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From Managing 
Trustee’s Desk

It is heartening to see that the principal and editorial team of ShifaChemPharm of De-
partment of Pharmaceutical Chemistry, Alshifa College of Pharmacy have come out with 
the third edition of this newsletter. This is the second newsletter from Alshifa College of 
Pharmacy. 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. Arun 
Rasheed, HOD, Pharmaceutical Chemistry and his team for the efforts.

Our Pharmaceutical Chemistry department has four PhD’s and this department faculty 
are involved in conducting International Conferences and Consultancy activities. In the 
last conference which was conducted in Shifa Convention Centre, which has State-of-Art 
facility in the entire Malabar region, attracted more that 700 delegates from all over India 
with the speakers from Germany.

I am also very happy to see that all our faculty members has written articles which 
shows the calibre of the faculty members of Alshifa College of Pharmacy.

Dr. Sanyog Jain and Dr. Sumit Arora, NIPER Mohali, and Dr. AVS Rama Raju, University of 
Technology Sydney (UTS), Sydney, Australia has written articles in this newsletter. I appre-
ciate the editorial team for their efforts to get articles from such eminent personalities.

I appreciate the efforts of Prof. (Dr.) T.N.K. Suriyaprakash M.Pharm., PhD, Principal, 
for taking the initiatives and his whole team behind the effort for bringing out this infor-
mative newsletter.

Dear healthcare professionals,
It is great pleasure to bring out the third edition of Shifa ChemPharm, a newslet-

ter from Department of Pharmaceutical Chemistry. The Department of Pharmaceutical 
Chemistry is a key to any pharmacy college and we are proud to have FOUR Ph.D’s in this 
department along with senior and most efficient faculties in Kerala. They are involved in 
publications, arranging seminars including in-house and in consultancy activities.

In November they organised along with Department of Pharmaceutics and Department 
of Pharmacognosy, an International Conference on Nanomedicine and Cancer Research 
with participation of more than 700 delegates spanning all over south India and resource 
persons as far from Germany. The highlights of the conference are separately given.

In this issue Dr. Sanyog Jain and Dr. Sumit Arora, NIPER Mohali, have elaborated on 
Nanomedicine in Pulmonary Drug Delivery, a disease that claims more lives next to tuber-
culosis around the world and particularly in this part of Kerala.  

Dr. AVS Rama Raju, University of Technology Sydney, Sydney, Australia has written an 
article on Mitochondrial DAMPs– The Master Regulators of Innate Immune System which 
explains the role of Mitchondria in Immunity.

Dr. Arun Rasheed, HOD and Chief Editor of this newsletter penned an article on Phar-
macophore Modeling – A novel strategy for drug design and Ms. Sunisha KS, our faculty 
discusses on the new drug in the market, CARIPRAZINE. As usual, Mr. Mansoor of our de-
partment has brought out nicely this issue also.

And it is an wholesome issue covering different aspects of Pharmaceutical Chemistry, 
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. Suhail Hamsa, 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.

“Learn from yesterday, live for today, hope for tomorrow. The important thing is not 
to stop questioning” --Albert Einstein
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Dear Readers, 
It is great pleasure to release the third issue of ShifaChemPharm 2016 after buzzing activities at Alshifa 

College of Pharmacy. This period marked the successful organization of International seminar APC-2015 
entitled “Nanomedicine and Cancer Research, on 20th and 21st November. The technical sessions from Key 
speakers, Dr. Silvio Dutz and Dr. Andreas Weiner, Technische Universität Ilmenau, Germany; Dr. Rathina-
samy. K, NIT Calicut, Dr. Manzoor K, Amrita Centre for Nanosciences, Kochi, Dr. Ajikumaran Nair S, TBGR, 
Trivandrum and Dr. C. R. Achuthan, Amala Cancer Research Centre, Thrissur, enlightened the delegates and 
Pharmacy Sphere as a whole. Intense participation, nearly 700 delegates, from various pharmacy colleges 
and in-depth discussion on various topics Targeting The Dynamic Microtubules for Anticancer Chemotherapy, 
Protein Corona around Magnetic Nanoparticles, Medical Application of Magnetic Nanoparticles, Phytochem-
icals for Anticancer Agents  and Recent Advances in Cancer Nanomedicine made the seminar a big success. 
I take this opportunity to whole heartedly thank all those who attended this seminar. 

