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Abstract

Aim: To study pancreatic lipase inhibitory and antioxidant activities of antheraxanthin- di-
acetate (ADA) synthesized from antheraxanthin (AX) which is extracted from orange juice.
Methods: Extraction of antheraxanthin from orange juice, purification by TLC and synthesis of
ADA from the extracted AX and analysis of radical scavenging activity by 2-Deoxy D-ribose
assay and pancreatic lipase inhibitory activity by PNPP method. Results: The yield of AX was
2.36mg/g of orange pulp and ADA was 0.03mg/ml. Wavelength scan of AX and ADA showed A
max of 510nm and 440 nm respectively. The percentage of inhibition of hydroxyl radicals, in
standard BHA was 88.88%. Whereas, AX showed inhibition of 56.25% and ADA inhibited by
74.35% respectively. Percentage of Pancreatic lipase inhibitory activity of AX and ADA was
about 12.53 and 69.57 in 100ul of sample respectively. Conclusion: ADA has better antioxidant
and lipase inhibitory activities when compared with AX. Hence with further investigation, it
can be developed as a potent anti-obese drug.
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INTRODUCTION

Obesity is one of the most prevailing nutritional
disorders affecting millions of people and shortening
lifespan of an individual worldwide, which may be
the result of sedentary lifestyle, less of physical
activities and overconsumption of fat containing
foods?®. Obesity in turn leads to various associated
diseases like type 2 diabetes, hypertension, coronary

heart disease, cancer, respiratory complications and
osteoarthritis?

Major goals in the treatment of obesity include not
only weight reduction, but also a reduction of
obesity-related complications such as insulin-
resistance, hyperlipidemia and cardiovascular
diseases. The most commonly used method of
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treating obesity is calorie restriction (CR) combined
with increased physical activity; however, long-term
effects of dietary interventions are frequently
disappointing. Apart from bariatric surgery, which is
effective but also the most expensive, efficacy of
other medical therapies is limited and therefore
there is a constant need for novel, non-invasive
methods for the treatment of obesity and related
complications3.

Lipid metabolism involves numerous enzymes in
digestion, absorption, synthesis, mobilisation,
storage and oxidation. Shi and Burn have reported
that lipid metabolic enzymes are the emerging drug
targets for the treatment of obesity*. Pancreatic
lipase is one of the enzymes, which
hydrolysetriacylglycerols into free fatty acids and
glycerols. These are absorbed by cells and excess of
fatty acids are stored in adipose tissue leading to
obesity. Hence inhibition of pancreatic lipase can
control obesity®.

In market, orlistat a Pancreatic and gastric lipase
inhibitor is  available  which  reduces fat
malabsorption and net energy intake. Dosage of
orlistat is 120 mg before meals three times a day is
prescribed but the common side effects include oily
spotting, flatus with discharge, fecal urgency, oily
evacuation, increased defecation and fecal
incontinence. Long term usage may result in cardio
vascular events and stroke®. Hence, there is an
urgent need for safe antiobese drugs especially
derived from the natural source.

In recent years, natural carotenoids have attracted a
great deal of attention because of their diverse and

beneficial bioactivities, such as antioxidant,
anticancer, anti-inflammatory and anti-obesity
activities”. Fucoxanthin, an extensively studied

carotenoid from marine brown algae, was reported
to have remarkable antiobesity properties, including
decreased body weight gain and improved lipid
metabolism in both obese mice, ® °and high-fat-diet—
induced obese mice!® !, The green algal carotenoid
Siphonaxanthin is shown to inhibit adipogenesis in
3T3-L1 preadipocytes and the accumulation of lipids
in White Adipose Tissue of KK-Ay Mice?2,

Antheraxanthinis a mono epoxy carotenoid obtained
by the removal of one epoxy group from violoxanthin
by violoxanthinde-epoxidase. It is a light harvesting
pigment having a major role in photosynthesis. It is
obtained from red algae, euglenoids and plants®.
There is a sparse knowledge about the physiological
aspects of antheraxanthin. Hence, in this study we
have made an attempt to understand lipase
inhibitory and antioxidant property of
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antheraxanthin and its derivative antheraxanthin di
acetate extracted from orange juice.

