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Interpolymer complexes –
a new class carriers for drugs delivery

Kemenova V.А., Mustafin (Moustafine) R.I., Alekseev К.V., Scorodinskaya А.М., Zezin А.B., 
Tenchova А.I., Kabanov V.А.,Application of interpolymer complexes in pharmacy. Pharmaciya, 
60 (1), 67-72 (1991) [in Russian].

Recent progress in the polymer chemistry combined 

with modern pharmaceutical science

revealed a new class of carriers, interpolymer 

complexes (IPCs), the unique physicochemical 

properties of which present broad possibilities for using 

them to create innovative drugs forms
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The first results of using interpolymer complexes 
for oral matrix drug delivery purposes 

Prof. T. Nagai

(Japan)
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Why pharmaceutically acceptable polymers?

6

The unpredictable toxicity of novel synthetic homo-

(block)-(co)polymers limits their practical 

application as independent carriers of biologically 

active compounds. The problem can be solved by 

finding polymer carriers that regulate the duration 

and location of drug action and comply with 

medical and pharmaceutical requirements.

Kazan State Medical University

EUDRAGITs – pharmaceutically acceptable 
copolymers (pharma polymers)1



Pharmaceutical 
Poly(meth)acrylates
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EUDRAGIT®
types and their functions

Duodenum pH > 5.5

EUDRAGIT® L 30 D-55
EUDRAGIT® L 100-55

Ileum, Colon delivery > 7.0

EUDRAGIT® S 100

EUDRAGIT® FS 30 D

Stomach pH 1-4

EUDRAGIT® E 100

EUDRAGIT® E PO
Jejunum, pH 6-7

EUDRAGIT® L 100

pH independent
Time controlled release

EUDRAGIT® NE 30 D

EUDRAGIT® RS 30 D

EUDRAGIT® RL 30 D

Jejunum, pH 6-7

EUDRAGIT® S 100

EUDRAGIT® FS 30 D
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Classification of the tailoring release profiles

(Colorcon®)

www.colorcon.com/formulation/app/tailoring-release-profiles

Delayed Ascending Enteric

Intestinal First Order Modified Enteric

Pulsatile Biphasic Zero Order
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The problems of using EUDRAGIT® copolymers 
in matrix drug delivery

10

Due to copolymer structure and pH-dependent solubility 
Eudragit® grades has some difficulties in their using in 
matrix drug delivery systems (DDS):
- gastro-resistant polyanions (L100-55, L100, S100, FS) 

are leads to disintegrating of the matrix tablets 
within stomach region;

- gastro-soluble polycations (E100, EPO) are dissolving 
in stomach region;

- physical mixtures of polyanion and polycation grades 
due copolymer structure are also have ability to 
disintegrate in mimicking gastro-intestinal tract (GIT) 
conditions.

Kazan State Medical University



The first attempt to study a combination of 
two oppositely charged EUDRAGIT® RS/L100 types 

J.W. McGinity, C.G. Cameron, G.W. Cuff,  Drug Dev. Ind. Pharm., 9(1&2), 57 (1983).
C.G. Cameron, J.W. McGinity, Drug Dev. Ind. Pharm., 13(8), 1409-1427 (1987).

Prof., James W. McGindy is the member of

Editorial Advisory Boards of numerous

international peer-review journals: “Journal of

Pharmaceutical Sciences”, “European Journal

of Pharmaceutical Sciences”, “Drug

Development and Industrial Pharmacy”,

“Journal of Microencapsulation”,

“Pharmaceutical Development and

Technology”, “Journal of Drug Delivery

Science and Technology”.
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IPECs prepared from the pharmaceutically 
acceptable polymers

The polymer—polymer complexes are prepared from 
copolymers that have been widely used in pharmacy for 
decades.

• The behavior of the copolymers in vivo has been 
thoroughly studied. Their safety has been proven 
clinically. This enables delivery systems to be created 
without the risk of increasing the toxicity, which can be 
reduced even more by combining synthetic (co)polymers. 
It should be noted that such compositional synergism 
changes in principle the regulation of their individual 
properties.

