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Entrepreneurship Cell

Overview:

TheEntrepreneurship Cetlopularly known a&DC, atSDPC Kim Campuss aimed at fostering
entrepreneurial skills among the students on campus.

In the process of identifying, nurturing, training and establishingspsEDC is involved in a
wide range of activities.

Vision:

EDC is a consortium dedicatedfind the entrepreneur in the students of the SDPC, Kim. EDC
connects students with solid entrepreneurial skills, in the campus, to form &mibsetwork,
working together to spread the word of entrepreneurship. In EDC, the belief is simple;
Entrepreneus hi p is not just a Ayouodo and fimeod game.
only when people come together. EDC promotes openness of knowledge, network, contacts and
opportunities. Since its inception ort May 2012 it has successfully conducted several

competitions of challenging formats, workshops, guest lectures and it has also provided mentors
t 0o s evesuwdc gsnsefips dncampus.a r t

Organizational Structure:

Head of Institute
Dr. M. N. Noolvi

Coordinator Coordinator
Dr. Anand S. Deshmuk Head Of Department
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Institution has created an esgstem for innovations including incubation cen(®hree
Dhanvantary Pharmaceutical Analysis & Research Centre (SDPARC)) and other initiatives for
creation and transfer of knowledge. The college has Research Committee to monitor and address
issues of research activities under the chairmanship of M. MIvNd&rofessor and Principal,

senior professor Dr. Pallavi KJ & Dr. Suresh Jain and associate professors Dr. Sushil Raut, Dr.
Uttam A. More. The incubation facility at the institute is beneficial to both nurture new companies
in the region and support theining (skill development) and gainful employment of college
students.Institute constituted research advisory committee in 2012 and revised committee
members in 2014Research Advisory Committee provides advisory regarding pertaining of new
research mject and grants. It also advises the faculty to undertake new and innovative research
project and assist them in writing for new research proposal and grants. Various projects and funds
were received through the Research Advisory Committee.

Functions ofthe committee:

The main function of Research Committee is to encourage faculty members to write
research proposals and submit to various funding agencies or industries. It motivates faculty and
students to publish research work in high impact-pedewael journals. Also motivates to present
their research work in national and international conferences. To sign MOU for collaborative
research with universities and industries it also helps to provide seed fund to transform an idea into
a product.
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Outcomes:

1 Faculty members received research grant from GUJCOST (24.45 lakhs) and BRNS (67.37
lakhs)

1 One of the faculty (Dr. Anand Deshmukh) won the second (8196 lakhs¥or his project
on safe and economic biodegradable hydrogels for water conservation ittaigricsing
green technology from vibrant Gujarat Startup Summit 2016.

1 Faculty members received industrial projects fr@ood Health Pvt. LtdGreenKem
OrganicsPvt Ltd., CFA Pharma.LP, Nanotherapeutics etc.

T With the hel p idetofitoc iplraotdiuct fdaeoiell iotpye dit f or
and many more product/processes developed.

1 Faculty members filed 12 Indian patents for their research work.

1 Faculty members Published their research work in high impactr®éewed journals.

1 Faculty members a@varded PhD (04) enrolled for PhD (08).

1 Signed MOU with several international universities (Texas State US, Lamar University
Texas, Jinan UniversiZhina, University of KwaZultNatal South Africa, University of
UlsanSouth Korea), angharmaceutical industries.

1 Signed MoU with Jinan University China for the research project with amount of RMB
9000000 (9 Million)

1 SDPARC, Linkages and MoUs All Students of final year B. Pharm and M. Pharm undergo
industrial training for one month succedbfu

1 Several research awards have been received by faculty from various professional and
research organization.

1 Alumni of the institute have started their marketing firms, Pharmacies/Drug stores,
Wholesale and other allied pharmacy related business.

