  as  acute  toxicity,
hepatotoxicity,  cytotoxicity,  carcinogenicity,
mutagenicity,  immunotoxicity,  adverse  outcomes
pathways  and  toxicity  targets.  Additionally,  in
house  based-cytochrome  (1A2,  2C9,  2C19,  2D6
and 3A4) models were used for the prediction. The
respective cytochrome models were based on the
SuperCyp  database  (SuperCyp),  and  were
validated both on internal and external datasets.
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RESULTS AND DISCUSSION

The  silica  gel  column  chromatography  of  the
dichloromethane  and  methanolic  extracts  of  M.
oleifera seed afforded nine compounds which were
characterised  using  a  combination  of  Nuclear
Magnetic  Resonance  (1H-NMR/13C-NMR)
spectrometry,  Electrospray  Ionisation  Mass
Spectrometry  (ESI-MS)  and  Fourier  Transform
Infrared  (FT-IR)  spectroscopy  as  well  as  in
conjunction with literature.

Compound  1:  Niazimicin  or  (O-ethyl-4[α-L-
rhamnosyloxy]thiocarbamate).  ESI-MS  (+)  358
[M+H]+ and 453 [M+26]+,  fragment at  m/z 311
and 253.  m/z 357 [M]+ observed for C16H23NO6S.
1H-NMR (300 MHz, CDCl3): δH (ppm) 6.97 (H-2, H-
6, d), 7.27 (H-3, H-5, d), 4.53 (H2-7, d), 5.32 (H-
1', d), 3.98 (H-2', m), 3.66 (H-3', m), 3.23 (H-4',
m), 3.65 (H-5', m), 1.08 (H-6', d), 5.01 (OH, d),
4.67 - 4.85 (OH, m), 4.38 (H, q), 1.25 (H, t), 9.85
(NH). 13C-NMR [75 MHz, (CDCl3)]: δC 155.8 (C-1),
116.7 (C-2, C-6),128.4 (C-3), 130.6 (C-4), 131.0
(C-5), 48.6 (C-7), 190.7 (C-8), 98.2 (C-1'), 70.4
(C-2'), 70.9 (C-3'), 71.9 (C-4'), 69.4 (C-5'), 17.7
(C-6'), 66.5, 14.2 (OCH2CH3).

Compound  2:  Niazidin  or  (O-cyano-4-(R-L-
rhamnosyloxy)benzenethiocarbamate).  IR;  υmax

(cm-1) 3389 (NH/OH), 3005 (Ar C-H), 2924/2854
(CH), 2077, 1739, 1647 (N-H bend), 1612 (C=C
stretch), 1510 (C = C), 1465, 1420 (O-H bend),
1379  (C-H  bend),  1232  (C-N  stretching),  1093
(C=S stretch). ESI-MS (+) 355 [M+H]+, 311 and
270  fragments.  m/z 355  [MH]+ observed  for
C15H18N2O6S. 1H NMR (300 MHz, CDCl3): δH (ppm)
6.95 (H-2, H-6, d, J = 8.4 Hz), 7.19 (H-3, H-5, d, J
= 8.4 Hz), 4.58 (H-7, d), 5.32 (H-1', d), 3.82 (H-2'
d), 3.66 (H-3', m), 3.23 (H-4', s), 3.65 (H-5', m),
1.00 (H-6', d), 4.70 – 5.01 (OH, m), 7.80 (NH).
13C-NMR [75 MHz, (CDCl3)]: δC 156.5 (C-1), 117.3
(C-2, C-6), 129.2 (C-3), 130.1 (C-4), 129.7 (C-5),
179.1 (C-8), 98.5 (C-1'), 70.2 (C-2'), 70.4 (C-3'),
70.8 (C-4'), 69.3 (C-5'), 17.7 (C-6').

