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Formulation of drug delivery systems 

with patient as well as student centricity

PhD Scientific Days, April 26, 2019

Istvan Antal

Department of Pharmaceutics

Semmelweis University, Budapest

Physicians want their 
patients to maintain 
strict therapy 
schedules. 

Patients want their 
medications to mesh with 
their daily lives and 
regular activities. 

Non-compliance in the US alone was
estimated to be as much as $290 billion
(13% of total annual health care 
expenditure)!

Report from New England Healthcare Institute (2010)

Cost of non-compliance

- Dosage schedule

- Dosage time

- interval

- Before, with, after meals

- To avoid interaction (time periods)

- Function of the dosage forms

(e.g. intact, subdivided if possible)

Patient compliance Patient-centric?
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Patient-centric?

Optimization of the

composition, structure, applicability, tolerability and drug delivery of the

pharmaceutical dosage form to ensure tolerability and efficacy, 

and to meet the patient’s needs

ICH Q8: „In all cases, the product should be designed to meet patients’ needs and the intended 

product performance.”

• How can Drug Delivery serve patient needs?

• How can Drug Delivery serve patient’s 
pharmacokinetic needs?

• How can Drug Delivery serve patient’s individual
pharmacokinetic needs?

Patient-centric drug delivery

Stegemann S, Klebovich I, Antal I, Blume H H, Magyar K, Németh G, Paál T L, Stumptner W, Thaler G, Van De Putte A, 
Shah V P: Improved therapeutic entities derived from known generics as an unexplored source of innovative drug
products. EUROPEAN JOURNAL OF PHARMACEUTICAL SCIENCES 44:(4) pp. 447-454. (2011)

Pharmacokinetic background for DDSs

Right route of administration

Right dosage form

Right type of drug release

rate/mechanism (biopharmaceutics)

Right drug therapy with patient-centric drug delivery
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L A D M E
BCS
dissolution
permeability

Targeted delivery, 

nanocarriers

Drug delivery, 

alternative dosage

forms

Approaches for Drug Delivery Systems

engineering

techniques

Alejandro Zaffaroni

1922 Montevideo

1951 Ph.D (University of Rochester)

1968 ALZA Corp. (Palo Alto, California)

1995 National Medal of Technology.

„The human spirit is always in the search for new ideas.”

„It seemed to me quite 

evident that the way in which 

we administer the agents to 

the body are wrong, and if it 

is wrong for the hormones, 

why is it not also wrong for 

every compound that we 

throw all at once into the 

body?”

more than 30 products

chemistryphysics

pharmacology

physiology

formulation

a member of the 

Johnson & Johnson

Company

Changing the paradigm in 1960-s for DDSs

Rediscovery of  nifedipine in DDS:
the original PK profile led to a blockbuster DDS product

Scrip Magazine May 2000

S
a

le
s

(m
il

li
o

n
E

u
r)

Year

New advances in therapy that influence the development of 

DDSs

 Chronopharmacology
 Nanotechnology
 Biotechnology
 Pharmacogenetics
 Pharmacogenomics
 Pharmacoproteomics
 Pharmacometabolomics
 Pharmaceutical care
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Advances in pharmacology that influence the development of 

DDSs

 Improved efficacy

 Improved safety and tolerability

 Improved patient compliance

 Chronopharmacological benefits

 Reduced cost of drug development

 Extended product lifetime

 Reduction of risk of failure in new 

product development

Tiwari SB, Rajabi-Siahboomi AR.: Extended-release oral drug delivery technologies: monolithic matrix systems.

