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ABSTRACT: Bromelain is a protease present in pineapple fruit and stem. It
is reported that commercially available pure bromelain has anticancer, anti-
inflammatory and other therapeutic effects. But there are few reports
available on the biological activity of bromelain along with peroxidase which
is present in pineapple fruit extract. The aim of the present study was to
investigate the effect of bromelain with peroxidase from pineapple fruit
against lymphoma cell line in in-vitro. Pineapple was purchased from the
local market from Tripura. Bromelain isolated along with peroxidase and
enzyme activity tested with the substrate. In-vitro cytotoxicity was
determined by MTT assay, and apoptosis was determined by fluorescence
microscopy, DNA fragmentation assay and by western blot analysis.
Fluorescence microscopy analysis and the MTT assay showed significant
apoptosis of lymphoma cell after treated with bromelain along with
peroxidase in a dose- and time-dependent manner and was more apoptotic
than bromelain alone. This was further confirmed by DNA fragmentation
assay. Furthermore, western blotting analysis confirmed the mitochondrial
pathway is involved in apoptosis of lymphoma cells. We reported for the first
time that the efficiency of apoptosis of bromelain along with peroxidase is
much higher than the only bromelain. This result may hint to use bromelain
plus peroxidase from pineapple as a potent natural antitumor agent.

INTRODUCTION: Cancer is one of the most
serious diseases in the twenty-first century. It
causes uncontrolled growth and division of cells in
the affected area or organ. Within very short time a
huge number of abnormal cells accumulate in a
particular site which ultimately affects the organ’s
normal function. After certain times, these cells
metastasize to other portions/organs of the body to
affect them too *.
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From a different approach, people are trying to
prevent cancer and lots of drugs are used against
cancer but no one is target specific and without side
effects. Surgery, chemotherapy, cellular therapy or
immunotherapies are common to treat cancer now.
Scientists are trying to identify and characterize
new anticancer agents to prevent the uncontrolled
growth and metastasis % °.

From ancient civilization plants, plant-derived
products were used for medicines in all around the
world. For healing purpose different civilizations
like Roam, Mediterranean, Egypt, Iran, Africa,
China, India and America used the herbs. The
systematic use of these herbs or the traditional
medicines played an important role as a source of
providing anticancer agents from over decades.
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The bark, stem, leaf, fruits of these plants have
different active polyphenol compounds and
different enzymes play a significant role in
different cancers * °. The other activities of various
plant-derived enzymes like anti-inflammatory, anti-
diabetic, anti-bacterial etc. were also studied
extensively ® 7 8, As these medicinal plants have
very little or no side effects in the body, or the
plants are edible, so are interested to use their
disease prevention potentiality against different
diseases.

The pineapple is the most edible fruit which is also
used as a medicinal plant from many years by
different community people in India. Pineapple is a
tropical and most economically significant plant in
Bromeliaceae family °. The pineapple plant Ananas
comosus (L.) Merr is rich in bromelain, a cysteine
protease enzyme '°. Crown, peel and stem are the
main source bromelain. It is composed of different
types of thiol-endopeptidase and other non-
peptidase enzymes '*. For the ailment of different
diseases including fever, indigestion, and muscle
pain etc. pineapple was used by different tribes as
medicine. It is revealed that bromelain of pineapple
has, anti-inflammatory, anti-fibrinolytic and anti-
bacterial activities 1> * 4. It activates macrophage
and NK cells by increasing TNF-a and also inhibits
tumor cell proliferation, invasion and expression of
CD44 surface molecules through inhibiting the
expression of different genes which helps in tumor
cell survival *> *®. Bromelain acts against mammary
carcinoma cells via inducing autophagy ’. It also
triggers the activation of T and B cell *°.

