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ABSTRACT

Some natural fruits have significant importance in improving health which provides many nutritional
supplements essential to maintain proper metabolism with the age. In this study, phytochemical
screening of extract (methanolic) of Punica granatum arils, outer and inner peels was confirmed by the
respective spot tests. Quantification of phytochemical constituents revealed the plentiful of total phenols
in the outer peels in comparison to inner peels and juice whereas total flavonoids and vitamin C are
abundant in inner peel and juice, respectively. High-performance liquid chromatography, Gas
chromatography along with mass spectrometry and Fourier-transform infrared spectroscopy analysis
revealed the presence of compound 9, 17-octadecadienal, (Z) in the outer/inner peels. A compound N-
hexadecanoic acid was also observed in the outer peels. Extracts from every section of the fruits were
comprehensively evaluated for their antioxidant activity. Contrary to fruit aril juice, the extracts of outer
and inner peels exhibited significant and dose-dependent in vitro antioxidant and radical-scavenging
potentials. The supplementation of P. granatum extracts (PGEs) significantly enhanced the lifespan of
C. elegans. The protective effect of PGEs was also observed against oxidative stress in C. elegans.
Additionally, the involvement of FOXO orthologue DAF-16 dependent longevity was obtained with PGEs
(outer peel and inner peel) fed TJ356 worms. Overall, the results indicate the vital role of PGEs
especially the extracts of outer peels in life-saving mechanisms of C. elegans by virtue of their
antioxidant asset and life-prolonging effects via daf-16 dependent Insulin signaling pathway.

Keywords: Punica granatum, C. elegans, antioxidants, anti-aging, free radicals, oxidative stress
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Figure 1: Graphical abstract

INTRODUCTION influence aging (Kenyon, 2010). The free rad-
ical theory as well as the mitochondrial theory
of aging has proposed that the occurrence of
aging is due to cellular accumulation of free
radical damage over time (Hekimi et al.,
2011). Intracellular damage caused by free
radical or oxidative stress leads to different

Several epidemiological reports have re-
vealed that daily intake of green vegetables
and fruits acts as therapeutic agents for reduc-
ing the possibility of age-related chronic dis-
eases. Both genetic and environmental signals
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types of diseases such as cancer, arthritis, ath-
erosclerosis, Alzheimer's disease, and diabe-
tes (Clancy and Birdsall, 2013; Sonani et al.,
2014b). The uncontrolled output of free radi-
cals is associated with lipid peroxidation that
results in cellular damage, tissue injury, or
gene mutation (Negi and Jayaprakasha,
2003). The natural antioxidant compounds are
found in many vegetables and fruits (Omenn
et al., 1996). It has been established that en-
dogenous antioxidants enhance the cellular
ability to protect vital biological functions
against oxidative stress (Chaubey et al.,
2019). Plenty of antioxidants in some fruits
and vegetables are shown to be critically im-
portant in reducing the risk of degenerative
diseases and neurological diseases (Ames et
al., 1993; Sonani et al., 2014b).

The pomegranate (Punica granatum L) is
recognized as an ancient edible fruit and is
considered as “Food of Gods” and as it is
symbolic of abundance, productiveness, and
well-being. The pomegranate plant is a decid-
uous shrub with about 5 to 8-meter height
(Bhandary et al., 2012). It is widely found in
tropical and subtropical regions such as the
Middle East and India, and it has been used
since ancient times due to its medicinal prop-
erties (Wang et al., 2011). Recent interest in
using P. granatum is because of its anti-para-
sitic, anti-microbial, anti-carcinogenic, anti-
oxidant, anti-inflammatory, anti-virus, and
anti-proliferative activity along with several
other health benefits. These beneficial effects
are attributed to the anti-oxidative properties
of pomegranate fruit’s phenolic compounds,
tannins, and anthocyanins as well as other
phytochemicals (Akpinar-Bayizit et al.,
2012). As the total phenolic compounds in the
P. granatum are higher, they contribute better
antioxidant activity than that of ascorbic acid
(Connor et al., 2002; Kalt et al., 1999; Kang
and Saltveit, 2002). To check the anti-aging
property of P. granatum extracts, a eukaryotic
nematode Caenorhabditis elegans was used
as a model organism for undertaking the pre-
sent study.

