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ABSTRACT

Fresh leaves of Heliotropium indicum L collected from bush in Makurdi were allowed
to air dry for two weeks and ground into a coarse powder before extraction in n-
hexane, ethyl acetate and methanol to obtain their respective crude extracts. Using
standard phytochemical analysis, the methanolic extract which caused higher
mortality on insect pests of stored grains than others was screened for the presence of
secondary metabolites. Alkaloids, flavonoids, steroids, terpenoids, cardiac glycosides,
and tannins were detected. Isolation and purification of bioactive compound from the
methanolic extract was performed using chromatographic techniques.The fractions
collected were monitored on thin layer chromatography (TLC) until a suitable
retention factor (Ry) was achieved on a pre-coated TLC plate to achieve a pure isolate
coded as [PM-65. Dragendorf reagent was sprayed on the air-dried chromatogram and
a reddish-brown colour was observed. The pure isolate was then subjected to
spectroscopic procedure using nuclear magnetic resonance (NMR) and liquid
chromatography mass spectroscopy (LCMS). IPM-65 was then characterized as
intermedine and was matched with the standards in literature. The IPM-65 was tested
for insecticidal activity on the weevils of stored grains and the result was positive
because of similarity in effectiveness compared to a standard insecticide,

cypermethrin 2.5 E.C.
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INTRODUCTION

Toxins are naturally occurring secondary metabolites that plants use to defend
themselves against a variety of threats from bacteria, fungi, insects, and predators. It
has been reported that Heliotropium indicum L which is one of the most prevalent
weeds found in Asia, Africa and other parts of the world contains a variety of
phytoconstituents with pharmacological potential as a herbal remedy [1]. The plant is
a member of the genus Heliotropium from the Boraginaceae family.

Numerous pathological disorders have been reported to be treated with this
plant in traditional medicine [2]. This plant is most commonly used locally to treat
variety of diseases. Some important phytochemicals reported to be present in the plant
include flavonoids, terpenoids, glycosides, alkaloids, tannins, saponins, steroids, and
essential oils [3] and that the alkaloid component of this plant is responsible for anti-
inflammatory, antiseptic, antimicrobial, febrifuge, and wound healing effect [4].
Hameed et al. [5] had reported that plant extracts can be toxic, insecticidal,
antifeedant, increased inhibition, and decreased fertility, among other negative effects
on insects. Numerous secondary metabolites that are present in plants affect the
physiology and behavior of insects as well as being crucial for plant defense. This
study established the isolation of Pyrrolizidine alkaloid (PA) called intermedine from
leaf methanolic extract of Heliotropium indicum Linn and may be responsible for the
high mortality of insect pest of stored grains, suggesting that methanolic extract of
H.indicum has some insecticidal properties. Investigation of three Sri Lankan plants'
extracts, Plearostylia opposita (Wall), Alston (Celastraceae), Aegle marmelos Correa
(Rutaceae), and Excoecaria agallocha (Euphorbiaceae) has reported by Okwute, [6]
revealed that the plants are insecticidal, and for the first time three compounds were
found to possess the daphnane orthoester skeleton which may be the constituent of
ethyl acetate extract of E. agallocha and have been found to be insecticidal.
Numerous food items and dietary supplements, particularly tea, herbal products, and
honey, contain PAs and their N-oxide derivatives. The European Food Safety
Authority (EFSA) [7] has identified a group of 17 PAs and their N-oxide derivatives
that commonly contaminate food, including intermedine/lycopsamine, intermedine-N-
oxide/lycopsamine-N-oxide,senecionine/senecivernine,senecionine-N-oxide/

senecivernine-N-oxide, seneciphylline, seneciphylline-N-oxide, retrorsine, retrorsine-
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N-oxide, echimidine, echimidine-N-oxide, lasiocarpine, lasiocarpine-N-oxide, and
senkirkine. There is the need to monitor the presence of PAs in food to avoid human
mortality.

Despite the many traditional and medicinal uses of H. indicum Linn, it has not
been used to control insect pests of stored grains, hence the aim of this study. The
objectives of the study are to (I) extract bioactive constituents from the leaf extract of
H.indicum, (ii) isolate and purify the bioactive constituents using chromatographic
techniques, (iii) characterize and elucidate the structure of bioactive compounds using
NMR, and LCMS, (iv) test isolate efficacy on the insect pests of stored grains at

various concentrations.

MATERIALS AND METHOD

Collection of Plant Samples

The leaves of H. indicum L. were harvested and rinsed under running tap water to get
rid of dust and other debris. They were air dried for two weeks under shade. The dried
leaves were then pounded with a mortar and pestle and kept in a polythene bag prior

to extraction using successive maceration.