I am happy to present this issue with invited articles ‘Nanomedicine in Pulmonary Drug Delivery’ by Dr. 
Sanyog Jain and Dr. Sumit Arora, Centre for Pharmaceutical Nanotechnology, NIPER Mohali and ‘Mitochon-
drial DAMPs- The Master Regulators of Innate Immune System’ by Dr. Rama Raju A.V.S, Graduate School of 
Health, University of Technology, Sydney in addition to the innovative contributions from our faculty, which 
forms the backbone of this newsletter. I congratulate Ms. Nija. B for securing project fund from KSCTE for 
her research work on ‘Synthesis and pharmacological evaluation of aminoacid prodrugs of dexibuprofen 
as neuroprotective agents in brain targeting’. I wholeheartedly thank beloved Principal, Prof. (Dr.) T.N.K. 
Suriyaprakash, Mr. P. Unneen, Managing Trustee and Mr.Suhail Hamza, General Manager, Shifa Institute of 
Medical Sciences and for their absolute support. I welcome you all for your positive feedbacks, encouraging 
comments, and provide us with new trends which aim at promoting exchange of ideas, thoughts, and visions 
for the future of Pharmaceutical Chemistry research.

Dr. Arun Rasheed

Advancement of high performance liquid chromatography is continuously encouraged to improve the 
efficacy of any one or more aspects of chromatographic analysis. Ultra Performance Liquid Chromatography 
(UPLC) improves the chromatographic analysis in three aspects, namely, chromatographic resolution, speed 
and sensitivity analysis. In UPLC, a column composed of fine particles, a pump with higher pressure and a 
detector with higher sensitivity than they are used in High Performance Liquid Chromatography (HPLC). 
Therefore UPLC analysis saves time and reduces solvent consumption. An underlying principle of HPLC states 
that as column packing particle size decreases, efficiency and thus resolution increases. By using smaller 
particles, speed and peak capacity (number of peaks resolved per unit time) can be extended to new limits 
which is known as ultra performance. As particle size decreases to less than 2.5μm, there is a significant gain 
in efficiency and it doesn’t diminish at increased linear velocities or flow rates, according to the common 
Van Deemter equation (i.e. H=A+B/v+Cv, where A, B and C are constants; v is the linear velocity, the carrier 
gas flow rate). The A term is independent of velocity and represents “eddy” mixing. It is smallest when the 
packed column particles are small and uniform. The B term represents axial diffusion or the natural diffusion 
tendency of molecules. This effect is diminished at high flow rates and so this term is divided by v. The C 
term is due to kinetic resistance to equilibrium in the separation process. The kinetic resistance is the time 
lag involved in moving from the gas phase to the packing stationary phase and back again. The greater the 
flow of gas, the more a molecule on the packing tends to lag behind molecules in the mobile phase. Thus this 
term is proportional to v. This equation shows that efficiency increases with the use of smaller size particles 
but this leads to a rapid increase in backpressure.

UPLC has marked a radical change by opening new doors for analyst to fetch rapid analytical separation 
techniques without sacrificing high-quality results. It is a derivative of HPLC whose underlying principle is 
that as column packing particle size decreases, efficiency and resolution increases. If we decrease particle 
size less than 2 µm, the efficiency shows a significant gain by making use of the smaller particles, the speed 
of analysis and peak capacity i.e., number of peaks resolved per unit time, can be prolonged to the maximum 
values and these values are much better than the values achieved earlier by HPLC.

AN EPIGRAMMATIC 
DEPICTION OF UPLC

Dr.Balan.P
Alshifa College of Pharmacy, 
Poonthavanam PO

From Chief Editor’s Desk
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EDITOR’S PICK

Nanomedicine in Pulmonary 
Drug Delivery

Sanyog Jain and Sumit Arora
Centre for Pharmaceutical Nanotechnology, Department of Pharmaceutics, National 
Institute of Pharmaceutical Education and Research (NIPER), Sector 67, S.A.S. Nagar 
(Mohali) Punjab- 160062 INDIA

Introduction
Nanotechnology holds great promise in the signifi-

cant improvement in the mortality and morbidity in the 
diseased patients. Nanotechnology generally involves 
manipulation, fabrication and manufacture of matter in 
dimension particularly less than 1000 nm in diameter. In 
drug delivery systems, a number of colloidal carriers such 
as liposomes, solid lipid nanoparticles, micellar systems, 
polymeric nanocarriers and so on have been greatly ex-
plored for the treatment of numerous ailments. Lung ap-
pear as a very attractive portal for the non-invasive deliv-
ery of therapeutic molecules and proteins. Drug delivery 
to the lungs offers a number of advantages such as rap-
id onset of action, high bioavailability due to enhanced 
surface area for absorption, ease of self-administration 
thus leading to improved patient compliance and limited 
drug degradation due to mild environmental conditions 
present in the lungs. These offer great potential for the 
exploitation of this portal both for the treatment of local 
diseases as well as systemic delivery of small molecules 
and macromolecules.