12

Moustafine R.I. Role of intermacromolecular interactions between pharmaceutically acceptable
polymers in application of the oral drug delivery systems (mini-review) Russ. J. Gen. Chem. , (2014).
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INTERPOLYMER COMBINATIONS OF CHEMICALLY
COMPLEMENTARY POLYMERS – AS AN INSTRUMENT 

OF ORAL DRUG DELIVERY SYSTEMS DEVELOPING

Originally existing matrix systems:

1. EUDRACOL® - EUDRAGIT® RL 
/EUDRAGIT® FS (pellets);

2. CODES™ - EUDRAGIT® E100 
/EUDRAGIT® L100 (tablet)

Developing matrix systems:

1. EUDRAGIT® E100(EPO) RL/

EUDRAGIT® L100-55, L100, 
S100, FS;

2. EUDRAGIT® E100(EPO), RL 
/Sodium Alginate/ pectin;

3. EUDRAGIT® E100(EPO) 
/CARBOPOL®’s;

4. EUDRAGIT® L100-55, L100 / 
chitosan

Mustafin (Moustafine) R.I., INTERPOLYMER COMBINATIONS OF CHEMICALLY COMPLEMENTARY
GRADES OF EUDRAGIT COPOLYMERS: A NEW DIRECTION IN THE DESIGN OF PERORAL SOLID 
DOSAGE FORMS OF DRUG DELIVERY SYSTEMS WITH CONTROLLED RELEASE (REVIEW)

Pharm. Chem. J., 45(5) 285 – 295 (2011).
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IPCs based on oppositely charged EUDRAGIT 
copolymers for developing colon-targeting DDS 

2

“It’s a Dirty Job, but 
Somebody Has to 
Do It”
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THE MATRIX TABLETS (LEFT) & MICROCAPSULE (RIGHT), WITH 

THE AIM OF TARGETED DRUG DELIVERY TO THE COLON 

Head of the project – Director of the Institute of Pharmacy, 

Dr. R. I. Moustafine

http://www.kuleuven.be/english/
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FUNCTIONING:  

Microparticulate or matrix oral DDS

Kazan State Medical University

Matrix DDS functioning 

Microparticulate DDS functioning 

Outer layer 

Inner layer 

Freeze-dryer 

DSC/TGA-IR characterization 

ATR-FTIR 

Elemental analysis 



FUNCTIONING: Principle of action of colon-targeting 
oral drug delivery system - EUDRACOL®

The developed construction fabricated

and registered by Evonik Pharma

GmbH under the name EUDRACOL®

is today one of the first commercial

product on the market in which the

principle of interpolymer interaction of

countercharged Eudragit® copolymers

for targeted drug delivery is used.

V.K. Gupta, T.E. Beckert, and J.C. Price, Int. J. Pharm., 213, 83 – 91 (2001).
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FUNCTIONING: Comparison of the release profiles of 5-АSA
from the pellets, coated by different films within

EUDRACOL® system

Testing of the system using the

release of 5-aminosalicylic acid

(5-ASA) showed that the release

profiles were characterized by an

unexpected slowing of the drug

release rate. The researchers

took into account the opposite

charges of the used copolymers

and hypothesized that there may

have been macromolecular

interactions of reactive groups on

portions of the polymer chains

located at the boundary of each

layer.

V.K. Gupta, T.E. Beckert, N.J. Deusch, et al., Investigation of potential ionic interactions between anionic 
and cationic polymethacrylates of multiple coatings of novel colonic delivery system.
Drug Dev. Ind. Pharm., 28(2), 207 – 215 (2002). 
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FUNCTIONING: 
Structural monomer units fragments of 

Eudragit® copolymers used in EUDRACOL® system

EUDRAGIT® RL (inner layer) 
Poly(ethylacrylate-со-methylmethacrylate-со-
trimethylammonium ethylmethacrylate chloride) 
1:2:0.2; МW 150 kDa; with high permeability

EUDRAGIT® FS (outer layer)
Poly(methacrylate-со-methylmethacrylate-со-
methacrylic acid) 7:3:1
МW 220 kDa; Soluble at рН > 7.2

19Kazan State Medical University

Both has 10% countercharged groups



FUNCTIONING: Investigation of the interaction between
countercharged EUDRAGIT® copolymers 

in double-layer films 
(presented in 8th PBP (APV/APGI) World Meeting, Istanbul, 2012)
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FTIR spectra of tested matrices made up

from RL30D/FS30D bilayer systems during

GI transit conditions in the range of: 1800 –

1500 см-1 (а), 1100 – 900 см-1 (b).

