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ABSTRACT

Objective: Algae is a rich source of various metabolites. Use of algae in traditional medicine was reported from very early days. The potential
anticancerous activity of the algae was also reported by recent researches. In the present study, cell death mechanism induced by green alga
Chaetomorpha linum (Muller) Kiitz. was studied on human cervical cancer cell line, SiHa (Human papilloma virus-HPV 16+ve).

Methods: Cells were treated with chloroform fraction of the Chaetomorpha linum (CLC). DNA fragmentation, cell proliferation, nuclear morphology,
localization of autophagosomes and expression of relevant proteins were studied. Cell cycle and mitochondrial membrane potential (MMP) were
assessed by fluorescence assisted cell sorting (FACS). Gas chromatography liquid spectrometry (GCMS) analysis of CLC was done to detect the algal
compounds.

Results: Preliminary experiments confirmed the absence of DNA fragmentation and altered nuclear morphology in the treated cells. In the Acridine
Orange stained cells, the presence of autophagosomes was observed by both microscopy and FACS analysis. Decreased MMP was observed in the treated
sets. Wound healing assay showed the inhibitory activity of CLC on SiHa cells. Increased expression of autophagic proteins, viz; LC3BII, p62/SQSTM,
Beclin-1 and decreased expression of S6 were observed in the treated sets; indicating that autophagic cell death was induced. Preliminary qualitative
chemical study and GCMS analysis detected the presence of saponins, glycosides, alkaloids, phenols, steroids and fatty acids in CLC.

Conclusion: All these findings clearly suggested that the chloroform fraction of the algae was responsible for induction of apoptosis followed by

autophagic cell death in SiHa and can serve as a potential candidate for anticancer drug development in future.
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INTRODUCTION

Marine macroalgae are considered as a good source of several
unique natural products, having pharmaceutical and biological
activities [1]. An array of compounds was produced by the algae to
protect themselves from other organisms as well as from the
adverse environment. Alkaloids, polyketides, polysaccharides,
diterpenoids, sterols, quinones, lipids, cyclic peptides, phlorotannins
and glycerols are some of the algal metabolites commonly produced
by the marine macroalgae. These compounds showed a wide range
of biological activities [2]. Due to the presence of such various
metabolites, algae are used as a potential source and utilized in
different industries. lodine, carotene, alginate and carrageenan are
algal metabolites having been used in the pharmaceutical industry
[3]. Use of algae in traditional medicine was reported from very
early days and recent researchers also report their anti-bacterial,
anti-leishmanial, anti-diabetic, anti-insecticidal and anti-viral
activities. Ethanolic extract of Ulva showed antimicrobial and
antifungal activities [4]. The potential anticancer activity of the algae
was also reported. Many chlorophycean genera like Galaxaura
marginata, Capsosiphon fulvescens, Caulerpa taxifolia, Cladophoropsis
vaucheriaeformis, Halimeda macrobola, Ulva fasciata, Enteromorpha
intestinales, Rhizoclonium riparium etc. are reported to have potent
anti-cancerous activity [5-12], inducing apoptosis or other types of
cell death in cell lines or in vivo model systems. Some isolated algal
compounds are under clinical trials to check their therapeutic
potentiality.

Cancer is the second life-threatening disease for the human
population. A five-year fact sheet based on worldwide cancer cases
reported about 58% death among all types of cancer cases, Globocan
report 2012 [13] also revealed increasing death percentages
worldwide. The main setback of cancer therapeutics is severe side
effects associated with it and affordability of the drugs. Cost effective

and alternative medicines without any side effects or lesser side
effects, from the natural origin, can be an alternative to combat
various types of cancer.

Indian Sunderban mangrove ecosystem (SME) is very rich in marine
macroalgal diversity and is highly unexplored for their
antiproliferative properties. That's why the study has been
undertaken to assess the efficacy of the algae in inhibiting the
proliferation of cervical squamous carcinoma cells in vitro. The
experimental alga was collected from SME and the antiproliferative
property was tested on SiHa (HPV16 positive, HPV is responsible for
causing cancer and tumorigenesis on cervix uteri) cell line. In fact,
HPV 16 infection is more prevalent in Indian population.

