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ABSTRACT

The present investigation was aimed at evaluating the antioxidative and stress resistance
efficacy of Bryophyllum pinnatum (BP) extracts using Caenorhabditis elegans as the
experimental model. The antioxidant activity of the BP extract was evaluated in vitro (DPPH)
and in vivo (DCF-DA assay). Different crude extracts of BP i.e., methanolic,
hydromethanolic and aqueous were used to determine impact on lifespan and ROS
scavenging activity (20 mM H,0,). The present study revealed that BP crude extracts possess
significant in vitro and in vivo antioxidant activities which possibly contributed to its role in
enhanced stress tolerance. The crude extracts also proved effective in increasing the mean
lifespan of C. elegans following exposure to oxidative stress. The study strongly suggests that
the B. pinnatum extract acts as an antistressor and potent scavenger of reactive oxygen
species, and consequently enhances the survival of the worms in different stress conditions.
Keywords: Antioxidative, Bryophyllum pinnatum, Crude extracts, Caenorhabditis

elegans, Antistressor

INTRODUCTION
Ageing is a complex, pleiotropic its related diseases have an ever-increasing
phenomenon yet to be fully understood, but economic impact on world health. As a
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result, there is an intense interest in
developing medicines to delay or prevent
the decline in tissue function with age;
however to date effective anti-ageing
molecules remain elusive.

In nature, cells may encounter both
exogenous and endogenous stressors that
can alter normal physiological processes,
generate reactive oxygen species (ROS),
natural by-products of cellular metabolism
and play a role in cell signaling and cellular
homeostasis. The imbalance between ROS
and protective detoxification enzymes can
lead to oxidative stress resulting in
extensive oxidative damage to
macromolecules such as DNA, lipids, and
proteins [1, 2] and ultimately results
intracellular injury and death, which is
recognized to contribute to the aging
process and age-related diseases [3, 4].

The oxidative damage (or oxidative stress)
theory postulates that accumulation of
molecular damage caused by reactive
(ROS)

significantly to the functional decline and

oxygen  species contributes
increase in mortality that happens in the
process of ageing [5]. Ageing has therefore
been viewed as the result of an increase in
oxidative stress, resulting from increased
ROS production and/or a decline in cellular
antioxidant defenses. In particular, the

superoxide radical, O, generated as a by-

product of mitochondrial respiration, has

been viewed as a potential major
contributor to aging [5, 6]. Consequently,
antioxidants  capable of  scavenging
excessive ROS may help to maintain
oxidative homeostasis and prevent related
damages.
The major challenge with lifespan
extension studies is the longtime span
requirement (in months and years) in
mammalian  systems. This can be
circumvented using the Long-lived mutants
in C. elegans (Figurel) which have opened
the avenue for healthy lifespan extension
research [7, 8] and in addition show
fundamental mechanisms and systems
similar to the mammalian system [9].
Further, the increase in longevity
mechanisms identified in C. elegans is
shown to follow similar patterns in flies
[10], mice [11] and humans [12].

Like mammals, the nematode C. elegans
has well-defined stress defense systems for
protection from toxic compounds [13]. This
nematode has a rapid life cycle and a short
lifespan with a clearly defined pattern of
senescence [14, 15]. It manifests genetic
pliability, a fully described developmental
program, a well characterized genome,
shows ease of maintenance, short and
fertile life cycle and small body size.
Moreover, C. elegans and humans share
similar aspects of aging where oxidative

stress is considered to be a major limiting
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factor in longevity. Harrington and Harley
[16] have documented that longevity

effects induced by treatment with various

Predaver (L2d)

compounds such as vitamin E extends the

lifespan of C. elegans.

©WormAtias

Figure 1: Life Cycle of Caenorhabditis elegans (Source: Worm Atlas)

It is well-established that C. elegans, serves
as a valuable model for studies of aging
and age-related disorders [17, 18] and is an
attractive platform for rapidly screening
drug safety and efficacy [19] and hence has
been selected as the model in this
investigation.