Preparation of Crude Extracts

Extraction by Successive Maceration

The successive maceration method of Sukhdev et al. [8] was employed for the
preparation of crude extracts to obtain crude hexane extract, crude ethyl acetate
extract, and crude methanolic extract, respectively. The crude extracts were stored in

different glass bottles till further use.

Phytochemical Screening
The method of Samatha [9] was used to screen the crude extracts for the presence of

secondary metabolites.

Isolation and Purification Procedures

Methanol extract was subjected to isolation and purification using chromatographic
techniques. Briefly, about 9.2 g of the crude extract was allowed to adsorb onto silica
gel to make a slurry. The resultant slurry was allowed to dry and was loaded onto the
already packed columns and was allowed for gradient elution using 5% gradual

increase amounts of ethyl acetate in hexane, ethyl acetate and finally methanol in
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ethyl acetate until 10% methanol in ethyl acetate. Fractions were collected using 25
mL beaker and were allowed to evaporate, and monitored by TLC. Similar fractions
agreeing to similar Rr values were combined, washed with acetone, and subjected to
TLC with n-hexane:methanol (7:3, v/v) which gave a distinct R¢ spot of 0.42. The
resulting chromatogram, after air-drying for 30 min was viewed under UV lamp of
short and long wavelengths of 254 nm and 366 nm, respectively. Compounds identity
were detected by spraying with Dragendorff reagents according to the methods of
Resmanet al.[10].The observation of an orange red colour indicated the presence of
alkaloids, and the resulting whitish crystal which was washed with acetone was coded

as IPM-65 (65 mg) and was subjected to spectroscopic analysis.

Spectroscopic Analysis

Nuclear Magnetic Resonance (NMR) Analysis of Pure Isolate

The pure isolate was subjected to 'H and '3Carbon- NMR as well as 2D NMR
including COSY, HSQC, and HMBC. The spectra of 'H, *C, and 2D NMR were
verified with the aid of acetone as solvent on a Bruker Avance III HD
spectrophotometer. Briefly, approximately 7.0 mg of IPM-65 was dissolved in 0.5 mL
deuterium chloroform (CDCls) and was shaken well before being filtered into a 5 mm
cleaned NMR tube which surface was cleaned with acetone. Using a Top-spin 3.2
software, a '"H NMR spectrum was obtained on a Bruker Avance III HD spectrometer
(400 MHZ Bruker, Ultrashield 2). The spectrometer was outfitted with a 5 mm BBO-z
Prodigy cryoprobe with Bruker Automatic 120 holder sample changer. Following
insertion into the magnet, the temperature was given five (5) minutes to stabilize.
Subsequently, the sample was adjusted, matched, and shimmied. The 'H pulse
duration was measured on the sample and was generally approximated to 10 ps. A 5-
second relaxation delay was used to the Carr-Purcell-Meiboom-Gill (CPMG) spin
echo sequence, which was utilized to attenuate the wide signals of larger molecules
and minimize macromolecular signals) [11]. To avoid broad signals, free induction
decays were multiplied by an exponential window function (LB = 0.3 Hertz) before
the Fourier transform. The spectra were allowed for a baseline and phase corrections
manually. Tetra Methyl Silane (TMS) signal at 0 ppm was used as the internal
reference standard for all spectra. The signal levels of the remaining molecules were

measured with a 2D COSY, HSQC, and HMBC pulse sequence.
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Liquid Chromatography Mass Spectrometer (LCMS)

The exact mass of the compound was investigated using a dual source LCMS, an
Agilent 6130 with 1200 series LC. Briefly, about 1.0 mg of IPM-65 was dissolved in
methanol preparatory for the LCMS analysis. LC-MS was acquired using the
following parameters: Flow rate was 1.0 mL/min, injection volume was 10.0 mL. Run
time was 10 min and solvent composition was acetoniltrile:water in ratio 1:1. For the
mass spectrometer (MS), the ionization mode with combined -electron-spray
ionization and atmospheric pressure chemical ionization source (ESI/APCI) in both
positive and negative polarity and mass range was from 100-1000 mass units. The
column was Agilent Infinity Lab Poroshell 120, 4.6x100mm, 2.7 micron C18, while

the detector was a single wavelength UV and Quadrupole Mass Spectrometer.

