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DOBRÉ ODPOLEDNE

• JAK SE VŠICHNI MÁTE (HOW ARE YOU ALL) 

• OMLOUVÁM SE, OMLOUVÁM SE (MY APOLOGIES) 

• NEUMÍM MLUVIT ČESKY (I CANNOT SPEAK CZHECHIA LANGUAGE) 

• DOUFÁM, ŽE ROZUMÍTE MÉ ANGLIČTINĚ A ŽE SE MŮŽETE KDYKOLIV 

BĚHEM PŘEDNÁŠKY NA NĚCO ZEPTAT (HOPE YOU WILL UNDERSTAND

MY ENGLISH, YOU CAN ASK ME QUESTIONS ANYTIME DURING THE

LECTURE )

• DÍKUJI GOOGLE PŘEKLADAČI (THANKS TO GOOGLE TRANSLATOR) 



BRNO MILUJI
• BEAUTIFUL CITY 

• WONDERFUL PEOPLE 

• EFFICIENT TRANSPORTATION 

• GREAT FOOD 

• EXCELLENT FACULTY OF 

PHARMACY FACILITIES AND 

FACULTY PERSONNEL



HUMAN BODY IS NETWORK OF NETWORKS

•ORGAN LEVEL 

•TISSUE LEVEL

•CELLULAR LEVEL

•MOLECULAR LEVEL

•GENETIC LEVEL

•??????? (WHAT IS THE NEXT LEVEL??)



NETWORKS OF NETWORK IN HUMAN BODY 

Figure taken from https://www.systemsbiology.org/about/what-is-systems-biology/ with Thanks 

What ‘s next 

https://www.systemsbiology.org/about/what-is-systems-biology/


MAGIC BULLET
German Biochemist Paul Ehrlich 

(1854-1915) developed a chemical 

theory to explain body’s immune 

response and did important work in 

chemotherapy, coining a term MAGIC 

BULLET. Ehrlich received Noble Prize in 

Physiology-Medicine in 1908



WHAT IS NANO MEDICINE?

• THE EARLY GENESIS OF THE CONCEPT OF NANO MEDICINE SPRANG FROM THE 

VISIONARY IDEA THAT TINY NANO BULLETS AND NANO ROBOTS AND RELATED MACHINES 

COULD BE DESIGNED, MANUFACTURED, AND INTRODUCED INTO THE HUMAN BODY TO 

PERFORM CELLULAR REPAIRS AT THE MOLECULAR LEVEL.

• NANO MEDICINE TODAY HAS BRANCHED OUT IN HUNDREDS OF DIFFERENT DIRECTIONS, 

EACH OF THEM EMBODYING THE KEY INSIGHT THAT THE ABILITY TO STRUCTURE 

MATERIALS AND DEVICES AT THE MOLECULAR SCALE CAN BRING ENORMOUS IMMEDIATE 

BENEFITS IN THE RESEARCH AND PRACTICE OF MEDICINE.

• WHO IS THE GREATEST SCIENTIST IN NANOTECHNOLOGY? 

• WHAT IS NANOMEDICINE? ROBERT A FREITAS, NANOMEDICINE , NANOTECHNOLOGY, BIOLOGY AND 

MEDICINE, VOL 1, 2-9, 2005 

























NEW TRENDS IN DRUG DELIVERY TECHNOLOGIES

• THE RECENT BURST OF INNOVATION AND CREATIVITY IN 

PHARMACEUTICAL INDUSTRY LED TO OVER 4500 ACTIVE 

TECHNOLOGIES WHICH CAN BE UTILIZED TO DELIVER A 

DRUG IN THE BODY BY MANY DIFFERENT ROUTES OF 

ADMINISTRATION 

• THE NEW TECHNOLOGIES ARE GIVING TECHNOLOGICAL 

ADVANTAGES TO THE INDUSTRY AND ALSO HELPING TO 

REPOSITION THE FDA APPROVED DRUGS WHICH ARE 

ALREADY IN THE MARKET

• NEW PRODUCTS USING THESE TECHNOLOGIES ALSO HELP 

THE INDUSTRY TO EXPLORE NEW THERAPEUTIC 

INDICATIONS 

Figure taken from Don’t Accelerate Innovation – Burst it

by Mike Shipulski https://www.innovationexcellence.com/blog/2018/06/11/dont-accelerate-innovation-burst-it/

https://www.innovationexcellence.com/blog/2018/06/11/dont-accelerate-innovation-burst-it/


•WHICH IS THE MOST POPULAR 

ROUTE OF ADMINISTRATION?