Compound  3:  Glucomoringin isothiocyanate or 4-
(α-L-rhamnosyloxy)benzyl isothiocyanate. IR; υmax

(cm-1)  3358  (OH),  2928/2854  (CH),  2210  (CN),
2065,  1743,  1654  (N-H  bend),  1612  (C=C
stretch), 1510, 1450 (C = C), 1388 (C-H bend),
1230 (C-N stretching), 1093 (C=S stretch).  ESI-
MS (+) 312 [M+H]+, 311, 270 and 253 fragments.
m/z 310.5 [M]+ observed for C14H17O5NS. 1H NMR
(300 MHz, CDCl3): δH (ppm) 7.21 (H-2, H-6,  d),
7.02 (H-3, H-5, d, J = 9.3 Hz), 4.62 (H2-7, s), 5.45
(H-1', d J = 1.2), 4.10 (H-2' br, s), 3.99 (H-3', dd,
J = 6 Hz), 3.56 (H-4', s), 3.79 (H-5', m), 1.26 (H-
6', d, J = 5.4 Hz), 4.81 (OH, s), 2.63 (2OH, br s),
7.80 (NH).  13C-NMR [75 MHz, (CDCl3)]: δC 156.1
(C-1),  116.7  (C-2),  129.3  (C-3),  129.0  (C-4),
129.1 (C-5), 116.6 (C-6), 48.8 (C-7), 130.9 (C-8),
98.2 (C-1'), 70.7 (C-2'), 70.3 (C-3'), 72.7 (C-4'),
69.1 (C-5'), 17.4 (C-6').

Compound 4: Niazinin acetate or 4-(3'-O-acetyl-α-
L-rhamnosyloxy)benzyl isothiocyanate. ESI-MS (+)

432 [MH+Na+Na]+, 310 and 270 fragments.  m/z
432.02 [M+NH4]+ observed for M+ C17H23NO7S. 1H
NMR (300 MHz, CDCl3): δH (ppm) 7.03 (H-2, H-6,
d), 7.18 (H-3, H-5, d), 4.63 (H2-7, d), 5.543 (H-1',
d), 4.10 (H-2' br, s), 4.07 (H-3', d), 4.87 (H-4', t),
3.96 (H-5', m), 1.01 (H-6', d), 3.77, 3.24 (2’-OH,
4’-OH, s), 7.60 (NH, t), 2.19 (OAc, br, s).

Compound  5:  Niazinin triacetate or 4-(2’,3',4’-O-
triacetyl-α-L-rhamnosyloxy)benzyl  isothiocyanate.
IR; υmax (cm-1) 3381 (υN-H/O-H), 2926/2854 (υC-H),
2171 (υCN), 2088, 1741 (υC=O), 1654 (υC-N bend),
1612 (υC=C stretch), 1510, 1458 (υC=C), 1379 (υC-H

bend),  1236  (υC-N stretch),  1093  (υC=S stretch).
ESI-MS  (+)  487  [M+NH4]+,  325,  310  and  270
fragments.  m/z 487.15  [M+NH4]+ observed  for
C21H27NO9S . 1H NMR (300 MHz, CDCl3): δH (ppm)
7.00 (H-2, H-6, d, J = 8.4 Hz), 7.12 (H-3, H-5, d, J
= 8.4 Hz), 4.58 (H2-7, d, J = 6.9 Hz), 5.56 (H-1',
d), 5.32 (H-2' br, dd, J = 5.1 Hz), 5.21 (H-3', dd),
4.99 (H-4', t), 3.93 (H-5', m), 1.01 (H-6', d, J =
6.9 Hz), 3.45 (OMe, s), 4.62 (NH, t), 1.99 (OAc,
br, s). 13C-NMR [75 MHz, (CDCl3)]: δC 156.2 (C-1),
116.7 (C-2), 128.4 (C-3), 131.0 (C-4), 128.2.1 (C-
5), 116.9 (C-6), 48.3 (C-7), 190.7 (C-8), 97.8 (C-
1'), 76.8 (C-2'), 72.5 (C-3'), 71.5 (C-4'), 71.0 (C-
5'),  17.7  (C-6'),  174.2,  174.0,  173.7  (3C=O),
22.8, 21.2 and 19.9 (3OAc).

