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ABSTRACT

Objective: Management of aging is one of the most actively researched areas in biology. Ayurvedic preparations such as Abhrak Bhasma (AB) have
been used for improving longevity and regenerative therapy as well as in treating various ailments. Modes of action of such Ayurvedic preparations
are poorly understood at molecular level. Current investigation tests the efficacy of AB in modulating various parameters linked to oxidative stress.

Methods: Drosophila melanogaster was used as a model system to test the efficacy of AB in inducing antioxidant machinery. Drosophila flies were fed
on diet supplemented with AB at larval and adult stages. Subsequently, various parameters, catalytic as well as non-catalytic, related to antioxidant
machinery were analyzed.

Results: AB has been found to modulate the activity of superoxide dismutase and catalase enzymes as well as the total reduced glutathione (GSH)
content. Larvae and adults feeding on diet supplemented with AB exhibit significantly lower levels of total GSH content (decrease of about 40-70%
for larvae, while 31-36% for adults) and without any conclusive effect on GSH:oxidized glutathione ratio, free radical scavenging capacity, and extent

of lipid peroxidation. These larvae and adults fed on diet supplemented with AB also exhibited an increase in the level of transcription of cap “n” collar
C, heat shock protein 70, and catalase genes (1.5 fold, except in few cases).

Conclusion: Overall, AB alters various parameters linked to antioxidant machinery in D. melanogaster. The induced components may provide

protection to the organism during stressful conditions.
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INTRODUCTION

According to the free radical theory of aging, the cells age and die due to
the accumulation of non-desirable changes induced by various reactive
free radical species. These free radicals such as reactive oxygen species
(ROS) are constantly generated in cells of aerobes during normal
physiological processes [1,2]. To neutralize these ROS, the organisms
have an inherent antioxidant system having catalytic as well as non-
catalytic components. Studies thus far suggest that a constant battle
exists between free radicals and the antioxidant machinery of an
organism [3,4]. The capacity of an organism to counter the free radicals
decreases with age and the accumulation of these damages caused over
duration consequently leads to ailments and/or death of an organism.

The non-catalytic machinery of the cell/tissue is the first line of chemical
defense against free radicals being generated under normal as well as
pathological conditions. Glutathione system, thioredoxin system, and
vitamins are some of the major non-catalytic components thattargetthe free
radicals in non-specific manner [5-7]. The catalytic antioxidant machinery
mainly involves constitutive and/or induced enzyme systems that target
specific free radicals. Moreover, various intermediate metabolites in the
catalytic pathway have been shown to also act as signaling molecules
for managing the stress [8]. Superoxide dismutase (SOD), catalase, and
peroxidase are some of the key enzymes of this machinery and show
ubiquitous presence in most of the living organisms [9].

Ithas been a constant endeavor of researchers to modulate the oxidative
parameters to delay or counter the effect of oxidative stress and thus
increase the lifespan of an organism [10,11]. The antioxidant capacity of

an organism can be strengthened by employing antioxidant compounds
as dietary supplements. These antioxidant supplements may be natural
or synthetic in origin. Vitamins that are naturally occurring compounds
play a key role in boosting antioxidant capacity, either directly by
participating in free radical scavenging or indirectly by promoting the
action of other regulators in antioxidant machinery [5,6,12]. Vitamins,
in general, have been used for increasing the lifespan in insects [13].
There are, however, contradicting opinions about vitamins such as
ascorbic acid (ASC) or Vitamin C, a type of water-soluble vitamin, for
enhancing the antioxidant capacity and consequently lifespan in insects
[13,14].

Apart from vitamins and other naturally occurring antioxidants,
traditional formulations are also presumed to boost antioxidant
capacity [15,16]. However, a considerable amount of work still needs
to be done at the molecular level, to understand the underlying
mechanism of action. Abhrak Bhasma (AB) is one such preparation that
is produced by repeated incineration of mica with specific medicinal
herbs. It is considered as a type of nanomedicine [17] and is often used
in the treatment of a variety of ailments, particularly those arising due
to oxidative stress [18]. AB is also used as a major component of many
rejuvenating or antiaging formulations [15]. However, the mode of
action of AB, so far, has not been completely understood.