Collected alga was initially extracted in methanol and fractionated
further by petroleum ether, chloroform and water. Chloroform
fractions of Chaetomorpha linum (Muller) Kiitz. (CLC) was found to
be the most promising fraction having selective cytotoxicity, with an
ICso dose of 247.3ug/ml as reported earlier [14]. In the present
study, we have tried to identify the bioactive compounds present in
the CLC as well as to find out the mechanism of cell death pathway
induced in SiHa.

MATERIALS AND METHODS
Chemicals and reagents

Eagle’s minimum essential media (MEM, HIMEDIA), fetal bovine
serum (FBS, Gibco), antibiotic antimycotic solution (HIMEDIA,
containing penicillin, streptomycin, amphotericin B), dimethyl
sulphoxide(DMSO, HIMEDIA), sodium chloride (NaCl, Merck),
ethylenediaminetetraacetic acid (EDTA, Sigma), sodium dodecyl
sulfate (SDS, Sigma), nonidet P-40 (NP40, Sigma), ethidium bromide
(EtBr; Sigma), propidium iodide (PI, SIGMA), poly-lysine (Sigma),
hoechst 33258 (SIGMA-ALDRICH), N-propyl gallate (SIGMA),



glycerol (Merck), Acridine orange (AO, HIMEDIA), Rhodamine 123
(Rh 123, SIGMA), 3-markaptoethanol (Sigma), protease inhibitor
(GBiosciences), polyvinylidene fluoride (PVDF, Pall) membrane,
bovine serum albumin (BSA, SIGMA), sodium azide (Na-azide,
SIGMA), primary antibodies-p53, Caspase 3, PARP1(Santa Cruz),
p62, S6, Beclinl, LC3B (Cell Signalling Technology), Caspase 9,
AMPKa (Abcam), y-actin(Bio-Bharti) secondary antibodies-AP
conjugated (Santa Cruz), 5-nitro blue tetrazolium/bromo-4-chloro-
3-indolyl phosphate (NBT-BCIP, SIGMA), dichloromethane (DCM,
Merck), N,0-bis (trimethylsilyl) triflouroacetamide (BSTFA, SIGMA),
chloroform (Merck).

Cell line maintenance and drug treatment

SiHa cell line was obtained from National Centre for Cell Science
(NCCS), Pune, India; and maintained in MEM supplemented with
10% FBS and 1% antibiotic-antimycotic solution at 37 °C in a
humidified atmosphere having 5% CO..

Chloroform fraction of C. linum was air dried and dissolved in
DMSO (stock concentration 100 pg/pl). According to our
previous experiment, it was found that CLC had an ICso doses at
247.3pug/ml. All the experiments were conducted with this
concentration.

DNA fragmentation assay

DNA fragmentation assay was undertaken to determine the type of
cell death. 1x107cells were seeded in T25 flasks and CLC was added
according to ICso doses and incubated for 24 h at 37°C. DNA from the
cells was extracted with lysis Buffer (200 mmol NaCl, 20 mmol Tris,
50 mmol EDTA, 1% SDS and 2% NP40). DNA was precipitated with
70% ethanol, dissolved in 1X TE and run in 1.5% of agarose gel in
Tris-acetate-EDTA buffer containing EtBr (0.5 pg/ml) at 60V and
visualized under ultraviolet (UV) trans-illuminator and photo-
graphed in gel documentation system (UVP Multidoc-It).

Cell cycle analysis

During each cell cycle, DNA content varies from one phase to
another. Each phase depends on regulations or checkpoints ensured
by the previous one [15]. Treatment with plant extract may alter cell
cycle phases and arrest cells mainly at sub GO or G0-G1 [16-17]. For
this purpose, cells treated with CLC for 24 h, along with control sets
were incubated at 37 °C and fixed with 70% ethanol. PI was used to
stain DNA.

Nuclear morphology study

Fluorochrome dye, hoechst 33258 was used to study the nuclear
morphology of the treated as well as untreated cells, which binds to
the A-T rich region of DNA after penetrating cell membrane easily
and causing an increment in fluorescence [18-19]. SiHa cells (1x103)
grown on poly-lysine coated coverslips were treated with CLC and
incubated for 24 h. After incubation, cells were washed with PBS and
stained with hoechst33258 with a final concentration of 2pg/ml in
dark for 10 min and mounted in PBS containing 10% glycerol, 2% N-
propyl gallate and visualized under darkfield fluorescence
microscope (Olympus) with an excitation at 356 nm and emission at
465 nm.

