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Abstract

Background: Cancer is still a complicated and difficult condition with serious consequences for the general
population. Currently, it poses a major risk to the global health. There are numerous risk factors associated with
cancer. They include tobacco, obesity, excessive consumption of packed foods, lack of physical activity, alcohol
consumption, etc. Continued prevention, research & early detection are required to improve outcomes for cancer
patients. Anticancer medications have been associated with cardiotoxicity, compromising individuals' heart function.
Early detection of cardiotoxicity is essential for avoiding irreparable heart damage. Cardio-oncology has arisen as a
distinct area of study and therapeutic practice in recent years. Several aspects of drug-induced cardiotoxicity remain
unknown. Such toxicities are considered as garavisha in Ayurveda. They can be treated by using Agada principles.
Insect bites can lead to cardiac symptoms, according to both ancient and modern science. Acharya Vagbhata has
mentioned hrudpeeda as one of the lakshana of Vataja Vrischika damsha. Dashanga Agada (DA) is the formulation
mentioned in context of Keeta visha. As it is the formulation of choice in insect bites exhibiting cardiac symptoms, it
is studied in present research to reduce the cardiotoxicity induced by doxorubicin (Dox). The study was carried out
on H9C2 mice cardiomyoblasts. Materials and Methods: Hydroalcoholic extract of Ayurvedic formulation Dashanga
agada was prepared. H9C2 mice cardiomyoblasts were used to study trial drug Dashanga Agada on cardiotoxicity
induced by a chemotherapy drug named Doxorubicin. MTT assay, DAPI nuclear staining, DCFH-DA assay for
intracellular ROS generation & SOD assay were the four parameters studied on H9C2 cell line. 4 groups were taken
for the study. Dashanga agada was studied at different concentrations & different time intervals on the above
mentioned parameters. Results: ICso values of DA & Dox for 24hrs were calculated to be 357.15 & 5.48 pg/ml
respectively. Dashanga agada was effective in increasing cell viability, improving the nuclear morphology &
antioxidant activity when compared to Doxorubicin treated group. Conclusion: Dashanga Agada has cardioprotective
effect. Within parallel & pre-treatment groups, parallel treatment gave better results.
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Introduction Scientific databases that were available online
were screened between the years 2015 to 2021 for
assessing the incidence of cardiotoxicity caused by
chemotherapy. One of the most widely used
chemotherapy drugs was anthracycline when
scrutinized in 66.7% of the research studies. 8.3% cases
suffered from cardiac symptoms after undergoing
chemotherapy (4). Anthracyclines harm the heart in a
cumulative, dose-dependent manner that results in death
& destruction of cardiomyocyte, which causes heart
failure & LV dysfunction(5). Doxorubicin (Dox), the
standard drug of our study also belongs to
Anthracycline type of chemotherapeutic agents. Dox is
indicated in carcinoma of breast, ovary, thyroid,
leukemia, lymphoma etc. Its usage may be restricted
due to its primary side effect, cardiotoxicity. Once
diagnosed, doxorubicin cardiomyopathy has a bad
prognosis & is potentially fatal (6). It is not entirely
clear what exactly causes anthracycline cardiotoxicity.
The most widely accepted explanation is the oxidative
stress-based theory, which involves intramyocardial

One of the most concerned diseases of 20th
century, cancer, continues to grow and it
has become more common in the 21st. In 2020, India
reported an estimated 1.39 million cases of cancer
which rose to 1.42 million and 1.46 million in the years
2021 and 2022, respectively. It is regarded as a threat to
modernity and the sophisticated socio-cultural pattern
that is ruled by Western medicine. (1) Cancer is a type
of disease that exhibits abnormal growth & proliferation
of abnormal cells, which can lead to death unless it is
treated. (2) Lung, breast, rectum, prostate and
colon cancers are the most prevalent. (3)
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generation of ROS (7). Better ways to detect and handle
anthracycline-induced cardiotoxicity is becoming
increasingly clear, but there are still problems like
neutropenia, does-dependent cardiotoxicity.