In the present investigation, an attempt has been made to comprehend
the efficacy of AB as a dietary supplement in modulating the oxidative
parameters in Drosophila melanogaster. The effect of ASC, a known
natural antioxidant, has also been studied for comparison.
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METHODS

AB

Sahastraputi AB that undergoes 1000 cycles of incineration or
“puta” was procured from Dhootapapeshwar Ltd., among the leading
manufacturers of Ayurvedic medicines (Batch no: P150300110). The
detailed characterization of AB from this source has been performed
earlier in our laboratory [15,19].

Drosophila husbandry and test

D. melanogaster (Canton-S strain) flies were maintained on cornmeal
agar medium at 26°C under 12 h light/12 h dark cycle. Three different
sets of experiments were performed to test the efficacy of AB and ASC
in modulating oxidative stress parameters at various stages in the life
cycle of Drosophila flies. In the first set, the control flies were allowed
to lay eggs on cornmeal agar medium containing 0% AB, 0.1% AB, 0.5%
AB, and 20 mM ASC for 6-12 h. The larvae subsequently hatching from
these eggs would feed on the respective media. After 5 days of feeding,
the 3" instar larvae were recovered for analysis. In the second set, the
larvae raised on Corn Meal Agar medium were allowed to hatch, and
the 1-day-old flies were transferred into bottles containing Corn Meal
Agar medium with 0% AB, 0.1% AB, 0.5% AB, and 20 mM ASC. After
7 days, the flies were recovered and further analysis was performed. In
the third set of experiment, the control flies were allowed to lay eggs
on cornmeal agar medium containing 0% AB, 0.1% AB, 0.5% AB, and
20 mM ASC for 6-12 h. The larvae subsequently hatching from these
eggs would feed on the respective media, and the adult flies emerging
from each feeding regime were transferred to separate media bottles
containing only Corn Meal Agar (control diet). The flies were recovered
at 1, 10, 20, and 40 days of adult age for further analysis. This third
set of experiment was carried out to trace the effect of feeding larvae
with AB-supplemented diet in the adult stages (adults were not fed on
diet supplemented with AB). For all the subsequent analysis, male and
female flies were taken in equal numbers.

Catalase assay

Catalase assay was performed by monitoring molecular breakdown of
H,0, by catalase at 240 nm under pH 7 as per the method described
by Aebi [20] and Bai et al [21]. The larvae as well as adults (20
each) were homogenized in protein extraction buffer containing
20 mM Tris-acetate buffer (pH 7.8), 0.1% Triton X-100, and 1 mM
phenylmethylsulfonyl fluoride using micropestle homogenizer (Sigma
cat. no: Z359955-1EA). The tissue extract was then added in 0.1 M
phosphate buffer containing 17 mM H,0, and its degradation was
immediately followed at 240 nm on Biotek spectrophotometer (Model
no: EPOCH-Gen5). Protein content in the tissue extract was measured
using Bradford’s protein assay method [22]. One unit of catalase
activity was defined as the enzyme required for decomposing 1.0
pmole of H,0, per minute at pH 7.0 at 25°C and expressed as enzyme
units.

SOD assay

SOD assay was performed by measuring the inhibition of autoxidation
of pyrogallol as described by Marklund and Marklund [23] with
slight modifications. The method involves blocking of autoxidation
of pyrogallol by SOD. The inhibition of oxidation of pyrogallol was
followed at 420 nm on a Biotek spectrophotometer (Model no: EPOCH-
Genb5). One unit of SOD activity was defined as the amount of enzyme
that reduces the pyrogallol autoxidation by 50% at pH 8.5 at 25°C and
expressed as enzyme units.
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Glutathione content (total reduced glutathione [GSH] and
GSH:GSSG ratio)

The amount of GSH and its oxidized form GSSG were measured using
the enzymatic recycling method as described by Rahman et al. [24]. The
larvae or adults (20 each) were homogenized in glutathione extraction
buffer containing 0.1 M phosphate buffer with 5 mM EDTA (pH 7.5),
6 mg/ml sulfosalicylic acid, and 0.1% Triton X-100. Oxidation of GSH
was carried out with 5,5-dithio-bis-(2-nitrobenzoic acid) (DTNB) to
form a yellow derivative, 5-thio-2-nitro-benzoic acid (TNB), measurable
at 412 nm. The GSSG thus formed is recycled through the activity of
glutathione reductase enzyme in the presence of nicotinamide adenine
dinucleotide phosphate. The rate of the formation of TNB in comparison
to standards was correlated to find the concentration of the GSH and
GSSG in samples. The free GSH was derivatized with 2-vinylpyridine for
accurate measurement of GSSG. The excess of 2-vinylpyridine was later
neutralized with triethanolamine.