DEVELOPING DRUG DELIVERY TECHNOLOGIES: 
BASED ON ROUTE OF ADMINISTRATION 

Serial 

Number

s

Route of administration Number of products 

1 Injectable 2408

2 Oral 935

3 Dermal 550

4 Inhalation 468

5 Trans mucosal 359

6 Medical devices 303

7 Ophthalmic 229

8 Otic 29

9 Other miscellaneous 544
Figure taken from 

https://youbysia.com.au/treatment/cosmetic-

injectables/

https://youbysia.com.au/treatment/cosmetic-injectables/
https://youbysia.com.au/treatment/cosmetic-injectables/


LOOKING FURTHER AT INJECTABLE 
DRUG DELIVERY SYSTEMS 

Serial 

Number 

Drug delivery technology : 

Injectable 

Number of products 

1 Targeted Injectable 960

2 Injection systems 768

3 Prodrugs 390

4 Injectable depot 244

5 Concentrated formulations for 

further dilution if needed

92

6 Water insoluble Injectable 46

7 Absorption enhancers 15

nanoXIM HAp pastes are nano-hydroxyapatite water 

based pastes specially recommended to manufacture 

bone graft substitutes such as injectables for bone 

regeneration and implants for hard tissues. 

Figure taken from https://www.fluidinova.com/nano-

hydroxyapatite-pastes-for-injectable-bone-substitute-

biomaterial

https://www.fluidinova.com/nano-hydroxyapatite-pastes-for-injectable-bone-substitute-biomaterial
https://www.fluidinova.com/nano-hydroxyapatite-pastes-for-injectable-bone-substitute-biomaterial
https://www.fluidinova.com/nano-hydroxyapatite-pastes-for-injectable-bone-substitute-biomaterial


NEW TECHNOLOGIES TO TREAT SPECIFIC DISEASE OR 
DISORDER

Serial 

Number

Specific Disease or disorder Number of products

1 Cancer 758

2 Endocrine 631

3 Infectious 562

4 Central nervous system (CNS) 549

5 Inflammation and Immune system 457

6 Pain management 435

7 Cardiovascular system 385

8 Skin disorders 311

9 Respiratory 282

10 Musculoskeletal 237

11 Eye disorders 227

12 Gastrointestinal system 224

13 All other 185Figures taken from https://phys.org/news/2018-02-cancer-fighting-

nanorobots-tumors.html

Cancer-fighting nanorobots programmed 

to seek and destroy tumors

https://phys.org/news/2018-02-cancer-fighting-nanorobots-tumors.html
https://phys.org/news/2018-02-cancer-fighting-nanorobots-tumors.html


WHO IS THE ??????

•GREATEST SCIENTIST IN 

NANOTECHNOLOGY  

????



GREATEST SCIENTIST IN NANOTECHNOLOGY  ????

Natural Gold nanoparticles
Volcanic Lava Grape fruit nanoparticles

Plant processes are nano in nature 

Bacterial Cells nano in size

Natural graphite powder Natural lipoprotein structure nano 

in nature 

Mother Nature 



Nano is Too Big: 
Nanoparticulate drug delivery systems

Countries receiving nanotechnology patents 

USA   54%
South Korea 7.8%
Japan   7.1 %
Germany  6.2 %
China   4.9 % 

Inventors based in the United States led the world in 

nanotechnology patent applications and grants in 2012, according 

to a new study by law firm McDermott Will & Emery.

http://www.reuters.com/article/us-patents-nanotechnology-

idUSBRE 

http://www.reuters.com/article/us-patents-nanotechnology-idUSBRE
http://www.reuters.com/article/us-patents-nanotechnology-idUSBRE


Nano is Too Big: 
Nanoparticulate drug delivery systems

Taken from http://www.rsc.org/chemistryworld/2013/01/nanotechnology-patent-thicket-jungle-

graphene-nanotubes



NANO PHARMACEUTICALS APPROVED 
OR IN CLINICAL STUDY

Taken from 250 nanomedicine products approved or in clinical study , http://www.nanowerk.com/spotlight/spotid=28500.php

http://www.nanowerk.com/spotlight/spotid=28500.php


AREAS NANO IS GROWING 

Taken from 250 nano medicine products approved or in clinical study , http://www.nanowerk.com/spotlight/spotid=28500.php

http://www.nanowerk.com/spotlight/spotid=28500.php


FDA APPROVAL APPLICATIONS 

• INVESTIGATIONAL NEW DRUG 

APPLICATIONS (INDA)