Compound  6:  Niazirinin.  4-[(4’-O-acetyl-α-L-
rhamnosyloxy)benzyl]  nitrile.  ESI-MS  (+)m/z
357.89  [M+NH4+NH4]+ was  obtained  for
C16H19NO6. 1H NMR (300 MHz, CDCl3): δH 7.07 (H-
2, H-6, d, J = 9.0 Hz), 7.16 (H-3, H-5, d, J = 9.0
Hz), 3.68 (H2-7, s), 5.38 (H-1', d, J = 2.4), 4.15
(H-2' m), 4.09 (H-3', dd), 4.62 (H-4', t), 3.58 (H-
5', m, J = 9.3), 1.19 (H-6', d, J = 7.2 Hz), 2.00
(2OH, br, s), 2.04 (OCOMe, s), 4.62 (NH, t), 1.99
(OAc, br, s). 13C-NMR [75 MHz, (CDCl3)]: δC 156.1
(C-1),  116.7  (C-2),  129.3  (C-3),  131.2  (C-4),
129.7 (C-5), 116.9 (C-6), 22.9 (C-7), 123.8 (C-8),
98.0 (C-1'), 71.3 (C-2'), 70.8 (C-3'), 72.5 (C-4'),
66.7  (C-5'),  17.6  (C-6'),  173.9,  (OCOCH3),  21.1
(OCOCH3).

Compound  7:  Glucotropaeolin  or  (glucosinolate).
IR;  υmax (cm-1)  3412  (υO-H),  2931  (υC-H),  1645
(υC=N stretch),  1610  (υC=C stretch),  1510  (υC-H),
1384 (υS=O stretch), 1254 (υC-O-C/C-N stretch), 1234
(υC-N stretch). ESI-MS (+) m/z 425.11 [M+H]+ was
obtained  for  C14H18NO10S2-.  1H  NMR  (300  MHz,
CDCl3): δH (ppm) 3.30-3.66 (m, 4H, H-2’, H-3’, H-
4’,  H-5’),  3.67-3.73  (m,  2H,  H-6a’,  H-6b’),  2.00
(3OH’, br, s), 4.07 (s, 2H, CH2Ph), 4.77 (d, 1H, H-
1’), 5.33 (s, br,
ArOH), 7.18 (dd, ArH-4, 8, J = 8.4 Hz), 7.02 (dd,
ArH-5, 7, J = 8.4 Hz).

Compound  8: Triolein. IR; υmax (cm-1) 2926/2854
(υC-H),  1747  (υC=O),  1610  (υC=C stretch),  1456
(υC=N stretch),  1238 (υC-O-C stretch).  ESI-MS (+)
m/z 903.47 [M+NH4]+ obtained for C57H104O6.  1H-
NMR (300 MHz, CDCl3): δH (ppm) 0.88-0.90 (t, -
CH3),  1.25-1.30,  1.60  (m,  -CH2-),  1.97  (m,  -
CH2C=C-), 5.39 (m, -CH of olefins), 5.24 (m, CH
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of glycerol), 4.10-4.32 (ddd, CH2 of glycerol). 13C- NMR [75 MHz, (CDCl3)]: δC (ppm) 173.3 (C=O, C-
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Figure 1: Strutures of Niazimicin 1, Niazidin 2, Glucomoringin isothiocyanate 3, Niazinin acetate 4, 
Niazinin triacetate 5, Niazirinin 6, Glucotropaeolin 7, Triolein 8, Trivaccenin 9.
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1), 34.3 (C-2), 25.0 (C-3), 29.1 (C-4), 29.9 (C-5),
29.8 (C-6), 32.0 (C-7), 29.6 (C-8), 129.9 (C-9),
129.8 (C-10), 29.5 (C-11), 31.9 (C-12), 29.4 (C-
13), 29.3 (C-14), 29.3 (C-15), 32.0 (C-16), 22.8
(C-17),  14.2  (C-18),  69.1  (C-1’  of  glycerol
backbone), 62.2 (O-C-2’ of glycerol backbone).

