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Novel Source of Bioactive (+) Pinitol — Senna hirsuta Irwin and Bar neby
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Abstract

Phytochemical investigation of ethanol extract of Senna hirsuta yielded 5-Acetonyl-7-hydroxyl-2-methylchromone
and 1-O-methyl-D-chiro-inositol also known as (+) Pinitol. The structure and relative configuration of these
compounds were elucidated on the basis of their spectroscopic data, especially MS and NMR techniques. It is worth
mentioning that these compounds are isolated from Senna hirsuta for the first time. This plant could be an
alternative source of (+) Pinitol, acommercialized anti-diabetic and anti-inflammatory agent.
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Introduction

Senna hirsuta (also called Cassia hirsuta)
belongs to the family Fabaceae. The legume
family Fabaceae is the third largest family of
flowering plants with more than 18,000
described species. Fabaceae comprises of
three sub-families namely: Papilionoideae,
Caesalpinioideae and Mimosoideae. Senna
hirsuta belongs to the sub-family Caesal-
pinioideae.

Senna is the mgjor genus that possesses
about 600 species comprising trees, shrubs,
vines and herbs with numerous species
growing in the Southeast Asia, Africa,
Northern Australia and Latin America [1-2].
Senna species have been of keen interest in
phytochemical and pharmacologica research
due to their medicina values. They are well
known in folk medicine to be useful in the
treatment of gastro-intestinal disorders like
ulcers, jaundice and veneral diseases,
arthritis, dermatitis, rheumatism and tuber-
culosis [3-5]. They have been found to
exhibit antimicrobial, anticancer and anti-
mutagenic activities [6-9]. The effectiveness
of these plants extends to the management
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of sickle cell anaemia [10]. Compounds such
as fistucacidin, (-) epiafzelechin-3-O-
glucoside, procyanidin B, (-) epiafzelechin,
sennoside A and B, Kaempferal,
oxyanthragquinone, dihydroxyanthraguinone,
emodin and chrysophanol have been isolated
from some Senna species [11-13]. Aqueous
and ethanol extracts of the leaves, stem barks
and roots of Senna hirsuta have been
investigated for their phytochemica and
antibacterial activities [12]. However, thereis
no report on the isolation of the chemical
constituents. Therefore, this paper reports the
isolation and characterization of two
compounds from Senna hirsuta.

Experimental

Plant Collection and I dentification

The leaves of Senna hirsuta were collected
aong Arulogun road, Ojoo, Ibadan in
October, 2010. The plant sample was
authenticated at the Herbarium of the
Forestry Research Institute, Ibadan, and
voucher specimen (FHI 109488) of the plant
was deposited at the herbarium for further
reference.

Plant Preparation and Extraction

The air-dried, ground plant samples (583.7 Q)
of S hirsuta were soaked in ethanol for 3
days. The extract was concentrated under
reduced pressure at 40°C. The crude ethanol
extract was partitioned in hexane to obtain a
defatted ethanol extract of S hirsuta (25 g).
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The yield of the defatted ethanol extracts of
S hirsuta was 4.3%.

General Experimental Procedure

Optical rotations were measured using a
Rudolph research Autopo Il automatic
polarimeter. Melting points obtained on a
Fisher-Johns micro melting point apparatus
and are uncorrected. The IR spectra data were
recorded on a FT-IR spectrometer, Perkin
Elmer instruments. High-resolution ESI mass
spectra were recorded using the Micromass
Autospec instrument. The NMR spectra (*H,
3C)  were determined on DRX-400
spectrometer data (400 MHz for *H and 100
MHz for *C) in deuterodimethylsul phoxide
and deuteromethanol. Silica gel Thin Layer
Chromatographic (TLC) separations were
carried out using precoated plastic sheet
(Alltech, 0.25 mm thickness silica gel with
fluorescent indicator, 4080 mm). TLC spots
were viewed by exposure to UV light at 254
nm, iodine vapour or phosphomolybolic acid
with heating. Glass column of varying sizes
(depending on weight of extract) and silica
gel (70-230 mesh) were used for open
column chromatography. Polyamide
adsorbent (Discovery DPA-6S adsorbent,
Supleco) was used for tannins removal.