•NEW DRUG APPLICATIONS 

(NDA)

•ABBREVIATED NEW DRUG 

APPLICATIONS (ANDA)



TYPES OF NANO PARTICLES APPROVED AND 
INVESTIGATIONAL DRUGS

• LIPOSOMES   10

• POLYMER    15

• NANOCRYSTAL   15

• INORGANIC NANOPARTICLES 5

• MICELLES    1

• PROTEINS    2



INVESTIGATIONAL DRUGS

• LIPOSOMES  33

• POLYMER            11

• NANOCRYSTAL  2

• INORGANIC NANOPARTICLES 2

• MICELLES           9

• PROTEINS           1

• DENDRIMER  2



FDA’S APPROACH TO REGULATION OF NANOTECHNOLOGY PRODUCTS 
(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• FDA IS MAINTAINING ITS PRODUCT-FOCUSED, SCIENCE-

BASED REGULATORY POLICY. TECHNICAL ASSESSMENTS 

WILL BE PRODUCT-SPECIFIC, TAKING INTO ACCOUNT THE 

EFFECTS OF NANOMATERIALS IN THE PARTICULAR 

BIOLOGICAL AND MECHANICAL CONTEXT OF EACH 

PRODUCT AND ITS INTENDED USE. AND THE PARTICULAR 

POLICIES FOR EACH PRODUCT AREA, BOTH SUBSTANTIVE 

AND PROCEDURAL, WILL VARY ACCORDING TO THE 

STATUTORY AUTHORITIES. WE ADVISE MANUFACTURERS 

TO CONSULT WITH THE FDA EARLY IN THEIR 

DEVELOPMENT PROCESS TO FACILITATE A MUTUAL 

UNDERSTANDING OF THE SCIENTIFIC AND REGULATORY 

ISSUES FOR THEIR NANOTECHNOLOGY PRODUCTS.

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• FDA’S APPROACH RESPECTS VARIATIONS IN LEGAL STANDARDS FOR 

DIFFERENT PRODUCT-CLASSES. FOOD ADDITIVES ARE CONSIDERED 

SAFE WHEN THERE IS A REASONABLE CERTAINTY OF NO HARM 

FROM THEIR INTENDED USE. DRUGS, BY CONTRAST, ARE 

EVALUATED NOT ONLY ON THE BASIS OF THEIR RISK PROFILE BUT 

ALSO THEIR PREDICTED BENEFIT.

• THESE DIFFERING LEGAL STANDARDS DEMONSTRATE HOW 

DIFFERENT CONTEXTS COULD LEAD TO DIFFERENT REGULATORY 

OUTCOMES, EVEN IF TWO PRODUCTS PRESENT THE SAME LEVEL OF 

RISK. OTHER PRODUCTS REGULATED BY FDA ARE SUBJECT TO YET 

DIFFERENT STANDARDS FOR SAFETY OR EFFECTIVENESS.

• THE RESULT MAY BE DIVERGENT REGULATORY OUTCOMES FOR 

DIFFERENT PRODUCT CLASSES AND DIFFERENT APPLICATIONS OF 

NANOMATERIALS, EVEN WHERE OBJECTIVE MEASURES OF RISK ARE 

SIMILAR.

Figure taken from https://www.slideshare.net/RockHealth/fda-101-a-guide-to-the-fda-for-digital-health-entrepreneurs/11-Presentation_2013_Rock_HealthThe_three

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm
https://www.slideshare.net/RockHealth/fda-101-a-guide-to-the-fda-for-digital-health-entrepreneurs/11-Presentation_2013_Rock_HealthThe_three


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• WHERE PREMARKET REVIEW AUTHORITY EXISTS, ATTENTION TO 

NANOMATERIALS IS BEING INCORPORATED INTO STANDING 

PROCEDURES. FOR EXAMPLE, NEW DRUGS, NEW ANIMAL 

DRUGS, BIOLOGICS, FOOD ADDITIVES,[3] COLOR ADDITIVES, 

CERTAIN HUMAN DEVICES, AND CERTAIN NEW DIETARY 

INGREDIENTS IN DIETARY SUPPLEMENTS ARE SUBJECT TO 

PREMARKET REVIEW REQUIREMENTS. PREMARKET REVIEW 

PROCESSES FOR THESE PRODUCTS REQUIRE APPLICANTS TO 

SUBMIT DATA TO ANSWER QUESTIONS RELATED TO THE 

SAFETY, EFFECTIVENESS (WHERE APPLICABLE), OR 

REGULATORY STATUS OF THE PRODUCT. INDIVIDUAL 

PREMARKET REVIEW PROCEDURES INCLUDE ATTENTION TO 

WHETHER THE USE OF NANOMATERIALS SUGGESTS THE NEED 

FOR ADDITIONAL DATA ON SAFETY OR EFFECTIVENESS, AS 

APPLICABLE[4].