Moustafine R.I., Bodrov A.V., Kemenova V.А., et al., Int. J. Pharm., 439 17–21 (2012).

Sample 

name 

Tested conditions Tg

(ºС)

RL30D Milled dried film made up from the dispersion 71.5 

FS30D Milled dried film made up from the dispersion 35.3 

FS30D/RL

30D

1:1 w/w 

Milled double-layer dried film (until swelling) 48.8

FS30D/RL

30D

1:1 w/w 

Milled dried compressed matrices made up from 

milled double-layer dried film (after 1h swelling at 

pH 1.2) 

44.1 

FS30D/RL

30D

1:1 w/w 

Milled dried compressed matrices made up from 

milled double-layer dried film (after 2h swelling at 

pH 5.8) 

43.0 

FS30D/RL

30D

1:1 w/w 

Milled dried compressed matrices made up from 

milled double-layer dried film (after 2h swelling at 

pH 6.8) 

42.5 

FS30D/RL

30D

1:1 w/w 

Milled dried compressed matrices made up from 

milled double-layer dried film (after 2h swelling at 

pH 7.4) 

39.6 

FS30D/RL

30D

1:1 w/w 

Milled dried compressed matrices made up from 

milled double-layer dried film (after 24h swelling 

at pH 7.4) 

52.1 

(а) (b)

http://www.kuleuven.be/english/


FUNCTIONING: 
Principle of the action of colon-targeting 

oral drug delivery system - CODES™

A very successful oral 
DDS - CODES™ that 
provided targeted 
delivery to the colon 
was prepared by 
coating bilayer films 
based on Eudragit E100 
and L100 types
copolymers on the 
tablet core containing 
the drug (mesalazine
etc.) and the synthetic 
disaccharide lactulose.

M. Katsuma, S. Watanabe, S. Takemura, et al., J. Pharm. Sci., 93(5), 1287 – 1299 (2004).
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FUNCTIONING: 
Structural monomer units fragments of 

Eudragit® copolymers used in CODES™ system

EUDRAGIT® E100 (inner layer)
Poly(butyl acrylate-со-(2-dimethylaminoethyl)-
methacrylate -со- methylmethacrylate) 
1:2:1; МW 150 kDa; Soluble at рН < 5.0

EUDRAGIT® L100 (outer layer)
Poly(methylmethacrylate-со-methacrylic acid)

1:1; МW 135 kDa; Soluble at рН > 6.0

22Kazan State Medical University

25% and 50% countercharged groups respectively
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DEVELOPMENT: 

Nanosized, microparticulate or matrix oral DDS

Kazan State Medical University

Nanosized DDS development 

Microparticulate DDS development 

Matrix DDS development 

DLS characterization USP 4 release using nano-adaptors 

Freeze-dryer DSC/TGA-IR characterization USP 1, 2, 3, 4 release  

USP 1, 2, 3, 4 release Vacuum-dryer Composition & structural 

characterization  

Technological 

characterization  
Tableting  

Freeze-dryer 

SEM 

TEM 



DEVELOPMENT:
Investigation of the Eudragit®Е100/L100 system 

as a potential carrier for oral DDS

R.I. Moustafine, T.V. Kabanova, V.A. Kemenova, and G. Van den Mooter, J. Control. Release, 103, 191 – 198 (2005). 24
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DEVELOPMENT: Investigation of the EUDRAGIT® Е100/L100-55 system 
as a potential carriers for drugs delivery 

to the different intestinal regions
(partly presented in 5th PBP (APV/APGI) World Meeting, Geneva, 2006)