Nanomedicine have been revolutionizing the way in 
which we treat diseases particularly in the area of in-
halation drug delivery. This commentary focusses on the 
current trends and explore the potential of nanocarriers 
particularly in pulmonary drug delivery for the treatment 
of various respiratory illness. 

Opportunities and challenges of inhaling 
nanoparticles

Nanomedicine holds significant promise in moderniz-
ing the delivery of inhaled medicine. Some of the prom-
ising aspects of inhaled nanomedicine are: (1) Enhanced 
bioavailability of nano-encapsulated drugs/biologics by 
facilitating its transport across respiratory epithelia as 
well as protecting it from enzymatic degradation and in-
activation; (2) Prolonging pulmonary residence of deliv-
ered drugs by escaping mucociliary clearance pathways, 
thus leading to controlled drug delivery to the lungs and 
(3) Cellular targeting of lung cells particularly cancerous 
cells by attaching specific ligands responsible for cellular 
uptake, thus leading to targeted delivery of drug.

However, there are some serious concerns which are 
needed to be addressed before nanoparticulate drug de-
livery could be effectively employed for pulmonary drug 
delivery. For the particles to be deposited in deep re-
gions of lungs, it must have mass median aerodynamic 
diameter (MMAD) between the range 1-5 µm. Nanopar-
ticles generally have very small MMAD, hence, there is 
always a chance for getting exhaled out. Hence, these 
nanoparticulate drug delivery systems must undergo con-
trolled aggregation to reach the desired MMAD so that 
they get effectively reach the middle and lower regions 
of lung. Once deposited, they must undergo segregation 
and retain their physiochemical characteristics. This is 
evidently very challenging to achieve in real situation. In 
addition, encapsulating drugs/biologics within the lipid 
or polymeric based nanocarriers increases the amount 
of powder particularly in case of dry powder inhalers 
which is needed to be administered. Lastly, inhalation 

of nanoparticles have to be thoroughly investigated in 
terms of toxicological aspects in order to predict long 
term safety.  Figure 1 represent the schematic represen-
tation of administration of nanoparticulate drug delivery 
systems by pulmonary route. 

Nanomedicine for the treatment of lung 
cancer

Lung cancer is responsible for nearly 23% of all deaths 
caused by cancer. Site specificity is always considered 
to be gold standard in achieving effective chemothera-
py. Localized delivery of anticancer agents is believed 
to achieve high therapeutic concentration at the target 
site whilst minimizing systemic exposure of toxic drug 
concentrations to vital organs. A number of studies have 
been conducted in vitro, in animal model and in human 
clinical trials (Phase I/II) regarding the aerosolized che-
motherapy. The first chemotherapeutic agent investigat-
ed for inhaled chemotherapy was 5-flurouracil (5-FU). 
Tatsumura et al evaluate the therapeutic efficacy of 5-FU 
in patients who underwent surgical procedure immedi-
ately afterwards following the inhalation delivery. The 
results demonstrated the higher concentration of 5-FU 
for up to 4 hours following delivery in the main bronchus. 

Figure 1 Schematic representation of administration 
of nanoparticulate drug delivery system by pulmonary 
route and its uptake by respiratory epithelial cells.

Tseng et al fabricated a biotinylated epidermal growth 
factor-modified gelatin nanoparticles encapsulating cis-
platin for the targeted inhaled chemotherapy. The results 
showed enhanced retention and uptake of prepared for-
mulation by the cancerous cells which generally overex-
press epidermal growth factors. In addition, inhalation 
delivery of cisplatin lead to reduced nephrotoxicity due 
to minimization in systemic levels of cisplatin as it re-
mains regionally localized in the lungs cancer cells. Few 
studies have also evaluated the aerosol delivery of gem-
citabine for the regional chemotherapy in lung carcinoma 
in dogs and baboons. The formulations were radiolabeled 
and blood sample were withdrawn for nearly 6 hours. The 
prime motive of these studies was to assess the efficacy 
of developed inhaled formulation in metastatic osteo-
sarcoma lesions. Gemcitabine aerosolized formulations 
were found to be effective against the metastatic osteo-
sarcoma lesions as well as showed good tolerability to 
lung parenchyma following aerosol administration. The 
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Mitochondrial DAMPs– The Master 
Regulators of Innate Immune System

Dr. A V S Rama Raju 
Research Fellow, UTS, Sydney.

