OVERVIEW
CSIR-CDRI aims to partner with health and allied industries of the country to bridge the gap
between academic discovery and early clinical development, accelerate development
timelines and eventually deliver innovative treatments to patients faster. With its share of 13
out of total 20 drugs developed from India, CSIR-CDRI has a proven track record of drug
discovery and development. It is undeniable that India's demographic dividend cannot be
realized if the population is unhealthy. Also, in terms of health, India is presently in a state of
economical, demographical and epidemiological transition, and Government is increasingly
striving to reduce health disparities between and among social and economic classes. To help
government realize such goal, CDRI aims to bring more industry-focused perspective to all
investment and management decisions from its current state and thus ensure that more and
more of its research has a high likelihood of progressing to clinical stage development.
CDRI has a rich drug pipeline in both single molecule and herbal (Indian traditional
medicine) categories that are ready for licensing. These candidates include single molecules
to treat dyslipidemia, thrombosis, malaria, post-menopausal osteoporosis and fracture, and
several standardized herbal extracts/formulations that have hepatoprotective,
cardioprotective and osteoprotective effects. In addition, CDRI pipeline contains
formulations such as inhalable particles for delivering anti-TB drugs to lungs, enhanced oral
bioavailability of an osteogenic phytochemical and self-microemulsifying delivery system
consisting of multiple anti-malaria drugs. Repurposing of clinically used drugs for different
disease indications is an attractive strategy to bring therapies to clinic much faster and
cheaper than the conventional route of developing new chemical entity. CDRI is actively
working in the area of therapeutic repurposing for the last few years and has discovered
candidates for treating chronic myeloid leukaemia, post-menopausal osteoporosis and
difcult to heal fractures (non-union/delayed unions) that could rapidly progress to phase II
clinical development. The anaesthetic, centbucridine has completed phase III clinical
development and recently armed with a much improved process patent this technology is in
the most advanced stage for clinical translation.
In the early stage translation category, CDRI is inviting industry collaborators to connect the
research and development worlds. This category has new chemical entities and
pharmaceutical formulations in communicable and non-communicable disease areas such as
a novel compound for chloroquine-resistant malaria, nanoformultion of amphotericin B for
leishmaniasis and fungal infections, nasal dry powder for eutectic of Zolmitriptan for
treatment of migraine, once-a-month injection of native glucagon-like peptide 1 fragment 736 for euglycemia etc.

Industries could use higher added value services available at CDRI including discovery
biology, in vivo pharmacology, DMPK and preclinical toxicology. In the context of
preclinical regulatory studies, CDRI is vigorously pursuing GLP accreditation. Also, given
the phase I clinical development MoU already in place between CDRI and three premier
teaching hospitals of the country (KGMU, Lucknow, PGIMER, Chandigarh and KEM
Hospital, Mumbai), CDRI could carry out BA-BE studies with highest rigor.
Finally, discovery research, although an expensive proposition yet critical for maintaining a
robust product pipeline, and hence must continue. Innovation of high-value new drug
candidates with industry partnership will fuel a pipeline where industries could own IPR
jointly with CDRI at a vastly reduced investment against any industry embarking on it all by
itself. Discovery research in CDRI consists of infectious diseases (TB, malaria, leishmania
and laria), life-style diseases (CVS, CNS and metabolic diseases) and cancer. CDRI is also a
leader in fertility research in the country and has identied endometriosis and polycystic
ovarian disease to be India-specic need for discovery of drug candidates. Apart from the
disease areas researched by CDRI, joint programs addressing specic issues of best-in-class
compounds that are advancing in the global pipeline and discovery of rst-in-class
treatments could be launched.
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ADVANCED STAGE COMPOUNDS

Centbucridine- Local Anaesthetic
Development Status - Phase-III Clinical Trials completed & Ready for Licensing
Advantages over existing products
•

Centbucridine has a faster onset of action than lignocaine.

•

Exhibits a prolonged duration of action, well over the time required for surgical
procedures.

•

Four times more potent than lignocaine.

•

Has inherent vasoconstrictive action. Thus obviating the need to combine it with
adrenaline.

•

It does not affect the cardiovascular parameters due to its moderate antihistaminic
activity and is unlikely to show hypersensitivity reactions.

Efficacy in experimental models (in vitro & in vivo)
•

Tested on Rabbit, Guinea pigs, Cats, Dogs as surface, intradermal, Spinal anaesthetic,
etc.

Safety Evaluation:
•

Acute & Sub-acute toxicity studies conducted in mice,
rats and monkeys: found safe

•

Teratogenicity: found safe in mice and rabbits

Open for Licensing

Dose: 0.5% Centbucridine is equipotent to 2% Lignocaine
Indication

Onset (min.)

Mode of Anaesthesia

Duration (hrs.)

Dentistry

1-6

General Surgery

1-6

Infiltration
Nerve Block
Infiltration

3-4
1.5
3-4

Uses:
Dentistry: Tooth Extraction, Impacted tooth, Gingivectomy, Cyst Enucleation, Drainage
of the orofacial abscess.
General Surgery: Hydrocoele, Herniorrhaphy, Tubectomy, Perineal tear repair,
Trendelenberg’s operation, Cystolithotomy, Meniscectomy, Haemorrhoidectomy,
Orchidectomy, Multiple Ligation, Skin grafting, Recanalisation.
Minor Surgical procedures: Drainage, Lumbar puncture, Biopsy, Paracentesis,
Aspirations, Sternal puncture, Bronchiography, Nail removal, Suturing, Finger amputation,
Vasectomy, Foreign body removal, Episiotomy, Circumcision, Excision & drainage.
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ADVANCED STAGE COMPOUNDS

Drug Repurposing D-302- A Systemic Bone Enhancer (SBE) for
Non-union/Delayed Union
Fast Track to Phase II
Introduction
Surgical interventions (autogenous bone graft) and local biological enhancement of bone
regeneration are standards-of-care. SBE for bone regeneration is an unmet medical need.
Sub-clinically proceeding infection at the site of fractured bone is a major cause of nonunion.
Salient features of the re-purposed drug
We propose a clinically used drug D302 (generic) in repurposing mode. D302 is a broadspectrum anti-microbial agent and has repetitive mode of use in humans in both oral and
parenteral routes. We found that D302 has pure osteogenic property. Parenteral route of
administration is proposed wherein the dose of D302 has been curtailed by 1/7th of human
dose for rats via a formulation.
IP strategy
Formulation-based IP filing to reduce drug doses by enhancing bioavailability is under
progress.
Open for Licensing
Advantage over existing therapies
•

No SBE available

•

Significantly bypass preclinical and phase I developments to reach phase II development

•

Safety is demonstrated in humans

Economics
Market potentiality: The global bone growth stimulator market is estimated to reach US$
1.41 billion by 2022.
Estimated future demand: This market is expected to grow at a compound annual growth
rate (CAGR) of 5.4% during the forecast period.
Cost of production: Both drugs are sold at a very affordable price and formulation cost
would also be economical.
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ADVANCED STAGE COMPOUNDS

Drug Re-purposing: A Dual Action (Osteogenic and Antiresorptive) - Combination Oral Therapy for Post-menopausal
Osteoporosis (PMO)
Fast Track to Phase II

Introduction
The current osteoanabolic therapy, human parathyroid hormone (PTH) suffers from loss of
anabolic window after initial stimulation of bone formation due to increase in resorption
(inability to suppress remodelling/turnover rate). Increasing anabolic window of PTH by
suppressing remodelling rate is an unmet medical need and attempts are being made in
this direction by combining anti-resorptives with PTH. Combination of bisphosphonates
or raloxifene with PTH was found to be no better than monotherapy. Only the combination
of PTH and denosumab (an anti-RANKL neutralizing antibody) was found better than
monotherapy. However, the later combination therapy is unaffordable.
At present, the clinically used anabolic drug (PTH) increases both bone formation and
resorption whereas anti-resorptives (bisphosphonates and denosumab) decreases both
bone resorption and formation. Therefore, a therapy to augment bone formation and
inhibit bone resorption at the same time, and also orally administered is an unmet medical
need.
Salient features of our combination therapy
We propose two clinically used drugs (both generic) to be used in repurposing mode
in combination; D678 as a pure osteogenic and D10 as an anti-resorptive (remodelling
suppressor) agent. Both drugs increased BMD and bone
strength in ovariectomized (osteopenic) rats and rabbits. Open for Collaboration
Serum biochemical surrogate of bone formation was increased
by D678 and bone resorption marker was suppressed by D10.
The effect of D678 was comparable to teriparatide. Route of administration for this combo
is oral, both are generic (non-antibiotic/non-infectious) and has repetitive mode of use in
humans. Dose of D678 is 1/6th human dose for rats/rabbits and D10 is similar to human
dose.
IP strategy :
We are working on formulation-based IP protection to reduce drug doses by enhancing
bioavailability.
Advantages over existing therapies
•
•
•

No dual agent oral drug available
Significantly bypass preclinical and phase I developments to quickly reach phase II
development
Long-term safety demonstrated in humans

Economics
Market potentiality: Global market of PMO US$14.7 billion.
Estimated future demand: The market share of anti-osteoporotic agents is more than 20%
of the total health care cost. The global PMO drugs market to grow at a compound annual
growth rate (CAGR) of 4.02% during the period 2016-2020.
Cost of production: Both candidate drugs are sold at a very affordable price and formulation
cost is likely to be economical.
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ADVANCED STAGE COMPOUNDS

Drug Re-purposing: CR1- A Potent Anti-leukemic for Chronic
Myeloid Leukaemia
Fast Track to Phase II
Introduction
Chronic myelogenous leukaemia (CML) is a myeloproliferative disorder and is one of the 4
major leukaemia sub-types where proliferation of myeloid cells increases without any loss
in their ability to differentiate. CML, if untreated, leads to acute phase, where the ability of
the myeloid cells to differentiate is lost and the number of immature blast cells increases to
10-30% of the total blood cells. More than 90% of CML cases are caused by a reciprocal
translocation t(9,22) (q34:q11) which leads to expression of the fusion oncoprotein BCR-ABL.
Although efficient BCR-ABL - targeted therapeutics such as Imatinib, are available for CML,
in majority of the cases, complete molecular response (CMR; i.e. when BCR-ABL transcripts
are undetectable in the blood) is not achieved due to residual quiescent leukaemia stem cell
population which are refractory to the BCR-ABL inhibitors. It’s thus, necessary to develop
therapeutic strategies which can achieve CMR and, in turn, protect CML patients from relapse
and resistance.

Salient features of the re-purposed drug
CR1 (a generic drug) induced apoptosis of K562 CML cell-line at a pharmacologically relevant
concentration (IC50, 6µM) and at sub-lethal concentration (2.5µM) induced differentiation
in these cells. These results were replicated in peripheral blood mononuclear cells (PBMC)
from CML patients. Interestingly, CR1 showed more robust activity in PBMCs from Imatinibresistant patients (n=23). CR1 was found to be superior than
Open for Collaboration Dasatinib in inducing cell death in imatinib-resistant patients that
contained both BCR-ABL mutations (the mutations found were:
M244V, Y253H, M351T, F359V), or were independent of BCRABL mutations (probably caused by increased imatinib export or reduced imatinib transport to
cell or due to residual stem cells or a combination of all). Further evaluation demonstrated that
CR1 efficiently killed CD34+ (n=3) or ALDH+ve (n=6) CML stem cells isolated from CML
patients on a par with salinomycin.
CR1 achieved its anti-leukemic activities by increase in reactive oxygen species (ROS) and
simultaneous downregulation of peroxide scavenger PRDX1. In addition, CR1was found to be
a ligand of PPARγ and induces PPARγ-mediated proteosomal degradation of p65 NF-kB, which
causes a down-regulation of the oncoprotein C-Myb and which in turn causes suppression in
PRDX1 expression. CR1 is not a thiozolidinedione class of compound such as PPARγ agonists.
PPARγ agonist, pioglitazone has recently been reported to reduce leukaemia stem cell population
and in combination with Imatinib have been shown to induce complete molecular response
(CMR) in CML patients who couldn’t achieve CMR under long term Imatinib treatment.
Currently, a number of clinical trials are recruiting patients for evaluating combination therapy
of Imatinib and Pioglitazone.
The anti-leukemic activities of CR1 were much stronger than the PPARγ agonist thiazolidinedione
drugs Pioglitazone and Rosiglitazone as the IC50 for Pioglitazone and Rosiglitazone in K562
cells were far higher(>50µM) compared to that of CR1 (6µM).
Further, combination studies with imatinib revealed a synergistic effect (CI: 0.38; from
COMPUSYN calculation), where the IC50 of imatinib in K562 cells (800nM alone) was reduced
to 4.5pM in presence of 1.5µM CR1. Taken together, this report establishes CR1 as a potent
anti-leukemic drug that can be used alone or in combination with BCR-ABL inhibitors for
efficient CML therapy.
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ADVANCED STAGE COMPOUNDS

Picroliv
PHASE I Clinical trial
The phase I study of Picroliv was conducted in normal human volunteers and drug was
orally administered. In single dose study, volunteers received dosage upto 300 mg of
picroliv or placebo as a single dose. Subsequently, a multiple dose study was undertaken
where a low dose (100 mg) and a high dose (200 mg) picroliv was administered orally
daily for four weeks. In the low dose group of 10 volunteers, no side effect was observed,
and the drug was well tolerated. Out of 10 cases in high dose group, one complained of
heaviness of abdomen and another developed mild constipation. However, the drug could
be continued in both the cases for four weeks. There was no significant change in vitals
parameters, electrocardiogram, haematological and biochemical investigations in both
single and multiple dose studies.
PHASE II Clinical trial
Phase II clinical trials of Picroliv in patients with acute severe viral hepatitis were
undertaken in two parts. Initial open trials were conducted at two centres,i.e., K.G. Medical
College, Lucknow and Seth G.S. Medical College, Mumbai. Thirty-five patients with acute
severe viral hepatitis completed the 12 weeks trail with Picroliv (21 at Mumbai Centre and
14 at Lucknow Centre). There was progressive clinical and biochemical improvements in
all patients. It was concluded from the study that Picroliv was safe and well tolerated with
some therapeutic benefit in patients with acute severe viral hepatitis in doses of 100mg
twice daily orally x 12 weeks
Open for Licensing
A double blind, placebo control multicentric clinical trials
of Picroliv were conducted at 3 Centres viz. Institute of
Medical Sciences, B.H.U. Varanasi, Seth G.S. Medical College, Mumbai and S.M.S.
Medical college, Jaipur. 102 patients with severe acute hepatitis completed the 12 weeks
trial, 55 of these patients received Picroliv and the remaining 47 received placebo. The
clinical improvement in patients receiving Picroliv was much more rapid as evidenced by
earlier improvement in composite scores of symptomatology and the liver function tests
as compared to placebo treated patients. The patients of both the groups tolerated the test
medication (Placebo/Picroliv) well, and no significant untoward effect apparently related
to the test medication was reported.
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CLINICAL STAGE

97/78- Artemisinin Analogue
Unmet Need and Challenge
Artemisinin is derived from the plant Artemisia annua, and a fully synthetic and equipotent
substitute is highly desirable. Compound 97/78 is a synthetic, water soluble 1,2,4-trioxane
which is active against chloroquine-resistant human parasites in culture and by oral, i.m.
& i.v. routes in mouse and monkey malaria. It is a blood schizonticide that can serve as a
low cost synthetic substitute to Artemisinin derivatives. It adds to the arsenal of malaria
chemotherapeutics for oral treatment of uncomplicated/ drug resistant malaria and for
parenteral use in severe/complicated malaria.
Presently, the molecule would be directed to treat over 1 million cases of malaria
encountered each year in the country. The drug may also be exported to several tropical
countries where the malaria is endemic.
DCGI permission for Phase I multiple does clinical trials received
Salient Features
Curative dose:

Oral ED90: 18.27mg/kg [P. yoelii (MDR)]; curative at 20mg/Kg
x 1 day + 10mg/kg x 4 days (oral) and 10 mg/kg (i.m.) bid x 4
days in P. cynomolgi-monkey model.