C. elegans is an expository and suitable
model organism for in vivo studies (Brenner,

1974; Kenyon, 2010). The physiological and
behavioral decline in mammals is the physio-
logical markers of aging. About 80 % of C.
elegans genes and proteins are homologous to
human genes and they also involve the genes
implicated in aging and similar physiological
decline occurred in mammals (Bell et al.,
2009; Braeckman and Vanfleteren, 2007).
The aging development in C. elegans is al-
most identical to humans in many character-
istics; for instance, reduced motility, dropped
neuronal functions, immunosenescence, de-
clined rate of reproduction, and elevated dep-
osition of harmful metabolites such as
lipofuscin (Tissenbaum, 2015). Therefore, C.
elegans is believed as a suitable model to
check the effects of therapeutic compounds
which may restrict aging. Use of P. granatum
outer peel and inner peel have shown identical
nutraceutical food supplement activity as
compared to P. granatum extracts (PGEs) aril
juice. The anti-cancer characteristics of pom-
egranate extract are because of their ability to
act in the cell cycle, proliferation, invasion,
and angiogenesis (Chaves et al., 2020). Since
different self-protective mechanisms of C. el-
egans via either downregulation of DAF-2-
AGE-1 (Ageing alteration-1)-DAF-16 (Ab-
normal dauer formation-16) insulin signaling
pathway (Henis-Korenblit et al., 2010;
Kenyon, 2010; Sonani et al., 2014a) or reac-
tive oxygen species we focused to trace the
effect of PGEs concerning DAF-16.

The extracts of arils, outer peels, and inner
peels may have high therapeutic importance
in overcoming the oxidative stress-induced
age-related complications that are very com-
mon due to changed lifestyle in the current
times. In the present study, phytochemical
contents of P. granatum were chemically
characterized and investigated for their anti-
oxidant and anti-aging functions, and the
mechanism of PGEs with the potent complic-
ity of DAF-16 was also determined.

MATERIALS AND METHODS

Sample preparation and extraction
Fresh P. granatum fruits were collected
from the local vegetable market of Anand
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town in Gujarat, India. The fruits were
properly washed, outer/inner peels were re-
moved manually, and freeze-dried in liquid
nitrogen before storing at -80 °C. The frozen
peels were lyophilized at -100 °C in a freeze-
drier (Sentry 2.0, VirTis, SP Scientific),
grounded into a fine powder, and kept in an
air-tight container at -20 °C until further use.
The seeds with surrounding arils were dis-
creted from mesocarp. The fresh juice was ex-
tracted by squeezing and obtained juice was
stored in dark conditions at 4 °C.

The functional products from powdered
outer/inner peels were extracted using 75 %
methanol (1:5 w/v; HPLC grade). The super-
natant was obtained from homogenate by cen-
trifugation (10,000 x g, 4 °C, 5 min) and, fur-
ther, the supernatant was evaporated in a vac-
uum evaporator (SPD111V, Thermo Electron
Corp.). The remaining residue was re-dis-
solved in either MQ water (Juice) or 75 %
methanol (outer peel and inner peel) and sub-
jected to further analysis.

Spot test

Various spot tests were executed to quali-
tatively deduce the existence of different
chemical components such as alkaloids, fla-
vonoids, tannins, and vitamin C in extracts of
all parts of P. granatum fruits (Bhandary et
al., 2012).

Quantitative estimation

Estimation of total phenols and flavonoids

Total phenolic contents of P. granatum
outer peel, inner peel, and aril juice were ana-
lyzed by Folin-Ciocalteu reagent (FCR) with
slight modifications (Singleton et al. 1999).
The reaction mixture was kept at room tem-
perature for 90 minutes and the absorption
spectrum of the test and the standard solution
was measured at 760 nm using a UV-Visible
spectrophotometer (Specord 210, Analytik
Jena AG, Jena, Germany). Overall phenolic
constituents were expressed as tannic acid
equivalent in pg/g of extract.

The total flavonoid constituents were as-
sessed by colorimetric method as described
by Zhishen et al. (1999). The total flavonoid

constituent in the test samples was analyzed
by measuring the O.D (absorbance) at 510 nm
of the reaction mixture and exhibited as mg
quercetin equivalents/g of extract.

Estimation of ascorbic acid

The appearance of Vitamin C in the outer
peel, inner peel, and aril was estimated by a
colorimetric method using 2, 4-dinitrophenyl-
hdrazine (2, 4-DNPH) (Strohecker and Hen-
ning, 1967). The standard solution of ascorbic
acid was also measured in the same manner as
described in the method (10 to 100 pg/ml).
Vitamin C was expressed as mg of ascorbic
acid equivalent/g of extract.