Removal of Tannins

The defatted ethanol extract of S hirsuta
(10.0 g) was dissolved in water/ethanol (1:1).
The solution was pipetted in column (length
=82 cm, id = 3.0 cm) packed with 150 g of
polyamide adsorbent. The columns were
preconditioned and eluted with water/ethanol
(2:1) solvent mixture. The eluted fractions
were collected and made up with equa
volume of acetonitrile and left to dry under
streams of air in the fume chamber. The
tannins-free agueous-ethanol extract (7 Q)
was subjected to open column chroma-

tography.

Fractionation

The obtained extract (7.0 g) was pre-adsorded
on silica gel and loaded on column (length =
87 cm, id = 3.0 cm) packed with 210 g silica
gel. The column was first eluted with hexane

and increasing concentration of ethyl acetate
and methanol. A total of ninety 100 mL
fractions were collected. Fractions were
spotted on analytical pre-coated TLC plate
and similar fractions were pooled resulting in
eight combined fractions. Fractions 19-20
eluted with 90% ethyl acetate in methanol
gave 1 and fractions 27-28 eluted with 95 %
ethyl acetate in methanol afforded 2.

5-Acetonyl-7-hydroxyl-2-methylchromone

(1):

White solid (48.8 mg)

Decomp: 218-220 °C.

Rf: 0.6 (EtoAc-MeOH, 4:1).

IR (MeOH): 3174, 1641, 1584 cm™.

UV/Vis Amex (MeOH) nm (log €): 250(3.42),

291(3.22).

H NMR: Table 1

BC NMR: Table1

HRESIMS m/z [M-1]cacd 231.0663 for

Ci13H1204; found 231.0659.

(+) Pinitoal (2):

White solid (70.3 mg),

Bf =0.56 in 4:1 EtOAc: MeOH; mp 185 - 187
G,

[a]o® = +59.4 (¢ 1.9 x 10”3, MeOH)

IR (MeOH) 3400, 2906 cm™*

IH NMR: Table2

BC NMR: Table 2

HRESIMS m/z [M+Na]* calcd 217.0749 for

C;H140¢Na; found 217.0679.

Results and Discussion

The structure of 1 was determined through
analysis of its '"HNMR, “*CNMR, HMBC,
COSY, IR, UV and HRESIMS. The negative
ion HRESIMS of 1 showed the molecular ion
at m/z 231.0659 [M-H]'which gave molecular
formular C13H1204 (DBE=8). The
unsaturation was accounted for as two fused
rings, four olefinic and two carbonyl groups.
The proton NMR spectrum displayed two
doublets at meta positions to each other with
asmall coupling constant (J=2.3 Hz) at 4 6.58
and 6.72 and a singlet peak 6 5.95. Signals
observed at 2.19 and 4.10 ppm are indicative
of methyl and methylene protons on a
carbonyl carbon while the peak at & 2.28 is
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characteristic of methyl group attached to an
oxygenated olefinic carbon. The proton NMR
spectrum was in full agreement with a 5 7-
substituted chromone derivative [13]. The **C
NMR and DEPT spectra revedled the
presence of thirteen carbon atoms, seven of
which are quaternary, three methine, one
methylene and two methyl carbons. Six
aromatic carbons resonated between & 102.9
- 162.6 (two of which are oxygenated), two
olefinic carbons at & 111.8 and 165.9, two
carbonyl at & 179.2 and 205.9, two methyl
carbons at & 21.1 and 31.0 and methylene
carbon at 4 50.4.

Strong correlations were observed in the
HMBC spectrum between H-3 and C-2, 10,

14; H-8 and C-6, 9; H-6 and C- 8, 10, 11; H-
13 and C-11, 12. These correlations further
established chromone ring. The IR spectrum
displayed absorption peak at 1641 cm™ dueto
the presence of a B- unsaturated carbonyl,
peak at 1720 cm™ confirmed the pr&eence of a
%turated carbonyl while 1584 cm™ and 3174
cm® were the vibrational frequency for
conjugated carbon-carbon double bond and
hydroxyl groups respectively. The spectral
data of “1” were in perfect agreement with
the published spectral data of 5-Acetonyl-7-
hydroxyl-2-methylchromone [14] hence, 1 is
5-Acetonyl-7-hydroxyl-2-methylchromone.