Recrudescence:

No recrudescence detected up to 70 days in primate model.

Open for Licensing

Safety Pharmacology:

Completed. No liabilities.

Toxicity in rats and
MTD >10 times CD; no genotoxicity; no teratogenicity;
monkeys:
Hemisuccinate, soluble in 5% NaHCO3. Racemate, both
Chemical
&
enantiomers equipotent. Validated HPLC purity >98%, impurity
Pharmaceutical
profiling, OVI established. Hard gelatin capsules, stable >12
Information:
months at 40°/75% RH.
Route:

Oral/ i.m.

Pharmacokinetics:

%F: 76% (rat) / 66% (monkey); t1/2: 7.4h (monkey, oral); stable
upto 12 months. The in vivo metabolite CDRI 97/63 is equally
active

Production scale:

Upto 5 kg with 36% yield, Purity > 99.4%

Clinical Trial Status:

Phase I completed. Safety established in single ascending
dose; PK at fixed single dose (200mg); Cmax in humans (ng/ml)
143.93±28.32, Tmax (h) 2.28±0.27, T1/2 (h) 11.85±1.94
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CLINICAL STAGE

99/373- Post-Menopausal Osteoporosis
Inhibiting/attenuating osteoclast function is an existing therapeutic approach for postmenopausal osteoporosis. We show a new class of compound, 99/373, an aryl napthyl
derivative that inhibited differentiation of bone marrow cells to osteoclasts and disrupted
actin ring formation, a surrogate for bone resorption activity by the osteoclasts.
Experiments in aged and ovariectomized (OVx) Sprague Dawley rats show that daily oral
administration of 99/373 at 3.0 and 10 mg.kg-1 body weight, Raloxifene at 3.0 mg.kg-1 body
weight and vehicle with 20% ethanol for 6 months prevented reduction in the BMD of OVx
rats with 99/373 more than Raloxifene at various anatomical sites including femur neck,
tibia head and fourth lumbar vertebrae. Bone micro-architecture revealed increased BV/
TV ratio in 99/373 treated groups compared with Raloxifene, whereas trabecular numbers
and thickness were comparable between these two groups. Femoral three-point bending
test revealed comparable increased bone strength in 99/373 and raloxifene treated groups
compared with OVx rats. Serum osteocalcin levels were elevated in OVx group whereas
99/373 and Raloxifene brought the levels back to sham group. 99/373 had no estrogen
agonistic or antagonistic effects. Taken together we demonstrate a new anti-resorptive
molecule having better activity than raloxifene.
DCGI permission for Phase I trials received
Advantages over existing PMO therapies
•

No toxicity has been found in pre-clinical studies

•

Possesses no uterine and thrombogenic activity

•

Negligible binding to human ERα, ERβ

Open for Licensing

Development strategy
DCGI permission for Phase-I clinical trial obtained
Joint development towards licensing with industry partner
Economics
Market potentiality: PMO is a global disease with an estimated market size of US$14.7
billion.
Estimated future demand: The market share of anti-osteoporotic agents is more than 20%
of the total health care cost. The global PMO drugs market to grow at a compound annual
growth rate (CAGR) of 4.02% during the period 2016-2020.
Cost of production: One pot synthesis proves it to be economical cost wise.
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IND FILING STAGE

S-007-867- A Novel Anti-thrombotic Compound
Introduction:
As per the estimates in the World Health Organisation’s non communicable disease (NCD)
Country Profile 2014, Cardio-vascular disease (CVD) is the leading cause of deaths in
India and accounts for 26% of all deaths.
Vascular endothelial damage induces platelet activation by the exposed collagen, thus
initiating a chain of events that may lead to thrombosis, transient ischemic attack (TIA),
myocardial infarction and stroke. Restenosis and myocardial infarction patients undergoing
dual platelet therapy may greatly benefit from collagen specific anti-thrombotic drug since
it will prevent development of thrombus at the injury site.
A small anti-thrombotic molecule has been developed by CDRI, which acts in a collagen
specific manner and therefore may inhibit early platelet activation.
Advantages of the technology:
Acts in collagen specific manner.
It is first in its class.
Higher efficacy at comparable doses of Aspirin.
Target specific with reduced bleeding risk at comparable standard dose.
Convenient route of administration (p.o).
•
Reversibly inhibit the collagen induced platelet 		
aggregation (IC50= 6.6µM).
Open for Licensing
•
MOA suggests early stage action during thrombus 		
formation and may work in lesion specific manner.
Oral bioavailability in rat and rabbit: Optimal.
Solubility: Water Soluble (31.25± 3.83 µg/ml).
Scale-up feasibility: Good.
Drug interaction/CYP inhibition profile: Minimal.
Potential usage in transient ischemic attack, stroke and myocardial infarction.

•
•
•
•
•

•
•
•
•
•

Economics:
Market potentiality: Anti-platelet drugs market is $15 billion (58% of the anti-thrombotic
market), accounting for 5% of the world market. Major drugs are Clopidogrel ($10.3 bn)
& Prasugrel ($150 mn). CVS drug market in India is approx 10% of the total market (Rs.
6000 crores). The only collagen specific molecule being tested in advanced stage is GPVI
bivalent soluble form, Revacept (PR-15), humanized Fc fusion of GPVI ectodomain where
Phase I is completed; phase II recruiting, route IV, for treatment of carotid artery stenosis,
TIAs, and stroke.
Estimated future demand: The potential technology can cater to 26-30% of total patients
falling under the non-communicable disease.
Cost of production: Cost per Kg at Lab scale is approx. Rs. 1 lakh which is expected to
be around Rs. 40 thousand at plant scale and expected cost per dose (65 mg API): ranging
from Rs. 2.5 to 6.5.
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IND FILING STAGE

S-007-1500- A Novel Bone Fracture Healing Compound
Introduction:
The accidental fracture rates in India are one of the highest in world. Over the past 30 years,
bone fractures have gone up threefold in Asia, with India and China topping the charts.
Fifty percent of the world’s fractures are expected to occur in this region by the year 2050.
More serious is the fact that Indians are prone to fractures and have about 15 percent lower
bone density than their western counterparts. Recombinant human BMP2 (INFUSE® Bone
Graft) has been approved for open tibial fractures by FDA. However, the use of BMP-2 is
hampered by numerous clinical complications which include postoperative inflammation,
cyst-like bone formation and life-threatening cervical swelling. Currently there is no FDA
approved orally active fracture repair drug available nationally or internationally. In the
absence of oral drug, patients require several months before a fracture achieves complete
return to mechanical stability.
Efficacy in experimental models (in vitro &in vivo)

Vehicle

Highlighting Features
•

First in class orally active bone repairing agent.

•

Enhances osteoblast differentiation and mineralization
(IC50: 3.125nM).

OVX
S007-1500

1.0 mg.kg

-1

OVX+1500

•

Enhances new bone formation and restores bone
microarchitecture in osteopenic SD rats.

•

Stimulates callus formation and enhances fracture
healing in adult female SD rats, osteopenic SD rats and
adult male SD rats.

•

New bone formation at the fracture site is increased by ~40% in rats treated with
S-007-1500 compared to vehicle treated controls.

•

No HERG liability. Compound safe in regulatory toxicity and pharmacology.

•

Oral bioavailability in rat is optimal; Drug interaction/CYP inhibition profile is
minimum.

Open for Licensing

Economics:
No Oral FDA approved drug in the world is available for Fracture Repair. Intraosseous
application of rh-BMP-2 (Infuse®) for spine surgery and open tibial fracture. Indian
market is estimated at 15-17 crore users/year.
Cost of production: Industrially viable synthetic procedure using cheap starting materials.
So, production cost is highly economical.
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PRE CLINICAL STAGE

S-002-333- A Novel Antithrombotic Compound
Background:
As per the estimates in the World Health Organisation’s non communicable disease (NCD)
Country Profile 2014, Cardio-vascular disease (CVD) is the leading cause of Deaths in
India and accounts for 26% of all deaths. Vascular endothelial damage induces platelet
activation by the exposed collagen, thus initiating a chain of events that may lead to
thrombosis, transient ischemic attack (TIA), myocardial infarction and stroke. Restenosis
and myocardial infarction patients undergoing dual platelet therapy may greatly benefit
from collagen specific anti-thrombotic drug since it will prevent development of thrombus
at the injury site.
A small anti-thrombotic molecule has been developed by CDRI that acts in a collagen
specific manner and therefore may inhibit early platelet activation.
Importance/Unique salient features:
•

S002-333 effectively and reversibly inhibits the collagen induced platelet aggregation
(IC50= 6.7μМ,).

•

When used in small doses (13mg/kg in mice), it significantly prevents incidence of
thrombosis in various experimental models (Arterio-venous shunt, Ferric chloride
induced arterial thrombosis, Collagen epinephrine induced thrombosis).
Open for Licensing

•

More efficacious than the “gold standard” anti-		
thrombotic drug, Aspirin at comparable doses.

•

The Bleeding time in S-002-333 treated mice is significantly better than aspirin.

•

Preliminary safety pharmacology and toxicity study done as per schedule Y
demonstrated no adverse effect of S-002-333 on CVS, CNS and respiratory parameters.

•

Single dose toxicity studies done in rats by oral route demonstrate that the compound
is safe. The MTD for the compound is 600 mg/kg.

•

Oral bioavailability of S-002-333 in NZ rabbit at 10 mg/kg was 28%.

Economics:
Market potentiality: Anti-platelet drugs market is $15 billion (58% of the anti-thrombotic
market), accounting for 5% of the world market. Major drugs are Clopidogrel ($10.3 bn)
& Prasugrel ($150 mn). CVS drug market in India is approx 10% of the total market (Rs.
6000 crores). The only collagen specific molecule being tested in advanced stage is GPVI
bivalent soluble form, Revacept (PR-15), humanized Fc fusion of GPVI ectodomain where
Phase I is completed; phase II recruiting, route IV, for treatment of carotid artery stenosis,
TIAs, and stroke.
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HERBAL PRODUCT

Lipid Soluble Curcuma Extracts (HM) for Treating
Neurocerebrovascular Disorders
Unmet Need and Challenge
Neurocerebrovascular diseases like cerebrovascular infarction, stroke, ischemic attacks
etc. are caused by an interruption of the blood supply resulting from disease of the
arteries carrying blood to the brain. Transient ischemic attacks (TIAs) are brief episodes
of symptoms caused by temporary interruptions of the blood supply. Ischemic stroke is
a medical emergency. After TIAs or stroke occur, treatment may be surgical or medical.
Surgery may be needed in some cases to remove any blockage of blood vessels going
to the brain. Medication can prevent the formation of blood clots on the atherosclerotic
plaques within the vessel wall. Brain swelling commonly accompanies brain infarction
or hemorrhage. No satisfactory treatment is available. Currently used drugs in peripheral
vascular and cerebral disorders include ergot alkaloids, aspirin, anti-coagulants etc. The
latter are used following strokes to prevent further cerebrovascular incidents but their use is
contraindicated if the stroke was the result of hemorrhage. The use of Ticlopidine, a highly
effective antiplatelet agent to treat stroke cases is restricted in its long term use due to its
adverse side effects. Tissue plasminogen activator (t-PA) used to treat clots in the coronary
arteries (acute heart attack), is a natural clot dissolving substance produced by the body,
which can blow open a blood clot in the brain that causes the acute ischemic brain damage
characteristic of a stroke. While t-PA can dissolve the blood clot that causes a blood vessel
blockage, there are other complications which occur during ischemic stroke which must be
addressed if permanent brain damage is to be prevented. Most
strokes culminate in a core area of cell death (infarction) and
Open for Licensing
the blood flow is so drastically reduced that the cells usually
cannot recover.
The Product
A composition obtained from the lipid soluble extract of rhizomes of Curcuma longa L of
Zingiberaceae family, is useful for the treatment of neurocerebrovascular disorders in animal
models. This extract contains defined quantities of ar-Turmerone along with Turmerone,
Curcumene and Zingiberine, Germacrone, Curcumerone, Zedoarone, Zedoarondiol,
Isozedoarondiol, Curcumenone and Curlone, among others. All studies required for filing
an IND application are complete, with the extract being found safe and efficacious against
cerebral stroke after chronic administration to animals.
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HERBAL PRODUCT

Chemically Modified Lipid-soluble Curcuma Extract (devoid of
curcuminoids)- For Treatment of Myocardial Ischaemia
Unmet Need and Challenge
Apart from curcumin, Curcuma longa contains a number of compounds with diverse
bioactivities. The present preparation is a chemically modified fraction extracted from
Curcuma longa oil. It is composed of non-carbonyl, lipid soluble compounds such as
zingiberine, curcumene, curzerene, β-bisabolene, β-sesquiphellandrene, curcumenol,
iso-curcumenol, germacrene D, gamma-elemene, furanodiene etc. identified as marker
compounds.
This has shown dramatic efficacy in reversal of myocardial infarct size and proinflammatory markers in a mouse model. The standard of care in thrombolytic therapy
of ischaemic stroke is tissue plasminogen activator (tPA). The global market size for tPA
by value is estimated as about US $945 million. In India, only two brands are available
and the majority of patients in India cannot afford tPA treatment, priced in the region of
Rs. 45-50 thousands per 50mg vial.

Open for Licensing

Evidence from Preclinical Work
The preparation is safe and efficacious at 100 mg/kg. The AUC
of an identified marker comprising ~25% of the preparation
was 52.56±4.11 µg/ml.hr at this dose in rats, with a Cmax
of about 4.2µg/ml at about 6 h after oral administration in a
CMC-based vehicle. The mechanism of action is postulated as
regulation of inflammatory responses, as evidenced by assay
of endothelial function, inflammatory cytokines and related
biomarkers. Recently, it has also shown activity in assisting recovery from neurological
deficit following cerebral stroke.
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HERBAL PRODUCT

CDR-267-F018- A Cardioprotective Herbal Fraction
The salubrious mangrove plant extract has immense medicinal value for treating
cardiovascular complications. CDR-267 improves endothelial function and exhibits
reduced triglyceride and cholesterol levels compared to Fenofibrate. Concurrently, CDR267-F018 treatment significantly reduces the isoproterenol induced cardiac hypertrophy in
mice, even better than the approved treatment propranolol as shown in Echocardiography.
The curative extract protects mice and rabbits from inflammatory effects, atherosclerosis
and increases plaque stability. The plant extract was found to be effective in correcting
dyslipidemia in high fat fed ApoE knockout mice compared to Atorvastatin.
The CDR267-F018 extract is obtained from the mangrove fruits (renevable source).

