
journey of life through chemistry
Shifa ChemPharm

July - Dec 2016
journey of life through chemistry

Shifa ChemPharm
Volume: 2  Issue: 2

From Managing Trustee’s Desk

I am very glad that the editorial team of ShifaChemPharm of Department of Pharma-
ceutical Chemistry, Al Shifa College of Pharmacy have come out with the fourth edition 
of this newsletter and heartening to see that the second newsletter from Al Shifa College 
of Pharmacy is also being published periodically. I am very happy and proud that two 
newsletters at regular intervals are being published by our college. This is the first college 
in South India to bring out a newsletter in Pharmaceutical Chemistry. I congratulate Dr. 
TNK Suriyaprakash, Principal and Dr.ArunRasheed, HOD, Pharmaceutical Chemistry and his 
team for the efforts.

I congratulate Dr. ArunRasheed for getting a project from Kerala State Council for 
Science Technology and Environment for the MPharm project of his student. This is the 
second time he is granted with the project in the last three years.

I am also very happy to see that all the faculties of the Department of Pharmaceutical 
Chemistry have contributed with an article in addition to articles from outside experts.

Dear healthcare professionals,
It is great pleasure to bring out the fourth edition of ShifaChemPharm, a half yearly 

newsletter from Department of Pharmaceutical Chemistry, Al Shifa College of Pharmacy!!
The HoD, Dr.ArunRasheed, received a grant from Kerala State Council for Science, 

Technology and Environment for M.Pharm project. We congratulate the HOD and the can-
didate for getting the project.

Another faculty, Dr. SanalDev, was invited as resource person in Karpagam University, 
Tamilnadu and Amrita University, Ernakulam. Ms. Shebina P Rasheed received second prize 
in oral presentation in National conference in Amrita University, Cochin, shows the depth 
and calibre of the department and the college.

In this issue of newsletter, all the faculties of the department have contributed an ar-
ticle.  Dr. Sabitha from Amrita School of Pharmacy, Cochin and Dr. Aravind A, Government 
College of Pharmacy, Trivandrum, contributed excellent articles on psoriasis and anti-can-
cer drug therapy respectively. 

This is all possible in this institution because of the inspiring leadership of our beloved 
Mr. P. Unneen, Managing Trustee, who immediately accepted and encouraged to share the 
Chemistry knowledge with the peers in other colleges and industries. We are also indebted 
to Mr. SuhailHamsa, General Manager, Shifa Institute of Medical Sciences for his support. 
We also take this opportunity to thank Dr. Abdulla Khaleel our beloved Academic Mentor in 
fine tuning our efforts to perfection.

We expect contributions from peers and criticism for improving the quality of this 
newsletter.

“When the whole world is silent, even one voice becomes powerful”-MalalaYousafzai

From Director, Editorial Board’s Desk
Dr. TNK Suriyaprakash M.Pharm., PhD., MBA (HRM).,
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Dear Readers, 
I am happy to release the fourth issue of ShifaChemPharm 2016. It is a proud moment for Alshifa College of Phar-

macy for getting NBA accreditation for B.Pharm course, and became the first institute in Kerala with this prestigious 
achievement among the Pharmacy colleges in Self financing sector.On behalf of Dept. of Pharmaceutical Chemistry, I 
congratulate management, faculty, staff and students, forbeing true professionals and for being inspirational as a great 
team in their efforts to become a premier institute in Pharmacy.

This issue comes with invited articles from Dr. Sabitha M., Amrita school of Pharmacy entitled ‘Animal models 
of psoriasis: An overview’ and Dr.A.Aravind, Govt Medical College, Thiruvananthpuram entitled ‘Emerging role of  
molecular hybrids in anticancer drug discovery’. 

The articles from the faculty members of Dept. of Pharmaceutical Chemistry are highly appreciable, innovative 
and make this newsletter a technical feast to the readers.The faculty is keen in publishing their research outcomes in  
Journals of International repute in areas of Cancer research and Prodrug based drug design. The staff and students of 
our Dept. have actively participated and presented papers in Kerala Science Congress in Thiruvalla, Indian Science Con-
gress in Tirupati, and IPC in Vishakhapattanom.

I wholeheartedly thank Principal, Prof. (Dr.) T.N.K.Suriyaprakash, Mr. P. Unneen, Managing Trustee, Dr. Abdulla 
Khaleel, Academic Mentor and Mr.Suhail Hamza, General Manager, Shifa Institute of Medical Sciences and for their con-
stant support and encouragement. The feedbacks received for the last issues are positive and welcome, which serves 
the purpose for which the newsletter is intended. Thank you all. Wish you a very happy new year 2017.

Dr. Arun Rasheed

From Chief Editor’s Desk

Diabetes mellitus type 1 (also known as type 1 diabetes) is a 
form of diabetes mellitus that results from the autoimmunede-
struction of the insulin-producing beta cells in the pancreas. Type 
1 diabetes may prove to be especially difficult to cure, because 
the cells are destroyed when the body’s own immune system at-
tacks and destroys them. This autoimmunity must be overcome 
if researchers hope to use transplanted cells to replace the dam-
aged ones.

for decades, diabetes researchers are searching for ways 
to replace the insulin-producing cells of the pancreas that are 
destroyed by a patient’s own 
immune system.Over the past 
several years, research is at-
tempted to cure diabetes by 
injecting patients with pancre-
atic islet cells—the cells of the 
pancreas that secrete insulin 
and other hormones. Howev-
er, the requirement for steroid 
immunosuppressant therapy to 
prevent rejection of the cells 
increases the metabolic de-
mand on insulin-producing cells 
and eventually they may ex-
haust their capacity to produce 
insulin.

Milestones in development 
of implanted stem cells for di-
abetes

1892: German doctor Oskar Minkowski discovers link between 
diabetes and the pancreas.

1893: Minkowski’s first pancreas transplant attempt is a fail-
ure.

1966: first successful pancreas transplant in a human.
1994: Experiments with islet transplantation begin.
1999: “Edmonton protocol” results in successful islet trans-

plants from cadavers. Immunosuppression drugs required to pre-
vent rejection.

2014: Human beta cells successfully grown in a lab. first U.S. 
clinical trial of an encapsulation device begins.

Several teams of researchers have been investigating the pos-

sibility that human embryonic stem cells could be developed as a 
therapy for treating diabetes.