2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging capacity

The free radical scavenging capacity of the tissue extract was measured
using DPPH free radical scavenging assay described by Brand-Williams
etal. [25]. Larvae as well as adults (25 each) were homogenized in 0.154
M KCl using micropestle homogenizer, and the whole body extract was
used for the assay. The varying volumes (20 pl, 40 pl, and 100 ul) of
tissue extract were used for DPPH scavenging and measured at 517 nm
on BioTek Spectrophotometer. The amount of tissue required (in terms
of mg of protein) for scavenging DPPH by 50% was then calculated
from the results obtained. Higher the amount of protein required for
scavenging 50% of the DPPH free radicals, lower would be the overall
free radical scavenging capacity of the tissue/body.

Lipid peroxidation

Lipid peroxidation was measured by thiobarbituric acid reactive
substances (TBARS) assay method [26,27]. The whole body extracts of
larvae/adults (25 each) were homogenized in KCl and were made to
react with thiobarbituric acid (TBA) reagent (containing 0.037 g TBA,
15% trichloroaceticacid, and 0.24N HCl per 10 ml). A reaction mixture of
samples as well as different concentration of standard malondialdehyde
(MDA) was boiled for 15 min, and the optical density of colored
product was measured at 532 nm on BioTek spectrophotometer. The
concentration of MDA in the samples was estimated using the standard
MDA plot.

Reverse Transcriptase Polymerase Chain Reaction (RT PCR) and
Real-time quantitative PCR (RT-qPCR)

The total cellular RNA was extracted using TRIZOL method as per
manufacturer’s instruction (Merck), and subsequently, the cDNA was
prepared using SD-prodigy cDNA synthesis kit (SD Fine-chemicals
Ltd.). Primers for actin, cap “n” collar C (cncC), heat shock protein 70
(hsp70), and catalase were designed using the NCBI primer design tool
(Table 1).

Amplification of these genes was carried out with the help of PCR using
the reaction setting: 94°C for 2 min, repeated cycles of 25 cycles: Each
of 94°C for 30 s, 62°C for 30 s, and 72°C for 30 s with a final extension
at 72°C for 5 min. The products thus obtained were then run on 2%
agarose gel. The gel was observed under UV transilluminator, and
the images were captured in Uvitec system. The semi-quantitative
estimation (RT-PCR) of changes in gene expression was carried out on
the captured gel images using “Image]” software. Following this, RT-
qPCR was carried out using SYBR based EVAGREEN (Biorad) on CFX96

Table 1: Genes and primers

Gene Product size Forward Reverse

Actin 469 bp CGGCTCGGACAGTGATAGAC CCGGTACCAAGTATCCTCGC

cncC 147 bp AGCGCTAGGCTAAAGCAACA GACAGTTAACGGGACGCTCT
hsp 70 188 bp TTGACAACCGGCTAGTCACT GGTGTAGAAGTCTTGGCCCT
Catalase 366 bp GAACTGCCCGTACAAGGTGA GTCAGCATGCGACCGAAATC

w. n

cncC: Cap “n” collar C, hsp70: Heat shock protein 70
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Real-Time System (Biorad). The cT values were analyzed for fold change
in expression of genes using actin as an internal control. Data from both
the experiments were compiled, and any mismatch data were repeated
for RT-qPCR to obtain accurate results (Triplicates of RT-qPCR were not
performed due to the paucity of funds).

Statistical analysis

Unless specified, all of the experiments were performed in a minimum
of three replicates. Statistical significance between any two mean values
was analyzed using Student’s t-test. For comparing more than two
means, analysis of variance (ANOVA) test was performed. ANOVA was
immediately followed by Tukey’s honest significant difference (HSD)
post hoc analysis. Wherever ANOVA showed a significant difference,
but Tukey’s HSD did not reflect any difference between the groups,
Bonferroni and Holm multiple comparison method was applied.
Throughout the manuscript, * and ** represent Holms inferences
p<0.05 and p<0.01, respectively, while # and ## represent Tukey HSD
inference p<0.05 and p<0.01, respectively.

RESULTS

Larvae versus adults
Effect of AB on catalytic components

SOD and catalase enzymes are key components of the catalytic
antioxidant system. The activity levels of these enzymes were analyzed
after feeding the larvae and adults on media containing two different
concentrations of AB. The efficacy of AB in modulating activity of these
enzymes was compared with ASC, a standard antioxidant.