Methods Mol Biol. 2008;437:217-43

Drug delivery systems advantages and limitations

Clinical advantages

 Reduction in frequency of drug administration
 Improved patient compliance
 Reduction in drug level fluctuation in blood
 Reduction in total drug usage when compared with conventional therapy
 Reduction in drug accumulation with chronic therapy
 Reduction in drug toxicity (local/systemic)
 Stabilization of medical condition (because of more uniform drug levels)
 Improvement in bioavailability of some drugs because of spatial control
 Economical to the health care providers and the patient
Commercial/industrial advantages

 Illustration of innovative/technological leadership
 Product life-cycle extension
 Product differentiation
 Market expansion
 Patent extension
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Requirements for the drug therapy „Drug Delivery Systems”

Drug delivery market:
2013: 160 bn USD
2019: 300 bn USD

Routes

Per  os
Pulmonary
Transdermal
Injectable
Ocular
Nasal
Local, topical

Implants
Transmucosal

Forrás: Market and Research 
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Microfabrication

Buccal films

Inhalation devices

Iontophoresis ITS (Iontophoretic

Transdermal System). 

9,7  mg fentanyl

40 ug/10 min

Alternative dosage forms New insulin product for inhalation (2015)

Forrás: Mannkind Corp. INNOVATION IN DRUG DELIVERY
BY INHALATION
Angelo R et al. Technosphere® Insulin: Defining the Role of Technosphere Particles at the Cellular Level. J Diabetes 
Sci Technol. 2009; 3(3): 545–554.

Technosphere® Insulin particle (SEM)

crystalline amorphous

Matrix: fumaril-diketo-piperazin (FDKP) 
soluble at pH>=6
Excreted is  unchanged form

How to identify the right medicine?

Polypharmacy in older adults

- Elderly take an average of 2 – 6 prescription medicines and 1 – 3

non-prescripion drugs

- 57 % of woman 65 years take ≥ 5 Rx drugs & 12 % ≥ 10 Rx drugs

Visual impairments and poor vision are common in elderly that impact:

 Seeing and indentifying the drug products

 Reading medication information

U.S. Patent Number 7,978,064: 

“Communication System with Partial Power Source,”

No microchip!
Upon contact with a gastric juice, the electrolytes of the

tablet’s coating layer are dissolved and a voltage 

potential is created as sign.

http://lifesciences.ieee.org/articles/feature-articles/247-a-digital-

health-solution-for-using-and-managing-medications

„Proteus Digital Health”
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Today already not an utopia… 

„Tablet with tablet”

Patient-centric devices, containers, packaging csomagolás

Advantage of pellets for swallowing difficulties

prolonged release pellets in capsule

„...Swallow your capsules whole with a glass of water. If you prefer, you can 
open the capsules and sprinkle the contents on to cold soft food, such 
as yoghurt. You must only take the capsules by mouth. Do not crush or
chew the capsule or the capsule contents...”

MUPS for dysphagia…

- Gastroresistant pellet

with omeprazole

- Emtying a capsule

- Halving the tablet
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Capsules

HPMC capsules (Vcaps)

e.g. for vegeterians)

Conventional hard gelatine 

How important is "vegetarian" in the purchase 

decision for a Health & Nutrition supplement?

Research, conducted by the Natural Marketing 
Institute in 2013, showed that 38% of consumers 

in the US prefer capsules that are plant-based. 

This is a growing trend and up from previous 
national and global surveys. To receive more 
detailed information, contact your Customer Service 
Representative.
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Sustained release tablets containing pre-treated granule cores

Conventional immediate release tablets

Case study:  Gastroretentive DDS

Case study: Multiphase DDS with biphasic drug release (1st and 0-order) Case study
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Vancomycin containing waxy carrier systems 

that release the antibiotic over a prolonged

period (2-8 weeks) .

Laki M, Hajdú M, Ludányi K, Zahár Á, Szendroi M, Klebovich I, Antal I: Evaluation of a new LC method for analysis of 
vancomycin released from an orthopaedic drug carrier system.
Chromatographia 68: 141-144. (2008)

melt extruded sticks

biodegradation by 
phagocytosis

Multiunit DDS for orthopaedic surgery

- sugar free

- low hygroscopicity

-low compatibility

-no additives for the production

Isomalt (galenIQ® 980 and 981)

Case study for key formulation factors: coated layered pellets

Case study for key formulation factors: composite pellet core

Antal I, Kállai N, Luhn O, Bernard J, Nagy ZK, Szabó B, Klebovich I, Zelkó R.: Supramolecular elucidation of the quality attributes of
microcrystalline cellulose and isomalt composite pellet cores. J Pharm Biomed Anal.  84:124-8 (2013)

A physical interaction was found between the 
microcrystalline cellulose and isomalt which supports 
the osmotic effect of the water soluble sugar alcohol in 
the composite pellet cores regarding drug release.