Tripura, a state from north-eastern part of India is
one of the major cultivators of pineapple. This fruit
contains a large amount of bromelain and
peroxidase. Peroxidase is another enzyme also
present in pineapple along with bromelain.
Separation of bromelain from peroxidase is not a
simple process. There are fewer reports available
about the activity of peroxidase along with
bromelain '°. No reports are available about the
cytotoxic and anti-proliferative  activity of
bromelain along with peroxidase from pineapple
against cancer cells. The present study focused on
to compare the cytotoxic potential of bromelain
alone and in combination with peroxidase isolated
from pineapples of Tripura against Dalton’s
lymphoma cells in-vitro.
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MATERIALS AND METHODS:

Raw Materials: Queen variety of pine apple were
collected from the local market of Tripura. The
Queen pineapple plant was authenticated taxono-
mically by Prof B. K. Datta at Botany Department
of Tripura University with collection no- TUH
2046. The fruits were thoroughly washed in tap
water and stored in -20 °C freezer for future use.

Chemicals and Reagents: Commercial Bromelain
for positive control, MTT and DMSO were
purchased from Sigma-Aldrich (St. Louis, MO).
GAPDH, p53, BAX, Bcl2, cytochrome C and Bad
antibodies were purchased from  Abcam
(Cambridge, UK). Secondary antibodies were
purchased from Santa Cruz Biotechnology (Santa
Cruz, CA), ECL-Clarity kit was obtained from Bio-
Rad (USA). RPMI 1640, FBS (Fetal Bovine
Serum), antibiotic solution and caspase-3 assay kit
was obtained from Life Technologies (Grand
Island, NY). Tissue-culture plastic wares from
Falcon (Corning, NY). Guaiacol, Casein
(Hammerstein grade), Hydrogen Peroxide, L-
tyrosin, Coomassie Brilliant Blue, Trichloroacetic
acid, acrylamide, bisacrylamide, ammonium
persulfate, glycine, sodium dodecyl sulfate and
bovine serum albumin were procured from SRL
(Mumbai, India). All other chemicals used for the
experiments were of AR grade and from SRL.

Cell Lines: Dalton’s lymphoma ascites (DLA)
cells were kindly gifted by Dr. N. Murmu from
Chittaranjan National Cancer Institute, Kolkata,
India.

Preparation of the Crude Extract of Bromelain:
The flesh part of pineapple were cut into small
pieces and crushed in a blender with 0.1 M
phosphate buffer (pH 7.2), maintaining the flesh -
buffer ratio as 1:1 w/v. After filtration with
cheesecloth, the extract was centrifuged at 10000
rpm for 20 min at 4 °C (Sigma 2-16 PK). The clear
supernatant was stored at 4 - 5 °C until use.

Acetone Precipitation: Acetone precipitation was
done according to the procedure ?°. The required
volume of acetone was cooled at -20 °C and mixed
with protein sample in acetone compatible tubes
and kept the tubes at -20 °C for 60 min. After
incubation centrifuged the tubes at 5000 rpm for 10
min at 4 °C.
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The supernatant was discarded and tubes
containing pellet kept in inverted position for 15
min to remove excess acetone. Protein pellets were
re-dissolved in 0.1 M phosphate buffer (pH 7.2)
and vortex thoroughly. This sample was used to

measure the total protein content, bromelain
activity and peroxidase activity.
Total Protein Analysis: Total protein was

determined by Lowry’s method by measuring the
glptical density at 660 nm using BSA as a standard

Bromelain Activity Assay: Bromelain activity was
determined by casein digestion units (CDU) using
Hammerstein grade casein %. The assay was based
on the proteolytic activity of the casein substrate.
Bromelain breaks peptide bonds and releases free
amino acids after hydrolysis of protein. In this case,
L-tyrosine was released from casein after
hydrolysis with bromelain enzyme. Unhydrolysed
substrates were precipitated with TCA and the
precipitated proteins were removed using Whatman
no. 1 filter paper. The absorbance of the clear
filtrate was measured at 275 nm using spectro-
photometer (Model: HALO Dynamica DB-20).