Compound  9:  Trivaccenin. IR;  υmax (cm-1)
2926/2854 (υC-H), 1747 (υC=O), 1612 (υC=C stretch),
1465 (υC=N stretch), 1238 (υC-O-C stretch).  ESI-MS
(+)  m/z 903.47 [M+NH4]+ observed for C57H104O6.
m/z  824 observed for [M+  - C9H18]+ fragment.  1H-
NMR (300 MHz, CDCl3):  δH (ppm) 0.88-0.90 (t, -
CH3),  1.25-1.30,  1.61  (m,  -CH2-),  1.98  (m,  -
CH2C=C-), 5.39 (m, -CH of olefins), 5.25 (m, CH of
glycerol),  4.10-4.32  (ddd,  CH2 of  glycerol).  13C-
NMR [75 MHz, (CDCl3)]:  δC (ppm)  173.3 (C=O),
34.1  (C-2),  25.0  (C-3),  29.1  (C-4),  29.2  (C-5),
29.3  (C-6),  29.4  (C-7),  29.7  (C-8),  29.8  (C-9),
31.9 (C-10), 129.9 (C-11), 129.8 (C-12), 31.9 (C-
13), 29.8 (C-14), 29.7 (C-15), 29.4 (C-16), 22.8
(C-17),  14.2  (C-18),  69.0  (C-1’  of  glycerol
backbone), 62.2 (O-C-2’ of glycerol backbone).

Composition  of  the  Fraction:  The  major  oily
fraction obtained from the silica gel fractionation of
the ethanolic extract was subjected to GC-FID/GC-
MS and FT-IR analyses. Ten compounds, primarily
fatty acids/esters, were identified (Table 1). The
major compound was oleic acid (45.19%), followed
by  13-docosenoic  acid  (16.15%),  stearic  acid
(10.56%), palmitic acid (9.21%) and methyl trans-
vaccenate (6.48%). Other compounds which were
obtained  in  low  yield  includes  methyl  palmitate
(2.48%),  α-monopalmitin  (2.12%),  methyl
stearate  (1.32%). Two non-fatty  acids/esters,  p-

hydroxybenzyl  cyanide  (4.16%)  and  α  -l-
rhamnopyranose (2.33%) were however obtained
in  minute  quantities.  The  FT-IR  spectrum of  the
fraction  indicated  major  peaks  at  3392,  2926,
2854, 2173, 2090, 1741, 1612, 1510, 1386, 1236,
1021, 983 and 669 cm-1.

From  the  in  silico studies,  compounds  which
include  niazidin,  niazinin  acetate,  and  niazinin
triacetate  were  estimated  to  possess  high
immunotoxicity (as shown in Table 2). Also, most
of  the compounds were predicted as cytochrome
3A4  substrate  and/or  inhibitors  with  good
probability.  Additionally,  triolein  and  trivaccenin
were  predicted  to  be  carcinogenic  and  mildly
mutagenic. Triolein and trivaccenin were predicted
with  good  pharmacophore  fit  values  to  justify
probable binding with amine oxidase.

Sixteen carbon signals were depicted by the C-13
spectrum  of  the  compound  1 with  the
characteristic  C=S signal  appearing at  190 ppm.
The C-O carbon of the aromatic was observed at
155  ppm  while  the  aromatic  C=C  bonds  were
clearly depicted 116, 128, 130 and 131 ppm. The
aromatic carbon signals were corroborated by the
proton NMR signals between 6.97 and 7.27 ppm.
The fragment ion at 311 resulting from the loss of
the ethoxy group of from the niazimicin in the ESI-
MS  spectrum  strengthens  the  claim  about  the
structure of the elucidated compound as O-ethyl-
4[α-L-rhamnosyloxy]thiocarbamate with molecular
formula  C16H23NO6S.  The  spectra  data  of  the
niazimicin  was  confirmed  by  comparing  with
literatures (7, 18-20). The proton and carbon 13
NMR of  niazidin  2 ran  in  deuterated  chloroform
was carefully compared to the literature (8).