GC-MS (Gas chromatography-
mass spectroscopy) analysis

The GC/MS analysis of P. granatum
(methanolic extract) was executed by a Perkin
Elmer Clarus® 500 Gas Chromatograph
equipped with a built-in syringe auto-sampler
(AOC-201) and a mass spectrometer inter-
faced with gas chromatography comprising
an Elite-5MS capillary column (30 m x
0.25 mm, 0.25 um). Helium (1 ml/min) was
used as a carrier gas for the separation of com-
ponents. The sample extract (1 pul) was in-
jected through an auto-injector. During the
GC extraction process, the parameter set for
the oven temperature was 80 °C to 280 °C
with a gradual increase of 10 °C/min. The in-
jector temperature was set at 220 °C. The
mass spectrum was taken at 70 eV ionization
energy with fragments scanned at 20 to
400 m/z. The identification of the different
phyto-compounds was done by GC by com-
paring their relative retention time (RRt) val-
ues and their MS fragments were identified
employing the National Institute of Standard
and Technology (NIST) MS database (ver-
sion 2.0) library.

Fourier Transform Infrared Spectroscopy
(FTIR) analysis

Perkin Elmer FTIR spectrometer (Spec-
trum GX, PerkinElmer, USA) was used to
record the IR spectra. The freeze-dried fine
powdery test sample (2 mg) was added with
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potassium bromide (KBr: 200 mg) and ana-
lyzed at mid-IR region (400—4000 cm™') with
resolution of 1 cm™ against the blank of KBr
(100 %). All the spectra were collected in
three replicates (n=3).

In vitro antioxidant activity

The antioxidant activity was analyzed by
different assay such as 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) scavenging assay, ferric ion
reducing antioxidant power (FRAP) assay,
Hydrogen peroxide (H202) scavenging assay,
and reducing power (RP) assay.

DPPH free-radical scavenging assay

The free-radical scavenging capacity of
methanolic extract was analyzed by using a
method as described earlier (Brand-Williams
et al., 1995). The absorbance of each sample
was measured against methanol without
DPPH and results were expressed as percent
inhibition of DPPH radical.

DPPH scavenging effect (%) = Ao- A1/
A1 x 100

Ao = absorbance of control reaction; A1 =
absorbance in presence of sample.

FRAP assay

This assay was performed as described
earlier (Benzie and Strain, 1996). Concisely,
100 pl of methanolic extract was treated with
2600 pl of freshly prepared FRAP (Ferric re-
ducing ability of plasma) reagent and 300 pl
of distilled water. The resultant mixture was
kept at 37 °C for 30 minutes in the dark and
absorbance at 593 nm was recorded against a
blank sample.

H20:2 scavenging assay

The potential of P. granatum extracts to
remove hydrogen peroxide was evaluated ac-
cording to the earlier described method (Ruch
et al.,, 1989). The phosphate buffer, without
the H2O2 solution, was taken as a blank sam-
ple. The percent scavenging of H2O: was
evaluated using the following formula

% H202 scavenging = [(Ac- As) / Ac] x 100

where Ac =absorbance of control, As =
absorbance of the sample.

Reducing power assay

The reducing power of P. granatum ex-
tracts was verified as reported earlier (Oyaizu,
1986). After 10 min of reaction time, absorb-
ance at 700 nm was recorded and the percent-
age of reducing power of each sample was
measured using the following formula.

% Increase in reducing power = [(Absorb-
ance of sample / absorbance of blank) - 1] x
100.

Caenorhabditis elegans: cultivation and
synchronization

The wild type N2 Bristol strain and TJ356
strain of C. elegans were taken for investigat-
ing the effect of PGEs. These strains were ob-
tained from the Caenorhabditis Genetic Cen-
tre (CGC), University of Minnesota, Minne-
apolis MN. The cultivation of strains was ex-
ecuted at 20 °C on nematode growth medium
(NGM) agar plates seeded with the E. coli
OP50 strain as a food source (Brenner, 1974).
To obtain the age-synchronized worms,
gravid worms were treated with sodium hypo-
chlorite solution (1 N NaOH + 5 % NaOCl)
which leads to the release of the eggs from the
worms. The laid out eggs were washed repeat-
edly in M9 buffer (3 g of KH2PO4, 6 g of
NaxHPOs4, 5 g of NaCl, 1 ml of 1 M MgSOs4,
prepared up to the volume of 1 L using H20)
to neutralize the effect of hypochlorite treat-
ment. Subsequently, the eggs were allowed to
hatch overnight at 20 °C. The obtained syn-
chronized LI1-stage worms were kept on
standard NGM plates with E. coli OP50 as a
food source and then kept at 20 °C till the L4
larval stage.