Enzyme blank was used to avoid interference by
enzyme solution. In case of blank reaction,
stopping reagent (TCA) was added to the substrate
before adding the enzyme solution so that all the
protein got precipitated and there was no reaction
of bromelain with the substrate. One unit of
bromelain activity is defined as 1 pg of L-tyrosine
released in 1 min/ml of sample when casein is
hydrolyzed under the standard condition of 37 °C
and pH 7.0 for 10 min,

Peroxidase Activity Assay: Peroxidase activity
assay was done according to the procedure %. The
substrate solution was composed of 1 ml of
phosphate buffer of pH 6, 1 ml of 3 mM H,0,, and
1 ml of 15 mM Guaiacol. To the substrate solution,
50 pl of enzyme extract was added and the increase
in absorbance at 470 nm was recorded for 10 min.
Peroxidase activity was determined from the slope
of the linear portion of the graph relating
absorbance with time and expressed as AAbs470
min™/g fresh weight. One unit of peroxidase
activity is defined as the amount of the enzyme that
causes an increase in absorbance of 0.001/min at 25
+3°C.
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SDS-PAGE: Sodium  dodecyl sulfate-poly-
acrylamide gel electrophoresis was done using
12.5% gel in a Bio-Rad electrophoresis unit .
Coomassie Brilliant blue staining was performed
for the visualization of bands.

Cell Culture: Dalton’s lymphoma is a murine
transplantable T-cell lymphoma. This tumor was
primarily originated in the thymus gland of a
DBA/2 mouse at the National Cancer Institute,
Bethesda, USA, in 1947 and then serially
transplanted in the intra-peritoneal cavity from
mouse to mouse %*. Dalton’s lymphoma (DL) cells
harvested from Dalton’s lymphoma-bearing mice
were  cultured in  RPMI-1640  medium
supplemented with 10% FBS and antibiotic
solution (penicillin 1000 IU and streptomycin 10
mg/mL) in 5% CO; incubator at 37 °C.

Cell Viability Assay: Cell viability was evaluated
using the MTT assay. DLA cells (4 x 10° cells /
well) were seeded in each well of 96-well plates for
4 h. After 24 h of incubation with various
concentrations (0-500 pg/ml) of bromelain and
bromelain plus peroxidase, the MTT solution (5
mg/mL in PBS) was added at the concentration of
10 pl/well. The plate was incubated for additional 4
h at 37 °C and the formazan crystals produced were
dissolved in 100 pl of DMSO. Absorption was
measured by an ELISA plate reader (BioTek, USA)
at 595 nm %,

Cell Morphology Analysis by Fluorescent
Microscope: DLA cells were isolated from DLA
bearing mouse and washed with PBS. 1 x 10°
cellss/mL was treated with various concentrations
(0-500 pg/ml) of bromelain and bromelain plus
peroxidase for 24 h at 37 °C and 5% CO,. After
incubation, cells were washed and stained with 20
pL  Ethidium bromide (100pg/mL) and 20 pL
Acridine orange (100 pg/mL) in a ratio of 1: 1 %.
The cells were then examined on a slide under a
fluorescence microscope Fluorescent images were
scanned using fluorescence microscope (Leica DM
4000 LED). DLA cells were isolated as mentioned
above and treated with various concentrations (0-
500 pg/ml) of bromelain and bromelain plus pero-
xidase. The treated cells were incubated for 24 h at
37 °C and 5% CO; after the incubation, cells were
washed in PBS. After that, cells are suspended in
4% neutral formaldehyde and kept at 37 °C for 30
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to 60 min. Then the cells are stained with 20 uL
DAPI solution for 30 min at 37 °C. The cells were
then examined on a slide under a fluorescence
microscope and the images were captured.

Caspase 3 Activity Assay: ELISA based
colorimetric assay kit (E13183, Life Technologies)
was used to assay caspase-3 as per the
manufacturer’s protocol. In brief, cells were
harvested and washed in PBS. The cells were lysed
with 1X lysis buffer. After centrifugation the lysate
at 5000 rpm, 50 pL of supernatant were put in the
well of the plate to which 50 pL of 2 X Z-DEVD-
AMC substrate solutions were added. Incubated the
mixtures for 30 minutes at room temperature and
read the fluorescence at 342/441 nm (excitation/
emission).