Study of acidic compartments with Acridine Orange

Acridine orange (AO) is an orange colored dye, cationic and
lipophilic. Both microscopic and flow cytometric techniques were
used to detect acidic vacuoles in CLC treated cells.

For microscopic analysis, SiHa cells were grown on poly-lysine
coated coverslips and treated for 24 h. Then the coverslips were
washed and 1 pg/ml of AO was added for 10 min and visualized
under darkfield fluorescence microscope (Olympus).

For fluorescence-activated cell sorting (FACS; BD FACSVerse)
analysis, cells were seeded in T25 flasks and after treatment, cells
were washed with PBS and trypsinized cell suspensions were
stained with AO (1 pg/ml) for 10 min and analyzed (550 nm
excitation, 600 nm emission). FACS data for both control and treated
sets were analyzed with flow logic software.
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Mitochondrial membrane potential assay

Positively charged Rh123 can selectively localize into mitochondria.
The altered or stressed condition causes leakage in the
mitochondrial membrane, decreasing the membrane potential. Cell
population with altered mitochondrial membrane potential can be
measured by FACS at 507 nm excitation and 529 nm emission.

Seeded SiHa cells were trypsinized after 24 h of treatment with CLC;
all the treated and control sets along with unstained samples were
incubated with Rh 123 (10 pg/ml) forl0 min. FACS data were
analyzed with flow logic software.

Western blot analysis

For western blot analysis, 1x107cells were seeded in T25 flasks and
treated with the algal fractions for 24 h along with the untreated
sets. In another set, cells were grown for 3 h in Hank’s balanced salt
solution (HBSS) for induction of autophagy (starvation-induced
autophagy as a positive control). Confluent SiHa cells (about 80%)
were washed with chilled PBS and scrapped with a policeman. Cells
were then lysed with lysis buffer containing 100 mmol Tris-HCI (pH
6.8), 4% SDS, 20% glycerol and f3-markaptoethanol and a protease
inhibitor. Protein concentration was determined by the standard
micro lowry method. Protein samples (50 pg) were loaded and
separated in SDS-PAGE (10%), then transferred onto a PVDF
membrane. Blocking buffer containing 5% BSA in tris buffer saline
(TBS) with 0.02% Na-azide was used to block the membrane for 2 h.
Primary antibodies were used with 1:500 dilutions for p53, 5' AMP-
activated protein kinase a (AMPKa), Caspase 3, Caspase 9, poly
[ADP-ribose] polymerase 1 (PARP1), 1:750 dilutions for p62, S6,
Beclin1;1:10000 dilutions for LC3B, y-actin, incubated overnight at 4
°C. After washing, secondary antibodies (alkaline phosphatase-AP
conjugated) were added and incubated for 2 h with constant
shaking. NBT-BCIP was used as a substrate to visualize the bands.

Wound healing assay

To study cell migration and proliferation on in vitro system, this
assay has been used which is very cost effective and simple. It only
requires a minor wound or scratch, made on monolayer cell culture
and the directional cell migration at the wounded sites can be an
indication of cell proliferation. A straight scratch was made with a
pipette tip in each plate containing SiHa calls.

The treated set was compared with a control set after 24 h
incubation and visualized under a compound microscope.

Phytochemical screening
Qualitative screening

Preliminary Test for phytochemicals present in CLC was determined.
Presence of tannins, flavonoids, saponins, glycosides, steroids,
terpenoids, alkaloids and phenols were carried out by the method
after Evans et al. [20].

Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS was carried out for the identification of volatile and non-
volatile compounds present in CLC in an Agilent GCMS (7890A-
5975C) system interfaced to a mass spectrometer combined with
GCMS chemstation and NIST library 2011. The compounds were
separated on an Agilent HP5 column (30 metres x 0.25 mm) with a
pore size of 0.25um. 1 pl of the extract was inserted with the help of
Agilent syringe (10ul) and subjected to a temperature gradient of
70-260 degree with a ramping of 5 degree/min. CLC extract was air
dried and dissolved in DCM and chloroform. BSTFA was used as
derivatization reagent. After washing with hexane, CLC sample was
mixed with BSTFA followed by a heat treatment of 60 °C for 30 min.
Then, 1pl of prepared sample was injected for a 50 min run. The
chromatogram was compared with NIST databases which showed
the presence of several compounds.