A. Echocardiogram showing protection from cardiac
hypertrophy with CDR-267-F018 treatment.

B. Improved endothelial function

Open for Licensing

Reduced atherosclerotic plaque in CDR-267-F018
treatment
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HERBAL PRODUCT

CDR-4655 Standardized Extract- Phytopharmaceutical
Indicated for Hypertriglyceridemia
Introduction/Background:
No drug indicated for Hypertriglyceridemia, a condition found in Indian dyslipidemia
patients. Higher triglycerides levels in rural and urban population associated with low HDL
in Indian population. Both these are metabolically interlinked and termed as atherogenic
dyslipidemia. Statin class of compound takes care of hypercholesterolemia.
Highlight Description:
Enriched extract prepared form renewable sources of the widely available ornamental
plant. It corrects dyslipidemia in general with special emphasis on hypertriglyceridemia.
Marker active compound demonstrates HMG-CoA inhibition comparable to statins.
4 marker compounds with active marker compound have been studied and found suitable
for formulation developments. We have intellectual property rights for bioactivity of
identified major marker compound.
Importance/Unique Salient Feature:
The marker bioactive compound although belonging to a distinct chemical class, possesses
triglyceride lowering activity for treating dyslipidemia. It has optimal pharmacokinetic
profile in oral bioavailability profiling. Standardized and optimized process of preparation
at lab scale has been developed. The source is available in
abundance throughout India and material used is renewable so
Open for Licensing
sourcing will not be issue. Plant mention exists in Ayurveda
literature for other indications.
Business Exploitation Potential:
CDRI has process and product patent for this molecule. This extract has important unique
feature in that it reduces triglyceride levels also, so considering Indian dyslipidemic profile,
there is immense potential for this product in Indian and Asian subcontinent.
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HERBAL PRODUCT

A Novel Formulation of 219/C002 for the Prevention and
Treatment of Glucocorticoid-induced Osteo-sarcopenia
Unmet medical need
Glucocorticoid-induced osteoporosis (GIO) is the leading cause of medication-induced
osteoporosis. In terms of skeletal safety, there is no “safe dose” of glucocorticoid.
Approximately 0.5% of the Indian population receives prolonged glucocorticoid therapy
for various diseases and incidence of osteoporosis is 50% in these patients. The global
prevalence of fractures in patients receiving long-term glucocorticoid (GC) stands at
30–50%. In addition, GC therapy causes muscle wasting (sarcopenia) leading to further
reduction in bone biomechanical strength.
The present therapy, bisphosphonates merely inhibit bone loss but does not increase
bone formation. Rather, this drug class inhibit bone formation! In addition, high doses
glucocorticoids cause osteonecrosis (inadequate blood supply to bone causing death of
bone forming cells) and bisphosphonates have also been associated with osteonecrosis.
In addition, presently there is no therapy to prevent muscle wasting (anti-sarcopenia) in
patients receiving GC therapy.
A drug or therapeutic agent that could stimulate bone formation during GC treatment without
associated osteonecrosis is ideal for GIO. In addition, prevention of anti-sarcopenic action
of GC is expected to strengthen bone due to positive biomechanical impact of muscle on
bone. The technology (219/C002) developed by CSIR-CDRI
addresses both aspects of this unmet medical need.
Open for Licensing
Salient features
Towards developing this technology, CDRI scientists got inkling from Indian Traditional
Medicine (Ayurveda) and carried out a detailed and systematic research on a tropical annual
herb to identify a particular fraction having bone forming ability (a bioactive fraction)
when given together with GC. More than four bioactive (osteogenic) compounds have
been isolated out of which two compounds have shown efficacy in vivo. Scientists then
went ahead to prepare a novel formulation of the bioactive fraction to dramatically enhance
the therapeutic efficacy to completely mitigate GIO by augmenting bone formation.
Remarkably, the formulation robustly increased the bioavailability of the most potent
osteogenic biomarker. In addition, GC-induced sarcopenia was completely mitigated
by 219/C002 with attendant decrease in the expression of muscle catabolic atrogenes.
Furthermore, the pro-hypertensive changes induced by GC including Na+ retention and
K+ wasting were reversed by 219/C002. This technology will be the first-in-class in the
treatment of GIO and GC-induced sarcopenia and pro-hypertensive alterations.
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HERBAL PRODUCT

CDR-3002/C002- A Herbal Extract for Osteoporosis
Unmet Needs
One in three females and one in eight males are affected from osteoporosis over the age of
50, making India as one of the highest affected regions in world. Drugs available mostly
are anti-resorptive. Only FDA approved bone anabolic drug is Parathyroid hormone (PTH).
Besides, accidental fracture rates are highest in India. INFUSE (rhBMP-2) approved by
FDA for open tibial fractures has many side effects.
Salient Features
Thus, emphasis in CDRI is development of cost effective drugs from natural sources with
minimum side effects. Our studies have identified osteoprotective and bone healing effects
in plant 3002/C002.
The activity has been localized in leaf part of the plant and thus no environmental risk is
associated. The plant is widely distributed throughout the country and grows round the
year. In Ayurveda, this plant is used for treatment of many ailments. For medicinal purpose
leaves, stem, flowers and seeds are used. The leaves are given for treating chronic fever,
rheumatism, arthritis, joint pain, obstinate sciatica. None of the documents claim the use of
extract or specific bioactives contributing to anti-osteoporotic activity.
It was observed that ethanolic extract of leaves at 100.0 and 200.0 mg/kg body weight
dose restored Ovariectomy induced loss of trabecular bone
microarchitecture and also improved bone biomechanical
Open for Collaboration
strength in osteopenic Sprague Dawley rats. Butanolic and
aqueous fractions also exhibited similar effects in osteopenic
rats. Apart from osteoprotective effect in osteopenic rats, ethanolic extract of leaves of
plant 3002/C002 and its butanolic and aqueous fraction, exhibited faster bone healing and
regeneration in SD rats with drill hole injury in femur diaphysis compared to untreated
rats. Bone healing was observed with the extract and fractions at days as early as day 10.
We are in the process of identification of bioactive markers. Our studies, thus, support the
use of ethanolic extract and fractions in indications like osteoporosis and fracture healing
and other related bone disorders. We would propose to develop the product jointly with a
pharmaceutical company in Ayush /Phytopharmaceutical mode.
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HERBAL PRODUCT

CDR-4542/C002- Osteoprotective/Fracture Healing
Unmet Needs
The number of women with osteoporosis, i.e., with reduced bone mass and the disruption
of bone architecture, is increasing in India. Increasing longevity and a greater proportion
of the Indian population over the age of 50 years are likely to result in an increased
number of people affected by osteoporosis. In 2013, estimates suggested that ~50 million
people in India had T-scores of<−2.5. Treatment options include anti-resorptive agents
like bisphosphonates and SERMs but these do not increase bone mass and only prevent
bone resorption. FDA approved intermittent PTH therapy leads to gain mass but is very
expensive and route of administration is by injection.
We, at CDRI are working on natural plants sources with osteogenic properties which are
cost effective and possess good safety profile. Our studies have identified osteoprotective
and bone healing effects in plant 4542/C002.
Salient Features
The activity has been localized in edible flower part of the plant and thus no environmental
risk is associated. The plant is a cultivated species that is widely distributed throughout the
country and grows round the year. The flower extract of this plant possesses antioxidant,
anti-inflammatory and anti-obesity activities. None of the documents claim the use of
extract or specific bioactives contributing to anti-osteoporotic activity.
It was observed that ethanolic extract of flower at 250.0
mg/kg body weight dose exhibited faster bone healing and Open for Collaboration
regeneration in osteopenic SD rats with drill hole injury in
femur diaphysis compared to untreated rats. Ethyl acetate and
butanolic fractions also exhibited faster healing at injury site compared to untreated rats at
doses of 50.0 mg/kg body weight.
We are currently evaluating its effect in estrogen deficiency induced bone loss model and
also involved in identification of bioactive markers. Our studies support the use of ethanolic
extract and fractions in bone fracture healing. We would propose to develop the product
jointly with a pharmaceutical company in Ayush /Phytopharmaceutical mode.
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FORMULATIONS

Inhalable Particles of Anti-TB Drugs
Unmet Need and Challenge
We present a dry powder inhalation (DPI) formulation that is potentially a ‘game-changer’
in the treatment of TB. Minute doses (ca 1-10 mg) of biodegradable particles of rifabutin
(RFB), USP and isoniazid (INH), IP in a matrix of poly (lactide) have completed all stages
of preclinical development and now require investigation of clinical pharmacokinetics,
safety and efficacy as adjunct therapy for pulmonary TB, in addition to the standard
treatment prescribed under the Revised National Tuberculosis Control Program (RNTCP),
i.e., DOTS. We demonstrate relapse-free cure of experimental TB in mice and guinea pigs
in just four weeks of treatment if the inhalation is added on to half the oral dose].
Salient Features/Evidence
The product is prepared by a cGMP-compliant, spray-drying process. The powder is filled
in DPI capsules. Stability studies indicate a shelf life of about 1.5 years at 30°C/75%
relative humidity, within the distribution-intended packaging. Pharmacokinetics and
biodistribution of the incorporated drugs were investigated in mice and rhesus macaques.
Inhalation preferentially targets the drugs to the lungs, and specifically to macrophages
therein, while sparing the liver and kidneys-organs where the toxicity of the incorporated
drugs is known to be most severely manifested. It is also understood that inhaled particles
will be deposited in considerable proportions throughout the oro-pharyngeal respiratory/
digestive tract-a related outcome of oro-pharyngeal inhalation targeting alveolar
macrophages. Inhalation safety has been established in mice
Open for Collaboration for acute (14-day) and chronic (90-day) repeated dosing, and
in rhesus macaques during a 90-day, repeated dosing at dose
levels of 1, 10 and 100 mg/day. The product is presented in
capsules for use with a DPI device (Rotahaler). The patient is to transfer the capsule to the
device and inhale through the mouth, gently and repeatedly, till such time as the powder is
depleted to visually undetectable level, over a period of 1-5 minutes.
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FORMULATIONS

Layer-by-Layer Nanostructures for Delivery of Kaempferol to
Bone Marrow
Unmet Need and Challenge
Drug delivery to the bone marrow is challenging, and retention of excipients in
hematopoetic tissue is potentially a major safety issue. We present a platform technology
to deliver and retain drugs in the bone marrow, with a specific example of the anti-oxidant
flavonoid Kaempferol, that has shown activity in inducing differentiation of osteocytes into
osteoblasts and promoting bone mineralization in a rat model of osteoporosis.

Salient Features
The formulation is based on preparing calcium carbonate core particles of desired size
distribution in a stirred vessel, adding the drug of choice for adsorption into the CaCO3
matrix (extreme left, above), and subsequent addition and removal of alternatively-charged
polyanionic or cationic entities (graph showing alteration in zeta potential). It is a scalable
process, but will require sequential addition followed by
removal of aqueous solutions by filtration or centrifugation.
Open for Licensing
On oral administration, almost all the CaCO3 dissolves and
dissipates in the stomach acids, leaving behind a multilammelar, collapsed structure that
has one of its dimensions equal to the thickness of the poly-electrolyte coatings applied
during preparation. These nanostructures can penetrate through absorptive and lymphoidassociated tissue of the gastrointestinal tract (fluorescence-labelled LBL nanostructures
penetrating intestinal villi).
On administration of the formulation to rats, the AUC of Kaempferol in bone marrow was
enhanced >1.5-fold. The formulation showed high efficacy in osteoporotic rats, leading
to enhanced bone mineralization and restoration of bone mineral density. Pre-clinical
development studies are required, either for Kaempferol itself, or for the partner’s drug of
choice.
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Self-microemulsifying Delivery System for Anti-malarial
Combination
Unmet Need and Challenge
Fansidar (SP), a synergistic combination of sulfadoxine–pyrimethamine is currently
advocated as the first line drug for treatment of chloroquine resistant P. falciparum malaria.
The combination of an arteether with SP will delay or prevent the emergence of resistance
to SP. The novel oral combination therapy comprising α,β-arteether in combination with
sulfadoxin and pyrimethamine has distinct advantages in terms of improved effectiveness
in the case of multi-drug resistant P. falciparum malaria because of the synergistic antimalarial activity of both the drugs.
Salient Features
The developed formulation is based on self microemulsifying drug delivery system
(SMEDDS) which is robust in terms of dilution and do not allow the drugs to get
precipitated when administered orally. This is the first oral synergistic formulation
containing three anti-malarial drugs α/β-arteether and SP (sulfadoxine and
pyrimethamine) in a single formulation with reduced dose. The formulation showed
improved efficacy (100% curative effect with nearly one fourth of curative dose of α/
β-arteether in combination of 1/32th of SP curative dose) against multidrug resistant malaria
in mouse model. This novel combination indicated the synergism between the arteether and
fansidar. This combination is likely to reduce the toxicity of individual drugs if any, as their
dose in combination are drastically reduced. The formulation
showed significant enhancement in oral bioavailability of all
Open for Licensing
three drugs as compared to aqueous as well as oily formulation.

Mean plasma concentration of ART in ng/mL

6000

ART in Aqueous suspension
ART in GNO
ART-NE-V

5000
4000
3000
2000
1000
0
0

2

4

6

8

Time in h

20

22

24

26

FORMULATIONS

Combination Kit for Delivery of Native Glucagon-like peptide 1
(GLP-1) Fragment 7-36 for Euglycemia
Once-a-month depot injection and dry powder inhalation of glucagon-like peptide 1
(GLP-1)
Unmet Need and Challenge
Incretin hormones are euglycemic at picomolar blood levels and widely used as injectables,
but are very expensive. The 7-36 amino acid fragment of native GLP-1 is sufficient for
bioactivity, but is extremely labile and a substrate for dipeptidyl peptidase (DPP) IV. The
challenge was to stabilize the peptide and incorporate it into a long-acting injection that
would not only protect it from 37°C ambient temperature and peptidases in vivo, but also
provide controlled release.
However, our best efforts at making a once-a-month injection yielded a formulation that
showed a lag time of a few days. We therefore made a non-invasive, rapid acting dry
powder inhalation (DPI) to supply GLP-1 ‘on demand.’
Salient Features
Depot Formulation (PFS recommended): Mixing with pharmaceutically-acceptable solvent
and filling
DPI Capsules (50 mg), Spray freezing, capsule filling. (DPI Device to be identified)
Open for Licensing
Size
(μm)
10.37±
0.43

Density MMAD
(g/cc)
(μm)
0.013

1.11

GSD
(μm)

FPF (%)

θ

CI

Product Yield (%)

1.96

67.26
±0.47

32.84
±0.85

47.09

93.44
±2.28
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FORMULATIONS

A Novel Oral Formulation of Amphotericin B to Treat Visceral
Leishmaniasis
Leishmaniasis is a disease with a wide spectrum of clinical manifestations caused by different
species of protozoa belonging to the Leishmania genus. The disease imposes a significant
burden of morbidity and mortality affecting 12 million people in 98 countries in tropical
and subtropical regions of the world. The efficacy of Sb(V), first choice treatment, has now
threatened by the emergence of drug-resistant Leishmania parasites in several regions of
endemicity. Liposomal amphotericin B constitutes second line drug, however, its clinical
use is limited by parenteral administration and very high cost. Therefore, the development
of new drug-delivery systems to treat leishmaniasis could be considered relevant. In this
regard, a wide variety of techniques is available to produce polymeric nanoparticles,
including solvent evaporation, interfacial polymerization, and emulsion polymerization
methods. Most of these preparations require parenteral route of administration, while oral
route is the most preferred route for treatment. In this endeavour, we have prepared the
amphotericin B loaded nanoparticle and established its anti-leishmanial activity both under
in vitro and in vivo condition against L. donovani, the causative agent of Indian kala-azar.
The formulation exhibited remarkable in vivo efficacy (>94%) via oral route (2.5mg/Kg
x 5days) against L. donovani in hamsters. It also displayed good oral bioavailability with
no nephro- or hepato- toxicity. The pharmacokinetic parameters at 2.5mg/kg single oral
dose revealed presence of AmB (252 ng/mL) in hamster plasma. The drug was also well
distributed in visceral organs and the data also showed that amphotericin B nanoparticles
delivered relatively more drug to the target organs (liver and spleen) than was delivered
to kidney.
Open for Collaboration Taken together, an oral novel anti-leishmanial formulation
containing Amphotericin B nanoparticles was developed that
exhibited significant anti-leishmanial efficacy, improved bioavailability, and was capable
of eliminating the nephrotoxicity, and delivering the drug to the site of action.
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Vaginal Film Containing Sapindus saponins for Contraception
and Antimicrobial Activity
Mucoadhesive Contraceptive Film of Sapindus saponins
The currently used barrier contraceptives like creams, gels, films, aerosols, foam-tablets
incorporating spermicides or spermiostatic agents, mostly nonyl phenoxy polyethoxy
ethanol commonly known as nonoxynol-9 or nonyl-9 (N-9), provide average pregnancy
protection, and may cause vaginal irritation. Further, the delivery systems for these
spermicidal agents are often cumbersome, messy in use and therefore, have poor consumer
acceptance. Furthermore, it has been shown that N-9, in spite of having both spermicidal
and microbicidal properties, does not tender any protection against STDs, including AIDS.
On the contrary, several studies have indicated that N-9 containing preparations may
infact increase the incidence of these diseases. Moreover, repeated use of N-9 containing
spermicides is likely to increase the susceptibility of vagina to STDs including AIDS.
A very promising spermicidal activity was detected in the saponin fraction isolated from
the fruit pericarp of Sapindus mukorosii (soap nut or reetha).
Advantages of the technology:
1.