DNA Fragmentation Assay: DLA cells
(1X106cells) were incubated with 500 pg/ml of
bromelain and bromelain plus peroxidase for 20
hours at 37 °C and 5% CO,. Cells were lysed with
1X SSC buffer (20X SSC buffer = 8.76gm of NaCl
and 4.412 gm of sodium citrate in 50ml of distilled
water) for 1 min. The lysed was incubated with
10pl of RNAase (10 mg/ml) and 25ul of 10% SDS
and incubated for 30 min at 35 °C. After that 20 pl
of Proteinase k (20mg.ml) was added and incubated
with the lysate for 2 hour at 37 °C. The DNA was
precipitated out with absolute ethanol and 2M NaCl
and kept at -80°C %" %, DNA pellets which were
obtained, washed with 70% ethanol, air dried and
dissolved in sterile distilled water. Electrophoresis
was performed in 1% Agarose gel containing
Ethidium bromide (0.5 pg/ml). DNA bands are
visualized and photographed in Gel documentation
system (Minilab, Bio imaging System).

Western Blotting: DLA cells were treated with
different concentrations of (0 - 500 pg/ml)
bromelain and bromelain plus peroxidase for 24 h.
Then proteins of the cell lysates were separated by
12% SDS-PAGE and transferred to nitrocellulose
membrane. Membranes were then blocked with 5%
non-fat dry milk and immune-labeled with primary
antibodies overnight at 4 °C. To develop the
glowing band, the membrane was incubated with
HRP conjugated secondary antibody and flooded
with ECL substrate (Bio-Rad).

Statistical analysis: All values are expressed as
mean + SEM. Statistical significance was
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compared between various treatment groups and
controls using the one-way analysis of variance
(ANOVA). Graphical representations  were
prepared by using Sigma Plot 10.0 version
software.

RESULTS:

Total Protein, Bromelain Activity, and
Peroxidase Activity of Crude Extract: After
preparation of bromelain from pineapple fruit
concentration of total protein in crude extract was
measured and was 1.00 + 0.05 mg/ml. To confirm
whether this extract contains active bromelain and
active peroxidase, enzyme activity assays were
done using their substrate. The activity of
bromelain in the crude extract was 63.56 + 1.8
CDU/ml and the activity of peroxidase was 68 +
2.64 Unit/ml.

Bromelain and Peroxidase Activity in Pure
Bromelain: The activity of bromelain in pure
bromelain was 86.66 + 3.21 CDU/ml and the
activity of peroxidase was 11.33 = 1.52 Unit/ml.

Determination of Molecular Weight of
Bromelain and Peroxidase: The crude extract of
bromelain along with peroxidase and commercial
bromelain was loaded in a 12.5% gel along with
10-150 kDa protein marker Fig. 1. The band
obtained around 23 kDa was of bromelain %
Additional bands were observed at the range of 50 -
75 kDa, which was of peroxidase #. The activity
assay also showed the presence of these enzymes in
the extract.

150 — gu—
100 s——
75 />

< Peroxidase
50 — —

37 —>

5 > — . < Bromelain
O —>
Marker B B+ P

FIG. 1: SDS-PAGE ANALYSIS OF PROTEIN SAMPLES.
THE SAMPLE OF CRUDE EXTRACT OF BROMELAIN
WAS LOADED IN A 125% GEL ALONG WITH
PROTEIN MARKER (10-50KDA, LANE 1). THE BAND
OBTAINED AROUND 23 KDA WAS OF COMMERCIAL
BROMELAIN (LANE B) AND PINEAPPLE EXTRACT
(LANE B+P). ADDITIONAL TWO BANDS WERE
OBSERVED IN BETWEEN 50-75KDA (LANE B+P),
WHICH WAS OF PEROXIDASE