Table 1: *H*NMR C” NMR and HMBC Assignment of “1” in DM SO

Positions 5 H?2 d Bc® HMBC
2 - 1659 -

3 5.95(s) 1154 C-2,14
4 179.2

5 - 1398 -

6 6.58(d,J=23Hz) 1196 C- 811
7 - 1626 -

8 6.72(d,J=23Hz) 1029 C-6,7,9
9 - 1605 -

10 - 1118 -

11 2.28(s) 50.4 C-10

12 - 2059 -

13 2.19(s) 31.0 C-11,12
14 4.10(s) 21.1 C-3

2400 MHz; 100 MHz

Coupling constants (J in Hz) are given in
parentheses

Fig. 1: (Fractions 19-20 eluted with 90% ethyl acetate
in methanol).
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The 'H NMR, *C NMR, IR and HRESIMS
spectra were. used to determine the structure
of 2. The *C NMR spectrum showed the
presence of seven carbon atoms which
include six oxygenated methine and one
methoxy, carbon atoms between 61.1 to 85.4
ppm.

Signals observed in proton NMR
spectrum (6 3.37- 4.03) were suggestive of
sugar protons. The H-1 and H-6 appeared as a
2H doublet at & 4.03 (AB system, J=2.4 Hz),
H-2 and H-5 as double doublets at 6 3.78 and
3.84 respectively (J3=9.6, 2.4 Hz), H-3 and H-
4 as triplet at & 3.37 and 3.67 (J=9.6 Hz)
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respectively. The homonuclear decoupling
experiment showed that protons H-1 and H-6
were directly connected to H-2 and H-5
respectively as the irradiation of the signa
centered at 0 4.03 changed double doublets
signal to a doublet. Protons of the methoxy
group were singlet at & 3.62.

The positive ion HRESIMS depicted a

absorption at 3304 and 3400 cm™ due to the
presence of hydroxyl group. Absorptions at
2906 and 2945 cm™ ‘are expected of C-H (sp°)
bond (stretching). The spectral data of 2 were
in perfect agreement with that of (+) Pinitol
reported in the literature [15] hence 2 is (+)
Pinitol, 1-O-methyl-D-chiro-inositol.  (+)
Pinitol is known for its antidiabetic, anti-

compound with base ion peak a m/z inflammatory and feeding stimulant
217.0679 (M+Na) which produced molecular activities[16-18].
formula of C;H1406Na. IR spectrum reveded
Table2: 'TH*NMR and *C” NM R Assignment of 2in D,O

Positions 3 *H? (mult, J) 5 BcP

1 4.03,d (2.4 Hz) 85.4

2 3.78,dd (9.6,24Hz) 725

3 3.37,1(9.6 Hz) 74.0

4 3.67,1(9.6 Hz) 718

5 3.84,dd (9.6,24Hz) 741

6 4.03,d (2.4 Hz) 735

1 3.62,s 61.1

2400 MHz; ®100 MHz

Coupling constants (J in Hz) are given in References
parentheses [1] Phongpaichit, S,  Pujenjob,  N.,

OCH,
Fig. 2: (Fractions 27-28 eluted with 95% ethyl acetate
in methanol).
Conclusion

Two compounds were isolated from S
hirsuta namely: 5-Acetonyl-7-hydroxyl-2-
methylchromone and (+) Pinitol for the first
time.

Acknowledgment

00O is grateful to MacArthur Foundation
Grant, University of lbadan, Nigeria for
sponsoring her visit to University of lowa,
lowa-city, U.S.A for part of her Ph.D bench-
work.

Rukachaisirkul, V. and Ongsakul, M. 2004.
Antifungal activity from leaf extracts of
Cassiaalata L., Cassia fistula L. and Cassia
tora L. Songklanakarin Journal of Science
Technology 26: 741-748.

[2] Viegas, C., Botzani, S\V., Furlanm, M.,
Berreiro, E.J., Young, M.C.M., Tomazela
D. and Eberlin, M.N. 2004. Further
bioactive piperidine akaoid from the
flower and green fruits of Cassia
spectabilis, Journal of Natural Products 69:
908.

[3] Ayo, R.G.,, Amupitan, JO. and Zhao Y.
2007. Cytotoxicity and antimicrobial studies
of 1, 6, 8-trihydroxyl-3-methyl-
anthraguinone (emodin) isolated from the
leaves of Cassia nigricans Vahl. African
Journal of Biotechnology 6: 1276-1279.