1 With these R & D activities institute received SIFRX3IR approval.
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Awards Received by faculty members:

1 Received 2 Awards bpr. M. N. Noolvi for his excellent teaching and scientific skill
Dr. APJ Abdul Kalam Awards fofeaching Excellence& Dr. APJ Abdul Kalan
Awards forScientific Excellenceon 21 October, 2017 from MARINA LABS.

1 Received 1 Award bfpr. Uttam A. More for his research work Dr. APJ Abdul Kalam

Awards forYoung Scientistson 2P October, 2017 from MARINA LABS.

oo g - ‘p#’"
g xgg

Dr. Uttam A. More

Dr. M. N. Noolvi

1 Received 3 Lakhs t®r. Anand S. Deshmukhf o r his idea on fAThe
economic approach for water conservation
2016, with platform of ICREATE, (International Centre for Entrepreneurship and

Technology), 2422 Octdoer, 2016.
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International Centre for
Entrepreneurship and Technology

Igniting the future | Summit 2016

Dr. Anand S. Deshmukh

A Received 1 Award bRr. M. N. Noolvifor his teaching skills & research work
iBest Academi onld"Mugost, 2018Hrem IC&.a r 0

Y (o

INTEGRATED CHAMBERS OF
COMMERCE AND INDUSTRY

2018.084%7:09

1 India-South Africa Joint proposals, DST, between our college and Kwdiaitiai
uni versity, Sout hinvésfigatiors af Pepitie Baped GNT IGuided t | e :

Delivery Device for Cancer Therapyo
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9 Received Best Researcher and Academician Await.t®uresh Kumar Jain from

VDGOOD.

1 Prof. M. N. Noolvi invited as guest speakar china, Asia pacific Pharmaceutical

science summit forum.

IAXFBIESSIEieIn

Asia Pacific Pharmaceutical Science Summit Forum

fE- g 2019.1.9-1.10

sy

LESIRERASREA LRRREN S

Invited Speaker
Dr. M. N. Noolvi at China
9th-10™ January 2019

42
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R & D Facility

R & D FACILITY

Dissolution Test Distillation Unit

R & D FACILITIES

Scale-up Reactor

Heidolph Rota Evaporator

Parallel Synthesizer

Research Lab-II
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DDPRL Training Room Research Lab-1
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GUJCOST Sponsored Lab
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9 Interlink with international & national companies
Tie-up with these companies our R & D center commercialized various formulations & API
synthesis process/methods, tech transfer details.

Linkage with Industry

.@ Piramal $2 SynzZeal @ Ezg:::

‘torrent
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Innovation Made:

1. Company Name: CPA Pharma LLFSurat India 9

Project leader: Dr. M. N.Noolvi ‘4
Assistant: Dr. Uttam A. More, Mr. Stephen Avvaru CPA PHARMA LLP
R & D work: Process Chemistry, API Sy
pantoprazole was changed using synthon approach and same process was commer(
CPA Pharma LLR Surat India

2. Company Name: CPA Pharma LLPSurat India 9
Project leader: Dr. M. N. Noolvi & Dr. Anand Deshmukh ‘4
Assistant: Ms. Payal Jain CPA PHARMA LLP

R & D work: Produc®O®FDE&eeoel opment, ADIET
DIET-O-FIT is a perfect blend of balanced nutrition, packed with high quality sogipr
isolate, carbohydrates, fibers, vitamins, antioxidants, low calorie sugarsjmsayurated fatty
acids and selected plant extract serving low in calorie essential nutrients. It Provides i
way to maintain a balanced calorie intake by avoidmgegessary Fat consumption. The ad
plant extract additionally aid in managing basal metabolic rate (BMR)
http://www.cpapharma.com/product/dieto-fit/

3. Company Name: Good Healt_h Rutd, Sector 15A, Noida i
Asaletant. i Washim Hussai G coonreun
R & D work: Product Development, AUni qu
4, Company Name: Oniosome H(—;-althcare Pvt. Ltd. Mohali. .
(oniosome