Case study for key formulation factors: coated layered pellets

Dissolution study with simulation of osmotic effect in the GIT

The effect of the osmolality in the GIT was simulated using glucose as osmotically active 
agent during in vitro dissolution tests in pH=6.8 phosphate buffer: 0.106 Osmol/kg

0.483 Osmol/kg

0.706 Osmol/kg
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Case study for key formulation factors: composite pellet core

Isomalt used in the composite core was able to decrease the 
vulnerability of the dissolution kinetics to the changes in the 
osmotic environment.

Case study for key formulation factors: coated layered pellets

Kállai-Szabó N., Luhn O., Bernard J., Kállai-Szabó B., Zelkó R., Antal I.: Comparative dissolution study of drug and inert isomalt based core material from 
layered pellets, J. Pharm. Biomed. Anal., in press

Case study for key formulation factors: coated layered pellets

Objective

Evaluating the commercial inert pellet cores and to develope
starter pellets composed from both microcrystalline cellulose 
(MCC) and isomalt. 

Manufacture

The pellet cores were manufactured by an extrusion/spheronisation
process and their most important characteristics were compared to pure 
isomalt cores and to the commonly used MCC-based inert spheres. 
MCC/isomalt cores were layered with a poorly water soluble drug (sodium 
diclofenac) and were coated with acrylic polymer. 
Tests:

physical quality attributes (size and size distribution, spherical shape, 
mechanical strength) 

drug release profile, sensitivity to osmotic pressure

Case study for key formulation factors: coated layered pellets
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Case study Case study

Case study Case study
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Case study Case study

Case study Case study
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Case study: 
Viscosupplementation with reconstituted sodium hyaluronate gel

RECONSTITUTION

Albendazole

powder

Solid carrier 

MCC

Redispergation

FORMULATION

Nanosuspension

Reconstituted 

nanosuspension

Surfactant assisted media 

milling

process

Milling media: d= 0.1 mm 

zirconia beads

+

Wet

granulation

Nanonized 

Albendazole – MCC 

dispersion

„solid suspension”

+

0.5 w/w % Polysorbate 80 

solution + antifoaming agent

+

Study on dissolution of albendazole improved by reconstitutable dry nanosuspension

Viktor Fülöp, Géza Jakab, Bence Tóth, Dániel Endrésik, Emese Balogh, István Antal

Formulation and investigation of baicalin in liquid and solid Self-nano

emulsifying Drug Delivery Systems
Jakab G., Fülöp V., Szerőczei D., Aghrabi E., Balogh E., Antal I.

Study on the effect of surfactants and optimization of process parameters of the 

microencapsulation based on phase separation
Lengyel, M., Stömmer, V., Szerıczei, D., Bertalanné Balogh, E., Klebovich, I., Antal, I.
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Magnetic sensitive alginate microbeads

• patient centric drug delivery systems offer

improved effectiveness and tolerability,

• controlled drug release can be due to special

structure (composition/manufacturing technology ) 

and properties of the dosage forms,

• drug delivery may help the effectiveness and 

tolerability

Summary

Student centric?

 actual topic research

 interesting ideas

 motivating formulation

 time…

Thomas Henry Huxley
4 May 1825 – 29 June 1895

“The known is finite, the unknown infinite; intellectually 
we stand on an islet in the midst of an illimitable ocean of 
inexplicability. Our business in every generation is to 
reclaim a little more land, to add something to the extent 
and the solidity of our possessions.”
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Many thanks…
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