First Vaginal formulation containing Sapindus saponins in a film formulation.

2.

Film formulation show spermicidal effect in vitro.

3.

Film formulation is easy to use and does not require any Open for Collaboration
applicator.

Salient features of Film:
Muco-adhesive contraceptive film of Sapindus saponins is prepared from extract of fruit
pericarp of Sapindus mukorosii, therefore, it has lesser side effects and can be used for local
contraception.
Market potentiality:
The currently used barrier contraceptives like cream, gels, films, aerosols, tablets incorporate
surfactants as spermicidal agents. The earlier formulation of Sapindus saponins is a
contraceptive cream (Consap cream), which is somewhat messy and requires an applicator
for its application inside the vagina. Hence, the film developed by our research institute has
good economic significance to India and with good potential for export.
Cost of production:
Production cost per dose may come to about Rs. 5/- per application.
Raw materials for production:
1.

Fruit pericarp of Sapindus mukorosii, purchased from the market.

2.

Hexane, ethanol, butanol ‘Technical grade’.

Polyethylene glycol 6000, polyethylene glycol 400, stearic acid, glycerine, polysorbate 80,
propyl paraben, methyl paraben
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Nasal Dry Powder Eutectic for Nose-to-Brain Transport of
Zolmitriptan
Unmet Need and Challenge
Drug delivery to the brain is challenging, and the preferred approach of targeting
nanoparticles to the brain via nasal instillation is over-crowded. There are unresolved issues
related to mechanisms whereby nanoparticles cross biological barriers that are impervious
to angstorm-size molecules. Conventional oral tablets, orally disintegrating tablets, and
nasal liquid sprays of Zolmitriptan are marketed. Nasal sprays have limitations: run-down
to the oesophagus and perception of bitter taste; poor bioavailability; bimodal absorption
profile, storage stability; inconvenient volume of liquid; short residence (15-20 min) in the
nasal cavity.
Salient Features
We prepared triturates of micronized or crystalline zolmitriptan with a panel of
GRAS coformers, and selected nicotinamide to form a eutectic. We characterized the
formulation using differential scanning calorimetry, powder X-ray diffraction, and FTIR
spectroscopy to confirm its eutectic nature, and generated a phase diagram. We used an
in-house insufflator to introduce the powder into the nares of rats. Groups of rats received
zolmitriptan intravenously or intranasally, or intranasal eutectic formulation. Zolmitriptan
was estimated in the olfactory lobe, cerebral cortex, cerebellum, and blood plasma at
different time-points by LCMS. Pharmacokinetics in these tissues indicated the superiority
of the intranasal eutectic formulation for brain targeting when
Open for Collaboration compared with results of IV solution and intranasal pure
zolmitriptan powder. Enhancement of nose-to-brain transport
is likely to have resulted from more rapid dissolution of the
eutectic as compared to pure drug.
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GLP-1- Once a Month in-situ Depot for Diabetes Treatment
Once-a-month in situ depot and on-demand dry powder inhalation of GLP-1 fragment
An injectable, in situ depot forming delivery system for native human incretin GLP-1
fragment (7-36) amide for management of diabetes mellitus, along with a companion/
stand-alone DPI have shown extremely promising results in a mouse model of diabetes.
The injection employs a novel excipient,
present in the GRAS list and widely available Readiness Level
commercially. There is no a priori reason to expect • Prototype processes ready
any liability or toxicity issues. The excipient • Prototype products ready
requires pre-sterilization by autoclaving. Aseptic • Stability (Q10 at 40°C/75%RH)
processing is required, but due to the high
enhanced from <10 minutes to 6
potency of the peptide, batch sizes of 100,000
months (glass vials)
doses can be prepared in a 1-litre stirred vessel. • Preclinical efficacy (IPGTT in
A drying step with solvent recovery/disposal
streptozotocin + high fat diet
is required to remove processing solvent. The
C57BL/6 mice) demonstrated
recommended solvent is N-methyl pyrrolidone,
• Preclinical PK/PD underway
leaving OVIs well within pharmaceutically
•
Partnership
for joint
acceptable amounts. Pre-filled syringes are recommended
for thesought
product,
intended for
development
intramuscular injection. The DPI powder is prepared inproduct
a process
requiring liquid nitrogen,
but the high potency enables production-size batches to be prepared in a 3-litre stirred
vessel. All excipients employed for the DPI have a history of safe human use.
No intellectual property protection has been applied for
and none of the information released in the public domain. Open for Collaboration
Additional work for QbD, enhancement of storage stability
and preclinical safety/toxicity will have to be undertaken for optimization. Oral glucose
tolerance tests will be required to confirm efficacy. Evidence of regeneration of beta cells in
Islets of Langerhans of mice within seven days of once-a-day inhalation and more so after
30 days of a single injection is very encouraging.

25

PROPOSALS FOR JOINT DEVELOPMENT

S-011-1793-Anti-malarial (Blood Schizonticidal) for
Chloroquine-Resistant Malaria
Introduction:
Aminoquinolines such as chloroquine (CQ) were the most important anti-malarials for
more than four decades due to their efficacy against all species of human malaria and
safety profile. Emergence of resistance to this class of compounds during the 1980s created
a health crisis in the developing world. Elucidation of mechanism of resistance and the
SAR-studies revealed that chloroquine resistance does not involve any change to the
target of this class of drugs, but involves alteration of compound specific efflux. Based
on this premise, a number of research groups have developed short chain analogues of
4-aminoquinoline, which are active against CQ-resistant strains of P. falciparum. However,
these derivatives undergo biotransformation (de-alklylation) which significantly affects
lipid solubility of the drug. A modification in the side chain was introduced to prevent dealkylation and these amino acid conjugates were explored for anti-malarial activity. A new
series of CQ analogues were synthesized wherein the diethyl amino isopentyl function of
the CQ side chain has been replaced by shorter side chain containing a terminal tertiary
alkyl amino group. S-011-1793 was identified as a lead from this series of compounds with
significant activity against CQ resistant parasites. Its tri-phosphate salt, S-011-1793s, has
comparable efficacy and improved bioavailability.

Open for Collaboration

Methodology:

The[(S)-7-chloro-N-(4-methyl-1-(4-methylpiperazin
1-yl)pentan-2-yl)-quinolin-4 amine triphosphate] is a
4-aminoquinoline derivative with potent anti-malarial activity. The synthesis of this
compound comprises (i) Synthesis of chirally defined side chain, (ii) fusion of the side
chain to get free base drug and converting free base to its phosphate salt. The synthesis
requires preparation of Boc-Leucine (1), preparation of Boc-Leucinol (2), preparation of
Boc-Leucinol-mesyl ester (3), preparation of tert-butyl 4-methyl-1-(4-methylpiperazin-1yl)pentan-2-ylcarbamate (4), preparation of side chain (5), fusion of compound (5) with
commercially available 4,7-dichloroquinoline in phenol. The desired compound (6) is
obtained as solid in 60-65% yield and is purified by silica gel column chromatography.
Conversion of free base to triphosphate salt is carried out in methanolic solution of
phosphoric acid. The phosphate salt is obtained in almost quantitative yield with a melting
point (mp) of 195 to 198°C.
Advantages of the technology:
•

An aminoquinoline derivative with curative efficacy against chloroquine-resistant
parasites (tested against Plasmodium falciparum in vitro and in the P. Yoelii mouse
model).

•

For treatment of acute uncomplicated or chloroquine-resistant malaria in children or
adults; use in combination of two or more molecules with asexual blood stage curative
activity or transmission blocking activity (by inhibiting gametocytogenesis).
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Salient features :
Nature of lead compound:

Conjugated 4-aminoquinolone

				4-Aminoquinoline.
Curative dose:			

40 mg/Kg in P. yoelii N-67 CQ resistant mouse model);
20mg/Kg in P. Cynomolgi B rhesus
macaque model (repeat test underway).
Parasite clearance time: 3 days.

Recrudescence:			
No recrudescence detected up to 70 days in primate
				model.
Safety Pharmacology:		

Completed, no liabilities.

Toxicity: 			Genotoxicity (Ames Assay)- non-mutagenic.
Single dose acute toxicity in Swiss Albino Mice (oral)
completed MTD-500 mg/Kg body weight.
Single dose toxicity in SD rat (oral) completed MTD500mg/Kg body weight. No mortality.
Solubility:

Soluble in water, ethanol, methanol, DCM and DMSO.
The compound is a single
enantiomer with HPLC Open for Collaboration
purity >98%.

Pharmacokinetics in rats:		
dose

%F: ~64%; t1/2: 12h; Cmax: 47.5 mg/ml at 15mg/Kg oral

Stability:			Pending
Cold chain requirements:		

None

Route of administration:		

Oral

Economics:
Cost of production: Production cost per dose may come to about Rs. 2,50,000/100g.
Current estimates are based on lab-scale synthesis and price of the reagents based on
catalogue of R&D material supplier are likely to be reduced on upscaling.
Raw material for production:
L-Leucine, 4,7-dichloroquinoline, Di-ter-butyl-pyrocarbonate, Isobutyl chloroformate,
Sodium borohydride, Triethyl amine, Methane sulphonyl chloride, N-methyl piperazine,
Trifluoroacetic acid, Orthophosphoric acid, Phenol, Methanol, Isopropanol, Dichloroethane,
Ethyl acetate, N-hexane, Dry ether, Silica Gel, Calcium chloride, Anhydrous sodium
sulphate.
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PROPOSALS FOR JOINT DEVELOPMENT

96/261-A Novel Anti-leishmanial Compound
Leishmania is a tropical disease, the cure of which relies on chemotherapy. The
pentavalent antimonial compounds are in use as the first-line of chemotherapy for Visceral
Leishmaniasis (Kala-Azar) whereas for the cases of therapeutic resistance to these
compounds, Amphotericin B desoxycholate, liposomal amphotericin B or miltefosine are
used as the second line of treatment. Unfortunately, the use of these drugs is considered to
be unsatisfactory due to their high cost, parenteral administration, toxicity and undesirable
side effects. These reasons underscore the need for developing a new anti-leishmanial
agent. In this context, this institute has discovered that compound 96-261 which belongs
to n-hydroxyalk-2-ene-1-one (together with its tautomeric form n-hydroxy-alkan-1,3dione) display remarkable in vivo efficacy via oral route (100mg/Kg x 5days) against L.
donovani in hamsters. It is presumed that the compound selectively inhibit leishmanial
dipeptidylcarboxypeptidase enzyme, a novel biochemical target for developing antileishmanial agent. As compared to the available anti-leishmanial drugs, this compound
is cheap and active orally. The synthesis of the compound is simple as it is generated in
a single step with good scale up capability.The compound display satisfactory solubility
with good oral bioavailability. The ED50 for the drug has been found to be 41.50 mg/kg
dose. The pharmacokinetic parameters has revealed compound to be stable and traceable.
In the initial assay, the compound has been found to be free of any hERG liability. The
preliminary toxicity studies has revealed compound to be safe with large safety window
(more than 50x ED50).
Open for Collaboration

Novel Cervical Cancer Biomarker PP1γ2 can be explored for
early diagnostics
Identified biomarker PP1γ2 is the first of its kind to be characterized as a CTA (CancerTestis Antigen) as no other Serine – threonine Phosphatase has been shown to express
in cancerous cells specifically. Since this antigen does not express in normal body
cells and tissues, hence it has the potential to be targeted for diagnostic and therapeutic
applications in various malignancies particularly Cervical Cancer. PP1γ2 can also be
explored distinctively for drug targeting, which would spare other normal organs. As per
our observations, a precise immunogen containing a specific epitope of PP1γ2 is useful as
a biomarker for cervical cancer. Expression of PP1γ2 isoform transcript as well as protein
has been confirmed predominantly in squamous cell cancer of Uterine Cervix, while using
PP1γ2 specific antibodies raised against its particular immunogen. Studies have been
conducted for the validation of PP1γ2 as an accurate diagnostic marker for early detection
of squamous cell carcinoma.
Expression of PP1γ2 in cervical carcinoma has been further correlated with HPV infection
in pap-smear samples. Traces of PP1γ2 also appear in urine sample of Cervical Cancer
patients, means the protein is shed from the cancerous cells and can be explored for diagnostic
purpose. RNAi experiments in Cervical cancer cell line HeLa silenced the expression of
PP1γ2 completely and increased the phosphorylation of GSK-3β downstream; which is a
known marker for cell cycle regulation.
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BIOLOGICAL SCREENS AND ASSAYS

Parasitic Diseases
MALARIA
In vitro
•

P. falciparum (3D7, K1) blood culture

In vivo
•

P. berghei liver stage in hepatocytes in swiss mice

•

P. yoelii N67 (chloroquine resistant)

•

P. yoelii nigeriensis (MDR) in Swiss mice

•

P. berghei –swiss mice, P. berghei ANKA- C57BL6 mice

•

P. cynomolgi B and P. knowlesi in rhesus macaque.

LEISHMANIA
In vitro
•

Leishmania donovani- amastigote-macrophage model In vivo model

•

L. donovani- Hamster model
Assays Available

FILARIA
In vitro
•

Adult Brugia malayi & microfilariae (mf) motility inhibition assay.

•

MTT assay with adult B. malayi

In vivo
•

Primary in vivo model: Meriones unguiculatus (jirds) transplanted with adult B.
malayi.

•

Secondary in vivo model: Mastomys coucha infected with B. malayi larva stage 3.