Table 1: Compounds identified in a major oily fraction of the ethanolic extract.

SN RT (min) Compounds MF % Composition Important 
Fragments 

1 6.93 α -l-rhamnopyranose C6H12O5 2.33 43, 73, 128

2 12.41 p-Hydroxybenzyl cyanide C8H7NO 4.16 51, 78, 133

3 17.24 Methyl palmitate C17H34O2 2.48 74, 87, 270

4 18.65 Palmitic acid C16H32O2 9.21 43, 73, 256

5 20.27 Methyl trans-vaccenate C19H36O2 6.48 55, 69, 296

6 20.59 Methyl stearate C19H38O2 1.32 74, 87, 298

7 21.41 Oleic acid C18H34O2 45.19 41, 55, 280

8 21.60 Stearic acid C18H36O2 10.56 43, 55, 284

9 25.22 α-Monopalmitin C19H38O4 2.12 43, 57, 313

10 27.10 13-Docosenoic acid C22H42O2 16.15 41, 55, 325

RT: Retention Time; MF: Molecular Formula
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Table 2: Computational toxicity evaluation result from the ProTox-II platform.

NB: Compounds marked in red have higher toxicity potential.

The  sugar  moiety  was  confirmed  following  the
appearance of  the  proton doublet  at  5.32,  3.82,
3.66, 3.23, 3.65, 1.00 and broad hydroxyl proton
signals at 4.70 – 5.01 ppm. The anomeric (H-1')
proton  signal  indicates  that  the  sugar  moiety  is
linked  with  the  aglycone  by  a  α-glycosidic  bond
suggesting  an  α-L-rhamonoside  (8,  18).  The
agylcone  moiety  had  protons  which  mutually
coupled at 7.19 (J = 8.4 Hz) and 6.95 (J = 8.4 Hz)
supporting  a  para-substituted  benzene  structure.
The  evidence  of  the  para-disubstituted  benzene
was also affirmed by the characteristic stretching
vibration at 835 cm-1 in the infrared spectrum. The
N-H  bond  linked  to  benzylic  methylene  was
characteristically  supported  by  the  peaks  at  m/z
253, 270 and 311 corresponding to the fragment
ions  at  [(M+ +  1)  –  C2H2N2OS],  [(M+ +  1)  –
C2HN2S] and [(M+ – HOCN] respectively.

In the infrared spectrum, the overlap of the N-H
and O-H stretching vibration was observed at 3389
cm-1  while the C-H bond stretching of the methyl
group appeared at 2962 cm-1 with a corresponding
bending vibration at  1379 cm-1.  The asymmetric
stretching and symmetrical stretching vibrations of
the methylene appeared at 2924 and 2854 cm-1.

The  O-H  bending  appeared  at  1420  cm-1.  The
characteristic cyanate (R-O-CN) and C-S vibrations
appeared at 2077 and 671 cm-1 respectively. Thus,
the  structure  of  the  compound  2 was
unambiguously  established  as  O-cyano-4-(R-L-
rhamnosyloxy)benzenethiocarbamate  otherwise
known as niazidin (Fig. 1).