The larvae and adults of Drosophila fed on media containing 0.1% and
0.5% AB exhibited a decrease in SOD activity (ANOVA p value: 0.0296
and 0.0036, respectively). Feeding of adults on 0.1% AB led to about
38% decrease in SOD activity (Holm inference: p<0.01). Whereas,
feeding the flies on media containing 0.5% AB resulted in a decrease
in SOD activity by about 26% (Holm inference: p<0.05) as compared
to the adult flies fed on control media. The decrease in SOD activity of
adults fed on 0.1% AB was also 40% lower than the adults fed on ASC-
supplemented food (Tukey HSD inference: <0.05) (Fig. 1a). The activity
of the SOD enzyme in larvae fed on AB-supplemented diet was not
statistically different as compared to the control larvae, but it showed a
tendency to decrease due to the feeding of AB.

The larvae fed on 0.1% and 0.5% AB did not show any significant
differences in the catalase activity compared to larvae fed on control
diet as well as food supplemented with ASC (ANOVA p value: 0.15675).
Whereas, the adults fed on AB resulted in lowering of the catalase
activity in comparison to the flies fed on control media (Fig. 1b).
A similar decrease in catalase activity was also observed in comparison
to the adults fed on a diet supplemented with ASC (ANOVA p value:
0.000168). Feeding the adult flies on ASC-supplemented diet did not
alter the catalase activity. However, feeding of flies, at the adult stage,
on AB-supplemented diet led to a decrease in catalase activity by about
23% in 0.1% AB (Tukey HSD inference: <0.01) and 20% in 0.5% AB
(Tukey HSD inference: <0.05) feeding regime. The mean catalase
activity of flies fed on media containing AB was also significantly lower
in comparison to the flies fed on media supplemented with ASC (Tukey
HSD inference: <0.01 for 0.1% as well as 0.5% AB).

Modulation of non-catalytic components

The general capacity of D. melanogaster to scavenge free radicals was
analyzed by measuring the capacity of the whole body extract to scavenge
DPPH free radical. Feeding of AB in larval and adult stages resulted in
increased amounts of protein required for scavenging DPPH free radicals
by about 50% (Fig. 2). However, this increase was statistically significant
only in the larvae fed on AB (ANOVA p value: 0.000874). Feeding of
0.1% AB to larvae led to a decrease in the overall free radical scavenging
capacity (Tukey HSD inference: <0.05). This decrease in free radical
scavenging capacity was also found to be significantly lower than in the
larvae fed on a diet supplemented with ASC (Tukey HSD inference: <0.01).
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Feeding of AB at larvae, as well as adult stages, resulted in a decrease in
the total GSH content (ANOVA p value: 6.59*1077 for larvae, 0.0010 for
adult). The total GSH content of flies (larvae/adult) from the AB feeding
regime was also significantly lower than the flies (larvae/adults)
from ASC feeding regime, respectively (Tukey HSD inference: p<0.01
for all comparisons) (Fig. 3a). Between the flies from two different
concentrations of AB (0.1% and 0.5%), no significant differences in the
total GSH content of whole body extracts were found. However, larvae
fed on 0.1% and 0.5% AB-supplemented diet showed an apparent
difference in total GSH content. Feeding of AB at the larval stage
exhibited a decrease of about 40% (for 01% AB) and of 69% (for 0.5%
AB) in total GSH content in comparison to the larvae fed on control
media (Holm inference: p<0.01 for both concentrations). The decrease
in the total GSH content of the larvae fed on 0.1% as well as 0.5% AB
was also significantly different to those larvae fed on ASC-supplemented
media (Tukey HSD inference: p<0.01 for both).

GSH: GSSG ratio is another key parameter used as an indicator of
oxidative stress. Feeding the larvae as well as adults of D. melanogaster
on diet supplemented with AB, especially at 0.1% concentration,
showed a tendency to increase in GSH:GSSG ratio. However, this
increase was found to be statistically insignificant (overall ANOVA
p=0.207 for larvae, while 0.1353 for adults). A similar, statistically
insignificant increase was also recorded for larvae and adults fed on
ASC-supplemented media (Fig. 3b).