Search is going on to develop technology to encapsulate or 
embed islet cells derived from islet stem or progenitor cells in a 
material that would allow small molecules such as insulin to pass 
through freely, but would not allow interactions between the is-
let cells and cells of the immune system. Such encapsulated cells 
could secrete insulin into the blood stream, but remain inacces-
sible to the immune system.

Various diagnostic agents are independently working toward 
a stem cell-derived therapy 
for diabetes. More recently 
studies are going on to de-
velop implant for the de-
livery of insulin-producing 
cells that could someday 
functionally cure Type 1 
diabetes. The leading di-
agnostic ViaCyte’simplant 
is based on the differen-
tiation of stem cells into 
pancreatic beta cell pre-
cursors, with subcutaneous 
implantation in a retriev-
able and immune-protec-
tive encapsulation medical 
device (Encaptra® drug 
delivery system). Once 

implanted, the precursor cells mature into endocrine cells that 
secrete insulin and other hormones in a regulated manner to con-
trol blood glucose levels. Human embryonic stem cells are en-
capsulated in the subcutaneous Encaptra drug delivery implant, 
where they differentiate into insulin-producing cells. The devices 
enable the stem cells to transform into more specialized cells by 
protecting them from the patient’s immune system.

The Encaptra consists of a semi-permeable cell containment 
barrier that allows the stem cells within access to nutrients like 
glucose. Although the stem cells are fully contained, their by-
products (most notably insulin) are allowed to leave the device, 
to the benefit of the patient, according to the company website.

Dr. Jemi Jacob, Assistant Professor
Department of Pharmaceutical Chemistry, Alshifa college of Pharmacy, Kizhattur

TREAT DIABETES USING IMPLANTED STEM CELLS

The implantable Encaptra Drug Delivery System
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A new computational tool called fABMACS is helping scientists 
to see beyond static images of proteins to more efficiently un-
derstand how these molecules function, which could ultimately 
speed up the drug discovery process.

fABMACS is an add-on to 
existing molecular dynamics 
software. It is based on GRO-
MACSv5.0.5 and optimizes net-
work communication and load 
balancing -- both critical aspects 
of software development in par-
allel computing environments 
-- to achieve a low-overhead 
implementation of new free-en-
ergy techniques. fABMACS also 
comes with a built-in configura-
tion tool that allows the code to 
be tailored to different applica-
tions without requiring the user 
to manually edit the code, which 
maximizes transferability.

 Bradley Dickson, Ph.D., a 
computational biophysicist in 
the laboratory of Scott Rothbart, Ph.D., at Van Andel Research 

Institute (VARI) ,first author of a paper describing the tool said, 
“The creation of fABMACS is a significant step toward robust vir-
tual drug discovery because it saves time and money. It allows us 
to better harness the power of existing software while greatly 

improving our ability to predict the 
way that a potential drug interacts 
with a protein”. fABMACS allows us to 
simulate chemical changes to the drug 
and more quickly predict how those 
changes impact its interaction with 
the target protein. Ultimately, this 
could translate to improved drug po-
tency and efficacy.To demonstrate the 
tool’s capabilities,scientists ran sever-
al accelerated computer simulations 
of the epigenetic regulatory protein 
BRD4 bound to a drug that is currently 
in phase I clinical trials for blood can-
cers. They demonstrated that a slight 
change to the compound’s chemical 
structure could improve binding to its 
target protein, thereby improving its 
effect. 

A potential lifesaver lies unrecognized in the human body: Sci-
entists at the University of Tübingen and the German 
Center for Infection Research (DZIf) have discovered 
thatStaphylococcus lugdunensis which colonizes in 
the human nose produces a previously unknown an-
tibiotic. As tests on mice have shown, the substance 
which has been named lugdunin is able to combat 
multiresistant pathogens, where many classic antibi-
otics have become ineffective. 

Infections caused by antibiotic-resistant bacte-
ria like the pathogenStaphylococcus aureus (MRSA) 
which colonizes on human skin -- are among the lead-
ing causes of death worldwide. The natural habitat 
of harmfulStaphylococcus bacteria is the human na-
sal cavity. In their experiments, Dr. Bernhard Krismer, 
Alexander Zipperer and Professor Andreas Peschel 
from the Interfaculty Institute for Microbiology and 
Infection Medicine Tübingen (IMIT) observed that 
Staphylococcus aureus is rarely found whenStaphy-
lococcus lugdunensis is present in the nose.lugdun-
inconsists of a previously unknown ring structure of 
protein blocks and thus establishes a new class of 
materials.The structure of lugdunin consists of a 
previously unknown ring structure of protein blocks 
and thus establishes a new class of materials.

Antibiotic resistance is a growing problem for physicians. Now the find-
ings made by scientists at the University of Tübingen open up new ways 
to develop sustainable strategies for infection prevention and to find new 
antibiotics -- also in the human body.

Athulya K.A, IInd M.Pharm, 
Department of Pharmaceutical Chemistry AlShifa College of Pharmacy, Kizhattur

FABMACS - NEW COMPUTATIONAL TOOL MAY SPEED DRUG DISCOVERY

Mythri M, Assistant Professor, 
Department of Pharmaceutical Chemistry, Alshifa college of Pharmacy, Kizhattur

HUMAN COMMENSALS PRODUCING A NOVEL ANTIBIOTIC IMPAIR 
PATHOGEN COLONIZATION

Simulation of BRD4 interacting with a potent inhibitor
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The finding that treatment with non-steroidal anti-inflamma-
tory drugs (NSAIDs) is associated with a reduced riskand age of 
onset of Alzheimer’sdisease (AD) reinforces the hypothesis that 
modulating inflammation could have therapeutic efficacy. The 
beneficialeffects of NSAIDs have also been associated with reduc-
tions in Aβgeneration, since experiments in vitro and in AD ani-
mal modelsindicate that certain NSAIDs are able to decrease Aβ 
levels, plaquesize and tau phosphorylation.It was recentlyshown 
that while NSAIDs may indeed protect those with healthierbrains, 
they can accelerate AD pathogenesis in patients withadvanced 
stages of the disease. This issupported by studies in transgenic 

mice, in which NSAIDs canprevent the appearance of cell cycle 
protein markers in neuronsin young mice, but not after cell cycle 
entry has been initiated. Therefore, it seems that the protective 
effectsof NSAIDs depend very much on the stage of the disease 
at whichthe medication is started as well as the duration of the 
treatment.