RESULTS AND DISCUSSION

Phytochemical Analysis

Table 1 shows the result of phytochemical analysis. of leaf methanolic extract of
H.indicum

Table 1: Results of phytochemical screening of H.inducm leaf methanolic extract

Phytochemicals Observation
Methanolic extract

Tannin +

Saponin +

Alkaloids ++

Cardiac glycosides +

Terpenoids +

Flavonoids ++

Steroids +

Phenols +

- = absent + = present in trace amount, ++ = present

Spectroscopic analyses

Nuclear Magnetic Resonance: Proton (‘H NMR (CDCls, 400 MHz)

Figure 1 showed the proton NMR spectrum of IPM 65, while Table 2 showed the
protocol for proton NMR signal of IPM-65
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Figure 1:'H-NMR Spectrum of IPM-65
Table 2: Protocol for proton NMR spectrum of the pure isolate, IPM-65.

Node Multi- o shift Standard Proton type Proposed Structure (ppm rel. to TMS)
plicity  (ppm) Range

CH3 d 0.97 0.1-1.3 R-CH3 Methyl, 1 beta —CC,1 beta -C

CH3 d 0.97 0.1-1.3 R-CH3 Methyl, 1 beta —CC,1 beta -C

CH3 d 1.18 0.1-1.3 R-CH3 Methyl, 1 beta —CC,1 beta -

CH s 1.91 1.6-2.6 -CH Necid acid

CH - 4.10 3.5-4.8 R-C=0-OCH From necic acid

CH - 2.10 0.1-1.3 -C-H Pyrrolidine,] unknown substituent(s),1-
C from N-CHx

CH» - 2.55 1.0-5.0 R-N-H2 Pyrrolidine,1 unknown substituent(s),1 -
C from N-CHx

CH; - 3.23;3.60 3.2-3.8 RO-C-R’ Pyrrolidine,1 gamma - N-CHx

CH: d 3.80 3.2-3.8 RO-C-R’ Methylene,1 gamma-C-C,lalpha -N(C)C

CH» - 4.40 3.5-4.8 R-C=0-O-C-H  Methylene,lalpha-C=C,1alpha-OC=0-C

CH - 4.65 R-C=C-H Pyrrolidine: Methine

OH - 4.90 1.0-5.0 R-OH Alcohol,1 -CCO

OH - 5.45 4.0-7.0 R-OH Alcohol,1 -CCO

OH - 5.90 R-OH Alcohol -2-beta-C

H - 345 4.5-6.5 R-C=C-H 1-ethylene,1 -C-O cis,1 -C-N trans, 1 -C-
N gem

BC-NMR

Figure 2 showed the 3C-NMR of pure isolate, IPM-65; while Table 3 expressed the

protocol for 3carbon NMR of IPM-65.
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Figure 2: BC-NMR spectrum of IPM-65

Table 3: BCNMR of IPM-65.

Node & shift Standard Carbon Type Proposed Structure (ppm rel. to TMS)
(ppm) ;iange(ppm

CH3 17.34 0-35 R-CHj3 Aliphatic: 1-alpha -C, 1 beta —C, 1 beta — O, 1 gamma —
C(=0)-0, 1 gamma — C, 1 gamma — O, 2-delta — C.

CHs 17.34 0-35 R-CH3 Aliphatic: 1-alpha -C, 2 beta —C 1 gamma —C(=0)-0O, 1
gamma — C, 1 gamma — O, 1-delta— C, 1 delta - O.

CHs 17.26 0-35 R-CH3 Aliphatic: 1-alpha -C, 2 beta —-C, 1 gamma —C(=0)-0O, 1
gamma — C, 1 gamma — O, 1-delta— C, 1 delta - O.

CHz 23.97 15-55 R>-CH» Pyrrolidine: 2 — alpha —C from aliphatic, 1 beta —C from
Aliphatic, 1-beta — N from aliphatic, 1 gamma —C=C from
aliphatic, 1 gamma —C from aliphatic, 1 delta —C from
aliphatic

CH 34.14 30-40 R-C Pyrrolidine: 2 —alpha —C from aliphatic, 1 beta -C=C from
aliphatic, 1 beta — C from aliphatic, 3 gamma —C from
aliphatic, 1 delta —O-C=0 from aliphatic

CH 35.53 30-40 Ri,R2,-C Aliphatic: 3 alpha —C, 1 beta —C(=0)-O, 1 beta —C, 1 beta
-0, 1 gamma —-C, 1 gamma -0, 1 delta —C,

CH: 62.34 10-65 -C-X Pyrrolidine: 1 alpha —C-C,1 beta —C, 3 gamma —C,1

X=N gamma -N

CH; 70.05 50-90 -C-C Pyrrolidine: 1 alpha —C-C,1 beta —C, 3 gamma -C,1
gamma -N

CH» 70.39 50-90 -C-0 Aliphatic: 1 alpha -C=C, 1 gamma —N, 1 alpha -O-C=0

CH 70.89 50-90 -C-X Aliphatic: 1 alpha —C, 1 beta —-C(C=0)-O.