Infectious Diseases
MYCOBACTERIA / TUBERCULOSIS
TEST
Primary Screening
Primary Screening
Primary Screening
Primary Screening

ASSAY SYSTEM
MABA
CFU
MGIT (Fluorescence based assay)
Luciferase Assay

BACTERIA
MTB H37Ra
MTB H37Ra
MTB H37Ra
Recombinant MTB H37Ra
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TEST
ASSAY SYSTEM
BACTERIA
Secondary Screening THP-1 Macrophages
MTB H37Ra
Secondary Screening Bone marrow derived Macrophages MTB H37Ra
TARGET BASED ASSAYS

FAS II Pathway
ATP Synthase
Malate Synthase
Protein Kinase G
Ligase-A

Recombinant Strain-reporter assay
Bio-luminescense
Colorimetric
Non-radioactive
autophosphorylation
Gel based assay.

Recombinant M. bovis BCG
M. smegmatis
Recombinant enzyme
MTB H37Ra
MTB

BACTERIAL INFECTIONS
Strains:
1.

Escherichia coli (ATCC 9637)

2.

Escherichia coli (ATCC 25922)

3.

Pseudomonas aeruginosa (ATCC BAA-427)
Assays Available

4.

Pseudomonas aeruginosa (ATCC 27853)

5.

Staphylococcus aureus (ATCC 25923)

6.

Staphylococcus aureus (ATCC 700699 MRSA)

7.

Staphylococcus aureus (ATCC 29213 QC)

8.

Staphylococcus aureus (ATCC 29213)

9.

Staphylococcus aureus (ATCC 33592 Gentamycin resistant)

10. Klebsiella pneumoniae (ATCC 27736)
11. Klebsiella pneumoniae (ATCC BAA-1705)
12. Acinetobacter baumannii (ATCC BAA-1605)
In vivo Models:
1.

Neutropenic thigh infection model for S. aureus and A. baumannii infections

2.

Neutropenic peritonitis infection model for S. aureus infections

In both models, the evaluation of efficacy is based on cfu/gm determination in the focal
organ
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FUNGAL INFECTIONS
Strains:
1.

Candida albicans (ATCC 10231)

2.

Candida parapsilosis (ATCC-22019)

3.

Trichophyton mentagrophytes (ATCC 9533)

4.

Aspergillus fumigatus

5.

Sporothrix schenckii

6.

Cryptococcus neoformans

In-vivo models:
1.

Systemic infection model (mouse) for C. albicans, A. fumigatus, and C. neoformans.
The efficacy of test compounds is based on determination of cfu/gm in the focal organ

2.

Superficial skin infection model (Guinea pig) for Trichophyton mentagrophytes.

The efficacy of test compounds is based on the size of the lesion and isolation of the causal
organism from the site of lesion.

Assays Available
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Cancer
Small molecules targeting mTORC2 for cancer therapeutics
The mammalian Target of Rapamycin (mTOR) complex2 (mTORC2) is a promising target
for cancer therapy. Like the better-known Complex 1, mTORC2 is also a multiprotein
complex comprising of Rictor, mSIN, mLST8, Deptor and Protor. Recent studies show
that mTORC2 activity is essential for cancer cell vitality and transformation, but not much
is required in normal cells. Therefore, an inhibitor that specifically inhibits mTORC1 is
likely to be significantly toxic to cancer cells, but innocuous for normal cells. The interest
in developing specific mTORC2 targeted inhibitor is therefore increasing. A number of
recent studies provide rationale for developing inhibitors that specifically target mTORC2.
Such inhibitors could have a more acceptable therapeutic window and would not perturb
the mTORC1-dependent negative feedback loops. Thus, selective mTORC2 inhibition is
promising strategy to develop a potent anti-cancer therapeutics.
We have in place a programme for identifying and deciphering the dynamics of signalling
via mTORC1 and mTORC2. Using an array of molecular and cell biological approaches,
we can assess the extent of mTORC2 inhibition, and its downstream effects on kinase
cascades and processes such as cell proliferation, differentiation, autophagy, and apoptosis.
We have developed a non-radioactive, medium throughput in vitro assay system for
screening mTOR Kinase inhibitory potential of NCEs. We have also developed capacity to
evaluate compounds for their mTORC1 and/or mTORC2 inhibitory potential per se. With
the emergence of mTORC2 as a critical player in cancer, we propose to develop possible
strategies for achieving selective mTORC2 inhibition by way of: (i) hindering mTORC2
localization to the site of action; (ii) disrupting important
Open for Collaboration protein–protein interactions required for mTORC2 integrity,
and assembly; and (iii) by targeting the substrate-binding
interface via small molecule inhibitors.

Tuberculosis
Screening for inhibitors of Mycobacterial FAS-II pathway
Conventional anti-mycobacterial screening involves CFU enumeration, a cumbersome
analysis, owing to slow mycobacterial growth. Recombinant strains carrying reporter
genes under the constitutive promoters allow rapid and wide screening of compounds, but
without revealing their modes of action. Reporter strains using pathway-specific promoters
provide a better alternative, but allow a limited screening of compounds interfering with
only a particular metabolic pathway. This reduces the strains to merely a second-line
screening system, as they fail to identify even the more potent compounds if they are not
inhibiting the pathway of interest. We have created a double recombinant Mycobacterium
bovis BCG strain carrying firefly and Renilla luciferase genes as two reporters under
the control of a constitutive and an inducible mycobacterial promoter. The presence of
dual reporters allows simultaneous expression and analysis of two reporter enzymes
within a single system. The expression profile of the firefly luciferase gene, rendered by
a constitutive mycobacterial promoter, coincides with the decline in bacterial growth in
response to a wide range of anti-mycobacterial drugs, while the enhanced expression of
Renilla luciferase mirrors the selective induction of the reporter gene expression as a result
of pathway-specific inhibition. Thus, the double recombinant strain allows the screening of
both primary and rationally synthesized anti-mycobacterial compounds in a single assay.
The inhibiting response of drugs was monitored with a dual-luciferase reporter assay,
which can be easily adapted in high-throughput mode.
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Diabetes
Discovery of Small molecule GLP-1R activators
Glucagon-like peptide-1 (GLP-1) is an incretin hormone Marketed Products
secreted from the intestinal L cells upon feeding. It Exenatide (Byetta/Bydureon:
then travels to various peripheral organs including Amylin/AstraZeneca), approved in 2012–
7600/ 5mg
pancreas and exerts its metabolic effect by binding to Rs
Liraglutide (Victoza, Saxenda: Novo
its cognate receptor; GLP-1R. GLP-1 stimulates insulin Nordisk), approved 2010– Rs 4200/18mg
production and secretion from pancreatic β-cells. GLP-1 Lixisenatide (Lyxumia: Sanofi), approved
in EU 2013– not available in India
also promotes satiety, delays gastric motility, increases Albiglutide (Tanzeum: GSK), approved in
glucose disposal in fat, muscle and liver, improves 2014—not available in India
(Trulicity: Eli Lily), approved
insulin receptor binding, decreases glucagon and Dulaglutide
in 2014 –not available in India
gluconeogenesis. Long acting GLP-1 analogs resistant
to DPPIV cleavage are in the market for treatment of
type 2 diabetes (box). These GLP-1 analogs also exert other beneficial effects including
weight loss and improved cardiac function. Thus, these peptides appear to be the only
disease-modifying therapeutics in type 2 diabetes.
Despite their metabolically beneficial effects, GLP-1 analogs being peptides, are only
available as injectables and thus their use remains difficult. Further, being peptide drugs their
price is high. We aim to discover and develop small-molecule GLP-1R activators that will
be oral alternatives to GLP-1 analogs. Such agents will not only be cheaper than peptides
but being orally administrable will be easier for treatment-adherence. Currently there is
no small molecule
Strength:
GLP-1 activator Open for Collaboration
Clinically validated target
in the market thus
Disease-modifying therapeutics
this project is
Cardiac benefits
unique and important in the area of diabetes.
Weakness:
Target structure not available for structure-based
drug design
Opportunity:
Market demand for small-molecule
Orally active molecules with less GI side-effects
Only one compound in Phase II clinical trial
Threat:
Competition

We invite you to make use of our established
stable cell line –based assay systems for
GLP-1R and glucagon receptor and transient
transfection-based assay systems for related
peptides GLP-2 and gastric inhibitory peptide
(GIP).

GCGR-GCG

4

pcDNA3
pcDNA3-GLP-1R

3
2
1
0
-12 -10

-8

-6

Liraglutide (M)

-4

EC50: 4.05X 10-9M

Fold activity (RLU)

Fold activity (RLU)

GLP-1R
25
20

pCDNA3
pcDNA3-GCGR

15
10
5
0
-14 -12 -10 -8 -6 -4
GCG (M)

EC50: 1.92X 10-8M

33

DRUG TARGETS

Depression
Kappa Opioid Receptor Antagonist for Treatment- Resistant Depression
Major depressive disorder (MDD) is a common psychiatric disease worldwide. The
clinical use of tricyclic anti-depressants (TCAs), monoamine oxidase inhibitors (MAOIs)
and selective serotonin re-uptake inhibitors (SSRIs)/serotonin–norepinephrine re-uptake
inhibitor (SNRIs) for this condition is severely constrained by unacceptable side-effects,
potential drug-drug interactions and poor numbers of responsders. The endogenous opioid
system is involved in stress and emotion regulatory processes and its role in MDD has
been implicated. Considering the efficacy and safety of off-label use of buprenorphine
in the management of the treatment-resistant depression (TRD) and our own data on the
Kappa opioid receptor modulation of NR2B-NMDA in pre-clinical models, a selective and
potent KOR antagonist could be the next generation of anti-depressant. We have identified
a compound (S016-2448), which is a highly selective and high affinity KOR antagonist.
This compound is efficacious in various models of depression. Currently, we are seeking
partner for further pre-clinical development of this molecule for TRD.

Open for Collaboration
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DISEASE MODELS

Infertility Models
•
•
•
•
•

Hyperandrogenized rodent model for drug screening purpose.
Autologous implanted endometrium based endometriosis model developed for drug
screening for the management of endometriosis.
Estrogen-induced rat model of endometrial hyperplasia.
Ethinylestradiol treated rat model of male infertility (oligozoospermia).
Rodent models for implantation and female fertility.

Models for Bone Diseases
•
•
•
•

Ovariectomized osteopenia model in rats, mice and rabbit
Corticosteroid-induced osteoporosis model in rats and mice
Fracture Healing drill hole defect model
Rat model of osteoarthritis

Animal Models in Pharmacology
Major Depression:
• Chronic Unpredictable Stress (CUS)-depression in mice & Kappa Opioid Receptor
(KOR) induced Treatment Resistant Depression (TRD) in mice
Dementia/Alzheimers:
Services Offered
• Scopolamine induced deficit in cognition
• Streptozotocin induced dementia
Parkinsons Disease:
• 6-Hydroxydopamine (6-OHDA) and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) induced Parkinson Disease Rodent Model
Dyslipidemia:
• Hamster, Guinea pig model
Inflammation:
• Carrageenan induced Paw Edema in Rats
Cardiac Hypertrophy:
• Angiotensin II/Isopreneline induced Left Ventricular Cardiac Hypertrophy
Angiogenesis:
• Chick Chorioallantoic Membrane Assay, Ear Angiogenesis
Myocardial Ischemia Reperfusion Injury Model:
• Left Anterior Descending (LAD) Rat model
Cerebral Ischemia:
• Middle Cerebral Artery Occlusion (MCAO) model of cerebral ischemia in Rat
Pulmonary Hypertension:
• Monocrotaline induced in Rat
Hypertension:
•

Spontaneously hypertensive rats (SHR) for antihypertensive screening.
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Laboratory Animal Facility
•

Possesses “State of Art” facility registered by CPCSEA, harbouring various species of
inbred and outbred rodent species, rabbits and non-human primate

•

Caters approximately 25 thousand animals of more than 25 strains of 8 species having
specialized disease specific animal models for more precise studies on human diseases

Available animal strains for research and outside supply:
Mouse

Inbred strains
BALB/c, db/db, C57BL/6j,
Out bred strains: Swiss albino;
Transgenic strains: APOE, NOS-1, NOS-2, NCF-1, MK2, Le Pr (db);
Rat:
Inbred rats: SHR, Wistar, CF
Out bred rats: Sprague dawley
Services Offered
Hamster:
Out bred and inbred strains of Syrian hamsters,
Rabbit:
New Zealand White and Belgian strains of rabbits
Other rodent species:
Out bred strains of Mastomys, Gerbil, Guinea Pig,
Supply of control a serum/plasma/whole blood sample, tissues/organs (Frozen or Fixed)
on need basis
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Pharmaceutics
Pharmaceutics: Formulation, Pilot Scaling and Analysis
We have expertise in developing conventional as well as novel
formulations for small molecules, phytopharmaceuticals and
herbal products, peptides and vaccines, and nucleic acids (plasmid
DNA, siRNA). Apart from the portfolio of formulations that we
continue to develop for CSIR-CDRI candidate drugs, we pursue
our own novel approaches to enhance therapeutic value through
drug delivery approaches. In line with the emerging regulatory
trends, we use Design of Experiments and the Response Surface
Methodology to engineer Quality by Design in prototype
formulations such as nanoparticles, nanocrystals, liposomes, and
dry powder inhalations, etc.

Lab and Pilot Capabilities
Solubilization
Stabilization
Oral delivery
Parenterals
In situ implants
DPI/Nasal
Transdermals
Body cavity
SMEDDS/SNEDDS
Liposomes
Solid lipid particles
Niosomes
LBL fabrication
Nanocrystals
Co-crystals
Eutectics
Nanoparticles

Backed up by equipments in the Sophisticated Analytical
Instrumentation Facilitiy of the Institute and pharmaceutical
analysis equipment in the Division, we can undertake exhaustive
physico-chemical characterization of formulations. We develop
standard analytical procedures for assay (content/label claim)
and content uniformity, impurity profiling, volatile impurities, dissolution and release
behaviour etc. to arrive at batch release specifications. HPLC method development and
validation as per ICH guidelines for NCEs and formulations.
The Division also contributes extensively to the “Chemical
Services Offered
and Pharmaceutical Information” section of IND applications
filed for CSIR-CDRI’s NCEs. GLP certification of our test
substance preparation and HPLC analysis of NCEs is currently under process.
We invite you to make use of our facilities and domain competence in formulation
development and pharmaceutical analysis-in collaboration for joint IP, or as work-forpayment.
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Pharmacokinetics, Toxicology and Regulatory Pharmacology
GLP related Facilities and regulatory studies being conducted at CSIR-CDRI:
1.

Quality Animals for Experiments: This entails highly trained personnel for
experimental animal care, management and animal techniques, general laboratory
research animals, their biology, general behaviour, basic husbandry practices, feeding
and nutrition, animal diseases, basic handling and restraining techniques, sample
collection, routes of drug administration, anaesthesia, euthanasia, animal ethics and
welfare.

2.

Importance of Purity, Stability of NCEs in Pharmacokinetics: Formulation
development for studies, studies related to formulation purity, stability and other
oral, i.v. pharmacokinetic studies using HPLC, LCMS/MS analysis, various
biocompartment models, tissue and cell level analysis

3.   Safety Pharmacology: Essential Safety pharmacology studies are carried out as per
schedule Y, ICH and OECD guidelines
a) Cardiovascular System (CVS): In vivo safety pharmacology studies including
evaluation of basic cardiovascular parameters, measuring blood pressure, heart rate,
surgical implantation of transmitter (telemetry), recording data and analysis.
b) Central Nervous System (CNS): In vivo safety CNS studies in animal models
include effect of test substance evaluating behavioural changes
using Irwin’s test, spontaneous motor activity using animal
Services Offered
activity meter, motor coordination using rota-rod, sensory/
motor reflex responses using hot plate analgesia meter and
body temperature using temperature multiplexer.
c) Respiratory System: Effect of test substance on respiratory system in rats using
whole body plethysmograph by evaluating frequency of respiration, tidal volume,
inspiratory time, expiratory time, peaks and enhanced pause.
d) Oxygen saturation studies: Oxygen saturation in blood is measured by small
animal pulse oximetry.
e) HERG binding Studies: Assay setup, execution and analysis using cell free HERG
binding studies.
4.