Introduction:
Mitochondria, the energy hub of the cells, are the dynamic 

organelles that are involved not only in energy production but 
also in other cellular functions like cellular metabolism, cell sur-
vival, and calcium homeostasis. These double-membrane cell or-
ganelles have an ability to interact with several other organelles 
including endoplasmic reticulum, lysosomes, and peroxisomes to 
maintain the cell homeostasis. Recent studies revealed that mi-
tochondria, contrary to its cell survival functionality, also act as 
dangerous organelles that can release danger signals into the ex-
tracellular matrix during cell injury termed as Mito-DAMPs.  Dam-

age-Associated Molecular Patterns (DAMPs) are the endogenous 
danger alarming signals that are released during the cell injury 
or cell death and activates the immune system. These DAMPs are 
derived from different cellular structures including the plasma 
membrane, nucleus, and endoplasmic reticulum.  This article will 
focus on understanding the role of mitochondrial-DAMPS in regu-
lating the immune system.

Origin of Mito-DAMPs:
From the endosymbiont hypothesis; it was reported that mi-

tochondria are originated from the alpha-protobacteria.  These 
unique organelles possess many similar morphological features of 

study conducted by Verschraegen et al further boosted the 
potential of aerosolized chemotherapy. Following demon-
stration of safety and efficacy, the patients were advised 
and educated to undertake the therapy at home. Self-ad-
ministration of chemotherapeutic drugs can become a re-
ality if suitable inhalable formulation which can be admin-
istered reproducibly and effectively and nanoformulations 
can play a big role in achieving this objective.

However, the most severe side effects observed were 
cough, weight loss, neurotoxicity, cardiotoxicity, alveolar 
interstitial pattern (radiological findings), moderate fibro-
sis (histopathological findings), and death as a result of 
pulmonary edema. Better precision and fabrication of an-
ti-cancer drug loaded nanocarriers could result in formula-
tions with improved tolerability to the patient population. 

Nanomedicine for the treatment of infectious 
respiratory diseases

Respiratory infections diseases are a major cause of 
mortality and morbidity in patients worldwide and add 
substantial financial burden to the healthcare costs. With 
the increase in the resistance of pathogenic organisms to 
the antibiotics, this problem is projected to be the ma-
jor challenge in days to come. Nanotechnology based drug 
delivery systems could emerge as a promising solution to 
circumvent the limitation of conventional drug delivery 
systems in treating the resistance to antibiotics by deliv-
ery drugs more effectively through better routes of ad-
ministration. In this context, many research groups have 
been working on pulmonary delivery of antibiotics encap-
sulated with nano-delivery systems. For instance, Zahoor 
et al developed alginate-chitosan nanoparticles loaded 
with isoniazid, rifampicin and pyrazinamide. Nearly 80% 
of the formulation was found to be deposited in the lungs 
following nebulization. MMAD was found to be 1.1 ± 0.4 
µm indicating the suitability of developed formulation for 
inhalation. Following the biodistribution studies in guin-
ea pigs, the drugs were found to be present above the 
minimum inhibitory concentration (MIC) of Mycobacterium 
tuberculosis for over 10 days in the lungs. 

Nosocomial respiratory infections further lead to com-
plications as these infections are generally concomitant 
with other lung disorders such as chronic obstructive pul-
monary disease. This result often in frequent hospital-
ization adding significant financial burden on the global 
healthcare system. Pulmonary delivery of antibiotics have 
been shown effective in the treatment of these infections. 
A liposomal dry powder inhalable formulation of ciproflox-
acin and CM3, a peptide with antimicrobial properties, was 

found to have aerodynamic diameter suitable for inhalable 
purpose and showed enhanced protection against lethal 
pulmonary tularemia murine model. In another study, in-
haled liposomal tobramycin was found to be much more 
effective that conventional nebulized formulation of to-
bramycin against the Pseudomonas Aeroginosa infections 
in murine animal model. The difference in efficacy was 
related to the encapsulation of the tobramycin within the 
nanoparticulate drug delivery system leading to alteration 
in the lung pharmacokinetic profile of tobramycin. Anti-
fungals, antivirals and other anti-infective agents have 
also been formulated as inhalable particles to assess their 
activity against pathogenic resistance. Nanomedicine for 
the delivery of large macromolecules for systemic absorp-
tion across the respiratory epithelia

Lungs offers excellent environment conditions such as 
large surface area for absorption and minimal invasive en-
vironment for drug degradation for systemic drug delivery. 
This is particularly suitable for the delivery of macromol-
ecules such as proteins and peptides which often require 
mild environmental conditions for the preservation of their 
structural conformation and hence activity. Hence, pulmo-
nary route has garnered much interest for the delivery of 
proteins and peptides. Insulin, growth hormones, heparin 
and a broad range of proteins and peptides have been 
tested for inhalation therapy.13 Inhaled insulin attracted 
a great deal of attention owing to its successful commer-
cialization by Pfizer. However, the product was withdrawn 
from the market owing to the financial concerns. Howev-
er, it opened plethora of opportunities and challenges for 
pulmonary delivery of proteins and peptides. A number of 
nano-delivery systems such as solid polymeric nanoparti-
cles, chitosan nanoparticles, solid lipid nanoparticles, liq-
uid crystalline nano-drug delivery systems etc have been 
employed for the delivery of small molecules and macro-
molecules.  