R.I. Moustafine, I.M. Zaharov, V.A. Kemenova, Eur.J.Pharm.Biopharm.,63(1), 26 – 36 (2006).
R.I. Moustafine, V.L. Bobyleva, A.V. Bukhovets, et al., J. Pharm. Sci., 100(3), 874 – 885 (2011). 25



DEVELOPMENT:
colon-specific DDS based on EUDRAGIT® EPO/L100

copolymers

26

Moustafine R.I., Bukhovets A.V.,  Sitenkov A.Y. et al. Eudragit E PO as a Complementary Material for 
Designing Oral Drug Delivery Systems with Controlled Release Properties: Comparative 
Evaluation of New Interpolyelectrolyte Complexes with Countercharged Eudragit L100 
Copolymers  // Mol. Pharm., 10 2630−2641(2013). 

Kazan State Medical University

Dr. Sitenkova
(Bukhovets) A.V.
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DEVELOPMENT: Comparative in vitro/in vivo assessment of
polycomplex colon-targeting DDS 

based on EUDRAGIT® EPO/S100
(presented in 38th CRS Annual Meeting, Maryland, U.S.A., 2011)

Moustafine R.I., Bukhovets A.V., Sitenkov A.Y. et al., Pharm.Chem. J., 45(9) 568 – 574 (2011).

0

1

2

3

4

5

6

7

0 4 8 12 16 20 24

Diclofenac sodium EPO/S100, IPEC
Time, h

Concentration, µg/ml
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Dr. Sitenkov A.Y.
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Characterization of (meth)acrylate copolymer complexes, 
prepared in organic solutions 

28
Gallardo D., Skalsky B., Kleinebudde P., Pharm. Ind., 73(11) 1875 – 1884 (2011).



DEVELOPMENT: Characterization of (meth)acrylate 
copolymer complexes, prepared in organic solutions

(presented in AAPS World Meeting, Chicago, U.S.A., 2012)

29Kazan State Medical University

A.V. Bukhovets, N. Fotaki, V. V. Khutoryansky R.I. Moustafine, Interpolymer Complexes of Eudragit® 
Copolymers as Novel Carriers for Colon-Specific Drug Delivery. Polymers, 12(7), 1459 (2020).
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Fig. 1. Release profiles of IND from IPCs in buffer solutions              Fig. 2 Release profiles of IND from IPCs in biorelevant media 

(Flow through cell apparatus) (Flow trough cell apparatus)

Fig.3. Release profiles of IND from IPCs in buffer solutions Fig.4. Release profiles of IND from IPCs in biorelevant media

(BIO-DIS Reciprocating Cylinder Apparatus) (BIO-DIS Reciprocating Cylinder Apparatus)

DEVELOPMENT: Dissolution testing for IPC matrices based on 

Eudragit®ЕРО and Eudragit® S100 copolymers 

prepared in organic solutions 

(presented in AAPS World Meetings, Orlando, U.S.A., 2015)

Kazan State Medical University

Sitenkova (Bukhovets) A.V., Fotaki N., Khutoryanskiy V.V., Moustafine R.I. Polymers, 12(7), 1459 
(2020).
Sitenkova (Bukhovets) A.V., Sitenkov A.Y., Moustafine R.I. Polym. Adv. Tech. 32,2761–2769 (2021). 

Dr. Sitenkova
(Bukhovets) A.V.



DEVELOPMENT: Characterization of (meth)acrylate 
copolymer complexes, prepared in organic solutions

31Kazan State Medical University

R.I. Moustafine, A.V. Bukhovets (Sitenkova), A.Y. Sitenkov, I.I. Semina, “Interpolymer carrier for oral 
systems of controlled delivery of  APIs”, Patent (RU) №2725879 (26.07.2018; 7.07.2020).