Figure taken from https://synergist.aiha.org/201604-soft-law-and-nanotechnology

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm
https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm%23_ftn3
https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm%23_ftn4
https://synergist.aiha.org/201604-soft-law-and-nanotechnology


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• WHERE STATUTORY AUTHORITY DOES NOT PROVIDE FOR PREMARKET 

REVIEW, CONSULTATION IS ENCOURAGED TO REDUCE THE RISK OF 

UNINTENDED HARM TO HUMAN OR ANIMAL HEALTH. SOME FDA 

REGULATED PRODUCTS, SUCH AS DIETARY SUPPLEMENTS (EXCEPT CERTAIN 

NEW DIETARY INGREDIENTS), COSMETICS (EXCEPT COLOR ADDITIVES), 

AND FOOD (EXCEPT FOOD OR COLOR ADDITIVES) ARE NOT SUBJECT TO 

MANDATORY PREMARKET REVIEW. IN THESE CASES, FDA RELIES ON 

PUBLICLY AVAILABLE OR VOLUNTARILY SUBMITTED INFORMATION, 

ADVERSE EVENT REPORTING (WHERE APPLICABLE), AND ON POST-MARKET 

SURVEILLANCE ACTIVITIES, TO PROVIDE OVERSIGHT. WHERE 

NANOTECHNOLOGY APPLICATIONS ARE INVOLVED, FDA ENCOURAGES 

MANUFACTURERS TO CONSULT WITH THE AGENCY BEFORE TAKING THEIR 

PRODUCTS TO MARKET. SUCH CONSULTATION CAN HELP FDA TO ADVISE 

COMPANIES, REVIEW SAFETY INFORMATION, AND DESIGN ANY 

NECESSARY POST-MARKETING SAFETY OVERSIGHT.

• FDA WILL CONTINUE POST-MARKET MONITORING. FDA WILL CONTINUE TO 

MONITOR THE MARKETPLACE FOR PRODUCTS CONTAINING 

NANOMATERIALS AND WILL TAKE ACTIONS, AS NEEDED, TO PROTECT 

CONSUMERS.

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• INDUSTRY REMAINS RESPONSIBLE FOR ENSURING THAT ITS PRODUCTS MEET 

ALL APPLICABLE LEGAL REQUIREMENTS, INCLUDING SAFETY 

STANDARDS. REGARDLESS OF WHETHER PRODUCTS ARE SUBJECT TO 

PREMARKET REVIEW OR AUTHORIZATION, MANUFACTURERS ARE 

REQUIRED TO ENSURE THAT THEIR PRODUCT SATISFIES APPLICABLE SAFETY 

STANDARDS AND COMPLIES WITH OTHER APPLICABLE 

REQUIREMENTS. THEREFORE, INDUSTRY MUST WORK WITH CURRENT 

INFORMATION IN PRODUCT DEVELOPMENT, AND CONTINUE TO MONITOR 

PRODUCTS ONCE MARKETED. FDA ENCOURAGES INDUSTRY TO CONSULT 

EARLY WITH THE AGENCY TO ADDRESS QUESTIONS RELATED TO THE 

REGULATORY STATUS, OR TO THE SAFETY, EFFECTIVENESS, OR OTHER 

ATTRIBUTES OF PRODUCTS THAT CONTAIN NANOMATERIALS OR 

OTHERWISE INVOLVE APPLICATION OF NANOTECHNOLOGY. THESE 

EARLY CONSULTATIONS AFFORD AN OPPORTUNITY TO CLARIFY THE 

METHODOLOGIES AND DATA THAT WILL BE NEEDED TO MEET THE 

SPONSOR’S OBLIGATIONS. ADDITIONAL PUBLIC MEETINGS OR 

WORKSHOPS MAY BE HELD TO ADVANCE REGULATORY SCIENCE, IDENTIFY 

PRODUCT-SPECIFIC DATA NEEDS, OR SEEK INPUT ON SPECIFIC ISSUES.