Lifespan assays

The obtained L4 stage worms were kept
on fresh NGM agar plates and the lifespan as-
say was performed in triplicates at 20 °C and
25 °C with the different concentrations (10—
40 pg/ml) of the fruit extracts. The worms
were transferred into a fresh food plate every
alternate day and the number of live and dead
worms was scored. The physiological reac-
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tion to mechanical stimulus given by a plati-
num pick was considered as the characteris-
tics to record dead ones (Kenyon et al., 1993).

Oxidative stress resistance assay

The age synchronized young N2 worms
were shifted to a fresh NGM agar plate treated
with equal concentration (20 pg/ml) of PGEs.
The worms were grown till post adulthood
and then taken for the oxidative stress assay.
The worms were exposed to 10-20 mM of
H20: solutions for 2 h (Cai et al., 2011).

DAF-16: GFP nuclear localization assay

The synchronized population of L1 stage
TJ356 was grown on an NGM plate supple-
mented with 100 ng/ml of PGEs of outer peel
and inner peel respectively, while the control
plate was supplemented without PGEs ex-
tract. L4 stages worms were observed and
photographs are taken (at 10 x) using a Nik-
kon DS-Ri2 fluorescence microscope
(Eclipse Ni-E, Nikon). The fluorescence mi-
croscopy parameters were set as defaults such
as filters 400/30 and 508/20 were used for ex-
citation and emission to check the Green flu-
orescent protein (GFP) transgenic lines.
Movement of DAF-16 from cytosol was ob-
served by measuring the continuation of GFP
clustering in the nuclei.

Statistical analysis

All experiments were performed in tripli-
cate (mean = SD; n = 3) and statistical signif-
icance, P-value < 0.0001, was analyzed using
a One-way Analysis Of Variance (ANOVA)
test.

RESULT AND DISCUSSION

Qualitative and quantitative analysis of
phytochemical constituents

The phytochemical assessment of PGEs
was carried out to trace the existence of dif-
ferent chemical constituents that elicit a major

pharmacological response. The presence of
alkaloids, flavonoids, tannins, and vitamin C
in PGEs was confirmed by various Spot tests
as shown in Table 1. Figure 2 shows the ab-
sorption spectra of crude methanolic PGEs
with a UV absorbance at around 230 + 2 nm,
260 + 2 nm, and maximum at 368 + 2 nm. The
quantitative analysis of P. granatum meth-
anolic extracts was performed using the re-
spective standards such as tannic acid (total
phenol), ascorbic acid (vitamin C), and quer-
cetin (total flavonoids). The high concentra-
tion of total phenol was found in the outer peel
(190.55 mg/g of extract as tannic acid equiv-
alent) of P. granatum compared to the inner
peel (8.33 mg/g of extract as tannic acid
equivalent) and juice (27.79 mg/g of extract
as tannic acid equivalent) (Figure 3a) (Sup-
plementary Table 1). While the maximum
content of flavonoid was observed in the ex-
tracts of inner peel (4.80 mg/g of extract as
quercetin equivalent) in comparison to outer
peels (2.397 mg/g of extract as quercetin
equivalent) and juice (0.154 mg/g of extract
as quercetin equivalent) (Figure 3b) (Supple-
mentary Table 2). The high content of vitamin
C (1.685 mg/g of extract as ascorbic acid
equivalent) was found in the juice extract as
compared to the outer peel (0.555 mg/g of ex-
tract as ascorbic acid equivalent) and inner
peel (1.25 mg/gm of extract as ascorbic acid
equivalent) (Figure 3c) (Supplementary Table
3).