The use of organic solvents for preparing interpolymer
complexes based on Eudragits® not only leads to the new
pharmaceutical materials with unique physicochemical
properties, but also made their application more
technologically relevant.
Dissolution of Eudragits® in organic solvents was a
straightforward process that did not require any further
adjustments and resulted in solutions with greater
concentrations.
The preparation of aqueous solutions of Eudragits® was more
complicated as it required adjustment of pH.Dr. Sitenkova

(Bukhovets) A.V.
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DEVELOPMENT: Enteric shell-core microparticles

production by coupling ultrasonic atomization and 

polyelectrolyte complexation
(presented in 42ed CRS Annual Meeting, Edinburg, Scotland, 2015)

WILEY: This publication is featured as a cover image of the journal issue!

Kazan State Medical University

Dalomoro A., A.Y. Sitenkov, Lamberti G., Barba A.A., Moustafine R.I. J. Appl.Polym.Sci., 133 (6), 1–
9 (2016).

Dr. Sitenkov A.Y.
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DEVELOPMENT: Hydrophilic drug (5-fluorouracil) 

encapsulation in shell-core microcarriers by two stage 

polyelectrolyte complexation method

Kazan State Medical University

Dalomoro A., A.Y. Sitenkov, Cascone S., Lamberti G., Barba A.A., Moustafine R.I. Int. J. Pharm., 
518, 50–58 (2017).

Dr. Sitenkov A.Y.



Development of microcarriers by hot-melt extrusion (HME) method 
based on Eudragit®Е PO/L100-55(L100) binary systems 

for IND colon-specific oral drug delivery
(presented in RTAC-2016, Saint-Petersburg, Russia, 2016)

34

Moustafine R.I., Nasibullin S.F., Nurgatina G.R., Duong T., Nikolakakis I., Kachrimanis K., Van den 
Mooter G. et al. in preparation for publication. 

Figure 1a. Tg temperature versus Ind/IPEC ratio based on L100 (A) and L100-55 (B).

Figure 1b.Thermograms of IPEC extrudates: (EPO/L100)-Ind (A), (EPO/L100-55)-Ind 

(B) and samples obtained by simulating HME conditions  on mDSC.

Figure 3. Melt viscosities and photomicrographic images of IPECs at 

different temperatures based on L100 (A) and L100-55 (B). 
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PhD student
Nasibullin S.F.
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DEVELOPMENT: Indomethacin-containing interpolyelectrolyte

complexes based on Eudragit®ЕРО and Eudragit® S100 

copolymers as a novel microparticulate or matrix oral DDS

Kazan State Medical University

(presented in AAPS World Meeting, Orlando, USA, 2015)

R.I. Moustafine, A.Y. Sitenkov, A.V. Bukhovets, S.F. Nasibullin, B. Appeltans, T.Kabanova, V. 
Khutoryanskiy, G. Van den Mooter, Int. J. Pharm., 524, 123–131 (2017).

Dr. Sitenkov A.Y.
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CONTENTS

Presented on:
Annual Meeting of the AAPS, Orlando, FL, (U.S.A), 2015

36Kazan State Medical University

3
IPCs based on EUDRAGIT copolymers and 

oppositely charged polymers for developing colon-
targeting DDS 



Investigation of interaction between 
EUDRAGIT® L100(S100) and Chitosan
as basis for design colon-specific DDS

M.L. Lorenzo-Lamoza, C. Remuňán-Lopez, J.L. Vila-Jato and M.J. Alonso, J. Control. Release, 52 109 – 118 
(1998). 37



Comparative evaluation of carriers based on 
Eudragit®L100(L100-55) and chitosan

as polycomplex matrix DDS
(presented in 9th Eur. Sym. Control. Drug Del., Noordwijk aan Zee, 2006)

R.I. Moustafine, E.B. Margulis, L.F. Sibgatullina, et al., Eur. J. Pharm. Biopharm., 70(1), 215 – 225 (2008).

38

Reviewer comments:
Reviewer #3: This is an interesting 

combination of natural and 

synthetic polymers to create 

interpolyelectrolyte excipients

for controlled release. 
Publication is recommended.