Temporal profile of microglial activation
A potential target of NSAIDs is thought to be the microgliaas-

sociated with the senile plaques. A study showing in non-dement-
ed patientsthat those treated with NSAIDs had three times less 
activatedmicroglia as non-treated controls. These data have 
been confirmedby in vivo treatment with NSAIDs in mouse models 
of AD, whichhave shown decreases in microglial activation and in 
inflammatorymediators such as  NOS, COX and cytokines. 

Experiments carried out in cultured microgliahave revealed 
that incubation with NSAIDs decreased the secretionof pro-in-
flammatory cytokines and may increase Aβ phagocytosis. How-
ever, the reduction of activated microgliaand astroglia by NSAIDs 
was not significant in AD patients, indicatingan age or stage de-
pendent difference in the glial response. Recently, these finding-
shave been backed up by observations indicating that microglia 
maychange from alternative to classical phenotype over time, 
although probably there is a heterogeneouspopulation. There-
fore,the response of NSAIDs may differ in “young” vs “old” mi-
croglia (figure 1).

It has been hypothesized that early microglial activation in 
ADdelays disease progression by promoting clearance of Aβ be-
foreformation of senile plaques. It is conceivable that glial acti-
vationis protective through mechanisms such as phagocytosis and 
clearanceof Aβ deposits forming a protective barrier between Aβ 

and neurons and secretion of growth factors, early in the dis-
ease. In later stages, withpersistent production of pro-inflamma-
tory cytokines, microglia loses their protective effect and may 
become detrimental through the release of cytokinesand chemo-
kines including IL-1β, IL-6, TNFα, IL-8 and MIP-1α. These inflam-
matory mediators modulateimmune and inflammatory function 
and may also alter neuronalfunction.

On the other hand, in aged human brainmany microglias are dys-
trophic showing morphological featuresindicative of senescence, 
such as fragmented cytoplasmic processes. Therefore, over acti-
vated and deregulatedmicroglia could cause uncontrolled inflam-

mation that may 
drivethe chronic 
progression of 
AD.Microglias in 
aged or diseased 
brains are primed 
and usually be-
have differently to 
those in younger 
individuals. Thus, 
it is likely that-
microgliado not 
respond equally 
to anti-inflamma-
tory therapyin old 
age and therefore, 
treatment of pa-
tients with NSAIDs 

inadvanced stages of the disease may not produce any benefit.
Similarly, there are other factors that may change the risk for 
ADdepending on the age, such as obesity or body mass index 
(BMI),which is an important predictor for late life dementia

fIGURE 1 | Different targets for NSAIDs. The response to 
NSAIDs may differdepending on whether they are used in early 
stages of disease, in whichmicroglia present an alternatively ac-
tivated phenotype compared with latestages which is associated 
with a classical microglia phenotype. On the otherhand, differ-
ent subsets of NSAIDs have different affinity for targets such as-
COX1, COX2, NFκB, PPARγ or γ-secretase, resulting in a range of 
effectsincluding reductions in inflammatory mediators, such as 
cytokines andalterations in Aβ generation.

There is significant epidemiological evidence to suggest 
that there are beneficial effects oftreatment with non-steroi-
dal anti-inflammatory drugs (NSAIDs) in Alzheimer’s disease, al-
thoughthese effects have not been reproduced in clinical trials. 
The failure of the clinical trials may beattributed to several pos-
sible facts: (1) NSAIDS may have been delivered too late to pa-
tients,as they may only be effective in early stages of the disease 
and possibly counterproductive in the late stages; (2) the benefi-
cial effect may depend on the drug, because different NSAIDsmay 
have different molecular targets; (3) the NSAID concentration 
reaching the brain and theduration of the treatment could also 
be critical, so increasing drug penetration is important in order 
to improve the efficacy and avoid secondary gastro-intestinal ef-
fects of the NSAIDs.

Arun Rasheed, 
Department of Pharmaceutical chemistry, Al Shifa College of pharmacy, Kizhattur

NSAIDS: HOW THEY WORK AND THEIR PROSPECTS 
AS THERAPEUTICS IN ALZHEIMER’S DISEASE
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1. Introduction
 Hybridization of biologically active molecules is a 

powerful tool to develop good therapeutic agents for variety of 
diseases including cancer, HIV, Tuberculosis, malaria and other 
infectious diseases. This type of drug design and development 
is gaining more importance worldwide. Today, vast majority of 
clinically used drugs have extremely very short half life in the 
blood stream and very high overall clearance rate. These drug 
molecules interact through monovalent binding with a given re-
ceptor. They diffuse rapidly into healthy tissues and distributed 
evenly throughout the body. As a consequence, relatively small 
concentration of the drug reaches the target site, and therapy 
is associated with several side effects. These disadvantages are 
more significant with drugs that exhibit a very narrow ther-
apeutic index such as anticancer, immunosuppressive agents. 
frequent side effects of these drugs includes nephrotoxicity, 
neurotoxicity, cardiotoxicity, gastrointestinal disturbances and 
hepatotoxicity etc., which are 
dose limiting and prevent effec-
tive treatment 

Cancer, second cause of mor-
tality in the world, is continuing 
to be a major health problem in 
developing as well as undevel-
oped countries. Although major 
advances have been made in the 
chemotherapeutic management 
of some patients, the continued 
commitment to the laborious task 
of discovering new anticancer 
agents remains critically import-
ant Molecular hybrids as antican-
cer agents

Molecular hybridization is a 
strategy of rational design of such 
ligands and prototypes based on the recognition of pharma-
cophoric sub-units in the molecular structure of two or more 
known bioac-
tive derivatives 
which, through 
the adequate 
fusion of these 
sub-units, lead 
to the design 
of new hybrid 
molecules that 
maintain pre-se-
lected charac-
teristics of the original templates. In this circumstances hybrid 
anticancer drugs are of great therapeutic interest as they can 
potentially overcome most of the pharmacokinetic drawbacks 
encountered when using conventional anticancer drugs. This 
approach to the drug discovery guide scientific community to 
design even better hybrid anticancer drugs for the next gener-

ation cancer treatments. This type of drug design is critically 
reviewed in 2009 by Gediya and Njar and in 2016 by Sebastien 
fortin & Gervais Berube .

There are two main ways by which the hybrid anticancer 
molecules can be designed and prepared: (i) merge and blend 
haptophoric moieties of different drugs and (ii) combine two 
or several entire drugs together. Some hybrids use both design 
approaches and are therefore difficult to classify in one or the 
other category.