In order to confirm the structure of the compound
3,  the  spectra  data  were  compared  with  those

reported in the literature (8, 18, 20, 21). The 1H-
NMR  spectrum  indicated  two  aromatic  protons
resonating  at  δ7.21  and  7.02  with  coupling
constant of 9.3 Hz suggesting a para-substituted
benzene  structure.  The  absence  of  the  N-H
chemical  shift  in  the  1H-NMR spectrum supports
the isothiocyanate  nature  of  the  compound.  The
anomeric proton at δ 5.45 confirms the glycosidic
nature  which  was  further  strengthened  by  the
carbon signal at δ 98.2. The bands at 3358, 2210
and  1230  cm-1  corresponding  to  the  hydroxyl,
nitrile  (CN)  and  C-N  stretching  vibration  in  the
infrared  spectrum  corroborate  this  position.  The
mass spectrum exhibited the molecular ion at m/z
310.5  corresponding  to  C14H17O5NS.  Thus,  the
combination  of  the  mass  spectra  data  and  NMR
data with the infrared report unequivocally assisted
the  identification  of  the  compound  as  4-(α-L-
rhamnosyloxy)benzyl  isothiocyanate otherwise
called  glucomoringin isothiocyanate.  Many
isothiocyanates  and  glucosinolates  have  been
reportedly isolated from various plants (22).

Compound  4 was  identified  principally  using  the
ESI-MS and 1H-NMR data and comparing with the
literature (8, 23, 24). The molecular weight of the
compound was obtained as a disodiated species at
m/z 432.02. The compound was identified as 4-(3'-
O-acetyl-α-L-rhamnosyloxy)benzyl  isothiocyanate
also called niazinin acetate  4. The compound has
been isolated as a minor constituent of the seed of
M. oleifera previously (24).

Compound 5 has structural similarity with niazinin.
However,  when the  1H-NMR data  was  compared
with that of niazinin (18, 23,  25), the broad OH
peak appearing between 4.8-5.1 ppm was absent,
implying  that  the  hydroxyl  groups  have  been
acetylated.  In addition,  the molecular ion adduct
peak  at  m/z 487.15  in  the  mass  spectrum  in
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conjunction with the three carbonyl carbon signals
(at δ 174.2, 174.0 and 173.7) and three addition
signals at 22.8, 21.2 and 19.9 for methyl carbons
of  the acetyl  in the  13C-NMR attested to the tri-
acetate  nature  of  the  compound.  The  δ  190.7
signal  confirms  the  presence  of  the  CS  carbon
while  the  isothiocyanate  band  was  confirmed  at
2171 cm-1 in the infrared data. The N-H stretching
vibration  was  slightly  reduced  and  observed  at
3381  cm-1 due  to  intra-molecular  hydrogen
bonding. The study of the combined spectral data
and comparison with literature data facilitated the
establishment of the compounds as 4-(2’,3',4’-O-
triacetyl-α-L-rhamnosyloxy)benzyl  isothiocyanate
otherwise  referred  to  as  niazinin  triacetate  an
analogue  of  and  niazinin  and  4-(3'-O-acetyl-α-L-
rhamnosyloxy)benzyl  isothiocyanate  previously
isolated from the seed of M. oleifera (18, 19). This
is  the  first  account of  a  fully  acetylated  niazinin
(with  three  acetyl  group)  from  Moringa oleifera
seed.

The structure  of the compound  6 was elucidated
using the  1H-NMR,  13C-NMR and ESI-MS data and
further  confirmed by comparing the data to that
reported  for  niazirinin  (7).  The  molecular  ion
adduct  peak  at  m/z 357.89  in  the  ESI  mass
spectrum in conjunction with the carbonyl carbon
signals  (at  δ  173.9)  in  the  13C-NMR  spectrum
which were absent in spectrum of niazirin added
credence to the position. Other observations are as
rightly indicated for niazidin. Thus, the structure of
niazirinin,  4-[(4’-O-acetyl-α-L-
rhamnosyloxy)benzyl]  nitrile  was  established  as
the  4’-acetyl  derivative  of  niazirin,  a  nitrile
glycoside.

