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To optimize the drug release kinetics and the cutaneous permeation profiles

To circumvent some drawbacks of nanovesicles:
• viscosity properties unsuitable for dermal applications
• low residence time on the skin
• drug leakage upon application

Introduction: aim

Development of nanocarrier-loaded hydrogels for dermal application, 
using hydroxypropyl methylcellulose and special nanovesicles, the escinosomes.
Double encapsulation:
1- drugs into nanovesicles and
2- nanovesicles into hydrogels

Drug Drug-loaded nanocarrier Nanocarrier-loaded hydrogel

✓
✓

[Bilia A.R. 2019]
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Vesicles are compatible with different polymeric gelling agents.
Cellulose-based polymers have a wide range of physical and chemical properties, and they are
largely used as controlled-delivery excipient to prepare hydrogels and other drug delivery
systems for various pharmaceutical applications.

In this study, hydroxypropyl methylcellulose (HPMC) was selected because it is:
- water-soluble,
- inert,
- tasteless and odorless,
- stable between pH 3 and 11,
- non-toxic and non-irritating,
- biocompatible,
- viscoelastic.
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Introduction: HPMC-hydrogels

[Elnaggar Y. S. 2014; Arca H. C. 2018]

+
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Nanovesicles, gelled in the HPMC-hydrogel, are the escinosomes.
Escinosomes are a new vesicular carrier made of phosphatidylcoline plus escin, a
natural bioactive saponin which also represents a vesicle bilayer forming material.
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Introduction: escinosomes

[Vanti G. 2019; Sreij R. 2017; Sirtori C. R. 2001]

Escin (ESN) is a mixture of triterpenic saponins isolated from seeds of Aesculus hippocastanum L.,
clinically used for its anti-inflammatory, anti-oedematous and venotonic properties.
In the present work, ESN has been used as constituent of the nanovesicle bilayer because of:
- the chemical structure and
- the fluidizing effect on phospholipid membranes,
in order to:
- increase the cutaneous absorption of other poorly permeable molecules,
- get a possible synergic therapeutic effect.

Figure 1. ESN chemical structure.



5

PhD student Giulia Vanti

Figure 2. BRB chemical structure.

Berberine is a cationic natural isoquinoline alkaloid, isolated from various medicinal plants,
widely used in the Traditional Chinese Medicine from ancient times, because of several
therapeutic activities, such as anti-inflammatory, anti-microbial, and gastrointestinal effects.
BRB is recently largely studied also for its cardiovascular and anti-tumour activities.

Besides the numerous interesting biological properties and therapeutic uses, the topical
administration on the skin of BRB is quite limited because of low penetration across the skin
and scarce dermal availability.

[Imanshahidi M. 2008]

Introduction: berberine chloride

Escinosomes were loaded with berberine chloride (BRB), selected as model drug.
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Figure 3. TEM images.

+ BRB

 
EVAPORATION 

LIPID FILM 

 

Thin Layer Evaporation method

Transmission Electron Microscopy 

[Vanti G. 2019]

Results: nanovesicle preparation and morphological characterization

+ ULTRASONICATION

Nanovesicle components:
- Phospholipon 90G
- Escin (ESN) 0.5% w/v
- Berberine Chloride (BRB) 0.13% w/v

ESCINOSOMES BRB-LOADED ESCINOSOMES
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Dynamic/Electrophoretic Light Scattering
 

Formulation Composition (ratio w/w) AHD (nm) PdI ζ-potential (mV) Deformability 
EL ESN-P90G (5:33) 137.4 ± 6.9 0.26 ± 0.01 -40.5 ± 3.1 0.89 ± 0.01 

B-EL BRB + ESN-P90G (1.3:5:33) 150.1 ± 5.2 0.17 ± 0.02 -34.8 ± 5.1 1.09 ± 0.01 

Table 1. Physical characterization of escinosomes (EL) and BRB-loaded escinosomes (B-EL). Mean ± SD (n=3).
AHD = Average Hydrodynamic Diameter; PdI = Polydispersity Index

Results: nanovesicle physical and chemical characterization

Encapsulation Efficiency:
- dialysis bag method
- 3.5 kDa regenerated cellulose membranes
- 1L ultrapure water
- 1h magnetic stirring
- 21±3°C

§ small sizes
§ high homogeneity
§ high electrostatic repulsion
§ good deformability

 
 
 
 
 
 

Formulation ESN BRB  
 ESN %w/v R% EE% BRB %w/v R% EE% 

EL 0.5% 97.34 ± 3.40 95.46 ± 0.93 / / / 
B-EL 0.5% 96.50 ± 3.90 93.16 ± 9.68 0.13% 97.06 ± 7.10 66.70 ± 5.33 

 

HPLC-DAD

Table 2. Chemical characterization of escinosomes (EL) and BRB-loaded escinosomes (B-EL). Mean ± SD (n=3). 
R = Recovery; EE = Encapsulation Efficiency. 