1.1. Merging of haptophoric moieties of different drugs
This approach merges and blends haptophoric moieties of 

different drugs that are used to design new anticancer hybrids 
is based on the ability of a combination of haptophoric moi-
eties on a new molecular structure to retain their affinity for 
the biological targets. This concept is achieved through two 
approaches; first one is merging of two haptophoric groups 
from two different drugs acting through the same mechanism 

of action and secondly merging of 
haptophoric groups from two drugs 
acting through different mechanism 
of action. for example the compound 
1A  (figure 1) is a new Philadelphia 
hromosome (Bcr-Abl) inhibitor hybrid 
that has been designed using molecu-
lar fragments found in fDA approved 
imatinib, desatinib and nilotinib (fig-
ure 2).

figure 2. Parental anticancer 
drugs and their mechanism of action 
used in the design of merged hap-
tophoric moiety hybrids of different 
drugs.

1.2. Molecular hybrids aiming to 
multiple targets

The second strategy used in to 
merge haptophoric moieties of different drugs is to integrate 
two different drugs that are separately acting through two or 

multiple biological 
targets. This strategy 
is used to design new 
families of drugs to 
improve the pharma-
cokinetic and phar-
macodynamic prop-
erties of the parent 
components as well 
as to synergize their 
mechanisms of ac-

tion in a single molecular entity structure. This strategy over-
comes conventional strategies used in medicinal chemistry 
where the selectivity of a molecule for a specific biological tar-
get is the cornerstone for the development of new drugs. But 
it is in agreement with the logic of using ‘chemotherapeutic 
cocktails’ in clinic that are combining chemotherapeutic agents 

EMERGING ROLE OF MOLECULAR 
HYBRIDS IN ANTICANCER DRUG DISCOVERY
Dr. Aravind A, Department of Pharmaceutical Chemistry, 
College of Pharmaceutical Sciences, Government Medical College, 
Thiruvananthapuram, Kerala- 695011, India. Corresponding author: aravindaphd@gmail.com

figure 1. Molecular structures of anticancer drug hybrids merging 
two heptaphoric groups from different drugs acting through same 
mechanism of action (Compound 1A)

Invited Article
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exhibiting different mechanism of action (eg., 5-fluoro-
uracil, epirubicin, cyclophosphamide for the treatment of 
breast cancer) that are more effective than when used 
alone Combination of two or several entire drugs (com-
bi-molecules)

The amalgamation of two or several entire drugs with 
the same molecular structure is also called combi mole-
cule, is the second approach of designing molecular hy-
brids as anticancer agents. There are different strategies 
for designing such a combi molecule. In the first strategy, 
new anticancer hybrids are designed by the connection 
of two drugs with same mechanism of action. The drugs 
can be composed of different drugs and moieties recog-
nized to have enhanced anticancer properties or com-
posed of the same drug (dimer). In the second strategy 
combi-molecules are developed with the aim to exploit 
multi-biological targets. It is one of the most promising 
approaches to design highly potent, effective and useful 
therapeutical hybrids. Cancer cells possess numerous pro-
teins, enzymes, signaling pathways or other biological en-
tities to bypass, overcome the mechanism of action of an-
ticancer agents. These protective molecules and salvation 
mechanisms revoke the antiproliferative activity and the 
induction of apoptosis, normally triggered by anticancer 
agents, and often induces chemoresistance of the cancer 
cells. Consequently, that concept aims to synergize their 
efficacy and circumvent the rescue mechanisms employed 
by tumour cells. Several molecular hybrids are designed 
based on this concept . 

The third most important combi-molecule strategy 

aims to vectorize anticancer drugs to target specific tis-
sues is also promising method to design highly effective, 
nontoxic and useful hybrids. The undesirable biopharma-
ceutical properties such as inadequate misdistribution, 
low tissue penetration, and poor topism for cancer cells 
are major limitations that prevent most drugs to reach 
the cancer tissues feely or to be effective, despite high 
in-vitro potency. This concept addresses the problem by 
adding to an anticancer drug unable to biodistribute itself 
into the cancer tissue to be targeted a second molecu-
lar fragment that can bio-accumulate into that specific 
tissue. There are several group of scientists are actively 
involved in the development of such kind of molecular hy-
brids as anticancer drug delivery.

2. Conclusion
This mini-review gives current development in strate-

gies that have been used to design of molecular hybrids as 
anticancer agents. These informations allow us to identify 
the main parameters required to design such molecules. 
This area of research presents great interest to the sci-
entific community and is in constant expansion. It is very 
clear that the hybrid themselves, in their entire structure, 
can provide additional biological properties that only the 
combination of drugs can do. The work in progress in this 
field and the future of such drug discovery is highly prom-
ising and bright. Only imagination and creativity are the 
key elements to design and construct successful molecular 
hybrids as anticancer agents.

Venetoclax (trade name Venclexta previously known as GDC-0199, ABT-199, and 
RG7601)is an oral B-cell lymphoma-2 (BCl-2) inhibitor indicated for the treatment of 
patients with relapsed/refractory Cll with 17p deletion.Venclexta was developed in 
collaboration with Genentech and Roche.The fDA approved Venetoclaxfor use in pa-
tients with Cll who have 17p deletion (deletion located on the chromosome 17 short 
arm) and who have been treated with at least one prior therapy on April 11, 2016.

Medicinal uses
Venetoclaxis a new targeted therapy for a certain type of chronic lymphocytic leu-

kemia (Cll). The drug Venclexta (venetoclax) treats people with Cll whose leukemia 
cells have a chromosome abnormality called 17p deletion and who have had at least 
one treatment already. It targets BCl-2, a protein in Cll cells that helps them live 
longer.

Mechanism of action
• Venclexta (venetoclax) is a selective and orally bioavailable small-molecule 

inhibitor of BCl-2, an anti-apoptotic protein. 
• Over expression of BCL-2 has been demonstrated in CLL cells where it medi-

ates tumor cell survival and has been associated with resistance to chemotherapeutics. 
• Venetoclax helps restore the process of apoptosis by binding directly to the 

BCl-2 protein, displacing pro-apoptotic proteins like BIM, triggering mitochondrial out-
er membrane permeabilization and the activation of caspases.