R & D work: Since our research lab is having in silico molecular modeling software wi
hel p of t hat smal | project was carri ef
Bl eomycin A20
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Company Name: Krishna Bi@rganic Agro
Project leader: Dr. Anand Deshmukh
Assistant: Ms. Payal Jain
R & D work: FwamtleatBiaced MNBivel , Safe, (

Availability of water for agricultural is a major challenge in ruglds of many developin
countries like India, South African and Asian continents. Here availability of potable wa
drinking and agriculture greatly depends upon rain water with a scarce supply by grour
sources.Recent reports of WHO and UNIEEsuggests that 84% of the people globally, v
don't have access to improved water, live in rural areas, where they live principally tl
subsistence agriculture. The measures of government in such countries can only be eff
possible water haesting plans are laid at the grass root levels starting from villages and
towns, where agriculture is the main source of income and sunkuather, as a solution {
situation, use of Acrylic hydrogels is widely acknowledg8dit again these Achg hydrogels
are well known for their toxic effect on the ecosystem. And for many developing countrie
poor economies, these acrylic hydrogels are the only available choices for managing agr
needs with poor water resources as in arid areas.

Keeping this in mind, we propose here a feasible and practical means of developing eco|
biodegradable, economic, yet effective hydrogel system using the easily availablastes
(such as coconut coir, sugarcane bagasse or fibrous cereal bamjunction with natura
polysaccharides and bgafe crosdinkers in accordance to the concepts of green chemisti

These hydrogels help in conserving water, preventing toxicity to farming land, better croj
enhancing soil quality and preventiohleaching of nutrients. In addition, this technology|
hydrogel synthesis is simple, yet easy to scale up and does not require ex
equipment/instrumental set up, which is a desirable feature in view of the economic viat
rural areas of theayeloping countries.

This project helps in reducing the use of hazardous synthetic pebased hydrogels and the
leach outs in land and watethe project is also planned to be extended for delivery of |
nutrients and natural biocid.
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Compaly Name: Greenkem Organics, Ahmedabad Y
Project leader: Dr. M. N. Noolvi (GREEN[{=)
Assistant: Dr. Uttam A. More, Mr. Stephen Avvaru, Mr. Ankit Vaghasiyaoretics

R & D worKk: Process Chemistry, API Synt

Company Name: Onpharno
Project leader: Dr. M. N. Noolvi & Dr. Anand Deshmukh onpharno

Assistant: Mr. Stephen Avvaru, Mr. Ankit Vaghasiya ?
R & D work: Product Devel oepvneel notp, meinliedor ma

Company Name: Zydus Cadila

Project leader: Dr. M. N. Noolvi & Dr. Suresh Jain Zydus

Assistant: Mr. Sanket Gandhi

R & D work: Training, ﬁStudeanﬂHalin

Company Name: Sun Pharma @
Project leader: Dr. M. N. Noolvi & DSuresh Jain

Assistant: Mr. Sanket Gandhi o ) ANV

R & D work: Training, AFaculty Training
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10. | Company Name: Triokaa
Project leader: Dr. M. N. Noolvi & Dr. Suresh Jain rossy
Assistant: Mr. Rohan Barse
R & D wor k . Trainingr,e sﬁeTarraci hn ipnrgo ptoos afla cwu
11.

Company Name: Onpharno

Project leader: Dr. M. N. Noolvi onpharno
AssistantMr. Rohan Barse

R & D work: ANew Cosmetic formulation development for dermal application

TR R O A

Epiglare

EN AN




QQ\V@

SDPC, KIM

Entrepreneurship
Development Cell

Sponsoring agencies for R D Projects

Name ofPrincipal
Investigator

Dr. M. N. Noolvi

Project Titles

Electron beam

Dr. Anand S.
Deshmukh

disorders

Dr. Uttam A. More

irradiation

Amount
sanctioned
(Lakhs)