Plants are naturally occurring antioxidants hence
they can be used for reducing cardiotoxicity. They
contain phytochemicals like flavonoids, carotenoids &
phenols which can scavenge free radicals like lipid
peroxide & superoxides.(8) Agadas are formulations
which accelerate the detoxification of organs and organ
systems. The study drug, Dashanga agada (DA) is a
mixture of ten drugs, nine of which are herbal & one
mineral. It is most often prescribed formulation in Keeta
Visha i.e insect bite. (8)

The purpose of present research was to explore
Dashanga Agada in Doxorubicin mediated
cardiotoxicity when used in distinct treatment settings
i.e., pre-treatment and parallel treatment. Many herbal
drugs like vacha, vidanga, shunti have been studied
individually in Dox induced Cardiotoxicity and
encouraging results were obtained. We conducted a
time-related comparative study of Dashanga Agada
for better understanding of the manner of action in
cardiotoxicity induced by Dox.

Table 1: The ingredients of Dashanga Agada are
given below-(9)

Skno Dravya Scientific Family Part
name used
Vacha Acorus Kanda
1 ) calamus Araceae (Rhizo
Linn. me)
Niryas
Hinou Ferula a
2 & narthex Umbelliferae ~ (Gum
(10) .
Boiss. my
resin)
Vidanga Emﬁelza . Phala
3 (11) ribes Myrsinaceae (Fruit)
Burm.
Saindava
4 (12) Rock salt - e
Gaja- = 10gm of Scindapsus Phala
5 pippali each officinalis Araceae (Fruit)
(13)  ingredient  Schott
was taken Cvel
Patha yetea . Mula
6 (14) peltata  Menispermaceae (Root)
Hook.
tivisha Aconitum Kanda
7 (15) heterophyl Ranunculaceae (Rhizo
um Wall. me)
. Zingiber Kanda
8 Shunti officinale Scitaminae  (Rhizo
(16)
Rosc. me)
9 Maricha ni)g;zi:n Piperaceae Phala
(17) Linn. (Fruit)
. . Piper
Pippali . Phala
10 (18) lﬁiﬁm Piperaceae (Fruit
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Materials and Methods

Ingredients of Dashanga agada were procured,
authenticated and prepared according to classical
reference in KLE’s Ayurveda pharmacy (Mfg.Lic.No:
AUS/37), Khasbag, Belagavi, Karnataka, India.

Dulbecco’s Modified Eagle Media (DMEM) with
low glucose, Antibiotic — Antimycotic (100X) solution,
and Fetal bovine serum (FBS) were purchased from
Gibco; Thermo Fisher Scientific, MA, USA. MTT (3-
(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium
bromide) and DAPI (4',6-diamidino-2-phenylindole)
were purchased from HiMedia Laboratories, India.
Dimethyl sulfoxide (DMSO) and paraformaldehyde
were procured from Qualigens, Mumbai, India.

Method

Preparatlon of Dashanga Agada
All the above-mentioned ingredients of Dashanga
Agada were taken individually and fine powder (120
mesh) was made.

- Shodhana of hingu was done by frying it in
ghrita(ghee).

- Fine powders of individual drugs were weighed and
taken in equal quantities.

- All the 10 ingredients were mixed thoroughly and a
homogeneous mixture was formed.

- For 10 mins, Dashanga Agada was exposed to UV
light to prevent microbial growth.

- 100 gms packets of Dashanga Agada were packed
and stored in an airtight container.

Preparation of Hydroalcoholic extract of Dashanga
Agada

Dashanga agada was prepared by mixing fine
powders (120 mesh) of above mentioned ingredients in
equal quantity. 5gms of DA was added to a flask
containing 80ml distilled water and 20ml ethanol. After
shaking the solution on a flask shaker for 6hrs, it was
kept undisturbed for following 8hrs.The obtained
filtrate was kept on water bath and extract was collected
for further study.

Maintenance & treatment of HIC2 cell line (19)
H9C2 mice cardiomyoblasts were obtained from
National Centre for Cell Science, Pune, India. After
receiving the cell lines, they were kept for overnight
incubation to check for their toxicity in Maratha
Mandal’s N.G.H. Institute of Dental Sciences &
Research Centre, Belagavi, Karnataka, India. Once it
was confirmed that the cells were non-toxic, some cells
were stored for performing further assays. Remaining
cells were used to carry out MTT Assay. 4 groups were
formed in the experiment.
1. H9C2 normal cells (Control)
2. Cells treated with doxorubicin subjected to stress
induction for a period of 24 hours.
3. 24hrs of pretreatment of cells with Dashanga
Agada followed by Doxorubicin treatment (Pre).
4. Dashanga Agada and doxorubicin treatment at
the same time (Parallel).
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Analysis of Dashanga Agada