Side effects
Adverse effects associated with the use of Venclexta may include, 
• Neutropenia
• Thrombocytopenia
• Anemia
• Diarrhea
• Nausea
• Upper Respiratory Tract Infection
• Fatigue

VENCLEXTA
Karthika.S,Assistant Professor, Department of Pharmaceutical Chemistry,
AlShifa College of Pharmacy, Kizhattur

Drug Profile
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Reactive oxygen species (ROS)-activated aminoferrocene-based anticancer 
prodrug candidates successfully take advantage of intrinsically high amounts of 
ROS in tumor tissues. Interestingly, the ROS-initiated activation of these prodrug 
candidates leads to formation of unstable aminoferrocene (fc-NH2) derivatives, 
which decay to iron ions. The latter catalytically increases ROS concentration to 
a lethal level. The light-controlled aminoferroceneprodrug candidates by deri-
vatizing fc-NH2 with an o-nitrophenyl and an o-nitrobi-
phenylphotolabile protecting group (PlPG), respectively, 
and further conjugation to a mitochondria localization 
signal (MlS) peptide (Cys-D-Arg-Phe-lys-NH2). 

The bioconjugates were found to be more stable and 
less cytotoxic, in the dark, toward human promyelocytic 
leukemia cells (Hl-60) compared to fc-NH2. Upon light 
irradiation at 355 nm, both conjugates released fc-NH2, 
albeit with very different photolysis quantum yields. The 
o-nitrobiphenylphotocage was in fact several orders of 
magnitude more efficient than the o-nitrophenylphoto-
cage in releasing Fc-NH2. This difference was reflected by 
the light irradiation experiments on the Hl-60 cell line, 
in which aminoferrocene conjugated with the o-nitrobiphenyl cage and the MlS 
displayed the highest phototoxicity index (2.5 ± 0.4) was tested. The iron re-
lease assays confirmed the rise in iron ion concentrations upon light irradiation 
of both caged aminoferrocene derivatives. Together with the absence of pho-
totoxicity on the nonmalignant hTERT-immortalized retinal pigment epithelial 
(hTERT RPE-1) cell line, these results indicate catalytic generation of ROS as 
possible mode of action.

The experimental “smart-bomb” drug Rovalpituzumabtesirine (Rova-T) appears safe and shows effica-
cy in treating patients with advanced small cell lung cancer (SCLC), according to results from a first-in-
human clinical trial presented by a Memorial Sloan Kettering Cancer Center (MSK) researcher at the 2016 
American Society of Clinical Oncology (ASCO) Annual Meeting in Chicago.

Rovalpituzumabtesirine, a novel biomarker-specific antibody-drug conjugate or ADC targeting the del-
ta-like protein 3 or Dll3 protein, expressed in more than 80% of small-cell lung cancers (SClC) patient 
tumors, appears to be safe and shows efficacy in treating patients with advanced SCLC.

Antibody-drug conjugates like RovalpituzumabTesirineare large molecules in which anticancer drugs 
are attached to an antibody. The antibody targets a protein that is abundant on the surface of cancer 
cells, but is preferably rarely found on healthy cells. following the attachment of the antibody to the tar-
get protein on a cancer cell, the cancer cell internalizes the antibody-drug conjugate. Inside the cancer 
cell, the cancer drug is released from the antibody where it exerts its cancer-killing effect.  In this way, 
the new drug works like a “Trojan horse.”The Dll3 protein is not or rarely expressed in healthy cells the 
targeted delivery of the novel cancer drugs to cancer cells helps minimizes ‘collateral’ damage to normal-
healthytissues. In fact, the payload used in the cytotoxic anti-cancer drug in Rovalpituzumabtesirine is so 
potent that it cannot be given systemically as a standalone treatment. However, the studies show that the 
drug, when attached to an antibodyas an ADCis relatively safe.

Rovalpituzumabtesirine comprises of an anti-Dll3 antibody conjugated to a pyrrolo-benzodiazepine 
dimer, a cancer-killing DNA-damaging agent. Pyrrolo-benzodiazepines (PBDs) are a class of sequence-se-
lective DNA minor groove binding crosslinking agents originally discovered in Streptomyces species. The 
mechanism of action of the PBDs is associated with their ability to form, an adduct in the minor groove, 
thus interfering with DNA processing.

Karthika.S Assistant professor, 
Department of Pharmaceutical Chemistry,AlShifa College of Pharmacy, Kizhattur

GENERATION OF CYTOTOXICITY THROUGH PHOTO-
RELEASE OF AMINOFERROCENE

Neethu Varghese.,  Assistant Professor,
Department of Pharmaceutical chemistry AlShifaCollege of pharmacy, Kizhattur

NOVEL TARGETED DRUG ROVALPITUZUMABTESIRINE SHOWS 
PROMISE AGAINST ADVANCED SMALL CELL LUNG CANCER
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Scientists from the National Institutes of Health have identi-
fied an antibody from an HIV-infect-
ed person that potently neutralized 
98 % of HIV isolates tested, includ-
ing 16 of 20 strains resistant to 
other antibodies of the same class. 
The remarkable breadth and po-
tency of this antibody, named N6, 
make it an attractive candidate for 
further development to potentially 
treat or prevent HIV infection, say 
the researchers. The scientists, led 
by Mark Connors, M.D., of NIH’s Na-
tional Institute of Allergy and Infec-
tious Diseases (NIAID), also tracked 
the evolution of N6 over time to 
understand how it developed the 
ability to potently neutralize near-
ly all HIV strains.Identiying broadly 
neutralizing antibodies against HIV has been difficult because the 
virus rapidly changes its surface proteins to evade recognition 
by the immune system. In 2010, scientists at NIAID’s Vaccine Re-

search Center (VRC) discovered an antibody called VRC01 that 
can stop up to 90 % of HIV strains from 
infecting human cells. like VRC01, N6 
blocks infection by binding to a part 
of the HIV envelope called the CD4 
binding site, preventing the virus from 
attaching itself to immune cells. Cur-
rent study showed that N6 evolved a 
unique mode of binding that depends 
less on a variable area of the HIV en-
velope known as the V5 region and 
focuses more on conserved regions, 
which change relatively little among 
HIV strains. This allows N6 to tolerate 
changes in the HIV envelope, including 
the attachment of sugars in the V5 re-
gion, a major mechanism by which HIV 
develops resistance to other VRC01-
class antibodies. The new findings sug-

gest that N6 could pose advantages over VRC01, which currently 
is being assessed as intravenous infusions in clinical trials to see if 
it can safely prevent HIV infection in humans.