Figure taken from https://letstalkbitcoin.com/blog/post/long-arm-lawsky-part-1-statutory-authority

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm
https://letstalkbitcoin.com/blog/post/long-arm-lawsky-part-1-statutory-authority


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• FDA WILL COLLABORATE, AS APPROPRIATE, WITH 

DOMESTIC AND INTERNATIONAL COUNTERPARTS ON 

REGULATORY POLICY ISSUES. FDA ENGAGES IN POLICY 

DIALOGUE WITH OTHER U.S. GOVERNMENT AGENCIES 

THROUGH THE EMERGING TECHNOLOGIES 

INTERAGENCY POLICY COORDINATION 

COMMITTEE AND OTHER FORUMS, AMONG OTHER 

THINGS, TO CONTRIBUTE TO OVERARCHING U.S. 

GOVERNMENT POLICIES RELEVANT TO 

NANOTECHNOLOGY AND, AS APPROPRIATE, 

COORDINATE ITS POLICY ACTIVITIES. FDA ALSO WORKS 

WITH FOREIGN REGULATORY COUNTERPARTS TO 

SHARE PERSPECTIVES AND INFORMATION ON THE 

REGULATION OF NANOTECHNOLOGY PRODUCTS AND 

THEIR INTENDED USES.
Figure taken from https://www.fda.gov/international-programs/fda-

globalization

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm
https://www.fda.gov/international-programs/fda-globalization
https://www.fda.gov/international-programs/fda-globalization


FDA’S APPROACH TO REGULATION OF 
NANOTECHNOLOGY PRODUCTS 

(TAKEN FROM HTTPS://WWW.FDA.GOV/SCIENCERESEARCH/SPECIALTOPICS/NANOTECHNOLOGY/UCM301114.HTM

• BOTH FOR PRODUCTS THAT ARE NOT SUBJECT TO PREMARKET REVIEW AND THOSE 

THAT ARE, FDA WILL OFFER TECHNICAL ADVICE AND GUIDANCE, AS NEEDED, TO 

HELP INDUSTRY MEET ITS REGULATORY AND STATUTORY OBLIGATIONS. FDA 

PREPARES GUIDANCE DOCUMENTS FOR ITS STAFF, APPLICANTS/SPONSORS, AND 

THE PUBLIC TO DESCRIBE THE AGENCY’S INTERPRETATION OF OR POLICY ON A 

REGULATORY ISSUE. GUIDANCE DOCUMENTS WILL EMERGE OVER TIME, AND 

(DEPENDING UPON THE PRODUCT-CLASS) WILL ADDRESS INTERPRETATION OF 

RELEVANT STATUTORY AND REGULATORY STANDARDS, AND PROVIDE GUIDANCE 

ON THE TECHNICAL DATA NEEDED TO MEET THOSE STANDARDS (SEE LIST BELOW 

FOR GUIDANCES ALREADY PUBLISHED). FDA WILL TAILOR GUIDANCES TO THE 

UNIQUE CONFLUENCE OF THE STATUTE GOVERNING THE PRODUCT-CLASS, THE 

LEVEL OF SCIENTIFIC KNOWLEDGE RELEVANT TO THOSE APPLICATIONS, AND THE 

LIKELY EXTENT OF EFFECTS ON HUMAN AND ANIMAL HEALTH.

• FOR ADDITIONAL INFORMATION OR SPECIFIC QUESTIONS RELATED TO FDA’S 

NANOTECHNOLOGY REGULATORY POLICIES, CONTACT:

• OFFICE OF POLICY, OFFICE OF THE COMMISSIONER, 

U.S. FOOD AND DRUG ADMINISTRATION, 10903 NEW 

HAMPSHIRE AVENUE, SILVER SPRING, MD 20993, 

PHONE: 301-796-4830, FAX: 301-847-3541

https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm


APPLICATION OF NANOPARTICLES TO 
DRUG DISCOVERY AND BIOLOGY

Taken from FDA considerations for regulation of nanomaterial containing products: Dr Nakissa Sadrieh presentation 2015

• FDA HAS APPROVED MANY PRODUCTS WITH PARTICULATE MATERIALS IN THE NANO SIZE RANGE.

• MOST DRUGS ARE EXPECTED TO GO THROUGH A NANO SIZE PHASE DURING THE PROCESS OF ABSORPTION 

IN THE BODY.

• THERE HAVE BEEN NO SAFETY CONCERNS REPORTED IN THE PAST BECAUSE OF PARTICLE SIZE.