Statistical analysis

All the experiments were done in triplicate (n=3). Data expressed as,
mean+SD, and calculated by Microsoft Excel. Bar graphs were
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prepared by Microsoft Excel and analyzed by ANOVA (Graphpad
Prism 5).

RESULTS

Bands of intact genomic DNA was observed in CLC treated (24 h) set
(fig. 1), indicating non-apoptotic cell death pathway.

Fig. 1: DNA extracted from SiHa cells and stained with EtBr.
Lanes: (A) DNA ladder (0.4 to 10 kb), (B) untreated set, (C) set
treated with Chaetomorpha linum chloroform fraction (CLC)
Note: Extracted DNA was dissolved in 1X TE and run in 1.5% of
agarose gel in Tris-acetate-EDTA buffer

Cell cycle analysis showed a slightly increased percentage of sub GO
cells in the treated set, indicating the cytotoxic potential of CLC.
Decreased percentage of cells were observed in GO-G1 phase,
whereas the percentage of cells in S and G2-M phase remain
unaltered (fig. 2).
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Nuclear morphology was studied by hoechst staining. In the
untreated sets, normal ovoid shaped nuclei were observed whereas
in treated sets, condensed nuclei along with deformed nuclei were
observed. In untreated sets, the numbers of viable cells were much
higher than that of the treated sets (fig. 3).

Acridine orange staining assay revealed the presence of greater
number of acidic compartments in extract treated sets (fig. 4). When
observed under a fluorescence microscope, bright red colored
dotted structures were observed in the untreated set, whereas,
regions with defused red dye accumulation was observed in treated
ones indicating the formation of autophagosomes.

Formation of greater number of cells with autophagosomes in
treated set was also validated by the FACS analysis (fig. 5).

FACS analysis of mitochondrial membrane potential assay after Rh123
staining had shown significant changes in membrane potential. As
compared with the untreated set the amount of scattered P1 population
has changed significantly in the treated set (fig. 6).

Increased cell populations with quenched mitochondrial
fluorescence were observed from FACS data. In CLC treated set,
about fivefold increase in population was detected. This clearly
indicated that mitochondrial membrane was damaged and played an
important role in inducing cell death.

Lipidated form of 16kd protein LC3BI (microtubule-associated
protein chain 3) i.e, LC3BII (18kd) is a potential marker for
autophagy to study. Western blot analysis indicated increased
LC3BII expression in CLC treated set and positive control set
(autophagy induced by starvation) compared to untreated ones. The
expression level of other autophagic proteins like Beclinl and
p62/SQSTM increased significantly in CLC treated cells. Whereas S6
protein expression level was found to be decreased. Enhanced
expression of apoptotic protein p53 was also evident in treated and
in positive control set, indicating its role in autophagic cell death.
Though p53 is an apoptogenic protein, its influence on autophagy
[21] was well reported (fig.7A). Expression of the cleaved product of
AMPKa was found to be increased in the treated set. Along with that,
cleaved products of Caspase 3 and PARP1 were also observed in the
treated sets. Caspase 9 expression was also found to be increased in
the treated set (fig. 7B). 3 methyladenine (3MA) was used as a
negative control and y-actin as a loading control.
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Fig. 2: Flow Cytometric analysis of cell cycle Kinetics of untreated set (A), CLC treated set (B), Bar graph showing varying percentages of
different cell cycle phases, Sub Go-G1, G1,S and Gz+M phases are signified with bar area (C)
Note: SiHa cells were treated with Chaetomorpha linum chloroform fraction(CLC) for 24 h. Values are expressed as mean+SD of three
independent experiments (n=3). FACS data were analysed by Flowlogic software
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Fig. 3: Nuclear morphology of SiHa cells studied under a fluorescence microscope. Untreated sets with ovoid shaped nuclei (4, B, C) and
sets treated with CLC for 24 h, showing (D, E, F) eroded nuclear morphology
Note: SiHa cells were treated with Chaetomorpha linum chloroform fraction (CLC) and stained with hoechst 33258 on poly-lysine coated
coverslips. Scale represents 50 pm