Ansiya Siraj.,  IInd M. Pharm, Department of Pharmaceutical chemistry,
Al Shifa College of Pharmacy, Kizhattur

Selenohydantoins are derivatives of hydantoins in which one of the oxygen at-
oms is replaced by selenium. Hydantoin moiety and its derivatives can be found 
in many drug molecules, including nilutamide, which is used in chemotherapy for 
prostate cancer, and dantrolene, which helps to relax skeletal muscles and prevent 
cramps.

Selenohydantoin molecules containing selenium possess anticancer activity and 
can be used as effective antioxidants. Selenium can be found in a number of known 
drug molecules, such as Ebselen -- an antioxidant with a broad spectrum of ther-
apeutic activity.In the study, novel selenium-containing hydantoin derivatives has 
synthesized. The structures of the molecules obtained were confirmed by NMR (Nu-
clear Magnetic Resonance) spectroscopy, high resolution mass spectrometry, and 
X-ray analysis. It was found that in the presence of Cu2+ copper cations, a spatial 
transformation is observed and a stable isomer is formed.Isomers are molecules 
with the same atomic composition, but different spatial structure. The interest 
lies in the fact that the isomers differ in terms of their properties and activity. In 
this study quantum-chemical calculations has used to explain the mechanism of 
the transformation they had discovered.The results of electromechanical studies 
showed that the synthesized molecules possess antioxidant activity, which means 
they are able to slow down the process of oxidation. They are also able to bind to 
receptors that protect the body from oxidation.The results of the study highlighted 
the important role of selenium in the structure of hydantoin derivatives. Structural 
modification such as this has a significant influence on the spectrum of biological 
activity and properties of the molecules.

The general structural formula of 
selenohydantoins is shown.

POTENT ANTIBODY AGAINST HIV STRAINS

SELENOHYDANTOINS:  NEW MOLECULES WITH 
ANTICANCER AND ANTIOXIDANT ACTIVITY
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EDIBLE INSECTS COULD SUPPLY 
AS MUCH DIETARY IRON AS MEAT

Iron is an essential dietary mineral, but there’s wide-
spread iron deficiency among populations that eat little 
or no meat. That’s because humans absorb much less 
iron from plant-based foods than from meat, says Gladys 
O. latunde-Dada of King’s College london. What makes 
meat-based iron so easy for humans to absorb is heme, 
an iron-carrying cofactor found in blood. Although insects 
don’t have heme, latunde-Dada was inspired to study the 
invertebrates after watching a United Nations forum on 
insect farming as a way to combat greenhouse gas emis-
sions from livestock farming. “If we are going to eat in-
sects, we’ll need to see if they have enough iron,” she 
says.

Insects are part of diets in South and East Asia, Afri-
ca, and South and Central America. latunde-Dada’s team 
studied four common food insects from these regions—
grasshoppers (Sphenarium purpurascens), crickets (Gryl-
lus bimaculatus), mealworms (Tenebrio molitor), and buf-
falo worms (Alphitobius diaperinus)—and compared them 
to sirloin beef. As a first step, the researchers simply 
measured how much iron the insects had. They crushed 
dried insects into a powder and used spectrophotome-
try to quantify the iron content, as well as that of other 
essential micronutrients, including calcium, magnesium, 
and zinc. Crickets had the most iron—12.91 mg/100 g, just 
shy of beef’s 15.47 mg/100 g.

Next the researchers looked at bioavailability: How 
much of that iron can humans actually absorb? This is 
affected by a range of factors—for example, an insect 
could contain abundant iron, but the iron may be poorly 
absorbed due to food particle size or encapsulation by 
insect cell components that can’t be degraded by human 

digestion. To test this, the researchers first mixed the in-
sect powder with digestive enzymes at low pH to imitate 
conditions in the stomach, then added bile-pancreatic 
extract at neutral pH to mimic the small intestine. The 
researchers, again using spectrophotometry, determined 

the iron content of the digested material. To measure 
bioavailability, they then added the digested samples—
each containing 20 μg of iron—to human epithelial cell 
cultures. After incubation, the researchers measured how 
much ferritin—a protein that stores iron—the cells con-
tained. Even though crickets had the highest iron levels 
overall, iron uptake from buffalo worms, a type of beetle 
larvae, was the clear winner, even besting sirloin beef.

Shebina. P.Rasheed, Asst.Professor, 
Department of Pharmaceutical chemistry, Al Shifa College of Pharmacy, Kizhattur

‘LIPIDOMICS’ METHOD TO BRING FASTER 
CANCER DIAGNOSIS

With the implications in  the field of lipidomics , a new ana-
lytical tool for medical applications and biological research that 
might be used to diagnose cancer more rapidly than conventional 
methods has developed. Lipidomicsinvolves the identification and 
quantification of cellular lipid molecules, their way to interact 
with other components in cells and their role in biological sys-
tems. Here, changes of the lipid profile are related to the disease 
state or different stages of cells.so this is an important tool for 
either diagnostics or for systems biology. The field of lipidomics 
has been significantly advanced by mass spectrometric analysis.

lipids includes fats, oils and waxes are important components 
of living cells. They may exist as isomers, which have identi-
cal mass but possessdifferent  structural differences, not easily 
detected by conventional analytical technologies. The new ap-
proach is the first to easily pinpoint the location of double bonds 
between carbon atoms in lipid molecules, allowing the identi-
fication of “isomers,” a capability that could lead to the early 
diagnosis of cancer. “The ratio of these isomers in normal tissue 
and tumor tissue can be different. The location of double bonds 

is related to the biosynthetic pathway, or how the lipid was gen-
erated in your body, and this is related to the disease status and 
also the status of the cell biology

The new tool uses techniques called tandem mass spectrom-
etry and the Paternò–Büchi photochemical reaction. In tandem 
mass spectrometry, charged molecules are fragmented into piec-
es, which are then measured and identified by their mass.

Mass spectrscopy shows isomers as exactly the same molecu-
lar mass, so you are not able to see how much of which isomers 
are in tissue .And we have found that the ratio of these isomers 
can be different between normal tissue and diseased tissue.
The researchers used a so-called “shotgun lipidomics” analysis 
enhanced by the Paternò–Büchi photochemical reaction, which 
modifies double bonds into rings that can then be easily cleaved 
into two parts. This allows the bonds to be measured and iden-
tified using mass spectrometry. Then the location of the double 
bond can be find out. The method can be completed within hours, 
starting with small amounts of tissue - tens of milligrams - com-
pared to weeks and hundreds of milligrams using conventional 
analytical techniques. This analytical tool using online Paternò–
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DISCOVERY OF MOLECULAR MARKER SPECIFIC 
TO EARLY EMBRYONIC HEART DEVELOPMENT

Büchi reaction coupled with tandem mass spectrometry (MS/MS)
helps in  both identification and quantitation of lipid C=C location 
isomers from complex mixtures. The potential of this method has 
been demonstrated with an implementation into shotgun lipid 
analysis of animal tissues.