Analysis and Authentication - Quality analysis and
authentication of raw drugs & Dashanga Agada was
done according to API standards in AYUSH approved
Drug Testing Laboratory for ASU Drugs at KAHER’s
Shri. B.M.K Ayurveda Mahavidyalaya, Belagavi (Batch
No0.30352, Expiry Date- May 2024)

Organoleptic characters — Below characters were
recorded by using sensory organs.
Table 2: Organoleptic Properties

Sr. No Organoleptic test Results
1 Part Fine Powder
2 Color Brown
3 Taste Pungent
4 Odour Characteristic

Table 3: Physicochemical Analysis

Sr. No Physicochemical standards Results
1 Loss on drying 4.095%
2 Ash Value 13.760%
3 Acid Insoluble ash 0.943%
4 Water soluble extractive 34.237%
5 Alcohol soluble extractive 23.552%
6 pH 4.52%

Table 4: Values based on reference article — (19)

Sr. No Parameters Results
1 Loss on Drying at 110°C (% w/w) 10.57
2 Total Ash (% w/w) 8
3 Acid Insoluble Ash (% w/w) 2.45
4 Water Soluble Extractive (Y%ow/w) 23.85
5 Alcohol Soluble Extractive (%w/w) 15.87
6 pH at 5% aqueous solution (% w/v) 4.58

Phytochemical Analysis — Water Extract

The water extract of Dashanga agada was
positive for phytochemicals carbohydrates, reducing
sugars, saponins, flavonoids, alkaloids and tannins.

Phytochemical Analysis — Alcohol Extract

The alcohol extract of Dashanga agada was
positive for phytochemicals carbohydrates, reducing
sugars, steroids, cardiac glycosides, alkaloids and
tannins.

Test for specified microorganisms
All the microorganisms tested i.e. E coli, S

aureus, P aeruginosa and S abony were absent.

Tabel 5: Microbial limit test

Sr. No Limits Results
1 Total Bacterial count 30-300 cfu/ml 16 cfu/ml
2 Total Fungal count = 10-100 cfu/ml = 04 cfu/ml
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Table 6: Thin Layer Chromatography of Dashanga Agada

Extract Solvent Rf values
Short
. , wave-0.26,0.3,0.33,0.36,0.46,0.
S%é)nﬁ ?Cl;‘g;::%gl 512,0.612,0.6,0.77,0.88,0.925
ethanol 3ml Long wave

0.2,0.23,0.3,0.35,0.425,0.512,0.
52,0.58,0.70.8,0.85, 0.9,0.96

In previous study Rf values that were identified are as
follows-

« Short waves — 10 values

« Long waves — 11 values

MTT Cell Viability Assay

Cells were seeded on to 96-well micro plates
& incubated at 37°C for one night using 5% CO:
& 95% humidity. 10,000 cells were added in each well
by calculating them by trypan blue assay(20). For
calculation of ICso value, both DA and Dox were used
in increasing concentrations ranging from 3.125 to 100
ug/ml and they were studied for 24 & 48 hrs
individually. After two PBS washes, viable cells were
stained with MTT staining solution at a concentration of
5 mg/ml for three hrs and plate was incubated at
37°C.2After 3 hours of solubilizing formazan, the
solvent in each well was substituted with100 pL of
DMSO & absorbance at 570 nm was calculated with a
spectrophotometer. (21) The study was carried out at
24h & 48h separately to calculate the IC50 dose of both
Dox & DA. To calculate Percent cell viability formula
used was = 100 x (absorbance of treatment/absorbance
of control). Using Graph Pad Prism 8.0.2, we calculated
the IC50 of Dashanga Agada and Doxorubicin(20).

DAPI Nuclear Staining (22)

By using DAPI Fluorescent dye, nuclear
morphological changes of cells that were treated with
Dox & DA were visualized. H9C2 cells were cultured
and fixed. In the staining solution (10 mM Tris-Cl, pH
7.4; 10 mM EDTA, pH 8 and 100 mM NaCl), 50 ng/ml
DAPI was made available and H9C2 cells were
incubated for fifteen minutes in a dark room, at ambient
temperature. Cells were washed with PBS. Under the
fluorescent microscope, cells were visualized with the
help of DAPI filter at 100X, along with 372 & 456nm
wave length of excitation & emission.