2
2
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FIG. 2. GROWTH INHIBITORY EFFECT BROMELAIN
AND BROMELAIN PLUS PEROXIDASE ON DLA CELLS
AT DIFFERENT CONCENTRATIONS (50, 100, 250, 500
pg/ml) AND AT DIFFERENT TIME POINTS; VIABILITY
WAS MEASURED BY MTT ASSAY. THE DATA ARE
REPRESENTED AS MEAN + SEM FROM TRIPLICATE
INDEPENDENT EXPERIMENTS. (*P<0.05; ** P<0.01,
***p<0.001). BM-BROMEALIN, BM-PR- BROMEALIN
PLUS PEROXIDASE

Effect of Bromelain Plus Peroxidase on
Cytotoxicity: The acetone extract of bromelain
plus peroxidase (BM-PR) was screened for its
cytotoxicity by MTT assay at different
concentrations (50 - 500 pg/ml) and different time
point (24 h, 48 h, 72 h).

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Treatment with bromelain (BM) and BM-PR at
different dosage and time point inhibited the
proliferation activity of Dalton’s lymphoma (DLA)
cells. BM-PR showed higher cytotoxicity compared
to only BM at 72 h time point at a concentration of
500 pg/ml Fig. 2.

Cellular Morphology Analysis by Acridine
Orange / Ethidium Bromide (Ao/EtBr) and
DAPI Staining: After treated with BM-PR and
only BM for 24 h the numbers of apoptotic cells
were measured by staining with Acridine orange /
Ethidium bromide and DAPIL In all the
concentrations of BM-PR, cells are dying and
stained red under fluorescence microscope whereas
green cells are alive. In Fig. 3 the numbers of Red
cells were much higher than only BM treated cells.
Moreover, similar results were found in DAPI
stain. The fragmented nuclei are shown by the red
arrow and these numbers are much higher in BM-
PR treated cells compared to only BM treated cells
at the highest concentration (500 pg/ml). The
normal live cell numbers with intact nuclei are very
small.

Control

50 pg/mi
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Control

'

- &
FIG. 3: APOPTOSIS OF DLA CELLS WAS MEASURED WITH AO/ETBR STAINING (3A) AND DAPI STAINING (3B). CELLS
WERE TREATED WITH BROMELAIN AND BROMELAIN PLUS PEROXIDASE EXTRACT AT 50, 100, 250 AND 500 pg/mi
CONCENTRATIONS. IN AO/ETBR STAINING, RED CELLS ARE APOPTOTIC CELLS AND GREEN ARE LIVE CELLS. IN
PANEL B, NUCLEI WERE FRAGMENTED INDICATED APOPTOTIC CELLS (MARKED BY RED ARROW) AND NON-
FRAGMENTED NUCLEI WERE LIVE CELL INDICATED BY YELLOW ARROW. B- BROMELAIN, B+P- BROMELAIN PLUS

PEROXIDASE

DNA Fragmentation Assay: Apoptosis was
measured by another simple approach using DNA
gel electrophoresis. The efficiency of BM-PR to
induce apoptosis of DLA cells was higher
compared to only BM and DNA fragmentation was
found with smear lane in the gel Fig. 4.

FIG. 4: DNA FRAGMENTATION ASSAY. AFTER
TREATED WITH BROMELAIN AND BROMELAIN PLUS
PEROXIDASE FOR 24 h, THE DNA OF DLA CELLS
SHOWS FRAGMENTED AND SMEAR IN LANES.
LANE1: CONTROL, LANE 2: BM 500 pg/ml, LANE 3: BM-
PR 500 pg/ml AND LANE 4: TRYPSIN 500 pg/ml
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DNA fragmentation is one of the biochemical
features of apoptosis. During the late stage of
apoptosis, DNA is fragmented by different
endogenous nucleases which were activated by
sequential activation of caspases. For assessment of
DNA damage, DLA cells are treated with BM and
BM-PR at a concentration of 500 pg/ml for 24 h.
DNA damage occurred at 500 pg/ml in BM-PR
better than BM alone.