MATERIALS AND METHODS

Chemicals

Lipase from porcine pancrease and 4-Nitrophenyl
palmitate was obtained by sigma Aldrich Co. USA. &
other chemicals viz hexane, methanol, diethylether,
silica gel G, ethanol, FeCls, EDTA, H202, 2-Deoxy D-
ribose, chloroform, isopropanol, ascorbic acid,
pyridine, acetic anhydride, ethyl acetate, sulphuric
acid, potassium dihydrogen phosphate, butyl-
hydroxy anisole(BHA), HCL, dipotassium hydrogen

phosphate, n-butanol were of analytical grade
obtained from SRL, Himedia and Merck, Co.
Oranges were purchased from Hopcoms,

Chamundipuram Mysuru and processed for
extraction on the same day.

Extraction of antheraxanthin (AX) from oranges
300ml of orange juice was obtained by squeezing five
medium sized orange weighing =90g each and
extraction was carried out according to Melendez et
al with minor modification*. Briefly, orange juice
along with 500ml of ethanol: hexane (1:1) was
poured in to separating funnel and shaken well. The
coloured extract was collected, filtered and allowed
to saponify in a dark brown bottle using 10%
ethanolic KOH overnight in a magnetic stirrer at
1000rpm. The saponified extract was washed four
times with water (4x300mL) to remove the traces of
alkali and dried in a rotary evaporator at a
temperature below 35°C. The residue thus obtained
was taken further for purification by TLC.
Purification of AX by preparative TLC

The extracted residue 1.23g was chromatographed
on silica gel, preparative TLC plates using diethyl
ether as the mobile phase. Lutein was used as
internal standard to determine the location of the
band corresponding to dihydroxycarotenoids. After
1h, the bands other than the bands corresponding to
dihydroxycarotenoids(lutein) i.e, mono and
diepoxycarotenoids were scraped [mono and
diepoxy carotenoids were confirmed when these
bands exposed to air turned green and blue colour
respectively] and rechromatographed on aluminium
TLC plates using the solvent system acetone:
petroleum ether (40-60 °C) at a ratio of 3:7. The
intense band obtained after the development of TLC
plate was scraped and stored at -182C until analysis.
Synthesis of ADA from AX

Freshly distilled acetic anhydride (2ml) was added to
Antheraxanthin solution (163mg in 6 ml of pyridine).
Reaction mixture was stirred in magnetic stirrer for
12 hrs under reflux, then cooled and poured into ice
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cold water. The resulting crystalline residue potassium phosphate buffer, pH 7.4 with or without

precipitate was further purified by preparative TLC to
obtain red crystals (ethyl acetate/hexane 1:5)%°.
Determination of hydroxyl radical scavenging
activity of ADA and AX by 2-Deoxy D-ribose assay
2-Deoxy D-ribose assay was performed to determine
the hydroxyl radical scavenging activity of
Antheraxanthin. The reaction mixture containing
FeCls (100uM), EDTA (104uM), H202 (1ImM), 2-Deoxy
D-ribose (2.8mM) were mixed with 20mM of

Percentage of inhibition =

Pancreatic lipase inhibitory activity of AX and ADA

The pancreatic lipase inhibitory activity of AX and
ADA was assayed using 4-Nitrophenyl palmitate
(PNPP) as substrate and spectrophotometrically
recorded at 410nm. The substrate solution was
prepared by suspending 20mg of PNPP in 10ml of
isopropanol. The suspension was sonicated until
complete dissolution of PNPP. At the time of use, this
stock solution was diluted with isopropanol to
concentration up to 0.5mg/ml. The porcine
pancreatic lipase was dissolved in Tris HCI buffer pH
8.2 at the conc. of 5mg/ml. This suspension was
centrifuged at 2000g for 5 minutes and supernatant
obtained was used as enzyme source. The reaction
mixture (2.4ml) contained 100mM Tris HCL buffer
(pH 8.2) and 530uM substrate and was 25%
isopropanol. After pre warming, the reaction mixture
at 37°C, the enzyme solution was added (0.1ml) and
the incubation was continued for 20min at the same
temperature. The reaction was stopped by
transferring the reaction vessel to a boiling water
bath for 10 minutes. After 10min of the incubation
the reaction mixture was cooled at room
temperature and centrifuged for 5 minutes at 1500g.
Absorbance of the supernatant at 410nm was
determined spectrophotometrically against blank
solution?’.

One enzyme unit was defined as 1 um of para-
nitrophenol enzymatically released from
substrate/minute/ml.