Superoxide Dismutase Assay

The activity of superoxide dismutase (SOD) for
DA & Dox was measured using the Beauchamp &
Fridovich technique(23). Each experimental group
received 50 lg/ml of total cell protein and reaction
mixture containing 100 mM potassium phosphate
buffer-pH 7.8, 100 mM EDTA pH 8.0, 65 mM L-
methionine, 750 mM NBT, and 2 mM riboflavin. After
30 minutes of exposure to direct light, the samples were
placed in the dark in the tubes to stop the reaction & at
560 nm absorbance was measured. The activity was
measured in units of per milligram of cellular protein.
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DCFH-DA Assay for intracellular ROS (24)

DCFH-DA stain has been used to measure
intracellular reactive oxygen species generation. In a 6-
well plate, HOC2 cells were cultured (1x106 cells/well)
at different concentrations of both Dox (5.5ug/ml) and
DA (12.5, 6.25, 3.125 pg/ml) & then placed in an
incubator filled with CO: for 24 hours. After 24 hours, 1
ml of cells were treated using 100ml of DCFH-DA for a
period of 10 minutes at 37° C. For measuring intensity
of fluorescence, the cells were visualised under FITC
filter with 100 magnifications. 490 and 520 nm were
excitation and emission wavelengths, respectively.
Intensity of fluorescence is directly proportional to
amount of ROS generated (25). The outcomes were
expressed as a percentage rise in intensity of
fluorescence.

Statistical Analysis

The study was performed in triplicates & findings
were presented as standard error = mean (SEM). Data
was statistically evaluated using version 5 of graph pad
prism. For MTT assay 24 h incubation the 2way
analysis of variance followed by Sidak’s multiple
comparison test was used. 2way analysis of variance,
followed by Bonferroni's multiple comparisons test was
applied for 48hrs incubation. For expressing cell
viability between Dox pre & parallel, % of intensity of
fluorescence & antioxidant capacity, multiple
comparisons test using Tukey's two-way ANOVA was
used.

ICso VALUE -
Graph 1- ICso value of DA for 24 hrs
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ICso values for DA & Dox were calculated to be 357.15
pg/ml & 5.48 pg/ml respectively.
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MTT Assay for cell viability

Graph 3: MTT assay for Dox Vs DA from 100 to 3.13pg/
ml concentration for 24 hrs, the differences in

significance specified as ***p<0.001 between DA & Dox
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MTT Assay was performed to calculate the ICso
value & cytotoxicity at different concentrations of both
standard drug and trial drug. Above graph denotes that
with decrease in concentration of both control drug and
trial drug, cell viability was increasing. At higher
concentrations cell viability of DA & Dox were
calculated to be around 80-85% and 15%-30%
respectively. At lowest concentration the cell viability
was highest in both DA & Dox group i.e., 98% and 50%
respectively. ICso value of DA and Dox were calculated
to be 357.15 pg/ml & 5.48 pg/m respectively. Lesser
concentration of trail drug has shown less cytotoxicity.

Graph 4: MTT assay for Dox Vs DA from 100 to 3.13pg/
ml concentration for 48 hrs, the differences in
significance specified as ***p<0.001 between DA & Dox
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Above graph represents 48hrs treatment of MTT
assay. Cell viability was significantly more in DA group
in all the concentrations. At lowest conc. of 3.13 pg/ml
the viability of cells was observed around 90%.
Whereas in Dox group the cell viability was markedly
reduced. At higher concentrations of Dox, the cell
viability was around 10-15% only. It means that the
drug is highly toxic to cells at higher concentrations. At
lowest dose of 3.13 pg/ml cell viability was
comparatively higher i.e., approximately 50%. ICso
value of DA & Dox in 48hrs treated group was
calculated to be 277pg/ml & 3.71 pg/ml respectively.

Based on the above outcomes, nontoxic doses of
both DA and Dox were selected for further studies. It
was observed that 24 hrs MTT assay had better cell
viability than 48hrs. Hence it was chosen for upcoming
procedures. In all studies, the ICso dose of 5.5 pg/ml
Dox was employed to exert stress for 24 hours. 3
concentrations of DA were chosen for further study as
their % of cell viability were above 95%.
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Concentrations selected for further study were 12.50,
6.25 & 3.125 pg/ml respectively.