Plants contain a variety of polyphenolic
compounds such as flavonoids, which
manifest a remarkable spectrum of
biochemical and pharmacological actions
which counter this ROS activity through
their  antioxidative and  free-radical
scavenging properties [20] and hence such
extracts tested in the

were present

investigation for their possible anti-aging
efficacy.

To address the possible anti-ageing effects,
we  therefore  investigated  whether
Bryophyllum pinnatum could delay ageing
and prolong lifespan in C. elegans.
Bryophyllum pinnatum 1is a perennial
medicinal herb popularly used as folkloric
medicine in several parts of the world to
treat various diseases. The leaves of the
plant (Figure 2) have properties like
haemostatic, refrigerant, emollient,
mucilaginous, vulnerary, depurative, anti-
inflammatory, disinfectant and tonic. It is
also employed for kidney stones, gastric

ulcers, skin disorders and edema of the
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legs. It contains substances such as

triterpenoids,  glycosides,  flavonoids,
steroids, bufadienolides, lipids and organic
acids, and hence it has been selected for

this study [21].

L

igde 2 Bryophllum innatﬁ!n '
Previously, stress and aging related studies
[22-26] have been carried out using various
stress related parameters with plant extracts
and molecules such as FGb761, EGCQG,
Phycocyanin,  Phycoerythrin,  Ocimum
sanctum extracts but have shown less
efficacy in the extension of lifespan.
Keeping in view the potent
pharmacological properties of B. pinnatum,
the present investigation was undertaken to
assess the efficacy of different crude
extracts of B. pinnatum in protection
against age associated stress and ROS
scavenging in C. elegans.

MATERIALS AND METHODS

Plant Material

Leaves of Bryophyllum pinnatum were
collected from Gujarat University campus.
The plant material was washed thoroughly
under running tap water and was dried in

an oven at 37 °C for one week. The dried

plant material was ground to a coarse
powder and used for extract preparation.
Extraction

The selection of solvents was based on the
available review of literature of various
plants, which have extracted the potential
phytochemical components such as
phenolics and alkaloids [27]. Dried powder
(10 g) was kept for defatting with
petroleum ether (100 ml) for 24 hours on a
magnetic stirrer. Each extract condition
was initiated by taking the plant powder
and selected solvent to 1:10 [28].

Further, extracts was prepared using with
Methanol (M), Hydromethanol (HM)
(60:40) and Aqueous (AQ) solvent by the
Soxhlet extraction method. The filtrate was
concentrated using a rotary evaporator and
the crude extract of  methanol,
hydromethanol and aqueous was stored at 4
°C.

Phytochemical analysis

Estimation of Total Phenolic content

Total phenolic content was estimated by
the Folin-Ciocalteu method as described by
Herald et al. [29] with slight modifications.
A volume of 25 pl crude extract was added
into the well and to this 25 pl Folin
Ciocalteu reagent was added. Atthe end of
the 61 minute, 100 pl of 7.5% Na,CO; was
added to the mixture. The plate was

incubated in the dark for 90 minutes. The

absorbance was measured at 765 nm in a
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Multiskan Go plate reader of Thermo
Fischer Scientific (Model no. 151002196).
Gallic acid was used as a standard to
generate a calibration curve (20pg/ml to
100pg/ml). The results were expressed in
terms of gallic acid equivalent (mgGAE/g
extract).

Antioxidant assay Free radical scavenging
activity using 2, 2-diphenyl-1-
picrylhydrazyl (DPPH)

The DPPH radical scavenging capacity
assay was performed as described by
Herald et al. [29] with some modifications.
A volume of 25ul of crude extract (100-
300pg/ml) was added to a 96 well plate and
to this 200ul of freshly prepared 0.1 mM
DPPH in methanol was added and
incubated for 30 minutes. The absorbance
was measured at 517 nm at the end of the
incubation period using the Multiskan Go
plate reader. A standard curve was prepared
using Ascorbic acid (10pg/ml to 50pg/ml).
The results were expressed as percentage,
free radical scavenging activity.
Appropriate blank and controls were also
used in the experiment. The following
formula was used to calculate % DPPH
quenching:

% DPPH quenched = [1 - (A sample- A
blank)/ (A control — A blank)] x 100

C. elegans strains cultivation

The wild type C. elegans (N2, Bristol) and
E. coli OP50 were obtained from the

Caenorhabditis Genetic Centre (CGC) at
the University of Minnesota, USA. All
strains were cultured on E. coli OP50
seeded nematode growth medium (NGM)
agar plates at 20 °C as described by
Brenner [30]. For synchronizing the worm
population wild type C. elegans strain was
given hypochlorite treatment and the
resulting eggs were placed on NGM plates
spotted with E. coli OP50 bacteria. Filter
sterilized crude extracts were added to
autoclaved NGM medium. For control
experiment set, C. elegans strains were
grown and maintained throughout in
normal NGM plates. Age synchronized
worms were obtained by sodium
hypochlorite treatment as per the method
described by Porta-de-la-Riva et al. [31].
Lifespan Assay

Lifespan assay of wild type N2 C. elegans
was performed in 96 well plates in liquid S
complete media using the method described
by Solis and Petrascheck [32]. In each well
of a 96 well plate containing 100ul of S
complete medium along with OP50 as food
source, around 10 worms of L1 stage were
dispensed and allowed to attain adulthood.
Later, in order to prevent progeny
formation they were treated with 5-fluoro-
2’-deoxyruridine (FUDR) on day O of
adulthood. Then, DMSO as control and the
plant extracts were added in the respective

wells. Plant extracts and OP50 were
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supplied to the worms once in a week to
ensure presence of food and crude extracts
throughout the experiment. The worms
were maintained at 20°C throughout the
experimental study. The average number of
worms (n) used in the present study was
50-55 in each group. All the experimental
studies were performed in triplicates. The
survival of worms was observed under
inverted microscope every day. Statistical
analysis for lifespan was done using Log-
rank test and Kaplan Meier survival curve.
Stress resistance assay

A group of age-synchronized L4 stage (5
days old) N2 worms were transferred to
fresh NGM plates with and without crude
extracts and subjected to oxidative (H,O5)
stress. Animals were subjected to oxidative
stress by soaking them in 10 mM H;0,
solution [33]. Soaked worms were allowed
to recover for 16 hours by transferring them
to fresh NGM plates at 20 °C; live worms
were scored following the recovery period.
Intracellular ROS detection by DCFH-
DA fluorescence staining

The study was carried out with
hydromethanolic extract (100 pg/ml) in
three different groups of N2 C. elegans:
Group [ (Control), grown under normal
condition; Group II, grown under stress (10
mM Paraquat); Group III, grown under
oxidative stress (10 mM Paraquat) with

crude extract (100 pg/ml). After 24 hours

of incubation, the worms were stained with
2,7- dichlorodihydrofluoroscein diacetate
(DCFH-DA) to detect their intracellular
ROS level. Staining was performed by
soaking the worms in 5 pm (final
concentration) DCFH-DA solution for 30
minute at 20 °C. The DCFH-DA stained
N2 C. elegans were imaged by Leica
DMRB fluorescent microscope (USA) in
epifluorescence mode with 10X objective
lens. The intensity of florescence was
quantified by image J software in terms of
pixel density of fluorescence [34].
RESULTS
Extract Yield
In the present study, the % yield of
methanolic extract was found to be
13.84%, hydromethanolic extract 27.16%
and aqueous extract 7.01% (Table 1).
Total Phenolic Content
The results of total phenolic content are as
shown in Table 1.
In the present study, the total phenolic
content was estimated by folin-ciocalteau
method. The total phenolic content of all

extracts in BP leaves was found to be

1.63+£0.0045  (Methanol), 1.86+0.0097
(HydroMethanol) and 1.57+0.0012
(Aqueous)  (Standard  Gallic  Acid
Equivalent).