RESULTS AND DISCUSSION

Antheraxanthin extracted from orange juice was
previously considered as isolutein or lutein epoxide.
It was Melendez et al in 2015 who proved that lutein
epoxides are different from cis-antheraxanthin. In
the present work we have acetylated the parent
molecule and converted into antheraxanthin-di-
acetate and also evaluated the biological properties

AX/ADA each at 100ug concentration and incubated
for 1hr at 37° C. A similar assay was done with
butylated hydroxyl anisole (BHA) at 100ug
concentration serving as positive control following
the addition of 1ml of TBA (0.5%). Finally the reaction
mixture was cooled in ice and optical density was
measured at 535nm. Antioxidant activity was
expressed as percent inhibition of hydroxyl radical
formation and calculated using the formula?®

A(blank)-A(sample)
A(blank) X 100

of both
acetate.
The yield of AX was 0.63mg/ml and 2.36mg/g of
orange pulp. ADA was synthesized from AX with a
yield of 0.03mg/ml. UV-vis spectrophotometric
analysis showed the Amax of 510nm and 440 nm for
AX and ADA respectively. The wavelength position of
Amax depends on the solvent, substitutions on the
hydrocarbon backbone and the number of double
bonds in the conjugated system. The spectrum of
Antheraxanthin is  shifted towards longer
wavelength, with maximum absorbance at 510nm
because of its special structure having a two hydroxyl
group. The spectrum of the Antheraxanthindiacetate
is shifted slightly toward shorter wavelength, with
maximum absorbance at 440nm because of the
substitution of the acetyl group to hydroxyl group it
changes structural conformation.

Carotenoids are basically very good antioxidants.
Lutein and zeaxanthin found in the macula lutea
region of the eye in humans are the excellent
guenchers of singlet oxygen due to its 9 conjugated
double bonds*®. Lycopene has antioxidant properties
better than PB-carotene and a-tocopherols?®.
Astaxanthin supplementation in rodent models had
an impact on NRF gene which is the principle
regulator of antioxidant response?. AX and ADA
antioxidant nature was analysed by 2-Deoxy D-ribose
assay. The percentage of inhibition of hydroxyl
radicals for AX was 56.25% and for ADA
was74.35%.Hence ADA has better antioxidant
activity when compared to AX.

There are many phytochemicals or bioactive extracts
possessing anti-pancreatic lipase activity like roots of
Aconitum carmichaeli showing the inhibition of
12.1%. 8.2% of pancreatic lipase inhibition was
shown by fruit extracts of Luffa cylindrica?t. We
assayed lipase inhibitory property of AX and ADA by
PNPP method. AX showed the inhibition of 12.53%
whereas ADA was inhibited by 69.57%. Significant

anteraxanthin and antheraxanthin-di-
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inhibition was seen by ADA and hence can be
developed as a promising antiobese molecule by
further studies.

Table 1

Name of the sample

Lipase activity

% inhibition of pancreatic lipase

(LM/ml/min)
Control 0.115+0.005 -
AX 0.100+0.022 12.53
ADA 0.035+0.007 69.57

The inhibition of lipase activity by AX and ADA. Here
control refers to the lipase activity without using
inhibitor. Data are presented as average * standard
deviation (n = 3) and the anti-lipase activity was
investigated at a concentration of 100 pg/mL for PPL
inhibition.

Figure legends
Figl: Maximum  wavelength  of
Antheraxanthin =510 nm.

extracted

wavelength at 510nm confirming to be
Antheraxanthin.

Fig2: The spectrum of the synthesized
Antheraxanthin-di-acetate is shifted slightly toward
shorter wavelengths, with maximum absorbance at
440nm.

Fig 3: % of inhibition of hydroxyl group, in standard
control Butylated Hydroxy Anisole along with
Antheraxanthin and Antheraxanthin-di-acetate at

100ul concentration.

Based on the signature wavelength comparison, the
saponified Antheraxanthin showed a maximum
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CONCLUSION

The obtained Antheraxanthin and Antheraxanthin-
di-acetate was stable at room temperature in the
dark and anaerobic condition. Antheraxanthin-di-
acetate is having better lipase inhibitory and
antioxidant activities when compared with
Antheraxanthin. With further investigation it can be
developed as a potent anti-obese drug.
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