CH 79.13 50-90 -C-C Pyrrolidine: 1 —alpha —C-C from aliphatic,1 delta — N

C 84.67 80-150 RiR:C= Aliphatic: 1 —alpha —-C(=0)-0,

3 beta -C, 1 beta —O, 1 gamma —C, 1 delta -C=C

CH 123.69 110-170 Aromatic ring 1-ethylene: 1 -C-C-C-C, 2 -C-O, 1 -C-N

C 133.41 110-170 Aromatic ring 1-ethylene: 1 —-C-C-C-C, 1 -C-O, 3 -C-N

C 175.67 165-175 R1-C=0-0OR» 1-caroxyl: 1 -C(CC) CC,1 —C from O-carboxyl
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Based on the analysis of the proton and carbon spectra data and comparison with data
in literature, a new structure of compound (IPM-65) was proposed using the

pyrrolizidine skeleton shown in Figure 3.

Mecic acids

Figure 3: Proposed structure of the compound
This predicted compound was further elucidated on 2D NMR using COSY, HSQC
and HMBC.

2D COSY NMR

Figure 4 showed the 2D COSY NMR of pure isolate (IPM-65); while Table 4 showed
the two-dimensional spectrum from a 2D COSY experiment indicating the chemical
shift, and the coupling hydrogen. It revealed the frequencies for a single isotope, most
commonly hydrogen ('H) along both X and y

axes.
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Figure 4: 2D COSY NMR of IPM-65 from Leaf Methanol Extract of H.indicum L

332

11 {ppm)


https://en.wikipedia.org/wiki/Isotope

Adeniyi, Boluwaji M., Ikyenge, Barnabas A., Adah, Christiana A., Ibitoye, O.,
Ajisafe, Segun S., Oyewole, Omoniyi S.: Isolation of Pyrrolizidine Alkaloid from Heliotropium
indicum Leaf for Control of insects of Stored Grains

Table 4: Proton-proton 2D COSY NMR

cosy Predicted Structure

lfixlfiy

0.97 0.97 Methyl, 1 beta —CC, 1 beta -C

0.97 2.10 Methyl, 1 beta —CC, 1 beta -C

2.10 0.97 Methyl, 1 beta —CC, 1 beta -C

2.10  2.10

2.10 255 Pyrrolidine, 1 unknown
substituent(s),1 -C from N-CHx

210  3.52 Pyrrolidine, 1 unknown
substituent(s),1 -C from N-CHx

2.10  3.58 -

2.10  4.10 -

225 097 -

1.18 1.18 Methyl

1.18 4.10 Methyl coupling methine on
necic acid

3.23 3.23,3.60 Pyrrolidine,1 gamma - N-CHx

3.80  2.10,2.55 Methylene,1 gamma -C-C,1 alpha
-N(C)C

4.10 1.18,4.10 R-C=0-0OC From necic acid

4.65 1.91,2.55,4.40,4.65,4.90,5.90 -

490 490 -

5.45 3.45,5.45 Alcohol,1 -CCO

590  4.45,4.65,4.90,5.90 Alcohol,1 -CCO

HSQC

Figure 5 showed the 2D HSQC NMR of pure isolate (IPM-65); while Table 5 showed

a direct 'H- BC correlation in the HSQC spectrum.
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Figure 5: HSQC of IPM-65 compound
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Table 5: Proton-Carbon HSQC NMR of pure Isolate IPM-65

8Hxppm 8Cy ppm

0.97 17.34

1.18 17.26,17.34, 17.73
1.91 23.97

2.10 23.97, 34.14, 35.53
2.55 35.53

3.23 62.34

3.45 70.05, 70.39,70.89
3.52 79.13, 89.90

3.80 74.00

4.10 70.05,79.13

4.40 79.13

4.65 79.13,97.15

4.75 62.34,70.89

4.90 62.34

545 94.00

5.90 123.69
HMBC-NMR

Figure 6 showed the 2D HMBC of pure isolate (IPM-65); while Table 6 showed a
direct '3C-'H correlation in the HMBC spectrum.
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Figure 6: HMBC of Isolated Compound IPM-65
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Table 6: Carbon-proton HMBC of Isolated Compound IPM-65

3Cy ppm dHx ppm
17.26 0.97
17.34,17.73 0.97
17.26,23.97 1.18
23.97 1.91
17.26, 84.67,175.67 2.10
23.97,79.13,175.67 2.55
70.05 2.60
62.34,70.39,79.13 3.23
62.34 3.45
23.97,175.67 3.60
35.53,70.89,79.13,175.67 3.80
62.34,175.67 4.10
62.34,70.05,123.69,134.00 4.65
97.15, 123.69,133.41, 175.67 4.90
123.69 5.75

Assignment of Proton and Carbon
Based on the available data on Tables 2-6, proton and carbon can be assigned on the

proposed structure of IPM-65 (Figure 7)

Figure 7: Assignment of protons and carbons on Compound IPM-65.