Design and synthesis of radiolabel 25.89
heterocycles as aromatase inhibitor; (Ongoing)
novel approach for breast canc

diagnosis and therapy

Development of small molecule (¢ 5.00
protein tyrosine kinase inhibitors: (Completed)
hope for cancer therapy

induce 16.93

graft polymerization of polysialic aci (Completedl
onto polycaproactone for effecti
and biocompatible encapsulation
therapeutic agents
Bio-waste based novel, safe, gre Sanctioned
and economic hydrogels

Design and synthesis of radiolabel 24.55
heterocyclicsas potential diagnosti (On going)
imaging agents foneurodegenerativ

innovation
ecosystem

SponsoringAgency

Boardof Research in
Nuclear Sciences
(BRNS, Trombay,
Mumbai

Gujarat Council on
Science & Technology
(GUJCOST)

Boardof Research in
Nuclear Sciences
(BRNS, Trombay,
Mumbai

The Federation of
Indian Chambers of
Commerce and
Industry (FICCI) New
Delhi

Boardof Research in
Nuclear Sciences
(BRNS, Trombay,
Mumbai
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Dr. Bhavesh V.

Akbari

Development and evaluation
biodegradable  polymeric  syste
based long acting depot formulation
(LHRH) agonist goserelin acetate.

5.00
(Completed)

Gujarat Council on
Science & Technology
(GUJCOST)

Mr. Samaresh Pal
Roy

To investigate the antidepressant ¢
anxiolytic effects ofMimosa Pudica
extracts andCurcumalonga extracts
on chronic administration of somr
synthetic drugs in rats

4.20
(Completed)

Gujarat Council on
Science & Technology
(GUJCOST)

P

Dr. Hasumati A. Raj

Development and isolation ¢
bioactive component from endophyi
fungi of Musa Paradisiaca as
antidiabetic agent

4.00
(Completed)

Gujarat Council on
Science & Technology
(GUJCOST)

Design and development
polyherbal formulation for skin
repigmentation therapies in vitiligo

2.50
(Completed)

Gujarat Council on
Science & Technology
(GUJCOST)
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Synthesis of chitosan deriwees for 2.50 Gujarat Council on
antimicrobial, antifungal an( (Completed) Science & Technology
antitumor activity (GUJCOST)

Dr. Manish Goyani

Evaluation of endophytes fc 2.25 Gujarat Council on
theirantimicrobial  activity from (On going) @ Science & Technology
indigeneous medicinal plants in sot (GUJCOST)
Guijarat

Dr. Nirav K.

Gheewala
Development of new pro drugs fi 1.50 Gujarat Council on
HIF-1 inhibitions: A new hope for (On going) Science & Technology
cancer therapy (GUJCOST)

- ag
R\ ; !
o X ° o
¥ i

Al \ A A8 53
Dr. Meghna Patel



1 Constituted research advisory committee in 2012 and revised in 2014 under

Entreprencurship
Development Cell

SDPC, KIM

innovation
ecosystem

chairmanship of Prof. Tejraj M. Aminabhavi.

Member

Member

I dvisory Committee, SDPC, Kim, urat

Prof. Tejraj M. Aminabhavi

PhD (The University of Texas, Austin, USA)

Polymer Science and Engineering Discipline

Editor, Chemical Engineering Journal (Elsevier, New York) and Emeritus Professor, College of
Pharmacy, Dharwad, India.

Prof. Walter E. Rudzinski
PhD (The University of Arizona, Tucson, USA)
Professor, Texas State University, USA.

Prof. Kap Seung Yang

PhD (North Carolina State University, Raleigh, North Carolina, USA)

Professor, Department of Polymer & Fiber System Engineering and

Director of Alan G. MacDiarmid Energy Research Institute at Chonnam National University.

Prof. Han Mo Jeong

PhD (Seoul National University, Gwanak, South Korea)
Professor, Department of Chemistry,

University of Ulsan, Ulsan, South Korea.