Fig. 4: Detection of acidic vacuoles in SiHa cells studied under a fluorescence microscope. Compared to untreated set (A, B); appearance
and accumulation of acidic autophagic vacuoles with diffused red dye (acridine orange) intensity can be observed in 24 h treated sets;
CLC(C,D)

Note: SiHa cells were treated with Chaetomorpha linum chloroform fraction (CLC). In the untreated set, nucleus and cytoplasm were
stained green and acidic compartments as bright red specs. Scale represents 50 pm.
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Fig. 5: FACS analysis of SiHa cells, stained with acridine orange (AO). (A) untreated set, (B) 24 h treated set with Chaetomorpha linum
chloroform fraction (CLC)
Note: Treated sets showing greater accumulation of AO, compared to untreated set; indicating increased autophagosome formation
induced by the treatments. Bar graph showing the increased population of cells with AO (* represents significance level at p <0.01) (C).
Values are expressed as mean+SD of three independent experiments (n=3). FACS data were analysed by Flowlogic software
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Fig. 6: FACS analysis of mitochondrial membrane potential assay by Rhodamine 123 (Rh 123) stained SiHa cells. Untreated set (A, B), cells
treated with Chaetomorpha linum chloroform fraction (CLC) for 24 h (C, D). Bar graph showing significant changes in mitochondrial
membrane potential in treated sets (* represents significance level p <0.01) (E)

Note: Values are expressed as meanSD of three independent experiments (n=3). FACS data were analysed by Flowlogic software
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Wound healing assay revealed the anti-proliferative activity of the
potent algal extract of Chaetomorpha. In the untreated set, cell mass
proliferation was clearly evident at the site of the scratch mark. In the

Int ] Pharm Pharm Sci, Vol 10, Issue 6, 74-81

treated set, no such migration was evident after 24 h (fig.8). That
indicated that the chemical components of the algal extract have
antiproliferative and cytotoxic potential towards cervical cancer cells.
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Fig. 7: Protein expression profiling for-S6, Beclin1, p53, p62, light chain 3BII (LC3BII) and y-actin (A); 5' AMP-activated protein kinase a
(AMPKa), Caspase 3, Poly [ADP-ribose] polymerase 1 (PARP1), Casapse 9 and y-actin (B). Lane 1: Control set, lane 2: Autophagy positive
control (induced by 3 h starvation), lane 3:3-methyladenine (3-MA), lane 4:3MA with Chaetomorpha linum chloroform fraction (CLC) and
lane 5: Treated with CLC
Note: Green arrows indicate cleaved products

Fig. 8: Wound healing assay after a scratch was made on SiHa cell monolayer culture untreated set (A) diffused cell mass proliferation was
evident with a compound microscope (X40), set treated with CLC for 24 h (B) no cell proliferation was observed

The preliminary Qualitative study indicated the presence of saponin,
glycosides, steroid, alkaloid and flavonoid in CLC fraction.

During GCMS analysis air dried extracts were dissolved with DCM. In
CLC, the presence of 3-formyl-napthyl-pyridone and 2-methyl-3-
oxovaleric acid as the major compounds were determined by GCMS
study along with silanol, ethanimidic acid, eicosane (table 1).

DISCUSSION

Algae are rich in phytochemicals. Due to this rich chemical diversity,
they are considered as good sources of biomedicine. In the present
study, the cytotoxic potential of the chloroform fraction of
Chaetomorpha linum (CLC) and the death pathway involved was
validated. CLC extract induced cell death to the SiHa cells with an ICso
dose of 247.3pg/ml with a low cytotoxicity towards the normal cells
[14]. Cell cycle analysis with the respective ICso dose has shown a
comparatively higher percentage of cells in sub-GO in the treated set.

The result indicates that the treatment causes no change in the cell
cycle progression but causes some damage within the cells leading
towards death. In the treated set no cell migration or proliferation was
observed in the wound healing assay within 24 h. This clearly
indicates that CLC not only have cytotoxic properties to the SiHa cells
but the extract is also able to inhibit the cell proliferation.