LC-MS
Figures 8 showed the LCMS chromatogram and spectrum result of compound IPM-65
run on High Resolution Electron Ionization Mass Spectrometry (HREIMS).
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Sample Chromatograms
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Compound Summary

Cpd Name Formula RT Mass CAS 1D Source Score Score (Lib)  Score (DB)  Score (MFG) Algorithm
1 C15 H25 N 05 0.200 299.1736 FBF 98.37 FBF

Figure 8: Chromatogram of IPM-65 showing Intermedine

In line with the proposed compound structure in Figure 5 and according to the
analysis of all proton and carbon spectra data; and comparison with reported data in
literature, the proposed structure of (IPM-65) having pyrrolizidine skeleton were

found to be intermedine based on its exact mass as revealed by LCMS.

Figure 9: Intermedine

Insecticidal Activity Test of IPM-65 on Stored Grains’ Insects

Insect Mortality

The isolated pure compound, IPM-65 was tested for its potency to cause mortality on
weevils of rice, maize, sorghum and cowpea at two different concentrations of 5.0
mg/mL and 10.0 mg/mL, respectively. The positive and negative controls were

cypermethrin 2.5 E.C, and untreated substrates, respectively, (Table 7).
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Table 7: % mortality of stored grains’ insects Exposed to [IPM-65

IPM-65 Conc substrate Exposure time (Mean +SEM)
g/Ml Rice Sorghum Maize Cowpea
@24 h 5.0 3.33+1.67° 1.67+£1.67° 6.67+£1.67° 3.33£1.67°
10.0 6.67+£1.67° 8.33£1.67° 10.00+0.00? 6.67+£1.67°
@48 h 5.0 8.33+1.67° 15.00+2.89° 46.67+3.33¢ 51.67+6.00¢
10.0 11.67+1.67° 15.00+0.00% 55.00+5.77b 58.33£9.27°
@72 h 5.0 35.00+2.89? 38.33+4.40° 75.00+2.89° 70.00+£5.77°
10.0 46.67+1.67° 48.33+1.67% 81.67+1.67° 81.67+£1.67°
@96 h 5.0 66.67+3.332 75.004+2.89° 86.67+1.67° 88.33+1.67°
10.0 81.67+1.67° 85.00+0.00° 96.67+3.33? 98.33+1.672
Control 0.00 0.00+0.00? 0.00+0.00? 1.67+1.67° 1.67+1.67°
Cypermethrin 0.5 mL 68.33+4.41? 76.67+6.67% 96.67+3.332 100.00+0.00?

Values are expressed as Mean =SEM

Phytochemical Analysis

As revealed by the phytochemical analysis of Heliotropium indicum leaf extract in
Table 1, the plant contains a wide range of important phytochemicals, including
alkaloids, tannins, terpenoids, glycosides, steroids, and flavonoids, which is consistent
with the findings of Ogidi et al. [3]. The presence of the alkaloid component is
responsible for the plant's anti-inflammatory, antiseptic, antimicrobial, febrifuge,

wound healing effect.

Insecticidal Activity of IPM-65

The result showed that the pure isolate (IPM-65) had a high degree of insecticidal
activity on the insect pests of stored grains. From Table 8, the highest mortality
observed on rice weevil (Sitophilus oryzae) was 66.67%, and 75% on sorghum
weevil (Sitophilus granarius), while maize and cowpea weevils (Sitophilus zeamais,
and Callosobruchus maculatus) experienced mortality of 96.67% and 98.33%,
respectively at 10 mg/mL 96 h post exposure. The least mortality caused by the
pure isolate was 1.67% on sorghum weevil (Sitophilus granarius).The ability of
IPM-65 to cause mortality of S.oryzae, S.zeamais, S.granarius and C.maculatus
may be attributed to its toxic effects on the weevils which agrees with the report of
Lajide et al. [12] on the effectiveness of some plant powders in controlling
Sitophilus zeamais by using insect adult mortality. The pure isolate caused high
mortality to Sitophilus zeamais and C. maculatus which suggested that IPM-65 is
lethal to the insect pests. Cypermethrin has been very effective in controlling adult S.
zeamais and C. maculatus which agrees with Asawalam et al. [13] who reported

100% mortality to Sitophilus zeamais when treated with Cypermethrin stored maize.
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The mode of action of IPM-65 (Intermedine) is not known, but may have acted on
the insects by disrupting the normal respiratory activities of the weevils; resulting in

asphyxiation and subsequent death [14].