[4] Rizvi, M.M.A,, Irshad, M., Hassadi, G.E.I.
and Younis S.B. 2009. Bioefficacies of
Cassia fistula: An Indian labrum. African
Journal of Pharmacy and Pharmacology 3:
287-292.

ISSN 11179333



(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

Olaoluwa, et al.: Novel Source of Bioactive(+) Pinitol — Senna hirsute Irwin and Barneby 97

Hennebdlle, T., Weniger, B., Joseph, H.,
Sahpaz, S. and Bailleul, F. 2009. Senna
alata Fitoterapia 80: 385-393.

Ogundare, O.A. 2009. The antimicrobia
pattern and phytochemical properties of the
leaf extracts of Senna podocarpa. African
Journal of Microbiology Research 3:
400-406.

Prasanna, R., Harish, C.C., Picha, R.,
Sakthisekaran, D. and Gunasekaran, P.
2009. Anti-cancer effect of Cassia
auriculata leaf extract in vitro through cell
cycle arrest and induction of apoptosis in
human breast and larynx cancer cell lines,
Cell Biology International 33: 127-134.
Yadav, J.P., Arya, V., Yadav, S., Panghal,
M., Kumar, S. and Dhankhar, S. 2010.
Cassia occidentalis L.: A review on its
ethnobotany, phytochemical and pharma-
cological profile. Fitoterapia 81: 223-230.
Sule, W.F. Okonko, 1.0., Joseph T.A.,
Ojezele, M.O., Nwanze, J.C., Alli, JA,
Adewale, O.G. and Qjezele, O.J. 2010. In
vitro antifungal activity of Senna alata
Linn. Crude leaf extract, Research Journal
of Biology Sciences 5: 275-284.

Joshua, P.E. and Nwodo, O.F.C. 2010.
Hepatoprotective effect of ethanolic leaf
extract of Senna hirsuta (Cassia hirsuta)
against carbon tetrachloride  (CCly)
intoxication in rats, Journal of Pharmacy
Research 3: 310-316.

Rizvi, M.M.A., Irshad, M., Hassadi, G.E.I.,
and Younis, S.B. 2009. Bioefficacies of
Cassia fistula: An Indian labrum, African
Journal of Pharmacy and Pharmacology 3:
287-292.

Akharaiyi, F.C. and Boboye, B. 2010.
Antibacterial and phytochemical evaluation

ISSN 11179333

[13]

[14]

[15]

[16]

[17]

[18]

of three medicina plants, Journal of
Natural Products 3: 27-34.

Anga, K.R., Sharma, C. and Joshi, R. 2011.
In vitro efficacy of amaltas (Cassia fistula
L.) against the pathogens causing Otitis
externa, Jundishapur Journal of
Micraobiology 4: 175-183.

Saengchantara, S.T. and Wallace, W. 1986.
Chromanols chromanones and chromones,
Natural products reports, 469-473.
Poongothai, G. and Shubashini, K.S. 2013.
A review on insulinomimetic pinitol from
plants, International Journal of Pharma and
Bio Sciences 4: 992-1009.

Aggarwal, B.B., Prasad, S, Reuter, S,
Vivek R, Yadev, V.R., Park, B., Kim, JH.,
Gupta, S.C., Phromnoi, K., Sundaram, C.,
Prasad, S., Chaturvedi, M.M. and Sung, B.
2011. Identification of Novel Anti-
inflammatory  Agents from Ayurvedic
Medicine for Prevention of Chronic
Diseases “Reverse Pharmacology” and
“Bedside to Bench” Approach. Current
Drug Targets 12(11): 1595-1653.

Bhat, M., Zinjarde, S.S., Bhargava, S.Y.,
Kumar, A.R. and Joshi, B.N. 2011.
Antidiabetic Indian Plants: A Good Source
of Potent Amylase Inhibitors. Evidence
Based Complementary Alternative Medicine
2011: 810207.

Kamargj, C., Bagavan, A., Abdul
Rahuman, A., Abduz Zahir, A., Elango, G.
and Pandiyan, G. 2009. Larvicidal potential
of medicina plant extracts against
Anopheles subpictus Grasss and Culex
tritaeniorhynchus Giles (Diptera: Culi-
cidae). Parasitology Research 104 (5):
1163-1171.