Graph 5: Invitro cytotoxic effect of DA & Dox on
HIC?2 cell line for 24hrs- Dox, Pre & Parallel groups,
The difference in significance specified as *p< 0.05
between Dox & parallel group, #p<0.05 between Dox
& 24h pretreatment, $p<0.05 between 24h
pretreatment & parallel group
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Graph representing % cell viability of Dox, pre &
parallel groups

At lowest concentration of 3.12 pg/ml, in
pretreatment group cell viability was 70%. Whereas in
parallel treatment group 89% cell viability was
observed. From the above data when we compare
within the 3 groups, it can be concluded that parallel
treatment is better than pretreatment group. While
comparing in between the groups highest % of cell
viability was observed with 3.12 pg/ml dose i.e., the
least dose of DA. Hence from above graph it can be
concluded that by treating cells with 5.5 pg/ml of Dox
and 3.12 pg/ml of DA simultaneously maximum cell
viability can be achieved.

DAPI Nuclear Staining

F ¢ .¥
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(A)Untreated cells (Normal)

(B) Dox Treated cells

(C) Pre-24 DA 3.125 + Dox 5.5
(D) Pre-24 DA 6.25 + Dox 5.5
(E) Pre-24 DA 12.5 + Dox 5.5
(F) Parallel-DA 3.12 + Dox 5.5
(G) Parallel-DA 6.25 + Dox 5.5
(H) Parallel -DA 12.5 + Dox 5.5

-White arrow marks represent membrane
blebbing.

-White circles denote chromatin condensation.

-Red arrow denotes nuclear fragmentation

-Yellow arrow represents apoptotic bodies.
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(A)Untreated cells (Normal) — The cell had intact
nucleus. No nuclear shrinkage was observed. Uniform
DAPI Staining was seen throughout the cell.
(B) Dox Treated cells- Condensed chromosome with
intense DAPI Staining was observed.
(C) Pretreatment group 24 DA 3.125 + Dox 5.5 — There
was nuclear shrinkage. DNA fragmentation seen. The
bright florescence represents destruction of nucleus.
Apoptotic bodies were visible.
(D) Pretreatment group 24 DA 6.25 + Dox 5.5 —
Membrane blebbing and nuclear condensation were
visible.
(E) Pretreatment group 24 DA 12.5 + Dox 5.5 — Red
arrow denotes nuclear fragmentation. Chromatin
condensation was observed.
(F) Parallel treatment group DA 3.12 + Dox 5.5 —
Condensed chromosome was visible. Apoptotic bodies
were observed.
(G) Parallel treatment DA 6.25 + Dox 5.5 — Nuclear
fragmentation was seen.
(H) Parallel treatment DA 12.5 + Dox 5.5 -
chromatin was represented by darker shadow.
From the above images it was observed that the
cellular changes were more in Dox treated group
compared to pre and parallel group. While comparing
with pre and parallel groups, less cellular changes were
observed in parallel group. So it can be inferred that
parallel treatment was better compared to pretreatment

group.

condensed

Superoxide Dismutase Assay
Graph 6: SOD activity measured in units/mg
protein, the difference in significance specified as
*p<0.05 between Dox & 24h pretreatment,
##p<0.001 between Dox & Parallel treatment, $
p<0.05 between 24h pretreatment & parallel group
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Superoxide dismutase activity of Dox, pre and
parallel was calculated at different concentrations. SOD
activity was highest in parallel treated group at 3.12ug/
ml concentration. In comparison with dox, parallel
treatment group is markedly significant at all 3
concentrations. It means DA is showing better
antioxidant production. With decrease in concentration
of DA, SOD activity was increasing. The results of pre-
treatment are comparable to Dox treated group. When
compared within pre & parallel treatment, parallel
treatment was better. Maximum amount of antioxidant
production was observed in parallel treated group.
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HO9C2 cells were used to test DA's impact on
intracellular ROS production by DCFH-DA labelling.
Spectrofluorometer was used to detect the % of ROS
generation.

(A)This microscopic photograph visualizes untreated
HOC2 cells. Weak fluorescence was observed in these
cells.