Caspase-3 Activity Assay: In apoptosis, the
enzymes in caspase cascade pathway will be
activated and in the last portion caspase 3 will be
activated. Caspases are aspartate directed cysteine
proteases that breaks different cytoplasmic
substrates in apoptosis. Caspase 3 activity increases
in apoptosis. This enzyme activates at the last
portion of the caspase cascade pathway. So this
enzyme activity is one of the markers of cell death.
In this study, after treatment with bromelain plus
peroxidase, the activity of caspase-3 increased
significantly compared to the only bromelain
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treated cells Fig. 5. This suggests that bromelain
plus peroxidase are more pro-apoptotic against
lymphoma cells.
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FIG. 5: CASPASE-3 ACTIVITY ASSAY. BROMELAIN PLUS
PEROXIDASE SHOWS THE HIGHER ACTIVITY OF
CASPASE 3 COMPARED TO ONLY BROMELAIN. TRYPSIN
WAS USED AS POSITIVE CONTROL. THE DATA ARE
REPRESENTED AS MEAN * SEM FROM TRIPLICATE
INDEPENDENT EXPERIMENTS. (*P<0.05; ** P<0.01,
***p<0.001). BM- BROMELAIN, BM-PR- BROMEALIN PLUS
PEROXIDASE, TRP- TRYPSIN

BM-PR Alters the Levels of p53, Bax, Bad,
Cytochrome ¢ and Bcl2 in DLA Cells: Cellular
apoptosis via mitochondrial pathway is controlled
by a different kind of pro-apoptotic and anti-
apoptotic protein family 2. Bax protein causes
stimulation and release of cytochrome c¢ from
mitochondria to cytosol. In this study, pro-
apoptotic proteins expression including p-53, Bad,
Bax and cytochrome c increased significantly after
treated with bromelain plus peroxidase compared to
control and even this expression was higher than
the only bromelain treated cells.

Control B S00 B+P S00 TR 500

T
B . e . € ps3
-

< Bcl2

- — o

-

— W ey SRR < By
S S . <— Cytochrome ¢

FIG. 6: THE EXPRESSION OF APOPTOTIC PATHWAY
PROTEIN AFTER TREATED WITH BROMELAIN,
BROMELAIN PLUS PEROXIDASE AND TRYPSIN (EACH
500 pg/ml) FOR 24 h. TO DLA CELLS. REPRESENTATIVE
WESTERN BLOT RESULTS SHOWS THE EXPRESSION OF
PRO- AND ANTI-APOPTOTIC PROTEINS P53, BAX, BAD,
CYTOCHROME C AND BCL2 RESPECTIVELY LANE 1:
CONTROL, LANE 2: BROMELAIN, LANE 3: BROMELAIN
PLUS PEROXIDASE AND LANE 4: TRYPSIN
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On the other hand, anti-apoptotic protein Bcl-2
expression was reduced significantly compared to
control or even compared to the only bromelain.
Western blotting analysis also reveals that the
cytochrome c¢ is the marker of mitochondrial-
mediated apoptosis pathway. Cytosolic cytochrome
c level is also increased after treatment with
bromelain plus peroxidase compared to bromelain
alone Fig. 6. From these data, it may be concluded
that bromelain plus peroxidase treated apoptosis of
lymphoma cells are a mitochondrial-mediated
pathways.

DISCUSSION: Pineapple from Tripura is a rich
source of bromelain along with peroxidase. Though
bromelain and peroxidase both are enzymes, There
working capacity are depends on whether they are
active or not in the pineapple juice. This is
confirmed by studying their activity in pineapple
extract and by observing the molecular weight of
bromelain and peroxidase via SDS PAGE. It also
supports the findings of previous literature that
acetone fraction of pineapple extract contains
bromelain and peroxidase and they active in nature
in the Pineapple of Tripura .

