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Report on participation of the ICMR International Fellow (ICMR-IF) in Training/Research
abroad

1. Name and designation of ICMR- IF: Dr. Akshaya Murugesan
2. Address : Assistant Professor, Department of Biotechnology, Lady Doak College,
Madurai -625002, Tamilnadu

3. Frontline area of research in which training/research was carried out: In-vitro
experiments on glioblastoma multiforme, Pharmacology.

4. Name B address of Professor and host institute:

Olli YLI-HARJA & Meenakshisundaram KANDAVELU

Faculty of Medicine and Health technology

Korkeakoulunkatul, TE306,P.0.Box 553, 33101,

Tampere, Finland

5. Duration of fellowship with exact date: 01.01.2020 to 31.12.2020

6. Highlights of work conducted:
Task L:tdeutrﬁcatmn of nwal mnll:cular leads with pa!aenﬁal antl-metastaﬂﬂmm‘ihé
~ polyphenolicfractions of marine halophytes

Summary: The marine halophytes such as Ipomoea-pes-caproe, Sonneratia apetala,
Avicennia marina and Clerodendrum inerme which was found to contain potent phenolic
compound was selected for the study. The purified fractions were initially subjected for
invitro cytotoxicity analysis for GBM cell lines such as LN229 and SNB19. Both LN229 and
SNB19 exhibit mutated p53 proteins. LN229 was established from a patient with right frontal
parieto-occipital glioblastoma with mutated p53 (TP53) and homozygous deletions in the p16
and pl4ARF tumor suppressor genes. SNB19 was derived from a patient with the left
parietooccipital glioblastoma tumor. The ICso value was calculated. Both time dependent and
concentration dependent analysis revealed that the Avicennia marina and Ipomoea-pes-
caprae exhibited better cytotoxicity effect than the other two halophytes. Thus, the purified
compounds from these plants were selected for further analysis. The IC50 value for both
Avicennia and Ipomoea was found to be 1 microgram. Time dependents assay was performed
for 24 hours and 48 hours whereas concentration dependent analysis was done for varying
concentration like 0.1 pg, 1 pg, 2 ug, 5 pg, 8 pg and 10 ug. The ICso value for both Avicennia
and Ipomoea was found to be around 1 microgram, which was used for further analysis.
whereas TMZ (positive control) was found to have higher ICsoof 87.76 £ 6.92 uM and 84.39%
2.60 uM for the respective cell lines.
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Plants chosen for the study

Avicennia marina I p'umm prs-mprm'

Figurel: The halophytes such as Avicennia marina, Ipomea pes-caprae, Sonneratia apetala
and Clerodendrum inerme collected from the coastal regions of Tamilnadu were processed,
and the purified compounds were used for the further experimentation.

Cytotoxicity Assay

PHASE CONTRAST MICROSCOPIC IMAGES OF SNB19 TREATED WITH DRUGS
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DOSE DEPENDENT ANALYSIS IN SNB19
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Figure 2: Cytotoxicity analysis for all the four plants in SNB19 cells: Effect of compounds on
cell growth inhibition in multiple GBM cells. Cells treated with a series of concentrations
(0.1pg, 1ug,4ug, 8ug and 10ug). The data were shown as means 5.0 with n = 5.

PHASE CONTRAST MICROSCOPIC IMAGES OF LN229 TREATED WITH DRUGS
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DOSE DEPENDENT ANALYSIS IN LN229
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Figure 3: Cytotoxicity analysis for all the four plants in LN229 cells: Effect of compounds on
cell growth inhibition in multiple GBM cells. Cells treated with a series of concentrations
(0.1pg, 1pg,dug, 8ug and 10ug). The data were shown as means £ 5.0 with n = 5.

Task 2: Elucidation of the structure of compounds and examined it 0z

Summarf The punf‘ ed fractlon were analysed for the presence of secondaw metai}nlltes and
the structures were elucidated through the GC-MS analysis. The functional correlation with
the potent secondary metabolites were identified from the PUBMED references. Avicennia
contains 14 important secondary metabolites which are found to be involved in Anti-tumor
activity, Antioxidant, cytotoxicity, insecticidal and nematicidal, antiviral, antifungal,
phytotoxicity. Ipomea found to have 14 important secondary metabolites which possess Anti-
inflammatory activity Anti-viral activity, Anti-malarial activity and Antioxidant activity.