The  structural  elucidation  of  compound  7 was
based on the 1H-NMR and ESI-MS data generated
in conjunction with the infrared data which were
compared to data  reported in  the  literature  (26,
27). The molecular ion [M+H]+ peak at m/z 425.11
in  the  mass  spectrum  confirms  the  molecular
weight  of  the  compound which  corresponding  to
C14H18NO10S2-.  The agylcone moiety with protons
resonating  at  7.18  and  7.02  with  a  coupling
constant  of  8.4  Hz  supports  a  para-substituted
benzene structure.  The infrared spectrum affirms
the  presence  of  the  major  functional  groups  at
3412, 1610 and 1384 corresponding to N-H, C=C
and  S=O  stretching  vibrations.  The  C=N  of  the
glucosinolate  was  observed  at  1645  cm-1.  With
comparison  with  literature  data,  the  compounds
were established as 4-(-α-L-rhamnopyranosyloxy)
benzyl  glucosinolate  also  called  glucotropaeolin.
Glucotropaeolin  has  been  isolated  from  the
Moringa oleifera and Bretschneidera sinensis (28).
It is also known to occur in many edible plants that
include  broccoli  and  cabbage (22,  29).  The
glucosinolates are  water-soluble glycosides  which
constitute an interesting class of natural products
with its aglycone containing nitrogen and sulphur.
A  class  of  the  glucosinolates  known  as
benzylglucosinate (glucotropaeolin) is presumed to
be the precursor of the benzyl isothiocyanate (30).
The  toxicity  of  glucosinolates  is  not  fully

established  but  evidence  of  the  potential  anti-
cancer activities exist in literature (31, 32).

Compound  8 obtained  as  a  viscous  oil  was
characterised  using  the  infrared,  mass
spectrometry,  1H-NMR  and  13C-NMR  data  and
comparison with the literature (33-35). Precisely,
the  infrared  spectrum  showed  characteristic
absorption  bands  2926,  1747  and  1610  cm-1

corresponding to the C-H, C=O (carbonyl of esters)
and  C=C  (olefin)  along  with  stretchings  of  the
tryglycerol. The absence of the O-H stretching at
3200  –  3600  cm-1  confirms  that  the  absence  of
fatty acid but instead, an ester. The presence of
the carbonyl chemical shift at 173.3 ppm (typical
of esters) in the  13C-NMR spectrum attests to the
claim. The molecular weight of the compound was
depicted by the [M+NH4]+ observed at m/z 903.47
[M+NH4]+  which  corresponds  to  the  molecular
formula C57H104O6. In the  1H-NMR, the equivalent
terminal  methyl  protons  were  observed  between
0.88-0.90 ppm as triplets while methylene protons
were clearly depicted at 1.25-1.30, 1.60 ppm. The
chemical shift at 5.39 and 5.23 ppm confirms the
presence  of  the  vicinal  methine  protons  (olefin)
and the methine proton of the glycerol backbone.
Furthermore, the 13C-NMR spectrum also indicated
the chemical shifts typical of C=C (129 ppm) and
triglycerol backbone at 69.1 and 62.2 ppm (33).
The compound was thus identified as triolein  8, a
triglyceride.  Triolein  have  been  reportedly
identified in the plants previously (25).

The structure of compound 9 was established by
using  the  infrared,  mass  spectrometry,  1H-NMR
and  13C-NMR data and comparison with literature
(33, 34). However, the infrared and  1H-NMR data
were quite identical with that of compound 8 with
minor  differences.  The  major  difference  was
observed  in  the  ESI-MS  spectrum  where  an
additional fragment peak at m/z 824 observed for
[M+  - C9H18]+ corresponding to C48H86O6  fragment
was  observed.  This  fragment  which  was  not
observed in the triolein is supposedly as a result of
cleavage of the C=C bond at position 7 from the
lipidic tail. It was reported that the slight shift in
the  chemical  shift  of  the  carbonyl  and  olefinic
carbon signals in the C-13 NMR are sufficient to
distinguish between the triolein and the trivaccenin
(34). The hydrolysis of the triolein yields omega-9
fatty acids while the trivaccenin hydrolysis yields
omega-7  fatty  acids  both liberating  the  glycerol.
The omega-7 and omega-9 fatty acids obtained in
the  Moringa oleifera seed  are  both
monounsaturated  fatty  acids  that  are  found  in
various  other  animal  fats  and  plant  oils  and
reported  to  possess  various  important
pharmacological potentials (36).