2

|
Member

Member

Dr. Mallikarjuna N. Nadagouda

PhD (Gulbarga University, Gulbarga, India)

Physical Scientist, National Risk Management Laboratory US
Environmental Protection Agency (US EPA).

Dr. Sudipta Chakraborty

PhD (Mumbai University, Mumbai, India)

Scientific Officer-F (Group Leader, Radiochemical Group)
Bhabha Atomic Research Centre, Mumbai, India

Dr. Padmakar V. Kulkarni
PhD (Rensselaer Polytechnic Institute, Troy, New York, USA)
Adjunct Professor in Radiology, department of UT Southwestern Medical Center, Dallas.

Dr. M. Surianarayanan

PhD (Kanagawa Industrial Technology Research Institute, Kanaga Wa-Ken, Japan)
Cell for Industrial Safety and Risk Analysis,

Chemical Engineering Department, CLRI (CSIR), Chennai, India

Member
Prof. Kuei-Hsien Chen
Prof. Hyung IL Lee
Pr'\D 1Ca¥neggieMelinn University, Pittsburgh, USA) Y PhD (Harvard University, USA) . . S
Professor, Department of Chemistry, University of Ulsan, Ulsan, South Korea. A igicelg;i?a?ilx:’a&Nggg::ta)ll%:;;?BLT:Q::E%?;T% Iizl]olecmar ANGes:
Member Member
9 Institute has singed MOUGs wi t h

world connections.

o MOU with Texas Stat&niversity USA

o MOU with University of Ulsan South Korea

o MOU with University of KN South Africa

o MOU with Lamar University, Beaumont, Texas, USA

o MOU with Jinan University, China

i nt eramdahas goodaoliter u n i v €
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UNIVERSITY OF
KWAZULU-NATAL

sigaat Date ‘
n
2) Uniited Seates:
Department of Ohervistry & Blochemistry
Lamar University, Beaument, Texas, USA
a0 i
P Var s n l 217
Dr, Yejraj Aminabhavi (indian sido) m‘(‘wik -8 \2e17
Dr. Shyam 5. Shukds (American side) ;}(‘/\Ar‘xw § Lnta 27/‘%#
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1M Date: 1!} 108« 2017

E1M Date:

19 0% 2049

1 Date:

1905 - 3019

FIW) Dates

JINAN NIVERSITY

14

1 Two M. Pharm students Mr. Chirag Gohil and Ms. Kirti Patel visited university of
Kwazulu Natal South Africa under student exchange program to complete their M.
Pharm research work.

STUDENT EXCHANGE PROGRAM

Mr. Chirag Gohil students of SDPC Visited to University of Kwazulu Natal, South Africa.

Outer World
Connection

~ UNIVERSITY OF
KWAZULU-NATAL
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Funding Agency

https://brns.res.in/index.php https://gujcost.gujarat.gov.in/

https://www.greenkem.org/
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Institute h-index and citation from scopus

Shree Dhanvantary Pharmacy

College

KIM [East], Near Railway Station, Dhanvantary College

Road,Taluka : Olpad, Surat

GJ, India

Affiliation 1D: 60116042
Other name formats: (Shree Dhanvantary Pharmacy couege) (Shree Dhavantary Pharmacy CuHegE) CShrEE Dhanvanvantary Pharmacy CnHegE)

£ Give feedback

Follow this affil

Set feed

((Dhanvantary College Of Pharmacy ) ("Shri Dhanvantary Pharmacy College ) ((Shres Dhanvantry Pharmacy College ) View all v

This is an overview of citations for the documents you've selected.

80 cited documents +swetolist

Date range:

to 2019

2014

These documents A-index

Exclude self citations of all authors

16

Of the documents considered for the h-index, 16 have been cited at least 16 times

Citations

150
125
100
75
50

25

Documents by subject area

POPHOOPHEOEPE O PP PP Do

Documents

Collaborating affiliations

Citations

s
<

>
%

Documents by source

Document count (high-low)
Sort by:

180

60

Pharmacology, Toxicology and Pharmaceu...