Spectroscopic analysis

The characterization of IPM-65 as intermedine [1R,7aR)-1-hydroxy-2,3,5,7a-
tetrahydro-1-H-pyrrolo[ 1,2-a]pyrrol-7-yl]methyl(2S,3R)-2,3-dihydroxy-2-isopropyl
butanoate] was achieved by NMR and LCMS analyses. The proton spectrum
(Figurel) indicated a compound with necic acid moiety, and a necine base containing
pyrrolizidine skeleton [15]. It showed signals for 25 protons and 15 carbons. There are
three terminal methyl group (610.97), (610.97), and (6u1.18 ) ppm (Figure 3, Table 2),
Two doublets at 613.80 and 6u4.40 ppm for C-3 and C-9 , a proton signal at Ou4.65
ppm for C-2 suggesting [IPM-65 as a pyrrolizidine-type alkaloid. A doublet at 613.23
ppm linking 1 alpha -C-C from methylene, 1 beta to a proton, and 1 gamma -C from
N-CHx. Also a doublet at dx 2.55 ppm on C-6 and a proton at 655.90 revealed atom
corresponding to a signal for olefin (Table 2). The pyrrolizidine methylene protons
were the most shielded and were observed at du2.55 ppm and 3.23 ppm. The
pyrrolizidine and necic acid methine protons were not identical and observed at ou
4.65 and 2.10 ppm for pyrrolizidine, and 6n4.10 and 1.91, respectively. The rest of the
proton signals were envelop of OH protons from parts of the pyrrolizidine skeleton.
The '*C-DEPT spectrum (Figure 2) showed 15 carbons which are one carbonyl at ¢
175.7, two signals for olefinic double bonded carbons at dc 134.4 and 123.7 ppm,
necic acid group; two identical terminal methyl carbons at dc 17.34 ppm (methyl), and
a single terminal methyl carbon at 6¢ 17.26 ppm (Figure 2 and Table 3). Two methine
carbons were observed on the necic acid group at 6¢ 35.5, 70.89 ppm, and another one
on the necine base observed at 6c 34.14 ppm. Other prominent carbons on the
pyrrolizidine compounds were methylene carbons observed at 6c¢ 23.97, 62.34,70.05,
and 70.39 ppm, while the rest were quaternary carbons observed at d&c 79.13,
84.67,133.41, and 175.67 ppm, respectively. Following 2D NMR experiments
(Figures 4-6), the structure of the compound was deduced as and identified to be
(1R,7aR)-1-hydroxy-2,3,5,7a-tetrahydro-1-H-pyrrolo[1,2-a] =~ pyrrol-7-yl] = methyl
(2S,3R)-2,3-dihydroxy-2-isopropylbutanoate) (Figures 3,7 and 9) and was confirmed
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by the exact mass of 299.1736 g/mol in its LC-MS chromatogram (Figure 8). The full
chemical shift assignments are given in Figure 7.

However, the major mechanism of action of pyrrolizidine alkaloids against insects is
not known, but may exert insecticidal activity by acting on membrane phospholipids
and phosphate groups in insects leading to damaging the structures of the insect's
cellular membrane, and eventually resulting in cell death. Also worthy of note is that
the action of PAs on insects may be connected to inhibition of acetylcholine enzyme
known as acetylcholinesterase (AChE). This enzyme is a serine hydrolase that
terminates the action of the neurotransmitter, acetylcholine, by hydrolyzing it into
choline and acetic acid as reported by Silman et al. [16]. The PAs may bind to AChE
and interfere with the breakdown of acetylcholine, leading to the deposition of
acetylcholine in the nerve synapses and causing disrupted neurotransmission [17]. It is
important to note that Cholinesterase inhibitors increase parasympathetic nervous
system (cholinergic) activity indirectly by inhibiting AChE, thereby preventing the
breakdown of acetylcholine. The AChE inhibitors are used in the treatment of
Alzheimer’s disease [18], the treatment and diagnosis of myasthenia gravis [19] and
the treatment of diabetic urinary bladder [20].

