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The anti-obesity potential of sigmoidin A

Solomon Habtemariam

Pharmacognosy Research Laboratories, Medway School of Science, University of Greenwich, Chatham-Maritime,
Kent, UK

Abstract

Context: During the last few decades, the prevalence of obesity in the western world has dramatically increased with
epidemic proportions. Hand in hand with this statistic, the incidences of obesity-linked diseases such as diabetes are
increasing with pandemic rate. The search for novel drugs and nutritional intervention approaches for obesity is now
of significant importance.

Objective: The anti-obesity potential of eriodictyol (ERD) and its close structural analogue, sigmoidin A (SGN), were
evaluated. SGN was isolated from Erythrina abyssinica Lam. ex DC. (Fabaceae).

Materials and methods: Concentrations between 300 and 0.1 uM of test samples and reference drugs made in three-
fold dilutions were tested for enzyme inhibitory effects. The major obesity target, pancreatic lipase, was used to test
the anti-obesity potential while the selective effects of the compounds were determined through assessments of
effects on a-glucosidase.

Results: The inhibitory effect of SGN on pancreatic lipase (IC, , 4.5 + 0.87 uM).was 30-times greater than that of ERD
(IC,,, 134 £ 19.39 pM) while their effect on.a-glucosidase enzyme was comparable (IC,; value of 62.5 + 9.47 and
57.5 £ 13.15 pM). The anti-obesity drug, orlistat, inhibited pancreatic lipase withan IC_; value of 0.3 + 0.04 uM, while

the anti-diabetic drug, acarbose, inhibited a-glucosidase with'an-IC, value of 190.6 + 16.05 uM.

Discussion: Although less active than the standard anti-obesity drug, orlistat, the observed activity indicated that
prenylation of the flavonoid skeleton potently enhances anti-lipase activity.

Conclusion: Such groups of flavonoids need to be further investigated for their therapeutic and nutritional benefit in
combating obesity problems.

Keywords: Obesity, pancreatic lipase, a-glucosidase, eriodictyol, sigmoidin A, prenylated flavonoids, Erythrina
abyssinica, Fabaceae

Introduction

Obesity has become the most serious public health
problem worldwide and its prevalence during the
last few decades, especially in the western world, has
dramatically increased with epidemic proportions. The
UK is considered the ‘fattest’ country in Europe with the
number of obese adults is forecasted to reach 26 million
(arise by 73%) over the next 20 years (Diabetes UK, 2012).
Current estimates further indicate that approximately
one in every five adults in the UK is overweight, and
one in every 15 is obese (Diabetes UK, 2012). The USA
figure parallels that of the UK with about one-third of

adults (33.8%) and approximately 17% (or 12.5 million)
of children and adolescents aged 2-19 years being obese
[CDC (Centres for Disease Control and Prevention),
2012]. The figures for other western countries are also
alarming. For example, one in four Canadian adults
and 8.6% of children and youth aged 6-17 are obese
(PHAC (Public Health Agency of Canada), 2012). The
WHO'’s (World Health Organisation’s) chilling report for
European countries furtherindicate over 50% of both men
and women are overweight, and roughly 23% of women
and 20% of men are obese (WHO, 2012). Obesity is now
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also becoming an emerging threat in many developing
countries (Abubakari & Bhopal, 2008; Yoon et al., 2006).

To date, a number of genetic and environmental fac-
tors that predispose individuals to weight gain have been
proposed but the fundamental cause of obesity is still an
imbalance between dietary intake and energy expendi-
ture (Schoeller, 2008). Hence, obesity results from excess
calories being stored overtime as triglyceride in adipose
tissue and ectopically in other tissues. Living conditions in
the western world with the ever increasing readily avail-
able energy dense food and more sedentary lifestyles and
increasing reliance on fast foods are all known to contrib-
ute for the increased prevalence of obesity. The economic
burden of obesity to our society has become huge as it is
linked to various disease conditions (Golay & Ybarra, 2005;
Haslam, 2010). Hand in hand with obesity, the incidence
of diabetes is increasing with pandemic rate and the link
between these two conditions has been well established
(Diabetes UK, 2012; Golay & Ybarra, 2005). Obesity has also
shown to be associated with the risks for coronary heart dis-
ease, atrial fibrillation, heart failure, hypertension and vari-
ous others cardiovascular diseases (Zalesin et al., 2011). The
links between obesity and cancer (Polednak, 2003) as well
as many other diseases have also been established in recent
years. All these facts and figures underscore the urgent need
to control obesity through various measures; from lifestyle
adjustment to nutritional and therapeutic interventions.