Chemistry

Biochemistry, Genetics and Molecular Bio...

Chemical Engineering
Medicine
Engineering

Materials Science

Agricultural and Biological Sciences
Computer Science

Dentistry

Economics, Econometrics and Finance
Energy

Envirenmental Science

Physics and Astronomy

Exclude citations from books

2014 2015

innovation
ecosystem

Documents, affiliation only

80

Authors

58

Document h-index: 16  View h-graph ®

2016 2017
Years

2018 2019

Shree Dhanvantary Pharmacy College

19.0%

Chemistry

= Pharmacology, Toxicology and Pharmaceutics

Biochemistry, Genetics and Molecular Biology
ical Engineering

Engi g

B Materials Science
Agricultural and Biological Sciences
Computer Science

Dentistry
Other
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Publication

[1] H.M. Patel, V. Bhardwaj, P. Sharma, M.N. Noolvi, S. Lohan, S. Bansal, A. Sharma,
QuinoxalinePABA bipartite hybrid derivatization approach: Design and searcanfimicrobial
agents, Journal of Molecular Structure 1184 (2019)5&2

[2] Q. Ma, Y. Ouyang, F. Meng, M.N. Noolvi, S.P. Avvaru, U.A. More, T.M. Aminabhavi, M. Du,

H. Liu, Y. Zhuang, M. Pang, T. Cai, Y. Cai, A review of pharmacological and clinicalestadi

the application of Shenling Baizhu San in treatment of Ulcerative colitis, Journal of
Ethnopharmacology 244 (2019).

[3] V. Chauhan, V. Patel, B. Akbari, R. Barse, Development and evaluation of biodegradable
polymeric based long acting in situ formimgcroparticles of Ihrh agonist goserelin acetate, Indian
Journal of Pharmaceutical Education and Research 53(2) (2012216

[4] H. Patel, K. Dhangar, Y. Sonawane, S. Surana, R. Karpoormath, N. Thapliyal, M. Shaikh, M.
Noolvi, R. Jagtap, In search o¢ 4 e c t {H®R typ& 1 ibhibitors without nephrotoxicity: An
approach to resolve the metabolic syndrome by virtual based screening, Arabian Journal of
Chemistry 11(2) (2018) 22232.

[5] S.P. Avvaru, M.N. Noolvi, T.M. Aminbhavi, S. Chkraborty, A. Dasl§.SShukla, Aromatase
inhibitors evolution as potential class of drugs in the treatment of postmenopausal breast cancer
women, MiniReviews in Medicinal Chemistry 18(7) (2018) 6621.

[6] P. Tanvi, V. Jain, Pharmacognostic standardization of Oldenlandiabosa, International
Journal of Pharmaceutical Research 9(1) (2017232

[7] M.A. Shah, H. Patel, H. Raj, Methods for the estimation of ellagic acid and curcumin in
antidiabetic herbal formulation#\ review, Eurasian Journal of Analytical Chemistg(4) (2017)
295311.

[8] H.M. Patel, R. Pawara, A. Ansari, M. Noolvi, S. Surana, Design and synthesis of
quinazolinones as EGFR inhibitors to overcome EGFR resistance obstacle, Bioorganic and
Medicinal Chemistry 25(10) (2017) 27-2323.

[9] H.M. Patel, M.N Noolvi, N.S. Sethi, A.K. Gadad, S.S. Cameotra, Synthesis and antitubercular
evaluation of imidazo[2;b][1,3,4]thiadiazole derivatives, Arabian Journal of Chemistry 10 (2017)
S996S1002.