Induction of apoptosis in cancer is one of the best
strategies to combat cancer. In this study, we
evaluate the effect of bromelain plus peroxidase
which was isolated from pineapple fruit from
Tripura against commercial bromelain to induce
apoptosis in Dalton’s lymphoma cells. MTT assay
showed that the antiproliferative activity of
bromelain plus peroxidase which is much higher
than the only bromelain. Antiproliferative activity
IS not dependent on the proteolytic activity of
bromelain and peroxidase *. But in this study
proliferation is significantly inhibited by the
bromelain plus peroxidase enzyme compared to the
only bromelain.

Various anticancer agents are used to treat cancer
Which are inducing apoptosis. During apoptosis,
different endonuclease gets activated and this
causes breaking of DNA into small oligonucleo-
tides ¥ . To identify the changes in cellular
morphology and to compare the effect of bromelain
and bromelain plus peroxidase, Acridine orange/
Ethidium bromide and DAPI staining were done.
The morphology of cells was found to be
transformed after the treatment, showing cellular
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shrinkage, membrane blabbing, and typical nuclear
fragmentation in case of AO/EtBr staining . In
our study, it was found that after treatment with
concentration starting from 50, 100, 250, 500
pg/ml for 24 h, the numbers of apoptotic cells are
increased significantly in case of bromelain plus
peroxidase. This may be due to the additive effect
of peroxidase with bromelain. Through, our
microscopy, the morphological structure indicates
that the number of death of DLA cells is more after
treated with bromelain plus peroxidase compared to
bromelain only. Both the enzymes present in the
pineapple fruit extract and are protease in nature
which additively induces apoptosis to lymphoma
cells.

Caspases, the cysteine proteases, play a significant
role to stimulate apoptosis by fragmenting DNA of
the cell *. Caspase 9 is activated first through the
mitochondrial apoptotic pathway. Then activated
caspase 9 initiates the proteolytic activity of other
downstream caspases like caspase-3. DNA
cleavage at the site of the protein containing
structure nucleosome by caspase-3 is a key feature
of apoptosis when histone proteins are exposed at
the site of fragmentation *. In this present study,
the levels of the caspase 3 in DLA cells increases
significantly after treated with bromelain plus
peroxidase at a dose of 500 pg/ml. This may be due
to the presence of peroxidase with bromelain
induces the caspase-dependent apoptotic pathway
by stimulating different caspases.

Earlier it is reported that bromelain induces
apoptosis via inhibiting the translocation of NF-xB
" In our study, we found that p53 expression in
DLA cells is very low. But after treatment with
bromelain plus peroxidase, the expression of p53 is
increased significantly . Expression of Bax, Bad
and cytochrome c is also increased *°. Other than
this the anti-apoptotic protein Bcl2 expression level
is decreased after treated with bromelain plus
peroxidase. Bcl2 appear to directly or indirectly
preserve the integrity of the outer mitochondrial
membrane, thus preventing cytochrome c release
and cell death initiation through the mitochondrial
pathways “°. As the data showed higher expression
of cytochrome c after treatment with bromelain
plus peroxidase, the apoptosis induced through the
mitochondrial-dependent pathway and this may be
due to the additive effect of peroxidase along with
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bromelain ~ which  causes  stimulation  of
mitochondria-dependent apoptotic pathway. These
peroxidases stimulate the activity of bromelain
which increases the up regulation of pro-apoptotic
proteins and down-regulation of anti-apoptotic
proteins.

CONCLUSION: In conclusion, we have explained
that the extract from pineapple fruit contains
bromelain and peroxidase and these two
compounds together show the antiproliferative/
apoptotic effect on Dalton’s lymphoma cells in-
vitro. From the data we obtained, it may be
suggested that bromelain plus peroxidase are
involved in inhibition of proliferation of lymphoma
cells as well as an inducer of apoptosis through
mitochondrial pathway. Such effect of bromelain
plus peroxidase may exist in in-vivo lymphoma
model which is not yet studied. This in-vitro
experiment motivates us to go for the in-vivo
studies in future with lymphoma model. However,
from this study, it is clear that pineapple fruit juice
might be more potent to prevent the lymphoma
disease and can be used commercially.
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