One of the most popular drug therapeutic approaches
for obesity is through reducing body weight by inducing
energy malabsorption. A prototype of drugreducing body
weight through this mechanism is orlistat which inhibits
pancreatic lipase and reduces weight by around 3 kg on
average as well as decreasing the progression to diabe-
tes in high-risk patients (Padwal & Majumdar, 2007). A
number of side effects, predominantly of gastrointestinal
origin were, however, reported for such drugs (Ballinger
& Peikin, 2002) and there remains a case that new anti-
obesity drugs are in high demand.

Sigmoidin A (SGN) is a prenelyated derivative of a flava-
none compound, eriodictyol (ERD, Figure 1). SGN isolated
from Erythrina sigmoidea Hua (Fabaceae) has been shown
to display anti-inflammatory activity (Njamen et al., 2004)
while that obtained from the stem bark of E. abyssinica Lam.
ex DC. displayed anti-malarial (Yenesew et al., 2004) and
antioxidant/prooxidant-dependent cytotoxicity in cancer
cells (Habtemariam & Dagne, 2010). In the present com-
munication, the potential of SGN as an anti-obesity agent
was investigated through in vitro pancreatic lipase assay.

OH O

OH O
Figure 1. Structures of eriodictyol (ERD) and sigmoidin A (SGN).

Materials and methods

Materials

Acarbose, 5,5-dithiobis(2-nitrobenzoic acid) (DTNB),
4-methylumbelliferyl oleate, p-nitrophenyl-a-D-
glucopyranoside (pNPG), orlistat, pancreatic lipase
(type I from porcine pancreas, 200-400 units/
mg), sodium carbonate, yeast o-glucosidase (from
Saccharomyces cerevisiae, 750 units), and Tris-HCI
were obtained from Sigma-Aldrich Chemical Company,
Dorset, UK. Eriodictyol (ERD) was purchased from AApin
Chemicals Ltd (Abingdon, Oxon, UK).

Isolation of SGN from the stem bark of E. abyssinica
Sigmoidin A (SGN), isolated from the stem bark of
E. abyssinica following the previously described proce-
dure (Cui etal., 2007; Ichimaru et al., 1996), was a kind gift
from Professor Ermias Dagne (Addis Ababa University,
Ethiopia). Briefly, the dried powdered bark of E. abys-
sinica (1.4 kg) was extracted three times with CHCI, to
give 106 g of the extract residue. Some of the extract (36
g) was applied on flash silica gel, eluting with increasing
amount of ethyl acetate in hexane. The fraction obtained
from hexane:ethyl acetate (7:3) upon standing gave crys-
tals (500 mg). Spectroscopic analysis including 2D-NMR
study resulted in the identification of the compound as
sigmodin A (Cui et al., 2007; Ichimaru et al., 1996).

Anti-lipase assay

The method described by Zhang et al. (2010) was used. The
reaction mixture in 100 pL volume contained 4-methylum-
belliferyl oleate (0.05 M), pancreatic lipase (0.5 mg/mL) and
various concentrations of test agents. A blank and control
groups in four replicates were set up for each concentration.
After incubation of microtiter plates at 37°C for 30 min, the
fluorescence associated with enzymatically released 4-meth-
ylumbelliferone product was measured using Fluoroskan
Ascent FL Fluorometer (Altrincham, UK). All experiments
were repeated at least four times.

a-Glucosidase inhibition assay

The published procedure of routine microtiter-based
a-glucosidase inhibition assay was used (Habtemariam,
2011). The reaction mixture (100 pL) in 250 mM phos-
phate buffer (pH 6.8) contained 2.5 mM pNPG, experi-
mental drugs and 1.2 U/mL of a-glucosidase. After
incubation of microtiter plates at 37°C for exactly 10
min, 25 pL of 0.2 mol/L sodium carbonate solution was
added to each well to stop the reaction. The 4-nitrophe-
nol absorption was measured at 405 nm using Multiskan
plate reader (Thermo Labsystems, Altrincham, UK).