• FLUORESCENT BIOLOGICAL MARKERS

• DETECTION OF PROTEINS

• PROBING OF DNA STRUCTURES

• SEPARATION AND PURIFICATION OF BIOLOGICAL MOLECULES AND CELLS

• MRI CONTRAST ENHANCEMENT

• TUMOR DESTRUCTION VIA HEATING

• TISSUE ENGINEERING

• DRUG AND GENE DELIVERY 



FDA-REGULATED PRODUCTS EXPECTED TO BE IMPACTED 
BY NANOTECHNOLOGY

Taken from FDA considerations for regulation of nanomaterial containing products: Dr Nakissa Sadrieh presentation 2015

• DRUGS (NOVEL NMES OR DELIVERY SYSTEMS)

• MEDICAL DEVICES

• BIOTECHNOLOGY PRODUCTS

• TISSUE ENGINEERING PRODUCTS

• VACCINES

• COSMETICS

• COMBINATION PRODUCTS

• COMBINATION PRODUCTS ARE MADE OF MULTIPLE CONSTITUENTS: DRUG-DEVICE, DRUG-

BIOLOGIC, DEVICE, BIOLOGIC OR DRUG-DEVICE-BIOLOGIC THAT ARE PHYSICALLY OR CHEMICALLY 

COMBINED, CO-PACKAGED IN A KIT OR SEPARATE CROSS-LABELED PRODUCTS.

• ALL COMPONENTS WORK AS A SYSTEM AND ARE CRITICAL TO ACHIEVE DESIRED THERAPEUTIC 

EFFECT.



WHAT ARE NANO 
PHARMACEUTICALS/
NANO MEDICINES 

Frequently asked questions [webpage on the Internet]. National 

Nanotechnology Initiative. Available from: 

http://www.nano.gov/nanotech101 /nanotechnology-facts. 

• THE UNDERSTANDING AND 

CONTROL OF MATTER AT 

DIMENSIONS BETWEEN 

APPROXIMATELY 1 AND 100 

NANOMETERS (NM), WHERE UNIQUE 

PHENOMENA ENABLE NOVEL 

APPLICATIONS NOT FEASIBLE WHEN 

WORKING WITH BULK MATERIALS OR 

EVEN WITH SINGLE ATOMS OR 

MOLECULES.



INTERESTING APPROACHES BASED ON SYSTEMS 
BIOLOGY OF CANCER 
• MONOCLONAL ANTIBODY CANCER THERAPIES THAT BLOCK HER PROTEINS: THESE ARE 

MONOCLONAL ANTIBODIES THAT BIND SELECTIVELY TO HER PROTEINS AND COMPROMISE THE 

FUNCTIONALITY OF THOSE PROTEINS.

• WHILE HER-BLOCKING MONOCLONAL ANTIBODY THERAPIES ARE USEFUL, SOMETIMES THEY 

ARE ONLY WEAKLY EFFECTIVE OR WON’T WORK AT ALL AS SINGLE THERAPIES.

• A MAJOR PROBLEM WITH CANCER THERAPIES BASED IN INHIBITING THE HER PATHWAY IS 

GRB7 UPREGULATION WHICH PROMOTES CANCER CELL SURVIVAL AND MIGRATION. DRUG 

INHIBITION OF AKT SIGNALING IS THE CULPRIT.

• ANOTHER LIMITATION OF EGFR-HER2 INHIBITION USING LAPATINIB IS THAT INSUFFICIENT 

INHIBITION OF PI3K-SURVIVIN SIGNALING LEADS TO ONLY A LIMITED PRO-APOPTOTIC EFFECT 

OF LAPATINIB IN HER2 AMPLIFICATION-POSITIVE CELLS WITH A PIK3CA MUTATION.

• THE COMBINATION OF TRASTUZUMAB AND LAPATINIB MAY HELP OVERCOME DRUG 

RESISTANCE IN HER2-POSITIVE BREAST CANCERS.

• THE RESISTANCE TO TRASTUZUMAB AND LAPATINIB OF BREAST CANCERS MAY BE OVERCOME 

BY DOWN-REGULATING MTOR EXPRESSION.

• HOWEVER, BLOCKING THE MTOR PATHWAY VIA USING A P13K INHIBITOR MAY BE 

INEFFECTIVE AS A SINGLE THERAPY FOR BREAST CANCER BECAUSE OF FEEDBACK 

UPREGULATION OF HER3.