Pomegranate is a good source of several
bioactive metabolites (Al-Rawahi et al., 2014;
Passafiume et al., 2019; Young et al., 2017;
Zarei et al., 2011; Zhang et al., 2011), how-
ever, the content and chemical composition of
various bioactive compounds of pomegranate
depends on their cultivar, climate of the grow-
ing regions, etc. (Borochov-Neori et al., 2009;
Diaz-Pérez et al., 2019).
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Table 1: The spot tests of Punica granatum were performed for investigating the presence of alkaloids,
flavonoids, tannins, and vitamin C

Alkaloids Flavonoids Tannins Vitamin C
) GT DT

Outer Peel +
Inner Peel +
Juice i

Tests used: HT: Hager’s test; ART: Alkaline Reagent test; FCT: Ferric Chloride test; LAT: Lead Acetate
Test; GT: Gelatin test; DT: DNPH test; +: Positive inference
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GS-MS spectroscopy

The GC-MS analysis of the sample re-
vealed the presence of different compounds in
the methanolic PGEs (Bonzanini et al., 2009;
Choi et al., 2006). The percentage of the total
area of peaks of the GC spectrum of some ac-
tive compounds is shown in Table 2. Figure 4
shows the GC-MS chromatogram of meth-
anolic extracts of outer peels. The GC chro-
matogram of a methanolic crude extract of
outer peel showed two separate peaks at re-
tention time (RT) 19.55 + 1 min and 21.26 +
I min (Figure 4a). The prominent ion peak
was obtained at m/z 256 (Figure 4b) and 264
(Figure 4c) denoting the appearance of N-
hexadecanoic acid (palmitic acid) and anthra-
cene 9,10-carbaldehydedioxime, respec-
tively. Similarly, the GC spectrum of inner
peels also showed two distinct peaks at 9.11

min and 11.32 min (Figure 5a) with a
common prominent ion peak at m/z 264 under
MS analysis of both peaks at 9.11 min (Figure
5b) and 11.32 min (Figure 5c) indicating the
presence of N-hexadecanoic acid, which is a
well-known antioxidant compound. The GC
chromatogram of juice extract showed two
peaks at RT 3.73 min and 16.95 min (Figure
6a) correspondings to the molecular weight of
98 (Figure 6b) and 219 (Figure 6c) specifying
the appearance of 6-oxabicyclo [3.1.0] hexan-
3-one and S-[2-[N, N-Dimethylamino] N, N-
dimethylcarbamoylthiocarbohydroximate re-
spectively. Table 3 shows the presence of
some major phytoconstituents in different
methanolic extracts of P. granatum. The GC-
MS technique is a good and widely estab-
lished approach to comprehend the nature of
compounds that exists in different plant ex-
tracts.

Table 2: The P. granatum extracts were analyzed through gas chromatography and the percentage of
the total area of the peaks of the GC spectrum of some active compounds is mentioned.

Name of sample

_
u P. granatum 11.327
u (Outer peel) 19.555
2 21,261
o

- P. granatum 11.317
(Inner Peel) 19.560
o 2127
O
0

P. granatum

il | (Juice) 10817
el 11,287
m 19.525

2,143,613.3 5,265,172 19.43
6,787,407.5 11,405,878 61.52
592,103.3 7,216,615 5.37
667,254.8 6,898,388 6.05
3,472,565.3 9,723,086 16.37
14,417,223.0 17,801,180 67.95
792,369.8 9,943,125 3.73
705,586.2 6,308,965 3.33
36,599,388 101,910,272 42.04
16,691,249 169,090,240 19.17
11,824,131.0 60,400,416 13.58
5,725,842.0 25,719,240 6.58
392,715.5 7,544,581 0.45
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Figure 6: GC-chromatogram of P. granatum juice (a) and MS-spectroscopy of two distinct peaks at 3.73
min (b) and 16.95 min (c) with a prominent ion peak at m/z 98 (b), and 219 (c), respectively.

Table 3: After GC analysis P. granatum extracts were examined by mass spectrometry and the table
shows the presence of some major phytoconstituents in different methanolic extracts.

r?:; Name of sample R.T M‘;)J:l:‘lta 4 Name of compound
PP P.granatum 19.55 256 N-Hexadecanoic acid
[P (Outer Peel) 21.256 264 Anthracene 9,10-dicarbaldehydedioxime
I P.granatum 9.106 264 Anthracene 9,10-dicarbaldehydedioxime
78 (Inner Peel) 11.37 264 Anthracene 9,10-dicarbaldehydedioxime
P. granatum 98 6-oxa-bicyclo(3.1.0) hexane-3-one
’ (Juice) 3.739 219 S-(2-(N, N-Dimethylamino)N, N-
dimethylcarbamoylthiocarbohydroximate