Conclusion
Pulmonary delivery of drugs have been found to be ex-

tremely suitable both for the treatment of local as well as 
systemic infections/diseases. The anatomo-physiological 
characteristics of the lungs make them attractive system 
for non-invasive delivery of medications. Inhaled nano-
medicine can further open broad avenues for the difficult 
to treat diseases especially infectious diseases resistant to 
antibiotic treatment. The integration of nanotechnology 
and pulmonary delivery can be helpful in achieving con-
trolled and targeted release of drugs, protection of drug 
from degradation as well as needle-free administration.
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their bacterial ancestors, including a circular genome containing 
CpG DNA (mt-DNA) enclosed with double membrane lipid layer 
characterized with unique membrane lipids. Mitochondria also 
have an ability to synthesize the  N-formyl peptides similar to 
bacteria that act as potent immune activators. Whenever the cell 
undergoes stress, it may lead to either cell injury or cell death 
that causes lysis of cell membrane that results in the release of 
different cellular components into the extracellular matrix. As 
cells contain dozens of mitochondria, the mitochondrial compo-
nents like mitochondrial DNA (mtDNA), mitochondrial N-formyl 
peptides, cardiolipin (lipid layer) are also released from the dam-
aged mitochondria of the necrotic cells into the extracellular 
space. The mitochondrial components undergo different redox 
reactions using the mitochondrial reactive oxygen species (mt-
ROS) the byproduct of ATP production and then reshaped into the 
mito-DAMPs with immunostimulant activity. In a diseased state 
the mt-ROS as well as ATP itself act as secondary mito-DAMPs that 
have the capability to trigger the innate immune response. 

Mito-DAMPS trigger Innate Immune System:
The innate immune system is the first line host defense to 

protect the tissue from invading pathogens. This defense system 
utilizes the specific microbial sensors termed as Pattern Recogni-

tion Receptors (PRRs) to sense the external danger stimuli known 
as pathogen-associated molecular patterns (PAMPs). However, 
scientists discovered that the innate immune system is not only 
triggered by PAMPs but also with DAMPs, the endogenous danger 
signals of the cell. The released mito-DAMPs from the damaged 
mitochondria activate the pattern recognition receptors (PRRs) 
on the innate immune cells like macrophages, neutrophils,  and 
dendritic cells to promote the activation of intracellular signal-
ing cascades, leading to the release of different inflammatory 
mediators. Also, the mito-DAMPS, especially the mito-ROS, have 
an ability to trigger the inflammasome activation leading to acti-
vation of caspase-1 in turn cleaves and activate the proinflamma-
tory cytokines. Thus, these entire processes initiate and regulate 
the inflammatory response and ultimately contribute to chronic 
inflammation in different ailments.

Conclusion:
Targetting the mito-DAMPs, their release, activity, and/or 

clearance or their signaling pathways in different chronic in-
flammatory diseases may open new avenues for treatment of the 
chronic diseases.

CARIPRAZINE
Sunisha.K.S
Asst. Professor, 
Alshifa College of Pharmacy

Cariprazine (trade name Vraylar, previously known as RGH-
188) is an antipsychotic drug developed by Gedeon Richter. It 
acts as a D2 and D3 receptor partial agonist, with high selectivi-
ty towards the D3 receptor. Positive Phase III study results were 
published for schizophrenia and mania early 2012, while Phase 
II studies in bipolar disorder I, and for bipolar depression are in 
progress.Action on the dopaminergic systems makes it also poten-
tially useful as an add-on therapy in major depressive disorder. 
The drug received FDA approval on September 17, 2015.

MEDICAL USES
Cariprazine is approved for schizophrenia and bipolar disor-

der. It has also been investigated as a potential adjunct in treat-
ment-resistant major depressive disorder.