• HISTONE DEACETYLASE INHIBITION (HDACI) IS ANOTHER VERY IMPORTANT EMERGING 

APPROACH TO CANCER THERAPY, AGAIN MOST-FREQUENTLY IN COMBINATION WITH OTHER 

PHARMA APPROACHES
Figures taken from http://pharmacologycorner.com/overview-on-monoclonal-antibody-therapy-ppt-images-and-videos/ 

with thanks 

http://pharmacologycorner.com/overview-on-monoclonal-antibody-therapy-ppt-images-and-videos/


FDA APPROVED AND PRODUCTS IN CLINICAL TRIALS FOR CANCER 
TREATMENT 

Nanomedicine 

type

Drug Product name/company Indication Phase

Liposomes Doxorubicin Myocet /Teva UK Metastatic breast cancer Approved

Doxil /Janssen Kaposi's sarcoma, Ovarian cancer (post-first line failure)

Multiple myeloma

Approved

ThermoDox /Celsion Primary hepatocellular carcinoma, Refractory chest wall 

breast cancer

Colorectal liver metastases

Phase III

2B3–101/2-BBB Medicines BV Brain metastases Glioma Phase II

Vincristine Marqibo /Spectrum 

Pharmaceuticals

Acute lymphoblastic leukaemia Approved

Daunorubici

n

DaunoXome /Galen HIV-related Kaposi's sarcoma Approved

Cytarabine Depocyt /Pacira 

Pharmaceuticals

Lymphomatous meningitis Approved

Irinotecan Onivyde /Merrimack 

Pharmaceuticals

Metastatic pancreatic cancer (2nd line), Gastric cancer Approved

Phase II



FDA APPROVED AND PRODUCTS IN CLINICAL TRIALS FOR CANCER 
TREATMENT 

Cytarabine: daunorubicin

5:1 fixed ratio

CPX-351/Celator Acute myeloid leukaemia Phase III

Cisplatin Lipoplatin/Regulon Non-small cell lung cancer Phase III

SPI-77/ALZA 

Pharmaceuticals

Ovarian cancer Phase II

Aroplatin/Aronex 

Pharmaceuticals

Malignant mesothelioma Phase II

Oxaliplatin MBP-426/Mebiopharm Gastrointestinal 

adenocarcinoma

Phase II

Paclitaxel LEP—ETU/Insys Breast cancer Phase II

EndoTAG-1/MediGene Breast cancer Phase II

PNU-91934/MSKCC Esophageal cancer Phase II

SN-38 LE-SN38/Neopharm Metastatic colorectal cancer Phase II

Irinotecan: Floxuridine

1:1 ratio

CPX-1/Celator Colorectal cancer Phase II



FDA APPROVED AND PRODUCTS IN CLINICAL TRIALS FOR 
CANCER TREATMENT 

Polymeric conjugates Camptothecin CRLX101 (cyclodextrin 

adamantane)/Cerulean

Renal cancer

Small cell lung cancer

Ovarian cancer

Phase II

Asparaginase Oncaspar  (PEG)/Baxalta Acute lymphoblastic leukaemia Approved

Paclitaxel Opaxio  (Polyglycerol 

adipate)/CTI Biopharma

Ovarian cancer

Non-small cell lung cancer (women)

Phase III maintenance

Phase II

Irinotecan NKTR102 (PEG)/Nektar Metastatic breast cancer Phase III

Camptothecin CRLX101 

(nanoparticle)/Cerulean

Renal cell carcinoma (3rd/4th 

line),Ovarian cancer (2nd/3rd line)

Phase II

XMT1001 

(Fleximer )/Mersana

Gastric cancer (2nd line),Non-small 

cell lung,cancer (2nd/3rd line)

Phase II

Diaminocyclohexane 

(DACH) Platinum

AP 5346 

(Hydroxypropylmethacrylate

)/ProLindac

Ovarian cancer Phase II

Docetaxel DEP  (G5 PEG-

Polylysine)/StarPharma

Advanced cancers Phase I

CriPec  docetaxel 

(nanoparticle)/Cristal 

Therapeutics

Solid tumours Phase I



FDA APPROVED AND PRODUCTS IN CLINICAL TRIALS FOR 
CANCER TREATMENT 

Polymeric 

nanoparticles

Docetaxel + Prostate-Specific Membrane 

Antigen (PSMA)

BIND-014 (Accurin )/BIND 

Therapeutics

Cholangiocarcinoma,Cervical 

cancer,Bladder cancer

Head and neck cancer, Non-

small cell lung cancer subtypes

Phase II

AZD2811 (AZD1152 hydroxyquinazoline 

pyrazol anilide; Aurora-B Kinase Inhibitor)