Effect on lipid peroxidation

The extent of lipid peroxidation was measured as MDA content (TBARS),
one of the major products of lipid peroxidation, in tissue/organism. The
MDA content in organism increases with age due to the continuous
accumulation of reactive oxygen and nitrogen species. Our findings
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Fig. 1: Effect on catalytic components of larvae and adults. (a).
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were also in accordance with this analogy. However, feeding of larvae as
well as adults on the diet spiked with AB did not cause any significant
change in MDA content as compared to the organisms (larvae/adult) fed
on the control diet (fig 4). Similarly, feeding of larvae as well as adults
on a diet supplemented with ASC did not bring about any significant
alteration in the extent of lipid peroxidation (overall ANOVA p value:
0.230688 for larvae groups and 0.20947 for adult groups).

Transcriptional changes

Feeding oflarvae on AB-supplemented media, in general, led to lowering
of the level of expression of cncC, hsp70 as well as catalase genes as
compared to the expression of these genes in the larvae fed on control
media (Fig. 5a). However, the larvae fed on 0.5% AB feeding regime
showed an apparent 1.5-fold increase in the level of catalase gene
expression. Contrastingly, feeding the larvae on ASC-supplemented
media exhibited >1.5-fold increase in the expression of cncC, hsp70,
and catalase genes.

Feeding of adults on AB as well as ASC-supplemented diet, on the other
hand, resulted in overexpression of cncC, hsp70, and catalase genes
by 21.5-fold in comparison to the flies from control media (Fig. 5b).
Interestingly, feeding the adults on a diet supplemented with 0.1% AB
led to an increase by 3-fold in the level of expression of all these genes.
This increase is also greater than the level of expression observed in
flies from ASC and 0.5% AB feeding regimes.

Effect of larval feeding on adult life

The larvae fed on media containing 0%, 0.1%, and 0.5% AB and 20 mM
ASC were subsequently allowed to develop into adults. Throughout all
their adult life, these flies were maintained on control media without
any supplements. All oxidative parameters were followed at the age of
1,10, 20, and 40 days.

The activity of the SOD enzyme was found to increase with age in adult
flies from control as well as other feeding regimes (Overall ANOVA p
value: 1.5x107°). Feeding larvae on AB-supplemented diet resulted in
a decrease in SOD activity all through the adult life (Fig. 6a). However,
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Fig. 3: Effect on non-catalytic components. (a) total reduced
glutathione (GSH) content (measured as nM/mg of protein).
(b) GSH:GSSG ratio ** represents Holms inferences of p<0.01
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Fig. 4: Effect on lipid peroxidation. The extent of lipid
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in the tissue/organism. Higher MDA content is indicative of
increase in lipid peroxidation
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this decrease was only statistically significant in the 10-day-old flies
(ANOVA p value: 0.000341, Tukey HSD inference: <0.01 for 0.1% as
well as 0.5%AB). Similarly, at 10 days age, the adults that emerged from
larvae fed on ASC-supplemented media and also registered a decrease
in SOD activity as compared to the activity noticed in control flies
(Tukey HSD inference: <0.05).

In contrast to SOD, the activity of catalase enzyme was found to
decrease with age, irrespective of the feeding regime (overall ANOVA:
6.36x107"7). In all age groups, the activity of catalase enzyme in flies
from ASC and AB feeding regimes remained lower as compared to that
recorded in control flies (Fig. 6b). However, no statistically significant
difference was observed in the level of catalase activity in 1-day and
20-day-old adults from different feeding regimes (ANOVA p values:
0.097394 and 0.138468, respectively). The adults from 10 days of
age group under AB and ASC feeding regimes showed a significant
decrease in catalase activity in comparison to control flies (ANOVA p
value: 0.000189, Tukey HSD inference: <0.01, <0.01, and <0.05 for
0.1% AB, 0.5% AB, and ASC, respectively). Whereas from the 40 days
old age group, only the adults from 0.5% AB feeding regime exhibited a
significant decrease in the catalase activity compared to that in control
flies (overall ANOVA p value: 0.000103 and Tukey HSD inference:
<0.01). This decrease in catalase activity in adults from 0.5% AB feeding
regime was also significantly lower than that observed in flies from
0.1% AB as well as ASC feeding regime (Tukey HSD inference: <0.01
and <0.01, respectively).

The free radical scavenging capacity of the whole body extract of the
flies, measured in terms of mg of protein required to scavenge 50%
of the DPPH radicals, did not differ significantly with age (Fig. 7a).
Within the different age groups, no significant difference in free radical
scavenging capacity was observed, irrespective of the feeding regime
with which it is compared (overall ANOVA p value: 0.13306).