[10] R. Kashyap, Role of secondary metabolites and medicinal péeatésl for healing of gastric
ulceri A review, International Journal of Pharmaceutical Research 9(1) (2a1%) 5

[11] S.M. Kamble, H.M. Patel, S.N. Goyal, M.N. Noolvi, U.B. Mahajan, S. Ojha, C.R. Patil, In
silico evidence for binding of pentacyclic &ipenoids to keapirf2 proteinrprotein binding site,
Combinatorial Chemistry and High Throughput Screening 20(3) (20172245
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In the course of our search for new antitumor agents for breast cancer, novel flavone derivatives were
synthesized, characterized and examined for their antitumor activities against breast cancer cell lines. In
initial screening, analogs 7a [3=(5-amino=1,3,4=thiadiazol=2-yllmethoxy=2=phenyl-4H=-chromen=4-ane|
and 7b  [3=(5-amino-13 4-thiadiazol-2-ylimethoxy=2-(4=-methoxyphenyll-4H-chromen=4=one] were
found to be effective against the estrogen receptor negative cell line (MDA=MB 453), which was followed
by their evaluation in five dose assays. In addition, mechanistic studies of 7a and 7b were performed by
cytometric analysis and electrophoretic studies and it was observed that apoptosis is a mechanism of
cell death, confirmed morphologically by acridine orange/ethidium bromide double staining and TUMEL
analysis. Further in vivo evaluation of the anti=tumor activity of compound 7a and 7b by Ehrlich Ascites
Carcinoma (EAC) model and related studies confirms the anti-breast cancer potential of flavonoid analogs.
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Breast cancer is the most commonly diagnosed malignancy
among women with more than one million new cases diag-
nosed per year throughout the world.** Despite advances in the
early detection of breast cancer and the advent of novel targeted
therapies, breast cancer still remains a significant public health
problem due to the involvement of multiple aberrant and
redundant signaling pathways in the tumorigenesis and the
development of resistance to the existing therapeutic agents.
The currently available breast cancer therapies achieve mean-
ingful clinical results in only 30-40% of the patients.* The
efficacy of current chemotherapeutics is low and undesirable
side effects are still unacceptably high.' Hence, the develop-
ment of novel, efficient, and less toxic anti-breast cancer agents
remains an important and challenging goal of medicinal
chemists worldwide.

The female hormone estrogen stimulates breast cell division
leading to the increase in risk of permanent damage to DNAG
Compounds that can regulate the apoptosis of cancer cells are
of a high medical significance.® Natural products (NPs] have
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played a valuable role in the drug discovery and development.”™
Newman and Cragg' reported that in the case of cancer around
79% of FDA-approved drugs during a period of 1981-2010 are
either natural products or their based/mimicked-compounds.
NFs are chosen through evolutionary process via lead optimi-
zation to interact with various enzymes/proteins and thus
represent biologically relevant regions of the vast chemical
space.”" " Flavopiridol, a semisynthetic flavones analog, acts as
CDK9 inhibitor, is FDA-approved orphan drug for acute myeloid
leukaemia. It has been reported that myricetin, (flavonoid
compound) could decrease pancreatic cancer growth wia
induction of cell apoptosis.® LY294002 (flavonoid analogue)
entered clinical trials as a potential antineoplastic agent.™
Effects of phytoestrogens in cancer prevention have been re-
ported for decades.** Since then many molecular mechanisms
underlying these effects have been identified. Targets of phy-
toestrogens comprise steroid receptors, steroid metabolising
enzymes, elements of signal transduction and apoptosis path-
ways, and even the DMA processing machinery.” Phytoes-
trogens include chalcones (A), flavones (B) and isoflavones (C)
which are non-steroidal compounds possessing anti-estrogenic
activity (Fig. 1)."