Antioxidant Capacity (DPPH)
Theantioxidant capacity of the plant extract

was estimated by DPPH and the results are
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as shown in Figure 3.The DPPH test is used
to measure the hydrogen atom or electron
donor capacity of the extract to the stable
radical formed in the solution [35]. A
standard curve was created using a range
10pg/ml to 50pg/ml of ascorbic acid
(average R* = 0.9682). For the extracts
prepared with Soxhlet method, the % free
radical scavenging activity ranged from
19.9£0.17% to 65.8£1.10% of methanol
extract. For hydromethanol extract it
ranged from 56.1+1.19% to 89.6+0.04%.
And for the aqueous extract, it ranges from
11.5+1.26% to 22.1+0.96%.
H,0; stress

Bryophyllum  pinnatum  (BP)  treated

worm’s revealed enhanced tolerance
against oxidative stress which was induced
by 10mM H,0O,. The mean survival of
aqueous extract of BP (AQ100) treated
worms which were subjected to oxidative
stress (10mM H,0,) was found to be non-
significantly altered compared to control.
The mean survival of methanolic extract of
BP (M100) was found to be significantly
increased (p<0.033) after 3 hours compared
Whereas,

methanolic extract of BP (HM100) treated

to control worms. hydro-
animals subjected to 10mM H,O; stress up
to one hour and two hours showed
significant increase in mean survival

(p<0.002). Furthermore, after 3 hours the

mean survival was found to be highly
significant (p<0.0001) (Figure 4).

Hence, the results of oxidative stress
tolerance assay revealed antioxidative
potential of BP-HM100 extract to enhance
stress tolerance in C. elegans.

Lifespan Assay

Effect of BP on lifespan of C. elegans was
examined by growing the L4 stage wild
type N2 worms at 20 °C under different BP
crude extracts (M100, HM100, AQ100).
The number of dead animals were scored
every second day from young adult stage
till complete death of all the animals. The
mean lifespan of control animals was found
to be 14.91+0.79 (mean lifespantstandard
error of mean) days compared to BP-
treated animals showing respective values
of 15.8840.92 days at AQI100 pg/ml,
18.5+0.78 days at M100pg/ml
and17.5+1.10 days at HM100 pg/ml BP
crude extract (p<0.001, log-rank test)
(Figure 5).

Intracellular ROS detection by DCFH-
DA fluorescence staining

Furthermore, to confirm whether the
lifespan extension effect of crude extract is
due to its antioxidant activity, the
intracellular-ROS level of N2 C. elegans
has been checked in vivo using DCFH-DA
fluorescence stain. Results showed a
tremendous increase in the intracellular

ROS associated green fluorescence in N2

IJBPAS, Juby, 2022, 11(7)

3278



@armar RK et al

Research Article

C. elegans body under paraquat-induced
oxidative stress. Whereas, the HMI100
supplement was seen to limit the generation
of intracellular-ROS and thus the onset of
aging under oxidative stress. Thus, HM100
treatment limits the intracellular ROS
production under paraquat induced
oxidative stress. Figure 6 (A, B and C)
shows fluorescence microscopic image of
DCFH-DA control,

stained paraquat

(10mM) treated and paraquat (10mM) +
HM100 (100 pg/ml) treated adults N2 C.
elegans, respectively.

Corrected total cell florescence (CTCF)
To measure the total cell florescence
following formula was employed:

CTCF= Integrated Density — (Area of
Selected cell x Mean fluorescence of

background readings) (Figure 7).