Regulatory Toxicology: includes concepts and design of studies as per regulatory
guidelines:
a)

Systemic toxicity,

b) Reproductive toxicity,
c)

Immuno-toxicity

d) Genotoxicity.
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Clinical Trials
Clinical group is involved in conducting Clinical Trials of candidate drugs developed at
CDRI, Lucknow. About more than 50 investigational new drug applications of CDRI has
been approved by regulatory authorities. The clinical trial activities include undertaking
responsibilities of a Sponsor i.e.
1.

Preparation of Clinical Trial Documents as per regulatory norms: Clinical trial
protocol, Case record forms, Consent form, investigators brochure, ADR/AE reports
etc.

2.

Coordination of Clinical trials

3.

Interaction with Regulatory agencies for Investigational new drug filing (IND), New
drug filing (NDA) etc.

4.

Interaction with pharmaceutical industries: Joint Collaboration, Commercialization of
approved products

5.

ADR and Pharmacovigilance activities

Clinical Trials being multi-Institutional activities, the Clinical Trial group has been
collaborating with various Institutions/Organizations for conducting Clinical Trials as per
Schedule “Y” (Drugs and Cosmetics (IInd Amendment) Rules, 2005) and GCP guidelines.
CDRI has been collaborating with Clinical Pharmacology
Unit at Seth G.S. Medical College & KEM Hospitals Mumbai
and Clinical Pharmacology Unit, PGIMER, Chandigarh for
Phase I Clinical Trials of CDRI candidate drugs.

Services Offered

Phase II and III Clinical Trials involve collaboration with various Medical Institutions
of India like CSM Medical University (erstwhile K.G’s Medical College), Lucknow;
SGPGI, Lucknow; PGIMER, Chandigarh; AIIMS, New Delhi; Seth G.S. Medical College,
Mumbai; IMS BHU, Varanasi; Gandhi Medical College Bhopal; Army Hospital, New
Delhi and Srinagar; SMS Medical College, Jaipur to name a few.
Clinical group has made major contribution in the various drugs marketed by CDRI.
Presently a number of promising candidate drugs are in various phases of clinical
development.

KEM Hospital Mumbai

PGI Chandigarh

KGMU Lucknow
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Mass Spectrometry
Mass spectrometry (MS) is a powerful analytical technique that is used to determine the
molecular mass of molecules by measuring the mass-to-charge (m/z) ratio of respective
ions. The hyphenation of liquid chromatography (LC), photodiode-array UV-Vis detector
and atmospheric pressure ionization mass spectrometry (APIMS) has proven to be an
efficient on-line system for establishing the identity of components in any given test
samples. High resolution mass spectrometer with tandem mass spectrometric (MS/MS)
analysis is proficient to identify unknown compounds, quantify known compounds, and to
elucidate the structure of molecules.
Mass spectrometry application to Drugs, Synthetic organic molecules, Active
Pharmaceutical Ingredients(APIs), Natural products, Pesticides, Peptides, Proteins,
Carbohydrates, Nucleic acids, and Organometallic compounds are well known. MS
Facility at CDRI consists of state-of-the-art mass spectrometers that include ESI quad, ESI
ion trap, ESI Q-TOF, MALDI TOF/TOF and Orbitrap equipped with HPLC/UPLC system.
Capabilities, expertise and services offered:
Small molecule analysis:
•

LC/MS method development and analysis of compounds present in complex mixtures

•

Qualitative and quantitative analysis of targeted compounds
Services Offered

•

LC/MS method development and validation

•

High resolution mass spectral analysis

Protein and peptide analysis:
Matrix Assisted Laser Desorption Ionization mass spectrometer (MALDI-MS),
Proteomics service includes in-gel (2D gel) proteolytic digestion, MALDI-MS, MS/MS
and identification of proteins using database.
Sponsored projects:
We take-up sponsored projects to analyse small molecules, present in the complex materials,
qualitative and quantitative analysis of targeted compounds (phytopharmaceuticals). The
resources of the MS facility and the expertise can be accessed on a fee-for-service basis.
For routine analysis please visit www.saiflucknow.org with your sample requests. For
queries regarding these submissions you may contact saif@cdri.res.in.
Thermo Scientific OrbitrapVelosProTM
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Electron Microscopy
Electron microscopes use a beam of electrons to create an image
of the specimen. Due to the small wavelength of electrons, it is
possible to visualize and resolve objects in the nano scale and
magnify objects upto more than two million times. Such high
resolution imaging techniques can provide crucial insights into
the structural and functional aspects of biological systems under
varying experimental conditions thus revealing new opportunities
in drug discovery and development. The EM Unit at CSIR-CDRI
houses three major microscopy facilities – (i) 120 kV JEOL
Transmission Electron Microscope, (ii) FEI Quanta 250 Scanning
Electron Microscope and (iii) Carl Zeiss LSM510 META Laser
Scanning Confocal Microscope. Our state of the art facility offers
advanced expertise in electron microscopy (TEM/SEM), from JEOL JEM 1400TEM
(120kv)
designing experiments, sample preparation to image analysis and
interpretation, for a variety of biological samples. We also offer
confocal microscopy imaging (which has several advantages over conventional optical
microscopy, including elimination of image degrading out-of-focus information and the
ability to collect serial optical sections from thick specimens)of user prepared slides.
We can help you to optimize your experimental set up for achieving your research objectives
on diverse applications. We have experience with a full spectrum of biological specimens/
applications along with excellent resources for both research and training.
We invite national and international collaborations and are
happy to be able to provide support for industrial, government
and academic research. Skill development/training programs
and workshops are also organized by this Unit.

Services Offered

Capabilities and services include:
•
•
•
•
•

•

•

TEM/SEM characterization of nanoparticles, drug
formulations, APIs and nano drug delivery systems
Visualization of particulate nanostructures like proteins,
complexes, viruses by negative staining TEM
Studies on sub-cellular effects induced by drugs
(ultramicrotomy of resin embedded specimens)
Characterization of viruses and virus like particles by TEM for
optimization of vaccines and diagnostic virology
Electron Microscopic detection of known microbial or
adventitious agents in biological fluids or in cell substrates
(FDA guidelines for biologics manufacturing)
FEI Quanta 250 SEM
Topological and morphological characterization of materials
(dental, cells/tissue, powder APIs and formulations, botanicals, wood, textile, paper
etc.) by SEM
Other services –preparation of carbon coated TEM grids, confocal imaging of user
prepared slides
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High-field Nuclear Magnetic Resonance (NMR)
Overview:
Nuclear magnetic resonance spectroscopy (NMR) has become the pre-eminent technique
for determining the structures of organic compounds, Bio-macro molecules in the various
stages of drug development and metabolomics. Of all the spectroscopic methods, it is
the only one for which a complete analysis and interpretation of the entire spectrum is
normally expected.
NMR facility in CDRI is unique and is highly regarded for its versatility in the types of
samples e.g. organic molecules, APIs, metabonomics, peptides, peptidomimetics, proteins
and other bio-macromolecules and as well as the number of nuclei that can be studied by
solution and semi solid NMR. The facility has a total of Six state-of-art high-field NMR
spectrometers ranging from 300 MHz to 700 MHz with a range of capabilities: high
sensitivity cold probes for bio-molecular studies, high throughput sample changers for
small molecule analysis, HR-MAS probes for small volumes and semi-solid samples.
Capabilities, expertise and services offered:
We offer advance NMR expertise for national and international collaborations and support
for industrial, government and academic research. NMR has diverse multidisciplinary
applications ranging from quantitative NMR, raw material screening, lipid profiling,
natural product structure elucidation, metabonomics, and semi-solid capabilities.
Whether your research involves to determine high resolution
three dimensional structures of important biological macroServices Offered
molecules
at
atomic
resolution
in
solution
or study biomolecular motions that are important for
understanding their functions or characterize proteinprotein, protein-DNA and protein-small molecule
interactions or evaluate a newly synthesized smallmolecule and isolated natural products or unravel
underlying mechanism of biological function from
molecular to atomic level then you have come to the right
place. Apart from technical support our facility will also
provide training for those who are interested to receive training on the high-field NMR
spectrometers and the training courses may be framed based on the individual needs.
Our services can be broadly classified as below:
Structure Elucidation of
small molecules

High resolution structures
of bio-macro molecules

Metabonomic Profiling

Protein-ligand interactions
(STD techniques etc.,)

42

Reaction Kinetics
HR-MAS
Quantitative NMR
Training on High field NMR
spectrometers

FACILITIES & SERVICES

High-field NMR Spectroscopic Characterization of Biosimilar
Peptide Therapeutic Formulations
Overview:
Development of Biosimilar therapeutics for insulin Glargine and Teriparatide etc offers
the advantages of wider outreach and lower costs. However, the manufactured formulation
must exactly match that of the innovator. All organic molecules have well-defined
correlated NMR spectra, as their Fingerprint. Similarly, a formulation has a fingerprint
that is a combination of its constituents, including excipients and the bioactive component.
Comparison of high-end analytics NMR fingerprints of the indigenous formulations with
that of the innovator provides quantitative and detailed information that can help with
the Production and Quality Control and indicate Biosimilarity Levels with high precision.
At CSIR-CDRI, we have developed the expertise to analyze and characterize Biosimilar
Peptide Therapeutic Formulations by using High-Field Nuclear Magnetic Resonance
(NMR) Spectroscopy. Using this technique, we are able to characterize each of the amino
acid of the biotherapeutic peptide in the presence of various excipients in the formulation.
The different excipients in the formulation can also be quantitatively characterized
simultaneously. This allows a highly analytical comparison between the formulations,
which can be used for assessing the similarity to the innovator’s formulation, for quality
checks between the batches, and for durability assessment. The procedure involves no
modification or separation of ingredients, and the sample is treated as-is in the vial or
cartridge.
Services offered:

Services Offered
We take up sponsored projects and offer comprehensive
characterization of the formulation product by using highfield NMR spectroscopy (600 MHz NMR Spectrometer). We accept formulations in the
form of cartridges or vials. Multidimensional NMR experiments are performed and the
data is processed and analyzed. Corresponding data sets are compared between various
samples and a report on similarity in quantitative and qualitative terms is generated. Based
on the formulation, we can assess the time needed for data collection and analysis and offer
competitive comprehensive pricing for the project.
Our Expertise:
At CSIR-CDRI, we are leaders in the analysis of proteins by using multi-dimensional
multi-nuclear NMR spectroscopy, and have the best expertise in the area. We are able to
characterize a biotherapeutic peptide at a concentration of 5 – 10 micrograms per amino
acid per mL (ie 0.1 – 0.2 mg/mL of a 20 residue peptide), in the presence of up to 50 fold
molar excess of excipients. We fine-tune our NMR experiments to dig for the most relevant
information.
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National Repository of Organic Compounds
In order to provide affordable healthcare to the populace of the country, CSIR-Central
Drug Research Institute, Lucknow has been working tirelessly for over six decades
discovering novel therapies for many diseases, especially for neglected tropical diseases
like malaria, leishmaniasis, tuberculosis, and other diseases including life-style disorders,
bone-related disorders, endocrine disorders, CNS and CVS disorders, and cancers. Towards
the development of new drugs in these disease areas, essentially an array of chemical
compounds belonging to diverse structural prototypes are routinely screened in many
bioassays. Conversely the depleting drug discovery pipelines have resulted into a new
paradigm of Drug Repositioning which again requires a large pool of compounds which
may be screened for orphan diseases. Therefore, with the objective of complementing the
efforts of drug discovery and development, the Central Drug Research Institute, Lucknow
has created the National Repository of Organic Compounds wherein the compounds
are stored at -20oC in an automated storage system, which is the present state of the
art. The Repository, commissioned in October 2013, presently contains a collection of
approximately 90,000 organic compounds. All compounds, generated by the researchers
in the Medicinal and Process Chemistry for different bioassays pursued at this institute,
are routinely archived in this Repository. In order to enhance the structural diversity of the
chemical library, this institute is recruiting compounds from other academic institutions
including Universities, IITs, and IISERs. The compounds received in the Repository are
checked for their purity before preparing their stock solution (10mM) for distribution to the
biologists. After preparing the solution, the compound is archived for future use. An audit
trail from each compound from assignment of code, keeping
records of spectroscopic and physical data and results of the
Services Offered
biological assays is maintained through an inhouse developed
software “Online Compound Submission and Biological
Assay Reporting System” popularly called as CBRS.
Opportunity for the industry: The structure files of all compounds are available. All
compounds that are in public domain can be accessed physically as per the institute’s policy.
Automated Storage System- Model US-600LCS from Brooks Automation

Automated Sample Preparation System
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MicroCT
Until recently, quantitative histologic techniques were
the standard for assessing trabecular and cortical bone
architecture. Although, histologic analyses provide
unique information on cellularity and dynamic indices
of bone remodelling, they have limitations with respect
to assessment of bone microarchitecture because
structural parameters are derived from stereologic
analysis of a few 2D sections. In comparison, highresolution 3D imaging techniques, such as microcomputed tomography (μCT), directly measure bone
microarchitecture without relying on stereologic
Skyscan µCT imaging system
models. µCT now has become the ‘‘gold standard’’
for evaluation of bone morphology and microarchitecture in mice and other small animal
models. We, at CDRI have the Skyscan 1076 microCT imaging system which allows
non-destructive imaging of samples in three dimensions. It is a high performance in vivo
micro-CT scanner for preclinical research. Image field width up to 68 mm allows rat and
mouse imaging, at pixel sizes of 9, 18 and 35µm. Variable x-ray applied voltage and
filters provide scanning flexibility to allow imaging of a wide range of samples from lung
tissue to bone. Samples are rotated in X-ray beam and radiographs are recorded. Software
reduces these radiographs to tomographs which can be viewed as a three-dimensional data.
μCT uses X-ray attenuation data acquired at multiple viewing angles to reconstruct a 3D
representation of the specimen that characterizes the spatial
distribution of material density. The excellent reproducibility
Services Offered
and accuracy of μCT measurements of bone morphology have
been established in several studies.

Echo MRI
EchoMRI™’s utilization of Nuclear Magnetic Resonance (NMR)
Relaxometry, also referred to as Quantitative Magnetic Resonance
(QMR) technology, takes direct measurements of total body fat, lean
mass, free water, and total body water. At CDRI we have the Echo
MRI body composition analyzer. The EchoMRI™ measurements
are one of the most precise and accurate Body Composition Analysis
(BCA) method available today. Its advantages over other existing
BCA methods include:
1.

Live subject and no requirement of anaesthesia.

2.

Lack of toxicity and no radiation.

3.

Fat and lean mass are independently measured.

Echo MRI

The equipment allows accurate monitoring of obesity, and detecting minimal changes in
body composition due to treatment, natural change, diet, drug treatment, and other forms
of intervention.
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Small-Molecule X-Ray Crystallography
Solid State Characterization of Drugs and Intermediates
CSIR-CENTRAL DRUG RESEARCH INSTITUTE possesses the state of the art
instrumentation facility and scientific expertise on solid state characterization of drugs.
The institute is offering the comprehensive small molecule X-ray crystallography solutions
to industrial users for: •

X-ray crystal structure determination of newly synthesized compounds and isolated
from natural sources.