The extent of lipid peroxidation, measured in terms of MDA content,
increased with age (overall ANOVA p value: 4.39x107%%). The whole body
extracts of younger flies (1 day and 10 days) within specific age groups
showed comparable MDA contents, irrespective of the feeding regime
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with which it is compared (ANOVA p value: 0.7211 and 0.53457 for day
1 and 10 days, respectively). While, in relatively older flies from 20 days
and 40 days of age groups, flies from the AB feeding regime (particularly
0.1% AB) exhibited lower MDA content compared to flies from control
as well as ASC feeding regimes (ANOVA p value: 0.031935 and 3.8x107%,
respectively). However, among the flies of 40 days of age group, the
total MDA content increased significantly in the flies from 0.5% AB as
well as ASC feeding regimes as compared to the flies of control feeding
regime (Tukey HSD inference: <0.01 and <0.05, respectively). The MDA
content of these flies was also significantly higher than in the flies from
0.1% AB feeding regime (Tukey HSD inference: <0.01 for both the
groups) (Fig. 7b).

The total GSH content in flies from all the feeding regimes was relatively
high on their 1% day of emergence as adults (Fig. 8a). The total GSH
content dropped to half, by the time, these flies had reached 10 days
of adult age (overall ANOVA p value: 1.98x107'") and remained nearly
constant till the maximum lifespan studied (40 days). The total GSH
content of the flies from AB as well as the ASC feeding regime was
found to be lower in comparison to that in control flies (ANOVA p
value: 0.39155, 0.004709, and 0.002459 for 1 day, 10 days, and 20 days,
respectively). This pattern remained constant till the flies attained
the 20 days of adult age. In the 40 days of age group, the control flies
exhibited lower GSH content in comparison to the GSH content in
the flies from other feeding regimes. However, the slight differences
observed in the total GSH content of flies, within 1 day and 40 days of
age groups, were found to be statistically insignificant (ANOVA p value:
0.64606 for 40-day-old flies). Within the group, at all ages, the flies from
AB and ASC feeding regimes did not show any statistically significant
difference in the total GSH content among each other.

Similar to the pattern of results obtained for total GSH content,
GSH:GSSG ratio also decreased with age in the adult flies (overall
ANOVA p value: 7.7x107'%). During the aging from 1 to 10 days, the
GSH:GSSG ratio decreased almost by half (Fig. 8b). The differences in
GSH:GSSG ratio within various feeding regimes at 1, 10, and 40 days
were, however, statistically insignificant (ANOVA p value: 0.15015,
0.2501, and 0.38851, respectively). At 20 days of age, however, the
GSH: GSSG ratio was significantly higher in flies from 0.1% as well as
0.5% AB feeding regime in comparison to flies from control feeding
regime (ANOVA p value: 0.0334).

Effect on the level of transcription

The cncC, hsp70, and catalase genes are known to be regulators in various
stress conditions. Feeding of AB at the larvae stage resulted in altered
expression of cncC, hsp 70, and catalase genes even at the different adult
ages (Figs. 9 and 10). Except at the age of 10 days, the flies from the AB
feeding regimes showed nearly 2-fold increase in the expression of cncC
gene in flies of all age groups, as compared to the expression in control
flies. The flies from ASC feeding regime, on the other hand, exhibited an
increase in transcription of cncC gene at 1 day of adult age in comparison
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Fig. 7: Larval feeding effect on adult life: (a) Free radical

scavenging capacity. It was measured as the amount of protein
required (represents the amount of tissue used) for scavenging

2,2-diphenyl-1-picrylhydrazyl free radical by 50% in vitro.

(b) Lipid peroxidation. The extent of lipid peroxidation was
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to the control flies. However, for other groups, expression of the cncC
remained constant or marginally underexpressed.

The level of expression in the hsp70 gene showed variation with age
and also with the type of food regime. In general, the flies from AB
feeding regime showed higher levels of hsp70 gene expression (>1.5
fold) in most of the age groups. However, at 10 days of age, the level of
expression of hsp70 gene remained similar to that encountered in the
control flies.

The flies from ASC feeding regime, on the other hand, exhibited about
1.5-fold increase in the expression of hsp70 gene during 1 and 20 days of
age in comparison to the expression noticed in control flies. At 10 days
of age, the expression of hsp70 gene remained slightly lower than the
expression in control flies, while at 40 days of age, it was equivalent to
that found in control flies.