Lycospamine, a diastereomer of intermedine which is the major PA alkaloid present
in pure compound IPM-65 isolated from Heliotropium indicum, had been reported to
show significant anti-proliferative effects in A549 lung cancer cells in a dose-reliant
manner [21]. The antiproliferative effects of lycopsamine were associated with its
autophagy inducing, apoptosis inducing, and inhibiting IL-2 expression. Overall,
lycospamine is a potential anti-lung cancer agent and can be a lead molecule in lung

cancer treatment.

RECOMMENDATION AND CONCLUSION

The isolation and characterization of pyrrolizidine alkaloids as intermedine was
successfully carried out from the leaf methanolic extract of Heliotropium indicum.
The chemical identification of this compound were validated using NMR and LCMS
as pyrrollizidine alkaloid (PA).This is the first time of reporting the isolation of
Intermedine from the methanolic leaf extract of Heliotropium indicum L.

Pyrrolozidine alkaloids from the Boraginaceae family have been reported to be toxic,
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suggesting that intermedine compound isolated from the leaf of Heliotfopium indicum
is a potential biopesticide and may find use in the control of insect pests of stored

grains at moderately recommended dosage.

ACKNOWLEDGMENT

The authors acknowledged the amazing contributions of the followings:

1. Kolawole O.Adeniyi of NSPRI for financial support

ii. Prof. John Igoli of Joseph Sarwuan Tarka University, Makurdi, Benue State for
NMR and LCMS analyses at University of Strathclyde, Glasgow,England.

iii. Staff of Nigerian Stored Products Research Institute (NSPRI),Ibadan

iv. Center of Food Technology and Research, Benue State University (CEFTER-BSU)

REFERENCES

1. Souza, J.S.N; Machado, L.L; Pessoa et al. (2005).Pyrrolizidine alkaloids from
Heliotropium indicum, Journal of the Brazilian Chemical Society 16(6b);1410-
1414.

2. Sarkar, C., Mondal, M., Khanom, B., Hossain, M.M., Hossain, M.S., Sureda, A.,
Islam, M.T., Martorell, M., Kumar, M., Sharifi-Rad, J. Al-Har & rasi, A.(2021).
Heliotropium indicum L,from farm to a source of bioactive compounds with
therapeutic activity.Evidence-Based Complementary and Alternative Medicine,1-21.

3. Ogidi, C.0., Ojo, A.E., Ajayi-Moses, O.B., Aladejana, O.M., Thonda, O.A &
Akinyele, B.J., (2021).Synergistic antifungal evaluation of over-the-counter
antifungal creams with turmeric essential oil or Aloe vera gel against pathogenic
fungi. BMC Complementary Medicine and Therapies, 21, 1-12.

4. Ayoola, M.D., Akinlolu, A.A., Adeboga, S.& Otulana, J.O.,(2016).
Gastroprotective Activities of the n-Hexane Fraction of Heliotropium indicum on
Gastric Ulceration. Nigerian Journal of Basic and Applied Sciences, 24(1), 7-13.

5. Hameed, A., Freed, S., Hussain, A., Igbal, M., Hussain, M., Nacem, M., ... & Tipu,
A. L. (2012). Toxicological effects of neem (Azadirachta indica), Kanair (Nerium
oleander) and spinosad (Tracer 240 SC) on the red flour beetle (Tribolium
castaneum)(Herbst.). African Journal of Agricultural Research, 7(4), 555-560.

340



Adeniyi, Boluwaji M., Ikyenge, Barnabas A., Adah, Christiana A., Ibitoye, O.,
Ajisafe, Segun S., Oyewole, Omoniyi S.: Isolation of Pyrrolizidine Alkaloid from Heliotropium
indicum Leaf for Control of insects of Stored Grains

6. Okwute, S.K (2012). Plants as potential sources of pesticidal agents:a
review. Pesticides—Advances in chemical and botanical pesticides, 10, pp.208-232.

7. EFSA J. (2011).EFSA Panel on Contaminants in the Food Chain Scientific opinion
on pyrrolizidine alkaloids in food and feed; 9:2406. doi: 10.2903/j.efsa2406.

8. Sukhdev, S.H., Suman, P.S.K., Gennaro, L.& Dev, D.R. (2008). Extraction
Technologies for Medicinal and Aromatic Plants, United Nations Industrial
Development Organization and the International Centre for Science and High
Technology, Italy, 25-54

9. Samatha, T., Srinivas, P., Shyamsundarachary, R., Rajinikanth, M. & Ramaswamy,

N. (2012). Phytochemical analysis of seeds, stem bark and root of an endangered
medicinal forest tree Oroxylum indicum (L) Kurz. International Journal of Pharma
and Bio Sciences, 3(3), 1063-1075.