The GC-MS analysis  of the major fraction of  the
ethanol extract depicted ten peaks corresponding
to ten known natural compounds (Table 1). Our
previous report indicated that oleic acid is the most
abundant  fatty  acid  in  the  seed  oil  of Moringa
oleifera  [10]. The fatty acid profile reported is in
agreement  with  other  reports  (2,  4).  The  fatty
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acids which include the stearic acid, palmitic acid
and vaccenic acid (5) have been reported as part
of the fatty acid profile of the seed. The presence
of monopalmitin is suspected to be from the partial
enzymatic hydrolysis of palmitin triglyceride while
the  methyl  trans-vaccenate  could  also  be
hydrolysis  product  of  trivaccenin  reported  as
compound  9 in  this  report.  The  α  -l-
rhamnopyranose and p-hydroxybenzyl cyanide are
likewise rationalised to be hydrolysis  products  of
niazirinin  (compound  6),  a  4-[(4’-O-acetyl-α-L-
rhamnosyloxy)benzyl] nitrile also reported in this
work. The GC-MS result of the fraction was further
corroborated  by  the  infrared  data  obtained.  The
FT-IR  spectrum  of  the  fraction  revealed  the
presence of prominent O-H stretching vibration at
3392  cm-1 and  C-H  of  aliphatic  hydrocarbon  at
2926  and  2854  cm-1.  Interestingly,  the  cyanide
stretching  vibration  apparently  from  the
hydroxybenzyl cyanide was observed at 2173 cm-1.
The  carbonyl  of  esters  and  C=C  stretching
vibration of olefins were significantly represented
at  1716  and  1612  cm-1  respectively.  The
complexity of the infrared spectrum indicated that
the  fraction  is  a  mixture  of  compounds  with
numerous functional groups.

The compounds identified in this work belonged to
the  thiocarbamate,  isothiocyanate,  nitrile,
glucosinolate and lipid class of naturally occurring
compounds and are presumably responsible for the
primary biological activities observable in the seed.
Additionally, the in silico evaluations revealed that
compounds  which  include  niazinin  triacetate  and
trivaccenin  are  probable  immunotoxic,
carcinogenic,  and  mutagenic  compounds  on  the
computational  toxicity  models.  Most  of  the
compounds  were  predicted  as  cytochrome  3A4
substrate and/or inhibitors with good probabilities.
The  seed  of  M.  oleifera has  been  implicated  for
some measure of toxicities in various models (37,
38). This result partly validates the previous report
of  the  potential  toxicity  of  the  M. oleifera seeds
(39).

CONCLUSION

In  this  work,  a  comprehensive  phytochemical
investigation of the seed of M. oleifera of Nigerian
origin has been carried out and nine compounds
comprising  of  niazimicin  1,  aiazidin 2,
glucomoringin isothiocyanate 3, niazinin acetate 4,
niazinin triacetate 5,  niazirinin 6,  glucotropaeolin
7,  triolein 8 and  trivaccenin 9 have  been
characterised.  Ten  other  compounds  were
identified from the GC-MS of  a fraction obtained
from the column chromatography. Oleic acid, 13-
docosenoic acid, and stearic acid were the major
compounds  in  the  fraction.  All  the  nineteen
compounds  identified  thus  far  belong  to  the
thiocarbamate,  isothiocyanate,  nitrile,
glucosinolate, and lipid class of naturally occurring
compounds.  The  in silico studies  implicated
niazinin  triacetate  and  trivaccenin  as  possible
immunotoxic,  carcinogenic,  and  mutagenic
compounds indicating the need to take caution in

the  consumption  of  the  seed.  The  report  thus
obtained serves as a basis for the evaluation of the
pharmacological actions and toxicities of the seed.
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