GC-MS anal\rsns of purified fracﬂon of Avkennfu marina
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Figure 4: GC-MS analysis on the profiling of secondary metabolites for Avicennia marina:
Avicenia have 2-Pyrrolidinone, 1-methyl, 3-hydroxypropane-1,2 diyl diacetate,
Hitidylhistitine, 9-hexadecenoic acid{Anti-tumor activity), 2,4-Di-tert-butyphenol,Phenol, 2,6-
bis (1,1-dimethylethyl){Antioxidant, cytotoxicity, insecticidal and nematicidal, antiviral,
antifungal, phytotoxicity), 3,20-dioxo-11-,alpha hydroxyconanine-1,4-diene , 7 alpha-
hydroxytestosterone, Hexadecanoiccaid, 2,3-dihydroxypropyl ester,9,12,15-octadecatrienoic
acid, 2,3-dihydroxypropyl ester, Cyclohexane, 1,3,5-triphenyl,8,14-seco-3,19-
epoxyandrostane-8,14-dione, 17-acetoxy-3 beta-methoxy, 4,4-dimethyl,Bis (2-ethylhexyl)
phthalate (cytotoxicity),Normorphine.

Gc-Ms analysis for Ipomoea fraction
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Figure 5: GC-MS analysis on the profiling of secondary metabolites for Ipome pes-carpe:
Ipomea found to have the following compounds: 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-
6-methyl, 9-octadecenoic acid, 2'-deoxyuridine,Cinchonan-9-ol,{E)-3-octadecenal, Pyridine,
1,2,5,6-tetrahydro-1-methyl,Cyclohexane, 1,3,5-triphenyl, Mono (2-ethylhexyl) phthalate,3,
beta-Hydroxy-5-cholen-24-oic acid, and Lupeol.

Summary: Functional characterisation of the purified compounds were done such as analysis
of apoptosis assay using Annexin V-FITC/PI Staining, estimation of caspase3/7 Activity, ROS,
migration assay, and protein array. The changes in the cellular morphology such as reduction
in nuclear size, chromatin condensation, and DNA fragmentation was observed under
fluorescence microscope. In Avicennia treated LN229 and SNB19 cells, around 14% and 20%
of cells were in necrotic, 22% and 35% in early apoptotic and 41% and 21% in late apoptotic
stage, respectively. Similarly, Ipomea treated cells LN229 and SNB19 cells, around 7% and
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20% of cells were in necrotic, 39% and 49% in early apoptotic and 22% and 20% in late
apoptotic stage, respectively. The in-vitro scratch assay was done to evaluate the effect of the
drugs on the migration rate of both glioblastoma cell lines. The images were captured at
different time points such as Oh, 2h, 4h, 6h and 8h and the wound closure distance was
calculated using Image J software. The calculated values were based on the scratch coverage
rate up to 8hrs which is compared with DMSO (Control). The migratory percentage was
significantly reduced as the time increased to 8 hours, in both the cell lines. In case of Ipomea,
there observed grains during the experimentation period, which represents the death of GEM
cell lines. Caspase, a cysteine proteases, mediates many biochemical and morphological
changes associated with apoptotic cells. It is used as a biomarker for the detection of
apoptosis process and hence the influence of both the drugs was assessed in glioblastoma
cell lines. It was observed that Avicennia and ipomea treated cells showed 0.4 fold and 0.5
fold increase in the caspase 3/7 activity in SNB19 cells whereas LN229 cells showed 1.4 and
4.5 fold increase in the caspase activity. Likewise, ROS level was also estimated to understand
the whether apoptosis was induced due to the ROS mediated cell death. Avicennia induced
to about 2.5 and 2.6 fold increase in ROS in LN229 and SNB19 with 3.4 and 4.6 fold increase
when treated with Ipomea. Thus, all the above experiments revealed that Ipomea was more
effective in inducing the GBM cell death . All the data’s was shown as means % standard
deviation of all biological and technical replicates. T-test was used to calculate the values and
the results were considered statistically significant if the p < 0.05. Also, protein array specific
for MAPkinase pathway was studied in GBM cells using RnD protein extraction kit for the
blotting experiment. Avicennia treated cells found to show Down regulation of genes RIPK,
CTNNB1 and PSAP with the upregulation of SPRY1, EZR, RASA3 was observed in both the cells.
Ipomea treated cells showed downregulation of CTNNB1 and GADDs with upregulation of
EZR, RASA3 and CAV1.

ESTIMATION OF APOPTOSIS IN LN229
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Figure 6: Effect of Avicennia and lpomea on glfébfasrbma cell growth aond apoptosis. Cell
growth inhibition was determined with trypan blue solution for both the drugs and

temozalomide (TMZ) against LN229 and SNB19 with IC50 concentrations at 24 hours post
treatment.