Kazan State Medical UniversityKazan State Medical University
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Comparative evaluation of carriers 
based on Eudragit®ЕРО and Sodium Alginate 

for colon-specific DDS
(presented in 34th CRS Annual Meeting, Long Beach, U.S.A., 2007)

R.I. Moustafine, A.R. Salachova, E.S. Frolova, et al., Drug Dev. Ind. Pharm., 35(12) 1439 – 1451 (2009).

R.I. Moustafine, V.A. Kemenova, G. Van den Mooter, Int. J. Pharm., 294, 113–120 (2005). 39
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A novel matrix polycomplex carrier
based on EUDRAGIT® EPO/ Pectin system 

for oral drugs delivery
(presented in AAPS World Meetings, Chicago, Orlando, U.S.A., 2012, 2015)

Moustafine R.I., Nasibullin Sh.F., et al., In preparation for publication. 40

Fig. 1:

Scheme of 

the  IPEC 

formation 
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Design of polycomplex matrix system (PMS)
based on Eudragit®ЕPO/Carbopols

for colon targeting
(presented in 38th CRS Annual Meeting, Maryland, U.S.A., 2011)

41

Dr. Timergalieva
(Garipova) V.R.

Moustafine R.I., et al., Patent (RU) 2445118 (2009); Moustafine R.I., et al., Patent (RU) 2467766 (2012).
Timergalieva (Garipova) V.R., Gennari C.G.M., Cilurzo F., Moustafine R.I. Interpolyelectrolyte complexes 
based on Carbopol® and oppositely charged polymer as new carriers for oral controlled diclofenac 
delivery. Polym. Adv. Tech. 32,2744–2752 (2021).
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4
Future perspectives of IPECs carriers based on 

EUDRAGITs copolymers for developing a new DDS 

PEGylated

Interpolymer complexation 

with a zwitter polycation
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Characterization of a new interpolyelectrolyte complexes
between Eudragit® RL and countercharged 

Eudragit®polyanions
(presented in CESPT-2016, Belgrade, Serbia, 2016)

43Kazan State Medical University

EUDRAGIT® Application Guidelines 12th Edition, Evonik Industries AG (2012)

Polyanions with 10% (FS), 30% (S100) and 50% (L100, L100-55) countercharged groups

Polycation has 10%

countercharged groups



IND release studies of the matrices prepared from 
the blends by two USP methods (III, IV)

in GIT mimicking conditions 

44Kazan State Medical University

Moustafine R.I., Porfirieva N.N., Nasibullin Sh.F., et al., In preparation for publication.



DEVELOPMENT OF TRANSMUCOSAL DOSAGE FORMS 

Prof. of the University of Reading (UK) V. V. Khutoryansky, Director of 

the Institute of Pharmacy, Dr. R. I. Moustafine, 

Chair of Central Research Laboratory, Prof. I.I. Semina

Porfiryeva N.N., Nasibullin S.F., Abdullina S.G., Tukhbatullina I.K., Moustafine R.I.*, Khutoryanskiy V.V.* (2019). Acrylated Eudragit® E PO as 

a novel polymeric excipient with enhanced mucoadhesive properties, Int. J.  Pharm., 562, 241-248.

Porfiryeva N.N., Semina I.I., Salakhov I.A., Moustafine R.I.*, Khutoryanskiy V.V.* Mucoadhesive and mucus-penetrating interpolyelectrolyte

complexes for nose-to-brain drug delivery. Nanomedicine: Nanotechnology, Biology and Medicine. Accepted for publication15.06.2021.

PhD student
Porfiryeva N.N.
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CONCLUSIONS 

Kazan State Medical University

Combining grades of oppositely charged Eudragit®
copolymers give a lot of possibilities for simply regulation

of the dissolution profiles of different drugs (APIs) in

desirable direction.

This study demonstrates the potential of IPECs based on

Eudragit® copolymers for the successful formulation into

oral drug delivery to site-specific gastrointestinal tract

regions, including colon.

Chemically modified Eudragit® copolymers and IPECs with

its participation, demonstrates the potential to be used in

nasal transmucosal APIs delivery to the brain.
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