MECHANISM OF ACTION
Unlike many antipsychotics that are D2 and 5-HT2A receptor 

antagonists, cariprazine is a D2 and D3 partial agonist. It also has 
a higher affinity for D3 receptors. The D2 and D3 receptors are 
important targets for the treatment of schizophrenia, because 
the overstimulation of dopamine receptors has been implicated 
as a possible cause of schizophrenia. Cariprazine acts to inhibit 

overstimulated dopamine receptors (acting as an antagonist) and 
stimulate the same receptors when the endogenous dopamine 
levels are low. Cariprazine’s high selectivity towards D3 recep-
tors could prove to reduce side effects associated with the other 
antipsychotic drugs, because D3 receptors are mainly located in 
the ventral striatum and would not incur the same motor side 
effects (extrapyramidal symptoms) as drugs that act on dorsal 
striatum dopamine receptors. Cariprazine also acts on 5-HT1A 
receptors, though the affinity is considerably lower than the af-
finity to dopamine receptors (seen in monkey and rat brain stud-
ies). In the same studies, cariprazine has been noted to produce 
pro-cognitive effects, the mechanisms of which are currently un-
der investigation. An example of pro-cognitive effects occurred 
in pre-clinical trials with rats: rats with cariprazine performed 
better in a scopolamine-induced learning impairment paradigm 
in a water labyrinth test. This may be due to the selective antag-
onist nature of D3 receptors, though further studies need to be 
conducted. This result could be very useful for schizophrenia, as 
one of the symptoms includes cognitive deficits.

Cariprazine has partial agonist as well as antagonist proper-
ties depending on the endogenous dopamine levels. When en-
dogenous dopamine levels are high (as is hypothesized in schizo-
phrenic patients), cariprazine acts as an antagonist by blocking 
dopamine receptors. When endogenous dopamine levels are low, 
cariprazine acts more as an agonist, increasing dopamine recep-
tor activity.

SIDE EFFECTS
The most prevalent side effects for cariprazine include 

akathisia, insomnia, and weight gain. In short term clinical trials 
extrapyramidal effects, sedation, akathisia, nausea, dizziness, 
vomiting, anxiety, and constipation were observed.  Incidence of 
movement-related disorders rather high.
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Pharmacophore Modeling – 
A novel strategy for drug design

Dr. Arun Rasheed

Hsp90 is a dimeric chaperone protein in prokaryotic and eu-
karyotic cells and it is localized in different parts of the cell, 
responsible for protein folding, maintenance and degradation 
of misfolded proteins, cell cycle control, and cellular signaling. 
Hsp90 is composed of three domains: N terminal domain (NTD), 
middle domain (MD), and C terminal domain (CTD). Hsp90 needs 
ATP hydrolysis energy to perform chaperone functions.

Expression level of Hsp90 corresponds to 1-2% of total cellu-
lar protein. In solid and hematological tumors, expression level 
of Hsp90 is increased about ten-fold compared to that of nor-
mal cells. Hsp90 play pivotal roles in apoptosis, angiogenesis, 
invasion, metastases, and cell differentiation in tumoregenesis. 
Hsp90 is mainly involved in maintaining, folding, and stability 
of oncogenic client proteins, including transmembrane tyrosine 
kinases, cell cycle regulators, transcription factors, steroid re-
ceptors, metastable/chimeric/ mutated signaling proteins, in 
oncogenic signaling pathways. Hsp90 is essential for cancer cell 
survival and tumor progression pathways, therefore; Hsp90 inhi-
bition has been remarkable anti-cancer drug target in oncology.

Hsp90 inhibitors cause the disruption of Hsp90 ATPase func-
tion. Many natural and synthetic compounds have been tested 
as Hsp90 NTD inhibitors up till now and currently approximately 
twenty compounds (i.e. 17-AAG, 17-DMAG, IPI-504, AUy922, STA-

9090, and BIIB021) are under clinical trials for cancer treatment. 
Clinical trial reports indicated that many of the compounds have 
hepatotoxic effects for normal healthy cells and they show un-
specific interactions with other ATPase proteins in metabolism. All 
these negative features have led to develop new Hsp90 inhibition 
strategies.

Coumarine (2H-1-benzopyran-2-ones) and its derivatives (no-
vobiocin, coumermycin A1, KU135, and chlorobiocin) have an af-
finity for binding to the CTD and disrupting Hsp90 dimerization 
and inhibit proper folding of oncogenic client proteins and cause 
elimination of the substrate proteins via ubiquitination-protea-
some pathway.

According to the biochemical and in-silico experiments, thi-
azolyl coumarine derivative compounds inhibited Hsp90 chap-
erone functions through disrupting CTD conformational change. 
Furthermore, these compounds disrupted interaction between 
Hsp90, Hop, Hsp40, and Hsp70 proteins in cancer cells. Briefly, 
thiazolyl coumarine derivatives are effective and potential Hsp90 
CTD inhibitors as anti-cancer agents. CTD inhibition strategy and 
increased biochemical and pharmacological knowledge about 
Hsp90 provide significant opportunities for anti-cancer drug de-
velopment.