The cytotoxic and antiproliferative properties of CLC clearly indicate
that due to the presence of some active components in the extract, it
is able to trigger cell death mechanism in SiHa.

Microscopic observation of hoechst stained cells showed condensed
and eroded nuclei in the treated sets, indicating DNA damage. But no
fragmented DNA was observed in DNA laddering assay. At the same
time, treated sets showed membrane disruption and lower
mitochondrial membrane potential. This hampers ATP production
and induced autophagic cell death in SiHa cells through AMPK
dependent pathway.
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For a better understanding of molecular mechanism of cell death
pathway induced in SiHa cells by CLC, the presence of autophagic
vacuoles and relevant proteins were studied. The result points
towards an intriguing finding.

Reports of algal metabolites inducing autophagic cell death in
different cancer cell lines are available. Two green algae
Rhizoclonium riparium and Enteromorpha intestinales were found to
induce autophagy in SiHa cells [12].
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Autophagosome formation in CLC treated SiHa cells were observed
after AO staining. AO is a metachromatic dye, cationic and lipophillic in
nature. The protonated form of the dye tends to accumulate into
cellular organelles with an acidic pH. Cytoplasm and nucleus appear
bright green and acidic cellular compartments like lysosome appears
bright red. In treated sets, a diffused red colored region indicating the
fusion of acidic compartments to form autophagosomes. FACS analysis
showed the increased population of cells in P2 region with higher
accumulation of AO dye compared to the control set.

Table 1: Compounds identified by GC-MS analysis

Compounds identified in Chaetomorpha linum chloroform fraction (CLC)

Name of compounds

Retention time Peak area percentage

Silanol, trimethyl-, carbonate (2:1)
1,1-Dibromo-3-chloropropanone

Tris(trimethylsilyl)borate

Glycine, N-(1-oxopropyl)-N-(trimethylsilyl)-,trimethylsilyl ester
Tris(trimethylsilyl)carbamate
Methyltris(trimethylsiloxy)silane
Thieno[2,3-b]pyridin-3-amine, 4,6-dimethyl-2-phenylsulfonyl-
Propanoic acid, 2-[(trimethylsilyl)oxy]-, trimethylsilyl ester
Ethanimidic acid, N-(trimethylsilyl)-, trimethylsilyl ester
2-Methyl-3-oxovaleric acid, 0,0'-bis(trimethylsilyl)-

2-Butenoic acid, 3-methyl-2-[(trim ethylsilyl)oxy]-, trimethylsilyl ester
1H-1,3-Benzimidazole-5,6-dicarbonitrile,1-phenyl-i
4,6-Dioxa-5-aza-2,3,7,8-tetrasilanonane, 2,2,3,3,7,7,8,8-octamethyl-
1-Propanone, 1,3-diphenyl-3-(trimethylsilyl)-
3-Formyl-1-(1-naphtyl)-2(1H)-pyridone

Acetamide, 2,2,2-trifluoro-N-(trimethylsilyl)-
2-(4-Tert.-butylbenzylthio)-5-chloro-1H-benzimidazole
Glycerol, tris(trimethylsilyl) ether

Hexanoic acid, 6-chloro-,trimethylsilyl ester

Octane, 1,8-bis[4-(trimethylsilylcarbonyl)phenyl]-
1,3-Dimethylcyclopentanol

Trisiloxane, 1,1,1,5,5,5-hexamethy 1-3,3-bis[(trimethylsilyl) oxy]
Hexadecane

2-tert-Butyl-6-methylphenol, O-tert-butyldimethylsilyl
Tetradecanoic acid, trimethylsilyl ester

Eicosane

cis-9-Hexadecenoic acid, trimethylsilyl ester

Octacosane

5.168 1.36
5.131 0.98
5.224 2.19
5.425 0.64
6.000 5.40
6.125 6.61
6.257 1.71
6.519 2.01
6.821 2.79
7.226 17.81
7.334 2.51
7.408 0.25
8.008 1.06
9.009 6.07
9.203 16.95
10.454 0.23
11.054 0.72
11.104 1.43
12.251 0.64
12.543 0.33
13.252 0.87
15.777 1.70
18.500 1.82
19.432 1.05
22.083 7.61
23.198 1.07
24.941 3.64
31.379 0.77