Table 1: Extract Yield and Total Phenolic Content (TPC) of various extract of Bryophyllum pinnatum

Extracts % Yield Total Phenolic content (TPC)
(mgGAE/G)
Methanol 13.84 1.63 +0.0045
Hydromethanol 27.16 1.86 £ 0.0097
Aqueous 7.01 1.57 £0.0012
Value is Mean + S.E.
100
g 90 Ab-._._
5 80 b
£ o e «4-Methanol
o 8
= -
g 60 Hydromethanol
E 50 Aqueous
a 40
Q 3
S 20
10 -
o T T T 1

100 150 200

Concentrations of Extracts

250 300

Figure 3: DPPH scavenging activity of Bryophyllum pinnatum extracts
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H,0, Stress Assay

* k%

[ Control
EM100
E@HM100

No. of Worms

EAQ100

1Hour 2 Hour 3 Hour
Time

*p<0.033; **p<0.002; ***p<0.0001
(M100=Methanol extract; HM100=Hydromethanol extract; AQ100=Aqueous extract)
Figure 4: Oxidative stress resistance by various Bryophyllum pinnatum extracts

Life Span Assay

90- — AQ100
704 —— M100
607 —— HM100

Percent survival
(3]
<

0 I I I I 1
0 5 10 15 20 25

Days

(M100=Methanol extract; HM100=Hydromethanol extract; AQ100=Aqueous extract)
Figure 5: Lifespan assay of Caenorhabditis elegans

(A) Control (A) Control (C) Paraquat + BP

Figure 6: DCFH-DA stained Control (A), Paraquat treated (B) and Paraquat+BP (HM100) treated (C) adult C.
elegans
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Figure 7: Corrected Total Cell Fluorescence (CTCF) of C. elegans

DISCUSSION

Aging pattern between C. elegans and
mammals has a considerable degree of
similarity and hence C. elegans has turned
out to be a potential model organism for
ageing related studies to explore potential
anti-ageing drugs. Reactive oxygen species
(ROS) has been reported as a major cause
of ageing, and antioxidants have been
reported to curtail the ageing effects of
ROS. Antioxidants reduce the extent of free
radicals-mediated oxidative damage and
hence result in increased lifespan and
healthy ageing. Several studies are being
undertaken to explore possible anti-ageing
wonder drugs. We too investigated the
potency of B. pinnatum as a possible
candidate for curtailing ageing and age-
related disorders.

The results of the present investigation
revealed that B. pinnatum significantly

enhanced stress tolerance and also

increased the mean lifespan of the worms
during oxidative stress (H,O;) and paraquat
induced oxidative stress. Similar to other
herbal formulations, our results also
suggest that B. pinnatum reduces the ROS
level which might be the possible
explanation for the worms’ survival under
stress conditions.

The phytomolecules in plant extracts
efficiently ameliorate disease conditions of
various ailments caused by different
stressors due to their metal chelating and
free radical scavenging properties. The in
vitro antioxidant activities depend on the
total polyphenolic contents and in the
present study we have observed that the
hydromethanolic extract showed highest
total phenolic content (1.86+£0.0097 mg
GAE/g) among the various extracts of B.
pinnatum, which may explain its anti-
ageing and stress resistance activity.

Moreover, the result indicated that in the B.
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pinnatum leaf extract the total polyphenolic
content was increased in a concentration
dependent manner.

Also, DPPH radical scavenging activity
was found to be increased in a dose
dependent manner. DPPH is a stable free
radical and loses it deep purple colour and
turns to yellow upon reaction with any
oxidising compound. The method validates
the ability of radical scavengers or
hydrogen donors to attenuate free radical
induced oxidative stress. In the present
study, the highest free radical scavenging
activity was observed in the hydromethanol
extract (89.6+0.04%) whereas aqueous
extract (22.1+0.96%) had the lowest free
radical scavenging activity. In accordance
to our study, previous study with the
methanolic fraction of ethyl acetate extract
bortristis  leaf has

DPPH

of  Nyctanthesar
demonstrated 23% scavenging
activity [36]. Moreover, another study on
Nyctanthesar bortristis also showed 27.8%
free radical scavenging activity of its
methanolic extract [37]. Hence, it is evident
that a significantly higher free radical
scavenging activity was obtained in the B.
pinnatum HM extract used in this study.
Consistent with previous study, our results
revealed that B. pinnatum has in vitro
antioxidant activities [38]. Furthermore,

our results also corroborate the previous

investigation which revealed similar trend

of total phenolic content and DPPH activity
in Bacopa monnieri |34].