In light of these findings and in continuation of our research
for novel anti-cancer agents™ " in the present study, new series
of flavone derivatives has been synthesized and screened in witro
for evtotoxicity by sulphorhodamine B assay. Five dose assay in
estrogen receptor negative cell line (MDA-MB 453) and deter-
mination of 1C;, by SRE assay was also performed. In addition,
mechanistic study was done with cytometric analysis and elec-
trophoretic determination of apoptosis. Further in vive activity
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Abstract: Aromatase inhibitors are class of drugs that inhibit aromatase, a rate limiting enzyme in the bio-
synthesis of estrogens from their corresponding androgens. Estrogens play a vital role in the development and
growth of breast tumors especially in postmenopansal women apart from their imporiant functions in cell
homeostasis. The reduction of estrogen physiological concentration through aromatase inhibition is
one of the most important therapeutic strategies against this cancer type. The third-generation aro-
matase inhibilors are now wsed as first-line therapy in the treatment of carly and metastatic breast cancer in
posimenopausal women. However the quest for new class of drugs still stays indispensable to evade the danger
of conceivable rising resistances o existing drugs, toxicity and unwanted side effects due to chronic treat-
ment. The current review deals with recent advances in understanding of aromatase, its mechanism and
research in the development of various novel chemotypes as aromatase inhibitors. The new challenges
and the fast changing trends in bringing rational approach in aromatase inhibitors o a different level
like research in dual/muliiple target enzyme inhibition strategies, radiolabeling of aromatase inhibitors
as theranostic agenis: the development of new compuiational models for complete understanding of
aromaiase enzyme and its substrate/ligand interactions will bring in holistic approach o comprehen-
sive inhibition of aromatase and other relevant enzymes for effective treatment and monitoring of

posimenopausal breast cancer.

Keywords: Aromatase inhibitors, estrogen, breast cancer, dual inhibitors, molecular modeling, radiolabeling.

L INTRODUCTION

An estimated 1.67 million new breast cancer cases were
diagnosed in 2012 which makes it the second most common
cancer among women in the world [1]. Around 70-80 per
cent of postmenopausal breast cancer patients are found to be
estrogen-dependent breast cancer cases [2]. Endogenous
estrogens affect the cellular roles of genes involved in cell
division, protein expression, cell communication [3] and
play a vital role in the development and growth of breast
tumors [4]. Ovaries and placenta are the major sources of
estrogen biosynthesis and to a lesser degree in testes, liver,
adrenal glands, breasts and fat cells. Androgens are known to
be precursors for the synthesis of Estrogens.

1.1. Aromatase

Estrogens are biosynthesized from their corresponding
androgens by aromatase or estrogen synthetase (CYP19AL;
EC 1.14.14.1) a rate-limiting enzyme [5]. It is a microsomal
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membrane-bound cytochrome p-450 monooxygenase complex
comprising of aromatase cytochrome p-450 arom and
NADPH-cytochrome p-450 reductase. Cytochrome p-450
arom is a heme protein that binds the steroid substrate. mo-
lecular oxygen and catalyses oxidation. The reductase is a
flavoprotein, found ubiguitously in endoplasmic reticulum,
and responsible for transferring reducing equivalents from
NADPH to cytochrome p-450 arom [4, 6]. The gene CYP19
expresses cytochrome p-450 arom, and the gene is located on
chromosome 15 in humans. The human CYPI9 gene in-
cludes nine coding exons, 2-10. Tissue-specific regulation of
the aromatase gene in various tissues is determined by tis-
sue-specific promoters. In placenta, p=450 arom transcripts
contain promoter 1.1 or 1.2. Ovarian transcripts comprise of
promoter PII [7, 8]. Aromatase activity in human adipose
and ovanan granulosa cells is associated to complex multi-
factorial regulation and changes in aromatase activity are
correlated with changes in the levels of mRNA encoding p-
450 arom [9].

Aromatase cytochrome P450 is the rate limiting enzyme
that catalyzes androgens conversion to estrogens in verte-
brates [10]. It is the hallmark androgenic specificity that is
C19 steroids with 4-ene-3-one system that sets aromatase
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