As both the experiments with AO point towards autophagic cell
death, expression of some hallmark protein of autophagic pathway
was studied. Expression of LC3B was studied by immunoblotting. An
enhanced expression of LC3BII, a marker protein for autophagic cell
death was observed in the treated cells. LC3B is expressed in all cells
as a full-length soluble protein, after autophagy induction, it is
proteolytically cleaved to LC3BI. It is then conjugated with PE to
form LC3BIL. It is found in both the external and internal surfaces of
autophagosomes and plays an important role in the hemifusion of
membranes and selection of the cargo for degradation [22].
Therefore, increased expression of LC3BII signifies the advanced
stage of autophagy.

Increased expression of p53 in both treated and starved sets
indicates the positive role of p53 here. p53 is also reported to
influence autophagic cell death by activating SQSTM/p62 and LC3BI
lipidation [23]. p53 was also reported to downregulate mTOR1
(anti-autophagic protein) and up-regulate AMPK. AMPK upregulates
TSC1 and TSC2 which inhibit Rheb, which results in decreased
expression of mTOR1 complex [21]. Overexpression of p62 in
treated and starved sets, was observed. P62 increases the
maturation of LC3BII [24], is one of the most important hallmark
protein for autophagy. S6 expression is totally absent in treated sets,
S6 sometime down regulates pULK1 expression by inhibiting
autophagy.

To study the AMPK/mTOR signalling pathway involved in the cell
death induction, expression of AMPK (a major sensor for cellular
energetic), Caspase 3, PARP1 and Caspase 9 expression were studied
in the CLC treated cells, starved cells and 3-MA-treated cells
(negative control). Results indicated that, AMPK dependent pathway

was involved in inducing autophagy. At the same time expression of
Caspase 3 and PARP1 increased significantly. Expression of cleaved
Caspase 3 and PARP1 points towards the involvement of apoptotic
pathway in the treated set whereas in autophagy positive sets
(induced by starvation) the cleaved product expression was not
observed. In response to death stimuli certain death receptors are
activated and the mitochondrial membrane potential changes;
resulting in the release of Cyt-C and Apaf proteins. This then
activates Caspase 3. Caspase 3 then cleaves and activates PARP1
which is responsible for DNA repairing. Here in the treated set, both
the expression of cleaved products of Caspase 3 and PARP1 indicates
that the death pathway shows an interaction between apoptosis and
autophagy.

The cleaved product of Caspase 9 was observed by immunoblotting.
Caspase 9 sometime activates Caspase 3 inducing apoptosis [25]. It
may activate Cathepsin D when lysosomal pH becomes very acidic,
leading towards autophagic death.

Phytochemicals present in CLC might have initiated the mechanism
leading towards cell death in SiHa. Presence of saponin, glycosides,
phenol, alkaloid and steroids were determined by qualitative assay.
GCMS analysis of CLC has shown the presence of some bioactive
compounds such as benzimidazole derivatives, eicosane, octacosane
and some fatty acids. Octacosane and eicosane are reported to have
mosquitocidal and antifungal activities [26-27]. Antimicrobial,
antifungal, the anticancerous activity of benzimidazole derivatives
are already reported [28-30]. Anti-cancerous activity of
hexadecanoic acid (palmitic acid) and octadecanoic acids (stearic
acid) are already established [31-32]. Most of the fatty acids are
reported to induce cell death by apoptosis.
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CONCLUSION

Conventional phytochemical assays and GCMS indicated the
presence of several bioactive compounds. When the cells were
treated with chloroform fraction of this phyto compound rich algal
extract, it inhibited cell proliferation and induced cell death, which
were subsequently validated through several experiments.

All the experiments clearly showed that compound(s), present in the
chloroform extract of Chaetomorpha linum were able to induce
oxidative stress in the SiHa cells and this reactive oxygen species
might have decreased the ATP level which in turn activated AMPKs.
At the same time cleaved Caspases and PARP1 were observed, all
these findings indicated that cell death occurs due to the interaction
between apoptosis and autophagy.
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