•

Polymorphism screening, polymorph prediction and crystallization form development
studies of API and lead molecules.

•

Development and characterization of solid forms (both amorphous and crystalline) of
drugs and intermediates with the help of X-ray crystallography (SCXRD and PXRD),
thermal analysis (DSC/TGA) and spectroscopic (UV and IR) methods.

•

Consultancy services for crystalline form development of API/drugs.

Available Analytical Facilities
1.

Single Crystal X-ray Diffraction (SCXRD) for crystal structure determination Rigaku Satrun 724+ (Dual source: Cu and Mo) with low temperature data collection
capability.
Services Offered
2.
Powder X-ray Diffraction (PXRD) for quantitative and
qualitative analysis of solid fine power forms - PANalytical
X’pert3 with variable temperature data collection facility.

3.

Differential Scanning Calorimeter (DSC) for melting point determinations and
identification of thermal transitions.

4.

Polarized Light Microscopy for crystal habit/ morphology identification.

Crystal Structure Determinations
Single crystal X-ray diffraction (SCXRD) is the most powerful technique for structure
determination. However, obtaining crystals suitable for data collection can be extremely
difficult sometime. Crystallographic structure determination by single crystal X-ray
diffraction for small organic compounds and drugs. X-ray crystal structure can provide
pivotal information on molecular packing, intermolecular interactions and can also be used
for the determination of absolute configuration of enantiomers.
Solid Form Development
Each solid forms (polymorphs, hydrate/solvates, salt/cocrystals and amorphous) of an
API possesses unique physicochemical properties that can have a profound impact on
bioavailability, stability, and manufacturability of drug. Identification and development
of these forms helps in the selection of an optimal solid form for successful pre-clinical
evaluation. We offer a comprehensive solid form screening and development of APIs and
their characterization by microscopy, thermal, spectroscopic and diffraction techniques.
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Our Expertise
•

Crystallization of organic compounds.

•

Comprehensive screening of polymorph solvates and hydrates and their characterization.

•

Thermodynamic stability assessment of polymorphs and solvates.

•

Identification of crystalline phases present in bulk powder samples.

•

Quantitative analysis of crystalline or amorphous content in powder sample.

•

Development of solid forms (pharmaceutical salts and cocrystals) employing crystal
engineering principles and physicochemical property assessment for the optimal solid
form selection.

Information Services
CSIR-CDRI houses a state of art Library (Knowledge Resource Centre) maintaining a
huge resource collection both online and in form of hard copy of books and back volume
collection of all important journals in the area of biomedical resources. The library, for
the last seven decades, has been catering to the information needs of the R&D Institutions
located all over the country as well as to the R&D efforts of the pharmaceutical industry.
CSIR- CDRI subscribes to
•

Over 5000 journals ( In e-formats) in the Area Biomedical
Research

•

Books- both e-books and hard copy of latest books

•

Reference publications, Protocols, Methods etc

Services Offered

Bibliographic Databases
•

Sci Finder

•

Web of Science

•

R & D Insight

•

Thomson Innovation

Services Offered
•

SDI

•

CAS

•

Document Delivery Service

•

S&T News

•

Repository (D Space)

•

Inter-library Service
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Medicinal & Process Chemistry
1.

Development of cost effective non-infringing process for off-patented/block buster
drugs: Development of the processes for the synthesis of the drug molecules and/or
the drug intermediates. A number of highly profitable drugs are/being off-patented and
the corresponding drugs will become generic.

2.

Development of facile synthesis and characterization for impurities and degradants of
industrial processes.

3.

Generation of library of compounds through contract mode of research.

Computational Biology and Bioinformatics Facility
Computational Biology and Bioinformatics (CBB) Facility provides an integrated
environment for informatics systems, computational chemistry and molecular modelling
to facilitate and enhance drug design and discovery programs at CSIR-CDRI. CBB
group’s research efforts are focused on studying the macromolecules and their interactions
with small molecules through the concepts and methods of the computational sciences.
Computer-based methods in bio-molecular sciences are an increasing complement to
experiment.
Particular uses are for studying molecular details that are not easily accessible to
experiment and making experimentally-testable predictions, especially for drug design. We
use structural bioinformatics and computational chemistry
tools with specific focus on bio-molecular modelling
Services Offered
and simulation, 3D-QSAR studies, virtual screening and
development of computational predictive models towards
the identification and design of small molecules as inhibitors/vaccines or chemical probes
against various therapeutically important drug targets. Group also focuses on mechanistic
studies of the chemical pathways, to derive the possible mechanism of a chemical reaction
as well as identification of novel peptides which could be further screened out for vaccine
development. QM/MM and DFT studies are also carried out, for understanding the atomic
level changes occurring in a molecule/receptor which further aids in our understanding of
receptor-ligand interaction.
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Sophisticated Instruments
Seahorse XfP Extracellular Flux Analyzer
Measures cellular energy metabolism in live cells including basal respiration (measured
by oxygen consumption rate), glycolysis (measured by extracellular acidification rate) and
mitochondrial respiration
Surface Plasmon Resonance
For analysis of protein-drug interactions, including kinetic constant measurements. Assays
based on protein-protein interactions and drug target based interactions can be carried out
in a label. CDRI has procured a BIACORE 3000 instrument for the same.
Isothermal Calorimetry
For label free interaction analysis between drug target-ligands/inhibitors/ drugs.
Determination of binding constants and kinetic measurements. CDRI has procured a
VP-ITC instrument for the above analysis
Small-angle X-ray Scattering (SAXS)

For solution studies involving macromolecular solutions, nano-size formulations, quality
analysis of biological solutions, and other allied SAXS analysis. CDRI has procured an
instrument from M/s Anton-Paar for the same.
Small Animal Echocardiography
Non-invasively images the heart of mouse and rat heart. The
instrument can assess cardiac output, left and right ventricle
hypertrophy and other cardiovascular parameters.

Services Offered

Intravital/Multiphoton Microscope
Enables imaging several biological processes in live animals at microscopic resolution
revealing cellular responses to various drugs. The microscope could track the behaviour
of individual cells over a short time frame by selectively tagging them with fluorophore or
fluorophore tagged cells.
Oxymax/CLAMS for Rats and Mice, Columbus Instruments
This indirect calorimeter that allows measurement of activity (X, Y and Z axis monitoring),
feeding (mass monitoring), drinking (volume monitoring), sleep detection (scores events
and duration), calorimetric assessment (by oxymax, VO2, VCO2 and respiratory exchange
rate) in response to drug treatment. Animals must be in-house as no outside animals be
used in this equipment.
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Parasitic Diseases
MALARIA
The [Fe-S] Biogenesis SUF Pathway: A Validated Target in Malaria
Post-translational assembly of [Fe-S] clusters is critical for function of many
essential proteins. Our group provided the first experimental evidence for a
functional SUF pathway for [Fe-S] biogenesis in the Plasmodium falciparum
apicoplast (a relict plastid). Delineation of major steps and proteins of the
pathway has since been carried out and genetic disruption has demonstrated
that the SUF machinery is essential for parasite growth in the human blood
stages and the mosquito vector. There are no known inhibitors of SUF proteins,
necessitating a de novo approach to search for putative inhibitors for critical
interactions such as those between desulfurase SufS and SufE, and scaffold
components SufC and SufD. Molecular structure models for SUFs have been
developed. Production of recombinant parasite SUF proteins and assays have
been standardised in our laboratory and can be used for evaluation of rationally
designed molecules.
Protein Translation and Ribosome Assembly in Parasite Organelles as Sites for
Antibiotic Action
Two compartments in the malaria parasite- the apicoplast and mitochondrion harbour an
essentially prokaryotic translation machinery. Identification of
translation factors, ribosome assembly and recycling proteins
Open for Joint Discovery together with characterization of their targeting and function
indicates presence of reduced translation machinery. Several
antibiotics, some of which are in clinical use against malaria, act on Plasmodium organellar
translation and inhibit parasite growth. Systems in our laboratory help understand the
relative effects of antibiotics on the apicoplast/mitochondrial translation machinery and
can be used to test sites of action of other structural derivatives.

Telomere Biology of the Malaria Parasite and Potential for Therapeutic
Intervention
Non-canonical nucleic acid secondary structures play crucial role in maintaining telomere
dynamics and function. Both host and parasite have contrasting telomere features which
can be exploited for antimalarial interventions. We observed that targeting the telomeric
quadruplex using specific small molecules disturbs telomere homeostasis of human malaria
parasite (P. falciparum). Stabilization of telomeric quadruplex by small molecule results
in telomere shortening in parasite with minimal off target effects in the host. We have
developed assays which can reliably evaluate the telomere dysregulation in the parasite by
small molecules. Ongoing experiments include identify and characterize telomere binding
proteins in human malaria parasite to understand the telomere dynamics.
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Heat Shock Proteins (HSPs) of the Human Malaria Parasite
Proteome-wide phylogenetic analysis revealed that P. falciparum has evolved an efficient
protein folding machinery to keep its metastable, aggregation-prone proteome functional.
Some of its heat shock proteins (HSPs) have diverged significantly from its human host
and have acquired additional interaction interfaces to expand the repertoire of interaction.
We are trying to understand protein folding coordinated by HSP70 and its co-chaperone
HSP40. The highly diverged HSP40s isoforms impart functional diversity to HSP70. We
are trying to address the following questions (i) Is parasite HSP70-HSP40 system more
efficient than host orthologues, (ii) Characterize the domains critical for HSP70 interaction
with cellular HSP40s isoforms in parasite and (iii) Design small molecules or peptides
which interfere in HSP70-HSP40 cycle for malaria intervention.
Plasmodium Mutants as Experimental Malaria Vaccine
Complete protection from malaria is possible by immunization with attenuated
Plasmodium sporozoites developmentally arrested in the liver stage. We knocked out two
genes-- Stearoyl-CoA Δ9-desaturase (SCD) and SCOT1 from the rodent malaria parasite
P. berghei. Disruption of these did not affect parasite blood stage propagation, mosquito
stage development and early liver stage development. However, when SCD or SCOT1 KO
sporozoites were inoculated intravenously or by mosquito bite into mice, they failed to
initiate blood stage infection. Merozoite formation was impaired and mice immunized with
SCD or SCOT1 KO sporozoites were completely protected against infectious sporozoite
challenge. SCD or SCOT1 KO parasites are promising candidates for inducing protective
pre-erythrocytic immunity.
Open for Joint Discovery
FILARIASIS
Pathogenesis in Tropical Pulmonary Eosinophilia
We have developed a mouse model of Tropical Pulmonary Eosinophilia (TPE) that exhibits
cardinal features of human TPE pathogenesis, a rare and serious inflammatory disorder of
the lungs that is mediated by eosinophils and seen in some patients infected with lymphatic
filariasis. No exhaustive studies have yet been done to identify the genes and proteins of
eosinophils involved in the pathogenesis of TPE, possibly because of their relatively fragile
nature and low numbers present under homeostatic conditions. Using flow cytometry, we
have sorted eosinophils to a very high purity and have carried out two-dimensional gel
electrophoresis and mass spectrometry studies leading to the identification of some unique
eosinophil proteins that are responsible for the pathology of TPE. Further characterization
of such proteins is in progress to ascertain if they can be utilized as potential drug targets.
This approach is therefore useful in several other inflammatory and infectious diseases
where eosinophils are centrally involved as therapeutic agents that specifically target
eosinophils have entered clinical testing and produced encouraging results.
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LEISHMANIASIS
HSP60 (T-Complex protein 1)
T-complex protein-1 (TCP1) complex, an HSP60 family protein, is the only identified
chaperonin in the eukaryotic cytosol that is involved in folding and assembly of wide range
of cytosolic proteins. Recently, we have identified the γ subunit of TCP1 as an up-regulated
gene in log phase promastigotes of L. donovani. The protein is arranged in two back-toback rings of seven subunits each to form a homo-oligomeric complex that hydrolyses
ATP, and can refold denatured luciferase. Interaction of LdTCP1γ with actin and tubulin
suggested that it may have a role in maintaining the structural dynamics of the cytoskeleton
of the parasite, and can serve as a novel drug target. Recently, we have developed a single
allele gene knockout of LdTCP1γ that exhibited slow growth and decreased infectivity.
These observations further support its credentials as a drug target.
MAP Kinase1
MAP kinases (MAPK) are the downstream kinases in signal transduction cascades and
regulate critical cellular activities such as cell proliferation, differentiation, mortality, stress
response, and apoptosis. The L. mexicana MAPK1 (LmxMPK1) was found to be essential
for survival of amastigotes within the mammalian macrophages. In addition, MAPK1 was
also shown to play a role in antimony resistance. It negatively regulates the expression
of P-glycoprotein-type efflux pumps in the parasite. The decrease in efflux pump activity
following an increase in LdMAPK1 expression may cause increased antimony accumulation
in the parasite, making it more vulnerable to the drug.
Since trans-regulatory transcription factors are notably absent
Open for Joint Discovery from the Leishmania proteome, no information is available
about the endpoints of MAP kinase signalling cascades in the
parasites. We explored the possible targets(s) of LdMAPK1 and established that LdMAPK1
interacts with the subunits of the Leishmania HSP90 foldosome complex. The HSP70 and
HSP90 subunits of this complex are the possible substrates for LdMAPK1, suggesting an
important role for this kinase in parasite survival and life cycle control.
Dipeptidylcarboxypeptidase
We have for the first time identified and characterized dipeptidylcarboxypeptidase (LdDCP)
enzyme as a novel drug target. Dipeptidylcarboxypeptidase is an angiotensin converting
enzyme (ACE)-related metallopeptidase. The LdDCP belongs to the M3 family of monozinc peptidases, which cleaves N-benzoyal-L-glycyl-Lhistidyl- L-leucine (Hip-His-Leu,
HHL), a substrate for ACE to release hippuric acid. Interestingly, captopril, a mammalian
ACE inhibitor inhibited not only LdDCP enzyme activity but also in vitro parasite growth.
These observations prompted that LdDCP may have a role in parasite growth. By means of
comparative modelling and virtual screening approach potential inhibitors for LdDCP were
identified. These chemically diverse compounds elicited not only potential inhibition of
parasite enzyme LdDCP had almost no effect on mammalian ACE but exhibited potential
antileishmanial efficacy both in vitro and in vivo. Recently, we developed a single allele
gene knockout mutant of LdDCP that exhibited extremely retarded parasite growth and
decreased infectivity. These observations further support its development as a novel drug
target.
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Actin Network
The actin cytoskeleton of Leishmania is biologically unusual and
therefore a novel drug target. Actin dynamics and acto-myosin
motor function are essential for survival of Leishmania. Only
a few proteins of the Leishmania genome bind actin. We have
characterized most of them functionally by gene knockouts
and biochemical analysis. These include ADF/cofilin which
regulates the actin dynamics within the cell; coronin, which
binds the filamentous form of actin and also promotes actin
filament formation, and myosinXXI, which is an actin-based motor protein. A single
actin allele knockout mutant with ~60% reduction in protein expression shows several
significant phenotypes and is extremely slow growing. These observations strengthen our
hypothesis that actin is a therapeutically important protein in Leishmania. Since actin and
its binding proteins have shown high degree of conservation within different species of
Leishmania, any compound against actin would apparently be effective in different forms
of leishmaniasis, viz., cutaneous, mucocutaneous, and visceral.
Vaccine
Till date, there is no licensed vaccine against Visceral leishmanasis. The fact that a
small section of the population living in endemic areas has self-resolving sub-clinical
infection and individuals once recovered are immune to reinfection provided the basis
for search of effective parasite molecules that predominantly stimulate Th1 responses in
patient cells or animals infected with the parasite. Using the immunoproteomic approach
several molecules were identified which strongly induce Th1
responses in the PBMCs of cured Leishmania patients and Open for Joint Discovery
hamsters. It has also shown significant prophylactic potential.
Efforts are on towards designing polyvalent synthetic and
recombinant chimeric vaccines that include promiscuous T-cell epitopes derived from the
above stated potential Th1 stimulatory proteins of L. donovani. The peptides, that have
been selected based on the HLA polymorphism of target population in endemic regions of
NE India, have been synthesized and three peptides were identified on the basis of their
being most immunogenic.