AZD2811 (Accurin ) 

nanoparticle/AstraZeneca

Advanced solid tumours Phase I

Polymeric micelles Paclitaxel Genexol-PM /Samyang 

Biopharmaceuticals

Breast cancer, Non-small cell lung 

cancer, Ovarian cancer

Approved

NK105/NanoCarrier Stomach cancer, Breast cancer Phase III

NC-4016/NanoCarrier Solid tumours Phase I

Nanoxel /Samyang 

Biopharmaceuticals

Advanced breast cancer Phase I

DACH-platin NC-6004 

Nanoplatin /NanoCarrier

Pancreatic cancer, Head and 

neck cancer, Non-small cell lung 

cancer, Bladder cancer

Phase III

Other Irinotecan HA-irinotecan HyACT /Alchemia Colorectal cancer

Lung cancer

Phase II

Phase III

Tumour Necrosis Factor (TNF) CYT-6091/CytImmune Non-small cell lung cancer Phase II

Paclitaxel Abraxane /Celgene Advanced breast cancer

Advanced non-small cell lung 

cancer

Advanced pancreatic cancer

Appr



THE SCOPE OF NANO 
MEDICINES AND THE EXPECTED 

VALUE OF THE MARKET.



GROWING NANOMEDICINE AND NANOTECHNOLOGY 
APPLICATIONS IN HEALTHCARE 

Taken from Siccardi M, Owen A. Towards A Computational Prediction of 

Nanoparticle Pharmacokinetics and Distribution. J In Silico In Vitro Pharmacol. 

2016, 2:1.

Number of patents issued 
http://research.chem.psu.edu/axsgroup/research.html

http://research.chem.psu.edu/axsgroup/research.html


FUTURE PREDICTIONS OF NANO MEDICINE MARKET 

Figure taken from https://www.grandviewresearch.com/industry-

analysis/nanomedicine-market

https://www.grandviewresearch.com/industry-analysis/nanomedicine-market
https://www.grandviewresearch.com/industry-analysis/nanomedicine-market


FUTURE PREDICTIONS OF NANO MEDICINE MARKET 

Figure taken from http://bl-nanobiomed.com/index.php/nanomedicine-

market

Figures taken from https://newsfinancialanalyst.com/nanopharmaceuticals-market-

overview-demand-growth-and-forecast-to-2023/

http://bl-nanobiomed.com/index.php/nanomedicine-market
http://bl-nanobiomed.com/index.php/nanomedicine-market
https://newsfinancialanalyst.com/nanopharmaceuticals-market-overview-demand-growth-and-forecast-to-2023/
https://newsfinancialanalyst.com/nanopharmaceuticals-market-overview-demand-growth-and-forecast-to-2023/


A LANDSCAPE OF NANO MEDICINE INNOVATIONS IN INDIA

Figure taken from https://www.degruyter.com/view/j/ntrev.2018.7.issue-2/ntrev-2017-0196/ntrev-2017-0196.xml

https://www.degruyter.com/view/j/ntrev.2018.7.issue-2/ntrev-2017-0196/ntrev-2017-0196.xml




A LOT TO LEARN : A LOT TO BE DONE 



AREAS OF RESEARCH 
• NANO PARTICULATE DRUG DELIVERY SYSTEMS

• IMPACT OF MICROGRAVITY ON DRUG DELIVERY 

SYSTEMS (WITH PUCRS) 

• APPLICATIONS OF NANOTECHNOLOGY IN VARIOUS 

AREAS INCLUDING AGRICULTURE, HERBAL DRUGS AND 

WEST WATER MANAGEMENT 

• COURSE COORDINATOR: RISK MANAGEMENT AND 

NANOTECHNOLOGY

• PUBLISHED OVER 350 RESEARCH PAPERS, REVIEWS, 

CHAPTERS IN BOOKS 

• EDITED OVER 50 BOOKS IN THE FIELD OF 

NANOTECHNOLOGY, NUTRACEUTICALS AND DRUG 

DELIVERY SYSTEMS AND CONFLICT MANAGEMENT 

AND CULTURAL STUDIES 

• PUBLISHED BY ELSEVIER, SPRINGER, TAYLOR AND 

FRANCIS, CRC PRESS, JOHN WILEY AND SONS, 

INFORM HEALTHCARE, DR GRUYTER (GERMANY) 



BOOKS IN NANO SCIENCES

Forthcoming books: 

Nano carriers for nasal drug delivery systems (2022) 



BOOKS IN DRUG DELIVERY SYSTEMS



BOOKS IN NUTRACEUTICALS 



MIGWE'C (MEGWITCH)

THANK YOU (NATIVE AMERICAN 

LANGUAGE) 

Thanks

Obrigado

רבה תודה

(todá rabá, “thank you 

very much”).

Diversity is soul of humanity

Mochas Gracias

Ma-salama

Minnetdaram
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