Microscopic analysis of apoptosis in LN229 Microscopic analysis of apoptosis in SNB19

Figure 7: Demonstrated images of untreated and treated cells using Dead Cell Apoptosis Kit
with Annexin V-FITC and PI. Percentage of apoptosis, necrosis using Dead Cell Apoptosis Kit
with Annexin V-FITC and Pl in LN229 and SNB19 in treatment with DMSO, TMZ and the drugs
at 24 hours post treatment. All experiments were performed with three biological repeats and
two technical repeats. ** P < 0.001, * P < 0.05 compared to the TMZ
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Figure 8: Estimation of Reactive oxygen species and the caspase3/7 for the induction of
apoptosis upon treatment of Avicennia and Ipomea. Hydrogen peroxide was used as a
positive control and TMZ used as a experimental control for ROS whereas TMZ was used as
a control for caspase.

MIGRATION ASSAY - LN229
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Figure 9: Analysis of cell migration and invasion assay in LN229: Effect of DMSO (control),
Avicennia and Ipomea on cell migration (A), invasion (B) on GBM cells using transwell
method. Microscopic images are the representation of the % of migration and invaded cells
captured in 40X magnification. Data shown represent the mean * s.e.m, of three independent
experiments completed in triplicate with ** p < 0.01.

MIGRATION ASSAY -SNB19

Drugg 4 - Boan By 4 -} ey
Drug & < 4 bamars

L DR T

Temoralomids - & haury UNTREATED - & Babisry




lour Report Page |10

Area Filled (%)
-

Time (h)

— S N e I

Figure 10: Analysis of cell migration and invasion assay in SNB19: Effect of DMSO (control),
Avicennia and Ipomea on cell migration (A), invasion (B) on GBM cells using transwell
method. Microscopic images are the representation of the % of migration and invaded cells
captured in 40X magnification. Data shown represent the mean £ s.e.m. of three independent
experiments completed in triplicate with ** p < 0.01.
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Figure 11: Proteome profiling of MAPkinase-associated proteins. (A) Array images showing
the expression of total 35 apoptosis-associated proteins upon treatment with DMSO as
control.
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' TECHNIQUE/EXPERTISE ACQUIRED:
'I'echmcal expertise gained: Invitro assays such as MTT assay, Apoptosis analysis, Migration
invasion, ROS, caspase 3/7 assay, colony assay, cell cycle analysis using FACS, EMSA, protein
array, Image processing using Imagel software. Apart from the technical experience, other
experience gained through this International training includes manuscript drafting, proposal
writing.

As an nutcume of the resrch wnrk carned nut dUIg th fellnwshlp tenure th fﬂlluwmg
paper were published/submitted/in preparation.

Papers published:

1. Gnanavel, M.; Murugesan, A.; Konda Mani, S.; Yli-Harja, O.; Kandhavelu, M. ldentifying the
miRNA Signature Association with Aging-Related Senescence in Glioblastoma. Int. J. Mol. Sci.
2021, 22, 517.

Papers submitted:

2. Jeyalakshmi Kandhavelu, Ramesh Veeriah, Kumar Subramanian,Priyatharsini Rajendran,
Olli Yli-Harja, Meenakshisundaram Kandhavelu*, Murugesan, A* "Vaccines, repurposed
drugs and alternative biomedicines for the Management and prevention of nCOVID-19",
Asian Pacific Journal of Tropical Medicine".

Manuscript in preparation:

3. Akshaya Murugesan, Phuong Doan, Olli Yli-Harja, Meenakshisundaram Kandhavelu®,
“Identification of Novel molecular leads with potential anti-metastatic property from the
polyphenolic fractions of marine halophytes”.

NED IR

'ATION C { CE IN INDIA s

Lad',r Duak College, Department uf Bmtechnulugy‘ has the cell culture Iabﬂratﬂr',r Wlth basic
facilities. The necessary Instruments like FACS, high-throughput microscopy with advanced
softwares, Image processing software’s will be proposed to procure. Also, the expertise | have
acquired will be used to train the scholars, project fellows, master's candidates. New lab
protocols will be proposed to be included in Bachelor's and Master’s syllabus, so that young
students will get an Idea of cell culture and cancer biology. Also, new course on Biomedical
scientist will be proposed in the upcoming years, which will include all the techniques learnt
during the training period.
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