10. Resma, N., Ridhay, A., Satrimafitrah, P. & Razak, A. R. (2022). Analysis of TLC-
bioauthography of antimicroboial compounds from the ethanol extract of local
Palu Shallot Roots(Allium cepa L. var. Aggregatum) against Staphylococcus
aureus and Candida albicans.Bulletin of Pharmaceutical Sciences Assiut, 45(1),
193-200

11. Nagana Gowda, G. A., & Raftery, D. (2021). NMR-based metabolomics. Cancer

Metabolomics: Methods and Applications, 19-37.

12. Lajide, L., Adedire, C. O., Muse, W. A. & Agele, S. O. (1998). Insecticidal

activity of powders of some Nigerian plants against the maize weevil
(Sitophilus zeamais Motsch), Department of Biology, Federal University of
Technology, P. M. B. 704, Akure, Nigeria.Entomology in the Nigerian economy.
Research focus in the 21st century .227-235 ref.21

13. Asawalam, E. F., Emosairue, S. O., Ekeleme, F., & Wokocha, R. C. (2006).

Insecticidal effects of powdered parts of Eight Nigerian plant species against
maize weevil Sitophilus zeamais motschulsk (Coleaoptera: Curculionidae). Nigeria
Agricultural Journal, 37, 106-116.
14. Akinbuluma, M. D., & Ewete, F. K. (2014). Comparative efficacy of extracts from
Azadirachta indica, Piper guineense and pirimiphos-methyl against Sitophilus
zeamais Motschulsky (Coleoptera: Curculionidae) in stored maize. Journal of

Biology, Agriculture and Healthcare, 4(27), 327-334.

341


https://www.researchgate.net/journal/Bulletin-of-Pharmaceutical-Sciences-Assiut-1110-0052
https://www.cabdirect.org/cabdirect/search/?q=au:
https://www.cabdirect.org/cabdirect/search/?q=au:
https://www.cabdirect.org/cabdirect/search/?q=au:
https://www.cabdirect.org/cabdirect/search/?q=au:
https://www.cabdirect.org/cabdirect/search/?q=do:
https://www.cabdirect.org/cabdirect/search/?q=do:

Adeniyi, Boluwaji M., Ikyenge, Barnabas A., Adah, Christiana A., Ibitoye, O.,
Ajisafe, Segun S., Oyewole, Omoniyi S.: Isolation of Pyrrolizidine Alkaloid from Heliotropium
indicum Leaf for Control of insects of Stored Grains

15. Marcel, S.F., Jie, L.K & Mustafa, J. (1997). High-resolution nuclear magnetic
resonance spectroscopy - Applications to Fatty Acids and Triacylglycerols.
Lipids, 32 (10), 1019-1034. https://doi.org/10.1007/s11745-997-0132-y
16. Silman, I.; Sussman, J.L. Acetylcholinesterase: How is structure related to
function? Chem. Biol. Interact. 2008, 175, 3—10.
17. Thapa, S.; Lv, M.; Xu, H.(2017). Acetylcholinesterase: A primary target for drugs
and insecticides. Mini Rev. Med. Chem.17
18. Akincio “glu, H.; Giilgin, I (2020). Potent acetylcholinesterase inhibitors: Potential
drugs for Alzheimer’s disease Mini Rev. Med. Chem. 20, 703-715.
19. Mehndiratta, M.M.; Pandey, S.; Kuntzer, T (2014). Acetylcholinesterase inhibitor
treatment for myasthenia gravis. Cochrane Database Syst. Rev., Cd006986
20. Mustafa, S.; Ismael, H.N (2014).Reactivity of diabetic urinary bladder to the
cholinesterase inhibitor neostigmine. Urology, 84,
21. Yu, Z.; Guo, G.; Wang, B (2020). Lycopsamine inhibits the proliferation of
human lung cancer cells via induction of apoptosis and autophagy and

suppression of interleukin-2. J. BUON 25, 2358-2363

342


https://doi.org/10.1007/s11745-997-0132-y

	MATERIALS AND METHOD
	Collection of Plant Samples
	Extraction by Successive Maceration
	Phytochemical Screening 
	Isolation and Purification Procedures
	Spectroscopic Analysis
	Nuclear Magnetic Resonance (NMR) Analysis of Pure 
	Table 1:  Results of phytochemical screening of H.

	Insecticidal Activity Test of IPM-65 on Stored Gra
	Table 7: % mortality of stored grains’ insects Exp