Statistical analysis

Dose-response curves were calculated using the Prism
4.03 software package (GraphPad, San Diego, CA,
USA) and statistical significance were necessary was
determined by unpaired t-test. All data are presented as
mean and SEM values.
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Results and discussion

To date, the antioxidant effects of flavonoids are by far the
most studied biological activity (Habtemariam & Dagne,
2010). Accordingly, the flavanone, ERD, has been dem-
onstrated to show radical scavenging effect in a variety
of assay models (Chen et al., 2008; Narvidez-Mastache
et al., 2008; Tsimogiannis & Oreopoulou, 2004, 2006).
ERD has also shown to display various other pharmaco-
logical effects including cytoprotection (Lee et al., 2011),
in vitro anti-inflammatory (Lee, 2011), suppression of
pain signalling receptors (Rossato et al., 2011) and cyto-
toxicity in leukaemic cells (Ogata et al., 2000). In com-
parison to ERD and other related flavonoid aglycones,
data on the pharmacological activity of the prenylated
ERD, SGN, is scarce. Some of the published literature on
SGN reveals moderate antioxidant (Njamen et al., 2004),
antimicrobial (Fomum et al., 1983; Yenesew et al., 2004)
and anti-inflammatory effects (Njamen et al., 2004). The
most prominent biological effect of SGN reported in
recent years however is on its pronounced prooxidative
effect than ERD (Galati et al., 2002) that attributes to its
potential anticancer properties (Habtemariam & Dagne,
2010). The demonstration of such a level of differential
biological activity for these close structural analogues
(Figure 1) prompted us to further investigate their com-
parative biological effects including possible anti-obesity
properties.

A number of flavonoid aglycones such as quercetin
(You et al., 2012) have been demonstrated to display
moderate activity against the key anti-obesity target,
pancreatic lipase. On such grounds, the present study
was designed to evaluate the comparative effect of ERD
and SGN in this clinically validated anti-obesity target.
As shown in Figure 2, a concentration-dependent lipase
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Figure 2. Anti-lipase activity profile of eriodictyol (ERD), sigmoidin
(SGN) and orlistat. Data from a representative result shows mean
and SEM values (n = 4).
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Table 1. Antilipase and anti-a-glucosidase inhibitory effects of
test compounds.

Pancreatic lipase a-Glucosidase

inhibition (IC, )* inhibition (IC,))*
Eriodictyol 134 +19.39 pyM 57.5+13.15 uM
Sigmoidin A 4.5+0.87 uM 62.5+9.47 uM
Orlistat 0.3 £0.04 pM -
Acarbose - 190.6 + 16.05 pM

*Data are mean and SEM values obtained from 4 to 6 separate
experiments.

inhibition was observed for both compounds. For com-
paritive purposes, the activity profile of the standard
anti-obesity drug, orlistat, is also shown in Figure 1 and
Table 1. It is evident that while the activity profile of ERD
is moderate as reported for many flavonoid aglycones
(You et al., 2012), a potent activity was observed for SGN.
It is also apparent from Table 1 that SGN was about 30
times more potent than ERD. Thus, the addition of the
two prenyl groups in ring-B of the ERD flavanone skel-
eton appears to considerably enhance pancreatic lipase
inhibition.

Recent research from several laboratories, includ-
ing ours (Habtemariam, 2011; Roselli et al., 2011), have
documented the anti-a-glucosidase effects of many
flavonoids. In this in vitro diabetes assay model, both
ERD and SGN displayed moderate activity (Table 1). The
activity of SGN in a-glucosidase inhibition was about
14-times weaker than its lipase inhibition, while ERD
(though moderate activity) appears to be more active
against a-glucosidase than pancreatic lipase.

Conclusion

Although the observed effect for SGN was less than
that of orlistat, this study for the first time documented
a potent anti-lipase activity for SGN. This activity was
selective to pancreatic lipase as a weaker effect was
observed for a-glucosidase. Given that prenylation in
ring-B of the ERD flavanone skeleton appears to increase
the anti-lipase effect by an order of magnitude, future the
anti-lipase work should be directed in the evaluation of
various natural prenylated flavonoids.
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