The level of expression of catalase gene in the flies from AB feeding
regime remained 21.5-fold higher than in control flies during the age
of 1, 20, and 40 days. However, at the age of 10 days, expression level of
catalase gene was similar in flies from control and AB feeding regimes.

On the contrary, the flies from ASC feeding regime exhibited the
expression of catalase gene identical to that in the control flies. In 1-day-
old flies, though, the level of expression of catalase gene was nearly half
as compared to that in control flies.

In general, the flies from AB feeding regime maintained a higher level
of expression of cncC, hsp70, and catalase genes in comparison to the
level of expression in the flies from ASC feeding regime; at nearly all age
groups studied.

DISCUSSION

The results obtained in the present investigation indicate that AB,

when given as a dietary supplement to Drosophila flies, modulates

various parameters related to oxidative stress. For many, if not all, the

parameters studied, the effect of AB has been found comparable to that

produced by diet with ASC, a known antioxidant supplement. Some of

the key findings from the study can be summarized as follows:

1. FeedingofABasa dietary supplementatthelarval or adult stagesleads
to decrease in the activity of catalase and SOD enzymes. The larvae fed
on AB-supplemented diet when allowed to grow into adults receiving a
diet without AB supplement also exhibit the lower activity of catalase
and SOD enzymes. These enzymes play a key role in the management of
oxidative stress, and a decrease in activity of these enzymes may have
negative consequences on organism’s life expectancy and physiology.
Consumption of AB was not found to have any adverse effects on the
physiology of Drosophila [17]. Thus, AB plays a role in managing free
radicals and compensates for the activity of catalase and SOD enzymes.
However, Mitra et al. have shown that Swarna Bhasma, a type of
bhasma made with gold, administered to mice results into increase
in the activity of catalase as well as SOD enzymes [28].

2. The total GSH content decreases in the larvae and adults fed on diet
supplemented with AB. The larvae fed on diet supplemented with AB
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Fig. 8: Effect of larval feeding of test compound on non-catalytic
components observed in adult life. (a) Total reduced glutathione
(GSH) content. (b) GSH: GSSG ratio. # and ## represent Tukey
honest significant difference inference p<0.05 and p<0.01,
respectively
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Fig. 9: Effect of feeding test compounds at larval stage on
transcription level of stress-induced genes in various stages of
adult life (quantified using real-time polymerase chain reaction)

when allowed to develop into adults maintained on normal dietalso
show a decrease in total GSH content as compared to control flies,
throughout the span of 40 days. It has been reported thatincrease in
GSH content leads to a proportionate increase in antioxidant capacity
of an organism [29-31]. In the current study, it has been noticed that
even with low concentration of GSH, the intrinsic GSH:GSSG ratio
remains unaltered in flies from AB-supplemented regimes. In an
earlier study [19], we have established that certain component/s of
AB undergo chemical modifications in digestive tract. This implies
that some constituent/s of AB directly, or after modification in GI
tract, is/are behaving in a way similar to that of GSH. Alternatively,
components of AB or their modified moieties are influencing the
metabolism of Drosophila such that the capacity to relieve oxidative
stress is boosted.

The dietary supplement of AB does not induce any change in the
overall free radical scavenging capacity as well as GSH:GSSG ratio.
This indicates that supplementing Drosophila diet with AB does not
have any adverse effect on the overall capacity of the flies to neutralize
free radicals. AB, by itself, does not have any DPPH free radical
scavenging activity in vitro (data not shown). The alterations in the
DPPH scavenging potential of the tissue, therefore, can be attributed
to various parameters induced by AB. ASC, on the contrary, exhibits a
strong DPPH scavenging capacity on its own [32]. Thus, some increase
in the capacity to scavenge DPPH-free radicals noticed in the flies from
ASC feeding regime may be assigned to the traces of ASC that remains
in the gut unabsorbed and/or not metabolized by the organism.
The lipid peroxidation (measured as MDA level), on the other hand, is
the result of accumulating free radicals and is an important indicator
of aging. Feeding of AB, at larval as well as adult stage, does not alter
the levels of lipid peroxidation. With age, the MDA levels increase
as expected and some variations have been observed among the
different feeding regimes at early life stages. Although there has
been a tendency toward a decrease in lipid peroxidation during some
developmental stages, no statistically distinct decrease in the lipid
peroxidation has been seen due to feeding on AB. It also suggests that
feeding on both ASC and AB does not have any negative influence on
the lifespan of Drosophila flies.