(B)The image shows Dox treated cells. There is
comparatively very high fluorescence in the Dox treated
cells. It represents increased reactive oxygen species.
(C), (D), (E) represents the 24hrs pretreatment group
with different concentrations of DA (3.12, 6.25 & 12.5
pg/ml) /b Dox (5.5ug/ml).HI9C2 cells show deep
intensity of fluorescence.

(F), (G), (H) represents parallel group with different
concentrations of Dox (5.5ug/ml) and DA (3.12, 6.25 &
12.5 pg/ml).

Graph 7- Analysis of reactive oxygen species
expressed in terms of % intensity of fluorescence.
The difference in significance expressed as #p<0.05
between Dox & 24h pretreatment, $$$p<0.001
between 24h pretreatment & parallel group,
***p<0.001 between Dox & parallel group

M Parallel

B Doxorubicin MR 24hr Pretreatment
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S
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Fluorescence Intesity(%)

Concentration pg/ml

Dox treated cells had an intensity of 66.2% which
means the ROS generation is very high. At higher
concentrations, fluorescence intensity was high in all
the groups. At lowest concentration of 3.12 pg/ml pre
and parallel group did not show significant difference.
The green fluorescence of ROS is less in parallel as
compared to pre. % of intensity in pre group was 30 and
in parallel group it was 26. When we compared in
between the group at lowest concentration of 3.12 ug/
ml, the ROS generation is less, which mean cellular
changes are less when given in this dose compared to
other groups. Also parallel treatment is better than pre.
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Discussion
Table 7: Activity profile of ingredients of Dashanga Agada
Sr.No Ingredients  Activity

Sedative, analgesic, hypotensive
1 Vacha (9) anticonvillsan‘f Ant,iozir()iant ’
Anticarcinogenic, anti-inflammatory,
CNS Stimulant
Antibiotic, anti-inflammatory,
anticancer, Immunostimulant,

2 Hingu (10)

3 Vidanga (11)

antipyretic.
4 Saindhav (12) Antioxidant
> ggj)a-pzppalz Hypoglycemic, antiprotozoal.

muscle relaxant, antitumor,

antibacterial

Hypotensive, antipyretic, analgesic

anti-inflammatory, Antitumoral,

analgesic

antioxidant, sedative, muscle

relaxant, anti-inflammatory

Anti-inflammatory, antiulcerogenic,

Immunostimulatory.

1. Antioxidant Activity-

- The study reported that highest level (p<0.05) of
antioxidant activity was observed in methanolic
extract of Acorus calamus. A great source of
antioxidants may be the flavonoids and phenols
derived from it. (26)

- Extract/essential oils of Embelica ribes showed
cardioprotective, antioxidant along with other
pharmacological actions.(27)

- It has been observed that the Scindapsus officinalis
fruit's ethyl acetate and methanol extract has
anticancer properties. The antioxidant action of the
methanolic extract was seen.(28)

- According to this research, Zingiber officinale has
potent antioxidant activity.(29)

6 Patha (14)
7 Ativisha (15)
8 Shunti (16)

9 Maricha (17)

10 Pippali (18)

2. Anticancer activity —

These findings suggest that orally

administering Acorus calamus extract may have

antitumor & anti-cancer effects.(30)

- It has been proposed in the study that ferutinin has a
dose-dependent & cell-specific cytotoxic impact on
breast cancer cells.(31)

- This research proved that cissampelos pariera has
considerable anti-tumor properties both in vivo & in
vitro.(32)

3. Cardio protective activity-

(a) Pre-treatment of aqueous extract of Embelica
ribes showed cardioprotective properties in rats by
reducing myocardial damage and boosting antioxidant
defense against isoproterenol-induced infarction of the
myocardium.(33)

4.  Antitumor Activity-

(a) High salt exposures appear to prevent the formation
of tumors through enhancing anti-tumor immunity
& altering the activity of suppressor cells that are
myeloid derived.(34)
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(b) This research proved that Cissampelos pariera has
considerable anti-tumor properties both in vivo & in
vitro. It has been effective in increasing antioxidant
activity as well. (35)

5. Cytotoxic activity-

- When compared to paclitaxel therapy alone, the
combination of piperine & paclitaxel had more
effective antiproliferative & cytotoxic effect. (36)