 The system was demonstrated with brain tissue from rats and 
also was applied to breast cancer tissue from mice. The research-
ers also used the method to study liver and kidney tissue and plan 
to include prostate cancer tissue in future research.

BENEfITS
• It is as a new tool for biologists, to relate the isomeric 

ratio to the system biology and cell biology.
• The method is to identify biomarkers for fast diagnosis 

of disease.
• The method can be completed within hours, starting 

with small amounts of tissue - tens of milligrams - compared to 
weeks and hundreds of milligrams using conventional analytical 
techniques.

• Traditionally there has not been a good method for 

quickly distinguishing the unsaturated lipid isomers regardless of 
the amounts of tissue used. this approach may now use to discov-
er biomarkers and eventually apply it to diagnosis.”

• Operation could be carried out with a new miniature 
mass spectrometer.

• Direct analysis using ambient sampling methods will fur-
ther speed up the analysis process from hours to a minute

The system was used to identify 96 unsaturated fatty acids 
and glycerophospholipids in the brain tissue of rats, revealing 
that 50 percent of the lipids were mixtures of isomers character-
ized by the location of their carbon-carbon double bonds and for 
the first time, the quantitative information of lipid C=C isomers 
from a broad range of classes was obtained. This method also en-
abled facile cross-tissue examinations, which revealed significant 
changes in C=C location isomer compositions of a series of FA and 
GP species between the normal and cancerous tissues. 

The heart is one of the first organs to emerge as car-
diac progenitors in the embryo. Thus far, various studies 
have increased our knowledge of how cardiac progenitors 
develop and then differentiate into functionally different 
cell types in the heart. Such knowledge is extremely crit-
ical to understand the pathological cause of congenital 
heart diseases as well as to produce the heart muscle 
cells, called cardiomy-
ocytes, from embryonic 
or induced pluripotent 
stem (ES or iPS) cells 
in laboratories To eluci-
date the mechanism un-
derlying the production 
and the differentiation 
of cardiac progenitors 
in detail, each of cell 
lineages relevant to 
the heart development 
needs to be discerned 
from another. If a spe-
cific “surface antigen,” 
a molecule localized on 
the surface of only one 
lineage of interest and 
exposed to the outside of a cell, is available, it is ex-
tremely useful. It could be easily and effectively iden-
tify, isolate, examine and/or use the cells of interest 
using an antibody or other agent against it. The recent 
research studies have performed the screening to find 
such a useful surface antigen, and eventually found that 
GFRA2 specifically marks cardiac progenitors during early 
heart development. It was found that this protein is vital 
to successful heart development. Abnormal function of 
GfRA2 resulted in pathologically thin and less compact 

heart ventricle’s wall. This condition, “non compaction 
cardiomyopathy” causes severe heart failure with poor 
prognosis. More importantly, this molecule enables us to 
purify cardiac progenitors derived from ES and iPS cells 
more easily and effectively than ever, not only in mice 
but also in humans. Theoretically, these cardiac progen-
itors are promising for pharmacological test instead of 

experimental animals as 
well as for transplantation 
grafts of regeneration/cell 
replacement therapy to 
treat heart failure.It was 
noticed that Gfra2 was ex-
pressed specifically in car-
diac progenitors but not in 
embryonic stem cells. It was 
validated that this finding 
in both mice and humans, 
confirmed whether an anti-
body for GfRA2 lets us pu-
rify cardiac progenitors of 
humans. GfRA2 brings purer 
human cardiac progenitors 
than ever. This evidence 
indicates that isolated car-

diac progenitors are potentially safer in terms of tumor 
formation because its specificity brings less chance of 
contamination of tumor-causing undifferentiated cells. 
In addition, we It could purposefully harvest multipotent 
progenitors to produce every component of the heart or 
unipotent progenitors to produce only the heart muscle. 
A new aim could be developed to completely validate the 
safety of cardiac progenitors isolated with GfRA2, and 
develop a method to use them to treat heart failure most 
effectively.
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ANIMAL MODELS OF PSORIASIS: AN OVERVIEW

 Psoriasis is a chronic systemic autoimmune disease charac-
terised by hyperproliferation and incomplete differentiation of 
keratinocytes. The reported prevalence for the disease is 2-3% 
throughout the world with 0.3% in Indians. A disease can cause 
considerable degree of physical and psychological stress in pa-
tients. So, newer pharmaceutical interventions in drug discovery 
and formulation programs are essential for developing better 
therapeutic strategies to beat this dreadful incurable disease. 
Now a days lot of research in this area are ongoing; but for the 
translation of these from bench to bedside it requires proper pre-
clinical data done on reliable animal model. The lack of suitable 
animal model with the histological and immunological changes of 
psoriasis is always remains as a major challenge in the field of pso-
riatic research. An ideal psoriatic animal model should have the 
altered proliferation and differentiation of keratinocytes; demon-
strated histological as acanthosis, parakeratosis, rete pegs along 
with the absence or thinning of granular 
layer of epidermis. It should also be char-
acterized by the infiltration of inflamma-
tory cells including T cells. Vascular chang-
es with dilated tortuous blood vessels are 
also a characteristic feature of psoriasis. 
Even though a lot of   genetic and immu-
nological models are there, none of these 
models will mimic psoriasis exactly. The 
three major animal models that are used 
principally include mouse spontaneous 
mutation model, transgenic animal model 
and xeno-transplantation model. In case 
of spontaneous mutation model, muta-
tions attained by DNA replication errors or 
by DNA lesions or by incorporating genetic 
materials may induce psoriatic type chang-
es. Examples of spontaneous mutation 
models include flaky skin mice, Scd1ab/
Scd1ab mice, Sharpincpdm/ Sharpincpdm 
mice. This models exhibit some of the 
histological changes of psoriasis including 
acanthosis and parakeratosis. But model is 
not characterized by the infiltration of in-
flammatory cells. The second model is xeno transplantation mod-
el which use human psoriatic skin and graft this skin to immuno 
compromised mice such as nude or SCID mice .Even though this 
model is very close to human psoriasis in terms of genetics, immu-
nological and histological changes the model is limited by certain 
histological changes which are not observed in psoriasis such as 
the stratum granular layer retention in nude mice and infiltration 
of mature NK cells in SCID mice. The major limitations of model 
are: an expensive procedure, need good technical skill and need 
large amount of human psoriatic skin which is painful to patients 
and creates so much of ethical issues. In transgenic mouse model 
modification at single gene type involved in disease is utilised, it 
itself becomes the limitation of model, as psoriasis is a multi-fac-
torial disease with involvement of several genes. So there is an 
urgent need of proper animal models; that will mimic phenotyp-
ically and histologically psoriasis, easy to develop without much 
technical skill, inexpensive, respond on anti-psoriatic therapy and  
have reproducibility. Current anti-psoriatic researches are main-
ly based on two other psoriatic models; mouse tail model and 
imiquimod induced psoriatic model; as these models mimic most 

of the histological features of psoriasis and are simple and easy 
to develop.