Pharmacophore approaches have evolved to be one of the 
most successful concepts of drug discovery in medicinal chemis-
try. The concept of pharmacophore was first introduced in 1909 by 
Ehrlich, who defined the pharmacophore as ‘a molecular frame-
work that carries (phoros) the essential features responsible for 
a drug’s (pharmacon) biological activity’. While recent IUPAC 
definition of a pharmacophore model is ‘an ensemble of steric 
and electronic features that is necessary to ensure the optimal 
supra-molecular interactions with a specific biological target and 
to trigger (or block) its biological response’. Various ligand-based 
and structure-based methods have been developed successfully 
and extensively applied in virtual screening, de novo design and 
lead optimization. 

Once a pharmacophore model is generated by either the li-
gand based or the structure-based approach, it can be used for 
querying the 3D chemical database to search for potential ligands, 
which is so-called ‘pharmacophore-based virtual screening’ (VS). 
Pharmacophore- based VS and docking-based VS represent the 
mainstream of VS tools at the present time. The compounds ob-
tained from pharmacophore-based VS are usually existing chem-
icals, which might be patent protected. In contrast to pharma-
cophore-based VS, the de novo design approach can be used to 
create completely novel candidate structures that conform to the 
requirements of a given pharmacophore. The first pharmacoph-
ore- based de novo design program is NEWLEAD, which uses as in-

put a set of disconnected molecular fragments that are consistent 
with a pharmacophore model, and the selected sets of discon-
nected pharmacophore fragments are subsequently connected by 
using linkers (such as atoms, chains or ring moieties)

Despite these successes, pharmacophore approaches have not 
reached their expected full capacity, particularly in facing the 
demand for reducing the current expensive overall cost associat-
ed with drug discovery and development.  There is still room for 
further improvement to derive more accurate and optimal phar-
macophore models, which include better handling of ligand flexi-
bility, more efficient molecular alignment algorithms and more ac-
curate model optimization. Lower efficiency (computational time 
cost) and poor effect (lower hit rate) of pharmacophore-based 
VS seriously obstructs the applications of pharmacophore in drug 
discovery. ‘Synergistic’ combination of pharmacophore method 
and other molecular modeling approaches such as docking is a 
good strategy to further improve the effect. In addition to virtual 
screening and de novo design, the applications of pharmacophore 
have also been extended to lead optimization, multi-target drug 
design, activity profiling and target identification. The increasing 
application ranges of pharmacophore, together with success sto-
ries in drug discovery, enable further enrichment of the pharma-
cophore concept and promote the development and application 
of pharmacophore approache.

Neethu Varghese, Asst.Professor Alshifa college of Pharmacy

Heat Shock Protein 90 C-Terminal Inhibitors 
(Hsp90) In Cancer Treatment
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Introduction
Vitamin mediated drug targeting has recently emerged 

as a novel and valuable strategy for cancer therapy. The 
linkage of cytotoxic drugs to selected vitamins, leading to 
vitamin-drug conjugates, would result in specifically deliv-
ering great amounts of the targeted drug at high doses to 
cancer cells. Vitamins like biotin, folic acid, vitamin B12 
and riboflavin that are essential for the division of all cells 
and in particular for tumor cells, have been recently exper-
imented as targeting agents. Among these vitamins, biotin 
seems to be the most promising targeting agent. Conjuga-
tion of biotin with i) anticancer drugs commonly used in 
cancer therapy (toxoids, doxorubicin) or their derivatives, 
as well as ii) anticancer drug candidates or iii) protein with 
antitumor effect, furnishing biotin conjugates able to pref-
erentially deliver the anticancer molecules to cancer cells 
and can be used for cancer therapy.

1. Biotinylation of Drugs used in Cancer Therapy or 
their Derivatives

I. Biotin conjugated to taxoids
Paclitaxel is a natural highly oxygenated diterpenoid 

that was first isolated in 1971 from the stem bark of the 
western yew, Taxus brevifolia which is used to treat a vari-
ety of solid tumors such as breast, ovarian, non-small cell 
lung, head and neck cancers. Structure of paclitaxel has 
been extensively studied and modified yielding the so called 
taxoids, a class of proven anticancer drugs which promote 
microtubule assembly and suppress microtubule dynamics, 
thus causing the block of mitotic activity and subsequent 
cellular apoptosis. SBT-1214 is a new-generation taxoids 
which can be conjugated with biotin and results the forma-
tion of biotin- SBT-1214 conjugate.

II. Biotin conjugated to doxoru-
bicin

The antibiotic doxorubicin is extensively used against 
different human cancers, such as breast cancer, soft tissue 
sarcomas, and Hodgkin’s and non-Hodgkin’s lymphomas.
But the clinical use of doxorubicin is affected by several 
harmful side effects, among them, the cardiotoxicity is the 
most important one, leading to cardiomyopathy and con-
gestive heart failure. The biotin targeting approach results 
obtained so far strongly suggest that the biotin-doxorubicin 
conjugate could be a good drug candidate to reduce the 
undesirable systemic side effects of doxorubicin.