Discussion on MTT Assay

The MTT assay involves treating cells for
assessing their impact on cell viability. It is used to
determine the cause of cell death due to cytotoxic
substances. According to the results of MTT assay, 24
hrs treatment resulted in greater cell viability than 48
hrs treatment. This suggests that exposure to both the
drugs for shorter periods of time may have less impact
on viability of cells. ICso Values of DA and Dox were
calculated to be 357.15 & 5.48 ug/ml respectively.
These values represent the concentrations of DA & Dox
required to inhibit cell viability by 50 percent. To
investigate concentration-dependent inhibition of DA,
various concentrations of Dashanga Agada were used,
and it was observed that lower concentrations showed
higher cell viability. This indicates a possible dose-
dependent effect, with lower DA concentrations
exerting less cytotoxicity. It is observed that DA is
comparatively very less toxic to cells than Dox.
Additionally, the MTT assay was performed for both
pre & parallel treatment groups. It was observed that
both pre & parallel treatment were effective. Both
groups demonstrated efficacy in inhibiting cell viability,
but the parallel group gave better results. DA
counteracted the action of Dox. Through the results we
can assess the cardioprotective activity of dashanga
agada where parallel treatment acted better than pre-
treatment.

Discussion on DAPI Nuclear Staining

The number of nuclei and overall cell
morphology were assessed using DAPI staining. The
principle behind DAPI nuclear staining is based on its
ability to bind to the minor groove of double-stranded
DNA. Nuclei within the cells & tissues may be
specifically seen due to the fluorescence that DAPI
emits, which produces a characteristic blue signal.
Findings of the study indicate that both pre & parallel
treatment group showed better outcomes in terms of
nuclear changes compared to Dox treated group.
Observed nuclear changes like DNA fragmentation,
nuclear shrinkage & chromatin condensation indicate
changes in cellular physiology and may also point to
stress/damage to the cells. Reduced nuclear changes in
the pre & parallel treatment groups might indicate that
the intervention is protective. DA alleviated the side
effects seen in the doxorubicin group. This protective
effect might be linked to a variety of reasons, including
concentration, mechanism of action or treatment timing
of the drug itself. Comparatively cellular & nuclear
changes were less in parallel treatment group than
pretreatment.
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Discussion on Superoxide Dismutase Assay

SOD assay is a widely used biochemical method
for measuring the action of enzyme called superoxide
dismutase in biological specimens.The underlying idea
of the SOD assay is SOD's capacity to prevent
superoxide radicals from reducing nitroblue tetrazolium
(NBT). According to the level of SOD activity in
a specimen, the NBT reduction decreases. Drugs in DA
contain phytochemicals like flavonoids, carotenoids &
phenols which can scavenge free radicals like lipid
peroxide & superoxides. Results indicated that SOD
levels were lower in the doxorubicin-treated group,
suggesting a decrease in antioxidant capacity. However,
after treating the cells with a certain concentration of
Dashanga agada, in both the pre and parallel treatment
groups, SOD levels were higher. DA is seen to increase
the antioxidant activity which is useful in reversing the
Dox pathology. It is also beneficial for cellular health.
Additionally, it is mentioned that among the three
concentrations tested, the concentration of 3.12 pug/ml
was comparatively better, particularly in the parallel
treatment group.

Discussion on DCFH-DA Assay for intracellular
ROS

The DCFH-DA test is a widely used method for
quantifying intracellular ROS levels. Our findings
revealed that doxorubicin-treated cells exhibited high
green fluorescence, indicating significant ROS
production and cellular damage. These findings
correspond with prior research indicating that
doxorubicin might cause oxidative damage and produce
ROS. In contrast, dashanga agada-treated cells
demonstrated reduced fluorescence intensity, suggesting
a potential protective effect against ROS-induced
damage. The effect of different concentrations of DA
was studied & discovered that 3.12 g/ml was the most
effective concentration for lowering ROS production
and cellular damage. The results in the parallel group
were considerably better. Vacha, vidanga, gajapippali
and shunti have been studied to have antioxidant
property. These drugs might have helped in reducing the
ROS levels

Conclusion

Dashanga agada is effective in reducing the
cardiotoxicity induced by doxorubicin. It has
cardioprotective activity. Within pre and parallel treated
groups, parallel group was more effective at 3.12pug/ml
concentration. Null hypothesis is accepted.
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