Imiquimod(IMQ) induced psoriatic animal model: Imiquimod is 
an immune-stimulant, which is used for the treatment of genital 
warts caused by HPV virus.  Topical application of the agent on 
mouse back skin is reported to induce autoimmunity and is cur-
rently considered as an animal model of autoimmune diseases 
like psoriasis and Sytemic lupus erythematosus. Activation of Toll 
receptors expressed on the Dendritic Cells (DC) by IMQ result in 
the production of inflammatory cytokines including interleukins, 
TNF-α, IFN-δ etc. Secreted cytokines leads to deregulated cell 
proliferation, with incomplete differentiation of cells leading to 
psoriatic histological features    like acanthosis, parakeratosis, 
and extended rete pegs. The model is also characterized by the 
infiltration of inflammatory cells and accumulation of these cells 
as micro abcess in epidermal and dermal layers of skin.

fig 1: Normal mice skin and IMQ induced psoriatic skin

Advantages of the model:
Well defined
fast development (within 1 week) with 100% disease incidence
Very little intra group and inter batch variations
Highly robust
Requires limited facility and technical skill
limitations of the model:
   
The model is self-regressing on stoppage of the application of 

inducing agent
Continuous application of the agent in animals will induce se-

vere systemic toxicities resulting in animals death
 
       However by optimizing the dose and duration dose of 

application of IMQ it is possible to maintain the developed lesions 
throughout the experimental period   without inducing much toxic 
effect on animals9. We optimized the IMQ model of psoriasis and 
tested the anti-psoriatic activity of clobetasol and methotrexate 
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fig 2: Representation of A) Mouse tail, B) Micrograph of normal tail skin and C) 
Micrograph of treated tail skin

loaded chitin nanogel (CNGs) systems.
Mouse Tail model: Investigation on tail model is based on the 

fact that, the tail epidermis of normal mouse has been report-
ed with both ortho- and parakeratotic stratum corneum. In the 
orthokeratotic (interscale) region, a granular layer culminates 
around the viable cell layers along with loss of nuclei in cornified 
layer, and is adjacent to the hair follicles, which microscopically 
seems to be identical to normal human epidermis. In contrast, the 
scale regions which is not adjacent to the hair follicles, undergo 
parakeratot ic 
differentiation 
a c c o m p a n i e d 
by thinning 
or absence of 
granular lay-
er with visible 
nucleated cells 
in the stratum 
corneum. These 
parakeratot ic 
stratum corne-
um regions show 
histological sim-
ilarity to that of 
involved stra-
tum corneum 
of patients with 
psoriasis, further considered as the hallmark of psoriatic disease. 
It is been previously reported that, the entire epidermis of mouse 
tail at birth is orthokeratotic and the transformation begins after 
9 days of birth. So, the hypothesis is that, the topical treatment 
on mouse tail with the active moieties transforms the parakera-
totic differentiation to orthokeratosis.  

Advantages of the model
Inexpensive
Strong histological correlation of tail skin with human psori-

atic skin
Acclimatization and physical restrain of animal is not required
limitations of the model
Does not mirror the clinical features of psoriasis
 Does not mimic all the histological features
Cannot be accurate, since psoriasis is a polygenic disease

We, the authors de-
veloped chitin nanogel 
(CNGs) systems of two 
anti-psoriatic drugs: 
synthetic Acitretin (Act) 
and natural Aloe-Emodin 
(AE), and studied the 
efficacy of the systems 
alone and in combination 
using mouse tail model, 
in vivo. The usual his-
topathological features 
perceived in fully de-
veloped psoriatic skin 
lesions such as parakera-
totic differentiation with 
thickened epidermis, 
regular elongation of 

rete ridges along, capillary loop dilatation and absence of gran-
ular layer were also observed in the photomicrographs of con-
trol mouse tail. The nanogels treated groups showed reduction 
in these features and the transformation of parakeratotic differ-
entiation to orthokeratosis, confirms the benefit of the systems 
alone, as well the additive effect of nanogel combination system.

Synthetic biology in therapeutics is a new approach that enables con-
tinual production and release of drugs at disease sites while simultaneously 
limiting the size, over time, of the populations of bacteria engineered to 
produce the drugs. 

The widespread view of bacteria as strictly pathogenic has given way to 
an appreciation of the prevalence of some beneficial microbes within the 
human body. It is perhaps inevitable that some bacteria would evolve to 
preferentially grow in environments that harbour disease and thus provide 
a natural platform for the development of engineered therapies. Such ther-
apies could benefit from bacteria that are programmed to limit bacterial 
growth while continually producing and releasing cytotoxic agents in situ.
This method of therapy is beneficial in the case of cancer treatment. The 
studies proved that orally administered the lysis strain alone or in combina-
tion with a clinical chemotherapeutic to a syngeneic mouse transplantation 
model of hepatic colorectal metastases.The research works found that the 
combination of both circuit-engineered bacteria and chemotherapy leads to 
a notable reduction of tumor activity along with a marked survival benefit 
over either therapy alone. This approach establishes a methodology for le-
veraging the tools of synthetic biology to exploit the natural propensity for 
certain bacteria to colonize disease sites.

UC San Diego researchers led by Jeff Hasty, a professor of 
bioengineering and biology, engineered a clinically rele-
vant bacterium to produce cancer drugs and then self-de-
struct and release the drugs at the site of tumors.

Nija B.,  Assistant Professor, 
Department of Pharmaceutical chemistry, Al Shifa College of Pharmacy, Kizhattur

SYNTHETIC BIOLOGY IN CANCER THERAPY