Transcription levels of cncC, hsp70, and catalase genes in larvae fed
on diet supplemented with AB remains similar to control larvae.
However, adults raised from the larvae fed on diet supplemented with
AB, during older ages, show a prominent increase in the transcription
of these genes. In comparison to control, the adult flies fed on diet
supplemented with AB have exhibited a higher expression of cncC,
hsp70, and catalase genes, while the expression of these genes in
flies from AB-supplemented regimes has been almost identical to the
flies from ASC feeding regime. The cncC helps in the management
of oxidative stress by regulating xenobiotic metabolizing enzymes,
antioxidants, molecular chaperones, DNA repair enzymes, and anti-
inflammatory response proteins [33]. ASC has been shown to activate
cncC (Nrf2)-mediated signaling system [34,35] and thus protects
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Fig. 10: Effect of feeding test compounds at larval stage on
transcription level of stress-induced genes in various stages of
adult life (as observed in qualitative real-time polymerase chain
reaction)

the organism from harmful effects of oxidative stress. Similarly, the
high cncC expression in AB flies may result in better preparedness
for countering the oxidative stress. Similar to cncC, expression of
hsp70 gene is also highly regulated during various cellular stresses
including oxidative stress [36]. Induction of hsp70 gene expression
results in an increase in survival of the organisms due to its protective
role as molecular chaperone.

The adults raised from larvae fed on AB and ASC-supplemented diet
also show a comparable pattern of expression in the catalase gene.
Availability of excessive ASC has been linked with an increase in the
hydrogen peroxide formation that may consequently result in cell
death [37]. This explains a slight increase in catalase activity as well
as increased expression of catalase gene in Drosophila larvae from the
ASC feeding regime. However, the adults raised from these larvae show
a decrease in catalase activity compared to the control flies at different
age points. The larvae that are voracious feeders are likely to be exposed
to a greater amount of ASC as compared to the adults; therefore, changes
in the catalase activity are bound to be lesser in adults feeding on ASC in
comparison to larvae fed on ASC-supplemented food.

Thus, it is evident that AB influences various parameters linked to an
antioxidant system of D. melanogaster. Earlier [17], we have shown that
feeding on AB improves various physical and behavioral parameters
of D. melanogaster. The findings in the present investigation, especially
at the transcriptional level, strongly supports our earlier propositions.
In addition, AB also seems to induce preadaptation or hormesis-like
condition in Drosophila flies. In comparison to the larvae fed on AB, there
has been an increase in the expression of cncC, hsp70, and catalase genes
during the adult life of larvae fed on AB, even though these adults have
not been given AB supplementation. The lower catalase activity even after
increase in transcription of catalase gene can be explained by the fact that
transcription and translation can occur at different space and time [38].

We ascribe the variations observed in the effect of AB and ASC at larval
and adult stages to the differences in the quantity of food consumed.
Larvae mainly engulf solid food materials in much larger quantity
while adults absorb liquid diet (with or without the test compounds),
by suction from the surface of the solid matrix, in relatively small
quantity. Therefore, the exposure to the amount of test compounds in
the larvae is much higher than in adults. The study strongly supports
modulation of various antioxidant parameters due to the feeding of AB.
This property is possibly being explored as antiaging formulations and
also in the treatment of different diseases.

However, the component/s of AB that might be playing a key role
in the entire process has not been recognized. The preparation of
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AB or any other traditional formulations faces a serious drawback
of complicated procedures for synthesis that may lead to variations
in the results. There are no reports on any insect model systems
including Drosophila that addresses the mode of action of AB,
especially with reference to oxidative stress. Although similar studies
have been carried out by Dwivedi et al. in D. melanogaster using Rasa
sindoor a type of Bhasma [39], it has been reported that it affects
the life history and other physiological traits of D. melanogaster in a
positive manner.

CONCLUSION

Overall, it is evident that supplementation of AB induces some of the
parameters related to management of oxidative stress, especially at
transcriptional level. It has also been seen that activity or concentration
of few catalytic and non-catalytic components decreases due to the
feeding of diet supplemented with AB. This, however, does not have any
adverse effect on overall free radical scavenging capacity of the organism.
Therefore, constituents of AB seem to compensate for decreased activity/
concentration of these components. However, the present investigation
should be considered as a preliminary work in this area, and more
intense studies are needed before reaching to a definitive conclusion. The
future studies may be targeted to enlighten the mode of action of AB, its
active ingredients, and efficacy at cellular and molecular levels.
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