Our results showed that upon treatment of
C. elegans with various B. pinnatum crude
extracts, the mean lifespan of treated group
was increased as compared to control. This
could be attributed to the rich
phytoconstituent  composition of B.
pinnatum extracts. Similar findings have
also been reported by other researchers
where in the phytomolecules of Oscimum
sanctum and B. monnieri have significantly
enhanced the mean lifespan of the worms
[24, 34]. However, the extent of survival
obtained in our study was significantly
higher than that described by these authors.
Evidence of the in vivo intracellular free
radical scavenging activity of the B.
pinnatum extract in C. elegans was
obtained byusing a non-fluorescent dye
HDCF-DA. Cellular ROS levels can be
measured in live cells by a technique that
converts 2°,7’-dichlorofluorescein diacetate
(DCFDA) which is oxidized to a
fluorescence dye 2’,7’—dichlorofluorescein
(DCF). The fluorescence generated is
directly proportional to the amount of
DCFDA oxidized to DCF. Since the
emission of the fluorescent dye is at
529nm, it can be measured in the FL-1
green channel by fluorescent microscopy.
The non-polar and non-ionic

probe,
H2DCFDA, can easily penetrate the
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cellular membrane and is enzymatically
deacetylated by esterases. This biochemical
reaction turns H2DCFDA into the non-
fluorescent compound H2DCF which is
then rapidly oxidized to highly fluorescent
2',7'-dichlorofluorescein (DCF) in the

H2DCFDA

(nonﬂuolrescenl) cell membrane

esterase e
activity | !
o—t=0 O 0=t

H2DCF TT70]
(nonfluorescent) NN

ROS l | 2
_ DCF

00’ ‘
J

presence of ROS. This non-fluorescent dye
after interaction with intracellular ROS is

converted into a fluorescent compound

2’7’-dichlorofluoresce in (DCF) [39]
(Figure 8).
(no'lﬁ‘ﬂﬁﬁf’cﬁm) C. elegans

emission
DCF (510570 nm)

excitation
4 ‘
i) detection

Figure 8: Mechanism of DCFH-DA stain on C. elegans (Source: Yoon et al., 2018)
A. Production of florescent DCF by intracellular ROS
B. Measurement of intracellular ROS using molecular probe (H2DCFDA) in C. elegans.

Our results indicated that hydromethanolic
extract of B. pinnatum reduce the
intracellular ROS level in C. elegans.
These results demonstrated the in vitro and
in vivo antioxidant potency of B. pinnatum.
Similar results were also reported in a
recent study which has demonstrated
paraquat induced oxidative stress in C.
elegans and its mitigation by phycocyanin
[22].

Hence, present investigation indicates anti-
oxidant, anti-ageing and stress tolerance

efficacy of B. pinnatum using C. elegans.

CONCLUSION

Natural herbs are widely used for various
medication due to their efficacy, safe mode
of action and least side effects. This study
confirms in vitro and in vivo antioxidant
activities of B. pinnatum in C. elegans.
Results of the present study reveal a
hitherto unknown role of B. pinnatum in
prolonging the lifespan and health
condition in C. elegans. Moreover, the
present investigation also indicates that
treatment with B. pinnatum not only
enhances the lifespan but also causes delay
in the ageing mechanism. Our findings

provide quite strong evidence for B.

pinnatum as a potent anti-ageing and stress

IJBPAS, July, 2022, 11(7)

3283



Parmar RK et al

Research Article

tolerance agent. It is also suggested that the
protective and lifespan extending action of
the crude extract is not only due to its
antioxidant capacity but may also be
mediated by modulation of certain related
signalling pathways. In addition, further
research needs to be carried out using
mammalian systems to evaluate potential
efficacy of B. pinnatum as a wonder drug to
enhance lifespan and reduce oxidative
stress.
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