Fourier-Transform Infrared Spectroscopy ?n.the extracts of outer p cel, inner peel, and
(FTIR) juices respectively indicates the appearance

of the -OH group of the phenolic and carbox-
ylic group. The absorbance at 1726 cm™ and
1728 cm™! indicates the presence of C=0 (al-
dehyde/ketone) group in the extracts of outer
and inner peels respectively, whereas it was
absent in the juice extract. The presence of an
aromatic group was observed in all the sam-

FTIR spectroscopy technique is widely
used for chemical analysis of the plant metab-
olites. In the present study, the FTIR spectrum
of the PGEs showed major absorbance bands
in each of the samples as shown in Table 4.
Figure 7 shows the FTIR profile of outer peel

extracts (Figure 7a), inner peel extracts (Fig-
ure 7b), and juice (Figure 7¢) of P. granatum. ples. Moreover, the FTIR results further sup-

The appearance of broad absorbance at port the result of GC-MS and encourages ap-

around 3421 em!, 3419 cm”, and 3425 cm'’! Elrlzellcilistowards quantitative and qualitative
ysis.
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Table 4: The FTIR spectrum of the P. granatum extracts showed the major absorbance bands in each
of the samples (a) P. granatum outer peel (p.o.p), (b) P. granatum inner peel (p.i.p), and (c¢) P. granatum

juice (p.j).

e [0 [ Bond

N-H

1726 C=0

(@)

I
°
o

O

il

O

Range Bond
..

(p-i-p)
ESEE N-H

C-H

1728

1617 C-N

N-O

C-O0
1188 C-O0
C-O
773 C-O0
750 C-H
576 C-X

(@)
1
O

Range Bond

N-H
N-H
C-H
N-H
N-H
1633 [Helle
| 1250 [HeZe)
c-0
[ 592 [en

Type of bond Specific type of bond ;:::I:)srbance Appearance
Primary amines Many 3400-3500 Strong
Alkyl Methylene 2925 Medium to strong
C=CH 2975 Medium
Alkyl Methyl 2960 Medium to strong
Alkyl Methylene 2850 Medium to strong
Methine 2890 Weak
Aldehyde/ Cyclin 6-membered 1720
Ketone Cyclin 5-membered 1750
Conjugated C=C 1600 Strong
with benzene ring  Dienes 1625 Strong
Aromatic C=C Any 1450 }’l‘j‘:gﬁ; gtgﬁg
Nitro compound Aromatic 1350 Lower if conjucted
Ethers Aromatic 1220-1260
Alcohols Tertiary 1150-1200 Medium
Alcohols Primary 1040-1060 Strong, Broad
Aromatic Para-disubbenzene 800-900 Strong
Aromatic Meta-disubbenzene 750-800 Strong
Bromoalkanes Any 500-600 Medium to strong
Type of bond Specific type of Absorbance Appearance
bond [ LELS
Primary amines Many 3400-3500 Strong
Alkyl Methyl 2870-2960
Methylene 2925
Methine 2890 Medium to strong
Alkyl Methyl 2870-2960
Methylene 2890 Medium to strong
Aldehyde/ Cyclic 4-membered 1775 Influence of conjuga-
Ketone Aldehydes 1725 tion (as with ketones)
C=N Any 1615-1700 Similar conjugation ef-
fects to C=0
Aromatic C=C Any 1500 Weak to strong
1580 (usually 3 or 4)
Nitro compound Aromatic 1380 Weaker lower if conju-
1350 gated
Ether Aromatic 1200-1260
Alcohols Tertiary 1150-1200 Medium
Alcohols Primary 1040-1060 Strong, Broad
Aromatic Monosubstituted 700-750 Strong
Aromatic Monosubstituted 750 Strong
Bromoalkanes Any 500-600 Medium to strong
Type of bond Specific type of Absorbance Appearance
bond
Primary amines Any 3400-3500 Strong
Ammonium ions Any 2400-3200 Multiple broad peaks
Alkyl Methylene 2925 Medium to strong
Ammonium ions Any 2400-3200 Multiple broad peaks
Ammonium ions Any 2400-3200 Multiple broad peaks
Conjugated C=C Dienes 1600-1650 Strong
Aromatic C-C Any 1450 Weak to strong (usually
3or4)
Carboxylic acids Any 1250
Alcohols Primary 1040-1060 Strong, Broad
Aromatic Para-disubbenzene 800-860 Strong
Aromatic Meta-disubbenzene 750-800 Strong
Bromoalkane Any 500-600 Medium to Strong
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Figure 7: FTIR spectrum of Outer Peel (a), inner peel (b), and Juice (c)