II . Biotinylaton of Potential An-
ti-tumor Drug Candidates

Biotin conjugated to Annonaceous Acetogenis deriv-
atives

Squamocin and bullatacin are annonaceous acetogenins 
(ACGs) belonging to adjacent bis-THF type of acetogenins. 

ACGs are secondary metabolites occurring in some plants of 
Annonaceae family. These long-chain fatty acid derivatives 
display impressive cytotoxicity against various tumor cell 
lines as well as in vivo antitumor effect. The results clearly 
demonstrate that biotin targeted derivatives of squamocin 
and bullatacin are still active against different cancer cell 
lines and that cytotoxicity is significantly increased by bio-
tin conjugation.

III .  Biotinylation of Protein with 
Antitumor Effect

Biotin conjugated to p53 protein
p53 is a transcription factor involved in various cellular 

functions, such as cell-cycle regulation, initiation of apop-
totic cell death and DNA repair. Mutated or otherwise deac-
tivated p53 is observed in the majority of human cancers. 
Data demonstrate that biotin conjugation to p53 is a suc-
cessful approach to promote the C2-streptavidin mediated 
internalization of the transcription factor into cultured tu-
mor cells, where the biotin-p53 conjugate resulted stable 
over 24 h and not underwent proteasomal degradation that 
is represented in figure 1.

Figure 1: Schematic representation of the cellular in-
ternalization of a biotin-p53 conjugate mediated by the 
C2-streptavidin transporter.

Conclusions
In summary, from the analysis of the literature on this 

topic clearly emerged that the conjugation of biotin with 
anticancer molecules represents an attractive and highly 
innovative approach to improve efficiency and efficacy and 
reduce cytotoxicity of anti-cancer therapy.

VITAMIN MEDIATED DRUG TARGETING: 
A NEW PERSPECTIVES IN CANCER THERAPY
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Glance at APC -2015
An intemational conference on Nano-medicine and Cancer Research was organized as a part of Alshifa Pharmaceutical Conference 

ACP on 20th and 21st Nov 2015. The programme was jointly organized by Dept. of Pharmaceutics, Dept. of Pharmaceutical Chemistry 
and Dept. of Pharmacognosy of Alshifa college of Pharmacy, Poonthavanam. Shifa convention center was selected as the venue for this 
international function.

More than 750 pharmacy delegates from different Pharmacy colleges of India were actively partic-
ipated in the conference. The conference was inaugurated by Dr. P. K Sudhir, Controller of examiner, 
Mr Unneen Managing trustee Alshifa colleg of Pharmacy presided the inaugural function, Prof Dr. TNK 
Suriyaprakash, Principal, Alshifa college of Pharmacy welcomed the gathering and Mohammed Hannifa 
Vice principal Alshifa collge of Ph armacy felicitated the function on 20th Nov.

The conference was enlightened by legendary orators of India and Germany. Dr Silvio dutz, Head of 
Magnetic particles group, Institute of Biomedical Engineering and informatics, Technische, Universitat 
Ilmenau, Germany has shared his ideas on medical application of Magnetic nanoparticles with a special 
part on hyperthermia and Dr. Andreas werdnier, Research associate shared his knowledge about protein 
coroner around magnetic nanoparticles.

Dr. Manzoor koyakutty medicine who is specialized in the area on cancer nanomedicine and he dis-
cussed about the advance in cancer research on nanomedicine to the gathering. Dr Achuthan C Raghava 
menon, Associate professor, Amala cancer Research centre, Thrissur who is an enthusiastic and dynamic 
scientist shared his deep insight in natural products in cancer prevention therapy and relapse.

Dr. S.Ajikumaran Nair, Technical affair, Jawarharlal Nehru Topical and Botanical garder and research 
centre Thiruvananthapurram revealed his awareness about the prevention of cancer. Dr Rathinaswami, 
Assistant professor, School of Biotechnology, NIT, Calicut discussed his findings in targeting the dynamic 
microtubules an attractive approach for anti-cancer chemotherapy.

Poster presentation on scientific research topic was also conducted during the programme. More than 60 posters were presented 
for competition, out of which the best three posters were awarded by competent evaluation team.

The two days elapsed with enrichment of knowledge and the motivation of research The conference was concluded with the vale-
dictory function on 21st Nov which was presided by Dr. Renuka, DMO incharge of Malappuram district. The winners of the poster were 
awarded with cash prizes and certificates.
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