Microbial Infections
Design of Novel Antimicrobial and Anti-endotoxin Peptides for the Development of
New Anti-infectives
Emergence of drug-resistance in microorganisms is a serious threat throughout the world.
Moreover, stimulation of host defense by microbial remains such as lipopolysaccharides
from dead or alive bacteria develops inflammation locally which often spreads through the
circulatory system to an uncontrolled state resulting into sepsis. Sepsis, caused by bacterial
infections remains a major cause of mortality in elderly, immunocompromised and
critically ill patients. Antimicrobial peptides (AMPs) emerge as promising candidates with
therapeutic potential since they can inhibit both bacterial growth and neutralize the proinflammatory immune response induced by bacterial cell debris. One important advantage
of the antimicrobial peptides is that the majority of these peptides target the membrane
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of microorganisms causing a severe damage to their morphology and lysis within an
appreciably short time thus minimizing the possible development of resistance by the
microorganisms against these peptides. A large database of sequence of these bioactive
peptides and activity profiles in the literature provide important clues on the design of
totally novel antimicrobial peptides. However, there are a few challenges for converting
an antimicrobial peptide into an antimicrobial drug which include their undesired toxicity
against normal human cells, their cleavage serum proteolytic enzymes etc.
Over the years we have developed new approaches to design non-cytotoxic antimicrobial
peptides and recently we have designed novel cell-selective analogs of naturally occurring
AMPs and totally novel peptides with antimicrobial and anti-endotoxin properties.
Some of these designed peptides are active against drug–resistant bacteria for example,
MRSA, fungi and also exhibit significant anti-endotoxin property in vitro in macrophages/
monocytes and in mice in vivo. We are exploring the possibility of development of such
novel peptides into novel anti-infectives for application against microorganisms and sepsis.

CVS-CNS & Related Disorder
DYSLIPIDEMIA, ATHEROSCLEROSIS AND HEART DISEASE
Discovering Small Molecule Inhibitors of PCSK-9, a New Target for LDL Receptor
and Atherosclerotic Cardiovascular Disease
Open for Joint Discovery The World Health Organisation estimates that cardio-vascular
disease (CVD) is the leading cause of deaths in India,
accounting for 26% of all deaths. High blood cholesterol is
a well-known risk factor for cardiovascular and heart disease. Although blood lipid and
cholesterol low density lipoprotein, LDL-C, levels can be lowered using a number of
marketed drugs like statins, only 38 % of patients taking these drugs achieve the desired
goals. Furthermore, patients with homozygous familial hypercholesterolemia, who have
markedly elevated cholesterol levels, respond poorly to current drug therapies, and
are at very high risk of premature cardiovascular and heart disease. Such patients will
benefit from an aggressive treatment of hypercholesterolemia. Recent studies indicate
that a hepatic protease, proprotein convertase subtilisin/kexin type 9 (PCSK9) plays an
important role in cholesterol homeostasis by regulating the hepatic expression of lowdensity lipoprotein receptor (LDLR) on the cell membrane. Recently FDA has approved
two anti-PCSK9 mAbs. However no small molecule inhibitors are available. A recent
FOURIER TRIAL outcome in March 2017, conducted on 27,564 Patients in 49 countries,
shows that addition of Evolocumab, a PCSK9 inhibitor, to statin therapy over several years’
significantly reduced cardiovascular morbidity and mortality in patients with clinically
evident atherosclerotic cardiovascular disease.
CDRI aims to develop an orally administrable small molecule PCSK9 inhibitor that has
better efficacy and safety than the approved monoclonal antibody. By using In silico target
analysis, receptor and ligand based pharmacophore hypothesis generation, virtual screening,
molecular docking and molecular dynamics simulation, we are designing and synthesizing
new chemical scaffolds that can inhibit PCSK9 and disrupt PCSK9 and LDLR interactions.
We are using SPR and ELISA assays where inhibition of PCSK9 and disruption of PCSK9
and LDLR interaction is ascertained. Subsequently, compounds showing efficacy in
nM range and better than the approved PCSK9 monoclonal anti-body are subjected to
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phenotypic screen where LDL uptake is monitored in liver cells for establishing the in
vitro POC. In vivo efficacy of the hits are tested in at least three models of Hyperlipidemia.
OBESITY
Targeting Histamine H3 Receptor
The histamine receptor H3 (H3R) is predominately expressed in the CNS and both human
and rodent studies during the last two decades show that antagonists of this receptor
suppress the appetite to induce weight loss. Besides modulating energy homeostasis,
increased histamine neurotransmission in the brain either via H3R antagonism or increased
release/synthesis of histamine modulate cognition and mood as well. Thus, increasing
histaminergic neurotransmission through a selective and potent H3 antagonist is a viable
strategy to treat obesity. We believe that H3R suppression would have advantage over
currently marketed drugs, which either do not affect or even worsen comorbid CNS
conditions in obesity. Through screening of our chemical libraies we have identified one
chemical scaffold (S-013-1593) a high affinity selective H3R antagonist, crosses the blood
brain barrier, and induces anorexia and weight loss in diet induced obese mice. We are
seeking partner for development of this series of compound for obesity.
Positive Allosteric Modulators (PAM) of 5-HT2C Receptor for Obesity
Serotonin (5-HT) as a therapeutic target for weight loss is well supported by pre-clinical and
clinical experience with several serotonergic compounds. Serotonin activity contributes to
short-term or ‘episodic’ regulation of appetite in large part by suppressing orexigenic and
promoting anorexigenic neuropeptide release within appetite
regulatory centers of the hypothalamus. Clinically significant
weight loss has been demonstrated for sibutramine (serotonin/ Open for Joint Discovery
norepinephrine reuptake inhibitor) and fenfluramine/
dexfenfluramineb (serotonin releaser and receptor agonist). So far all the drug discovery
efforts around world towards 5-HT2C based anti-obesity drugs candidate had focused on
obtaining high affinity 5-HT2C agonist with 15-50 fold selectivity over 5-HT2A and 5-HT2B
to avoid the adverse effect profile, a daunting task to achieve due to high degree of similarity
in receptor sequence and structure. Our objective is to develop a positive allosteric
modulators of 5-HT2C to obtain better therapeutic efficacy and adverse effect profile than
existing 5-HT2C agonist viz loracserine. Since allosteric binding site (usually unique
site at each receptor) are quite
different
than
orthosteric
binding site (largely conserved
among members of receptor
sub-family), we anticipate to
obtain higher selectivity profile.
We have already identified
two distinct class NCE’ as
high affinity 5HT2C PAMs,
and a joint Academy-Industry
program (DRL, DRILS and
CDRI) has been approved
and funded by Department of
Science and Technology under
DPRP program.
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NEURODEGENERATIVE DISEASES
Amyloid Beta and Alpha Synuclein Aggregation
There is no definite cure for neurodegenerative Alzheimer’s and Parkinson’s diseases; the
current therapies rely mostly on providing symptomatic relief. As part of our screening
program, we have established methodologies that employ transgenic C. elegans models
towards screening of potential pharmacological agents. The transgenic strains that we
employ express human amyloid beta (for Alzheimer’s disease) and human alpha synuclein
(for Parkinson’s disease). The model is very precious as it has been shown to exhibit
similar proteomic expression pattern as that of postmortem human diseased brain. We have
established this model for studying protein aggregation, effect on mitochondrial content,
effect on reactive oxygen species and for studying effect on excitatory neurotransmission,
thus providing with a whole organismal environment towards studying the multifactorial
aspect of these diseases. The model presents with easy to score endpoints, making it
amenable for rapid initial screening. We are maintaining a repository of 60 transgenic and
mutant C. elegans strains that could be employed for studying various biological processes
relevant to human diseases. With the existing set-up, we have capacity to screen 100
compounds per month at very reasonable cost. This could be scaled up by adding more
manpower in case of a larger scale screening requirement.
Towards deciphering the mechanistic aspects of Alzheimer’s and Parkinson’s diseases, we
employ functional genomics and epigenetics approaches and aim at identifying novel genetic
and/or epigenetic modulators that are involved in cause and progression of these diseases.
To this end we study non coding RNAs including circular RNA and micro RNA molecules
that are differentially expressed in normal vs diseased models
Open for Joint Discovery of C. elegans. Using breakthrough technologies like NextGen
sequencing, transcriptome analysis, total microRNA profiling
and degradome analyses, we have identified novel molecules
and are in the process of validating them. These molecules have the potential of being
employed as early diagnostic markers and towards providing information on common
triggers that potentially modulate the multifactorial aspect of neurodegenerative diseases.
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Reproductive Health Research
Our cutting edge basic research in the area of reproductive health includes the studies on
understanding disease pathology and discovering novel targets for contraception/ infertility
treatment.
Male Reproduction
Diagnostic kits for fertility/ infertility risk assessment
•

•

In depth investigation of genome methylation and hydroxymethylation in spermatogenesis
and infertility for development of “Fertility-Print Array (gene expression and methylation
signatures)” for sperm fertility test and planning of ARTs
Investigation of the genetic variations (SNPs) that affect ‘sperm count and fertility in
humans’ with an aim to develop “Y-del-M-PCR test” for infertility that would offer early
risk assessment for timely planning of ARTs (Infertility)

Identification of possible targets for infertility/ contraception
•
•
•

•

Investigation of the functional role of aldose reductase in blood test is barrier regulation
and the signaling cascade (possible target for infertility/contraception).
Metabolism of testicular germ cells residing in the adluminal compartment of the bloodtestis-barrier (possible target for infertility/contraception)
Validation of targets governing sperm motility activation for exploitation in contraceptive
development with emphasis to MAPK/p38 signaling in sperm motility initiation during
ejaculation (Contraceptive target)
Validation of new contraceptive targets identified using Open for Joint Discovery
cryptorchid rat model of infertility : Investigating signaling
pathways that regulate spermatogenesis and its sensitivity to temperature (Contraception/
Infertility)

Female reproduction
Pathophysiology of ovarian, tubal and endometrial anomalies/disorders
•
•
•

•

Investigation of ‘ILK- DOCK/ELMO family members’ and ‘dissection of Rho signaling’
in folliculogenesis (Polycystic Ovarian Syndrome)
Ovca2 and OOEP (oocyte specific gene targets), regulated by the let-7 series of the miRNA:
Exploration of their role in oocyte maturation (Pre-mature Ovarian Failure)
Interpretation of the role of oviductal proteins in sperm fertility and early embryonic
development & In-depth investigation thereof as tool in IVF and ART (Tubal factor
infertility)
The involvement of Hh/Gli1 signaling in cellular proliferation, its regulatory mechanism
via GSK-3β and protective role in estrogen- derived endometrial hyperplasia.

Markers for endometrial receptivity and contraceptive target(s)
•

•

TGF-β membrane receptor ‘Endoglin’ involvement in endometrial receptivity : Mediation
via E-cadherin and Smad 2/3 activation in endometrial cells- Possible marker for
Endometrial receptivity.
Deciphering the functional role of sorcin, a calcium binding protein, in endometrial
receptivity and embryo implantation: Regulatory signaling mechanism in endometrial
epithelial and stromal cells- Possible target for endometrial contraception.

57

PATENTS

PATENTS
Advanced Stage Compounds
Centbucridine
Title: An improved process for preparation of 4-substituted amino-2,3-polymethylene
quinoline hydrochloride
India

201611003055

Date of Filing

28-Jan-16

Herbal Products
Herbal medicaments
Title: Herbal medicaments for treatment of neurocerebrovascular disorders
United States

10/319373

Date of Filing

13-Dec-2002

In-force: India & USA
Curcuma longa
Title: A novel chemically modified bioactive fraction from Curcuma longa [NCCL] for
management of CVS and CNS disorders
Open for Licensing
India 1940DEL2014 Date of Filing 01-Sep-14
CDR 267F018
Title: A pharmaceutical composition useful for the treatment of diabetes and dyslipidemia
India

2464DEL2005

Date of Filing

12-Sep-05

In-force: USA
CDRI-4655
Title: A process for isolation of 16a-hydroxycleroda-3,13(14)Z-dien-15,16-olide from
Polyalthia longifolia
India

0773DEL2008

Date of Filing

26-Mar-08

In-force: India & USA

Clinical stage
97/78
Title: Substituted 1,2,4-trioxanes as antimalarial agents and a process of producing the
substituted 1,2,4-trioxanes
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PATENTS
India

1579DEL1999

Date of Filing	 28-Dec-99

In-force: India, Bangladesh, Indonesia, Sri Lanka, Malaysia, Pakistan, Singapore, Sierra
Leone, Thailand, USA, Vietnam & South Africa
99/373
Title: Substituted mercapto phenyl naphthyl methane derivatives as SERM for the
prevention and treatment of esteoporosis and other estrogen dependent disorders and as
contraceptives
India

0246DEL2004

Date of Filing

20-Feb-04

In-force: India, Canada, China, Germany, France, Great Britain, Italy & USA
S-007-867
Title: Chiral 3-aminomethylpiperidine derivatives as inhibitors of collagen induced platelet
activation and adhesion
India

208DEL2011

Date of Filing

31-Jan-11

In-force: India, Europe & USA
S-007-1500
Title: Substituted benzfurochromenes and related compounds
for the prevention and treatment of bone related disorders
India

2511DEL2008

Date of Filing

Open for Licensing

06-Nov-08

In-force: India, China, Europe, Japan, Korea & USA
S-002-333
Title: 2-alkyl/aryl sulphonyl-1,2,3,4-tetrahydro-9H-pyrido (3,4-b) indole-3-carboxylic
acid esters /amides as antithrombotic agents
India

01258DELNP2005

Date of Filing

31-Mar-05

In-force: India & USA

Formulations
Inhalable particles of anti TB-Drugs
Title: Inhalable biodegradable microparticles for target-specific drug delivery in
tuberculosis and a process thereof
India

1282DEL2003

Date of Filing

16-Oct-03

In-force: South Africa, Azerbaijan, Kazakhstan
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PATENTS
Kaempferol
Title: Polymeric nanomatrix associated delivery of Kaempferol in rats to improve its
osteogenic action
Australia

2010217238

Date of Filing

26-Aug-11

In-force: Australia, Brazil, Germany, Italy, France, Great Britain, USA & India
Self Microemulsifying delivery system for anti-malaria
Title: Novel combination kit for treatment of malaria.
India

1983DEL2014

Date of Filing

15-July-2014

96/261
Title: A novel antileishmanial formulation
India

0125DEL2015

Date of Filing

15-Jan-15

Proposals for Joint discovery
S-011-1793
Open for Licensing

Title: 4-Amino quinolines and process of preparation thereof
India 2291DEL2013

Date of Filing

31-Jul-13

Nasal dry powder eutectic Nose to Brain Transport
Title: Eutectic formulation of migrainolytic for rapid nose-to-brain transport
India
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201611003053

Date of Filing

28-Jan-16