In vitro antioxidant activity of PGEs

The phytochemical constituents of pome-
granate exhibited significant antioxidant ac-
tivity (Gundogdu and Yilmaz, 2012; Hmid et
al., 2018). Figure 8 shows the total antioxi-
dant function of PGEs, which were deter-
mined by DPPH (Figure 8a), FRAP (Figure
8b), Hydrogen Peroxide radical scavenging

(Figure 8c) and reducing power assays (Fig-
ure 8d). The decolorization of DPPH was
measured using a spectrophotometer. The
DPPH scavenging activity of inner peel ex-
tract, outer peel extract, and fruit juice was
found to be 50.89 %, 66.51 % and 37.5 % re-
spectively (Figure 8a) (Supplementary Table
4).
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Figure 8: In vitro free radical scavenging activity of P. granatum by means of DPPH assay (a), FRAP
assay (b), H202 scavenging assay (c¢), and reducing power assay (d).

The FRAP assay was also carried out to
confirm the antioxidant properties of PGEs.
In FRAP assay the potential of compounds to
reduce ferric ion (Fe*") to ferrous ion (Fe?")
was measured by determining the electron-
donating ability of the test compound. Figure
8b shows the reducing ability of PGEs. All the
parts of pomegranate exhibited higher reduc-
ing potential, however, the outer peel extract
showed the inflated ferric reducing power
(Supplementary Table 5). The FRAP assay is
usually used to ensure the overall antioxidant
potential of diverse natural products (Guo et
al., 2003; Rastogi et al., 2016; Zaouay et al.,
2012).

The ability of P. granatum methanolic ex-
tract of outer peel, inner peel and juice to
scavenge H202 was also assessed and percent-
age scavenging was found to be 64.50 %,
55.80 % and 52.55 % respectively (Figure 8c)
(Supplementary Table 6). The antioxidant ac-
tivity was concomitant with reducing power
of plant materials. The more stable non-reac-
tive species were formed by breaking the free

radical chains in reducing power assay by do-
nating H atoms indicated the presence of re-
ductones (higher reducing power). In this
study, the methanolic extract of P. granatum
peels and juice showed its potent reducing
power as shown in Figure 8d. The increase in
the absorbance at 700 nm indicates the better
reducing power of test materials. Contrary to
juice, the methanolic extract of inner and
outer peels of P. granatum showed higher re-
ducing power (Supplementary Table 7).
Moreover, the antioxidant activity of PGEs
was in agreement with previous studies
(Derakhshan et al., 2018; Gil et al., 2000;
Mphabhlele et al., 2016; Tezcan et al., 2009).

Life span assay

The antioxidant properties of PGEs were
further explored as an active anti-aging
compound using C. elegans as an eukaryotic
model (Sonani et al., 2015). The L4 stage (N2
Bristol) of C. elegans was cultured on NGM
plates with and without methanolic PGEs of
two different concentrations. Figure 9 shows
the percentage survival of the worms at 20 °C
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and 25 °C under PGEs of outer peels, inner
peels and fruit juice. In comparison to the
control sample, a remarkable elevation in the
survival of the worms treated with PGEs was
observed both at 20°C and 25°C. An
increased life span of worms from 22 days
(control) and 10 days (control) to 25 + 1 days
and 15 + 1 days was observed at 20 °C and
25 °C respectively. Moreover, the worms
supplemented with 20 pg/ml PGEs extract
showed a significant increase in their lifespan
in comparison to control samples. Interest-
ingly, the PGEs of outer peels, inner peels and

juice showed an almost similar increase in
lifespan in a dose-dependent manner (Figure
9) (Supplementary Tables 8, 9, and 10). It has
also been reported that PGEs showed an in-
crease in lifespan and decrease fat deposition
(intestine) in C. elegans (Zheng et al., 2017).
The PGEs (5 mg/ml) were found to advance
the lifespan, formation of new generations,
the productiveness of new generations, and
the growth properties of C. elegans (Kiliggiin
et al., 2015).
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Figure 9: Lifespan assay using C. elegans at 20 °C [(a) outer peel; (b) inner peel; (c) juice] and 25 °C

[(d) outer peel; (e) inner peel; (f) juice].
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Survival of C. elegans under oxidative
stress

The oxidative stress tolerance of PGE
(20 pg/ml) treated and untreated (control)
worms were observed at different concentra-
tions (10 mM, 15 mM, and 20 mM) of H202
(Figure 10). A decrease in percentage survival
of the worms with increased concentration of
H202 was observed, signifying the negative
impacts of oxidative stress induced by the
strong oxidizing agent. Moreover, in compar-
ison to the control samples, a significant per-
centage increase in the life span of worms
treated with PGEs of outer peels, inner peels
and juice was observed. In comparison to in-
ner peel extract and juice, the outer peel
showed higher potential for reducing the oxi-
dative stress to a certain extent, perhaps due
to the presence of the comparatively higher
content of polyphenols in the outer peels of
pomegranate (Supplementary Table 11). The
effect of pomegranate outer covering/peel
(PRE) on oxidative stress was also studied,
and it was observed that PRE may play an im-
portant role in preserving mitochondrial func-
tion during oxidative stress and attenuates
paraquat toxicity (Mowery et al., 2018).

PGEs outer peel and inner peel effect on
DAF-16

The DAF-16 transcription factor plays a
key role in influencing the insulin signaling

% survival
[ 9%} =y )] L=} | [aw}

[y

10mM

15mM

H202 concentration (mM)

pathway. The Insulin growth factor-1 (IGF-1)
and daf-2/age-1 inhibits the movement of
DAF-16 from the cytoplasm to nuclei (Zeci¢
and Braeckman, 2020). The alteration in the
activity of age-1 and daf-2 resulted in the ex-
pression of DAF-16 and consequently leads to
shifting of DAF-16 to the nucleus which mod-
ulates the expression (upregulation) of anti-
stress genes and longevity gene in the nuclei
(Zhuang et al., 2014). To check the result of
PGE:s outer peel and inner peel extract on the
IGF-1 signaling pathway, we measured the
appearance of the DAF-16 fork-head tran-
scription factor in the cytoplasm of TJ356
which were translocated to the nucleus upon
PGEs outer peel and inner peel exposure. It is
extensively believed that DAF-16 restoration
in the cytoplasm and its movement from cy-
toplasm to nucleus is an important indicator
of an elevated level of longevity (dependent
or independent on DAF-16). The level of
DAF16: GFP intensity was declined in the
PGEs supplemented worms (Figure 11). Con-
sequently, positive rational can be proposed
that upon PGEs supplementation to the
worms, a significant reduction of DAF-16 in
the cytoplasm was seen, therefore it might be
reliant on the DAF-16 fork-head transcription
factor straight forward to increase the lifespan
of worms. However, the exact mechanism of
how it works is yet unrevealed.

Control
B Quter peel
B Inner peel

M Juice

Figure 10: Survival of
C. elegans treated with
PGEs at different con-
centrations (10, 15, and
20 mM) of H202.

20mM
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Figure 11: DAF-16: GFP nuclear localization assay (a) Nuclear translocation of DAF-16 in control, inner
peel and outer peel incubated with thermal stress and without thermal stress and (b) Quantification of
image intensity was done by Image J software.

CONCLUSION their antioxidant function and anti-aging ben-
efits. The PGEs comprise a sizeable quantity
of phenolic compounds with high antioxi-
dant/free radical scavenging activity. It was
noticed that the outer peel contains elevated

In this study, pomegranate’s outer/inner
peels and juice were analyzed for the occur-
rence of total phenolic compounds along with
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constituents of overall phenols and also con-
tributed to higher free radical scavenging ac-
tivity, while the inner peel and juice were rich
in flavonoids and vitamin C, respectively. The
lifespan assays showed that PGEs may signif-
icantly extend the mean lifespan of C. elegans
by reducing the oxidative stress generated by
hydrogen peroxide. Outer peel showed higher
anti-aging activity in comparison with inner
peel and juice. Additionally, the result of
PGEs outer peel and inner peel exposure to
the TJ356 worms confirmed the DAF-16
dependent elevated longevity in worms. How-
ever, exact mechanisms exerted by a particu-
lar bioactive compound responsible for the
longevity of C. elegans are yet to be verified.
The current findings indicate that due to high
antioxidant and anti-aging capacity, pome-
granate could be used as a supplement to en-
hance the growth and survival rate. The pom-
egranate extracts can be used as a natural
pharmaceutical product for treating neuro-
degenerative diseases and oxidative stress-in-
duced disorders.
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