[Vanti G. 2019]

Deformability:
- LiposoFast-Basic extruder 
- 50 nm polycarbonate membranes
- diameter before extrusion/diameter after extrusion
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Figure 4. Up-down viscosity ramp of G-EL
(hydrogel of escinosomes) and G-B-EL (hydrogel
of BRB-loaded escinosomes). Mean±SD (n=3).

Vesicle gelation and pH measurment
§ 3% w/w hydroxyproyl methylcellulose (HPMC)
§ manual stirring  
§ 21±3°C

Both hydrogels showed similar viscosity properties:
§ Non-Newtonian 
§ Time-indipendent
§ Pseudoplastic (shear thinning)
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[Elnaggar Y. S. 2014]

Results: HPMC-hydrogel preparation and viscosity measurements

Brookfield DVE-RV Digital Viscometer
§ 06 spindle
§ up spindle rotational speed: 2.5, 4, 5, 10, 20, 50 

and 100 
§ down spindle rotational speed: 100, 50, 20, 10, 

5, 4, 2.5 rpm 
§ 50 mL of sample
§ 21±3°C

Viscosity test method

pH T0

G-EL 3.93±0.16

G-B-EL 3.52±0.05
Table. G-EL and G-B-EL pH.
Mean±SD (n=3).
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Results: HPMC-hydrogel physical and chemical stability

Figure 6. G-EL (hydrogel of escinosomes) and G-B-EL (hydrogel of BRB-loaded escinosomes) physical stability:
up-down ramp viscosity of G-EL after 45 days of storage. Mean±SD (n=3).

§ 45 days
§ 4 °C
§ dark

Brookfield DVE-RV Digital Viscometer and pH-meter

pH T0 T45

G-EL 3.93±0.16 3.38±0.01

G-B-EL 3.52±0.05 3.15±0.01

Table. G-EL and G-B-EL pH stability after 45 days of storage.
Mean±SD (n=3).

Both hydrogels demonstrated
unchanged viscosity properties
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Figure 5. BRB release from:
G-BEW (hydrogel of ESN plus BRB water dispersion) and
G-B-EL (hydrogel of BRB-loaded escinosomes).
Mean ± SD (n=3).

Figure 6. ESN release from:
G-BEW (hydrogel of ESN plus BRB water dispersion),
G-ESNW (hydrogel of ESN water dispersion),
G-B-EL (hydrogel of BRB-loaded escinosomes),
G-EL (hydrogel of escinosomes).
Mean ± SD (n=3).

Vertical diffusion Franz cells:
cellulose nitrate membranes

§ Escinosomes delay the release of ESN and BRB
§ BRB did not affect ESN release
§ Low ESN release from escinosome hydrogels confirmed the strong ESN interaction with the vesicular bilayer
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Results: drug release from HPMC-hydrogels

---
---

~10%

---

~25%

[Ng S. F. 2012]



          BRB 
  A24 (%) S24 (%) TA24 (%) 
G-B-EL 46.09±13.83 4.13±0.27 50.22±13.67 
G-BEW 41.45±3.24 2.98±0.27 44.43±3.36 

ESN 
 A24 (%) S24 (%) TA24 (%) 
G-EL 4.67±2.62 0.56±0.35 5.23±2.29 
G-B-EL 2.52±0.90 0.39±0.08 2.90±0.79 
G-ESNW - 0.99±0.16 0.99±0.16 
G-BEW 3.67±0.28 0.82±0.12 4.48±0.41 
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Table 3. BRB and ESN skin absorption parameters related to:
EL (escinosomes),
B-EL (BRB-loaded escinosomes),
ESNW (ESN water dispersion),
BEW (ESN plus BRB water dispersion).
Mean ± SD (n=3).

Vertical diffusion Franz cells:
nude mouse skin

§ Hydrogels decreased the absorption of both molecules, probably do to the
increased viscosity and to the interaction of drugs with HPMC polymeric matrix

Table 4. BRB and ESN skin absorption parameters related to:
G-EL (hydrogel of escinosomes),
G-B-EL (hydrogel of BRB-loaded escinosomes),
G-ESNW (hydrogel of ESN water dispersion),
G-BEW (hydrogel of ESN plus BRB water dispersion).
Mean ± SD (n=3).

 

BRB 
 A24 (%) S24 (%) TA24 (%) 
B-EL 69.16±11.77 4.30±0.59 73.41±12.59 
BEW 53.75±2.69 5.11±1.89 59.27±5.16 

                                                  ESN   
 A24 (%) S24 (%) TA24 (%) 

EL 76.59±1.82 24.37±1.44 100.96±0.38 
B-EL 26.10±5.00 26.97±10.13 36.90±12.74 
ESNW 24.51±4.04 3.53±0.46 26.69±2.61 
BEW 0.90±0.25 6.19±3.41 7.09±3.47 

    

Results: in vitro absorption studies on nude mouse skin

[Dragicevic N. 2018; Sreij R. 2017]

A24 = absorbed dose; 
S24 = absorbable dose retained inside the skin; 
TA24 = total absorbed dose. 

Gelled formsLiquid forms

§ Escinosomes increased the cutaneous absorption of the loaded-BRB, probably do to
the fluidizing effect of ESN on phospholipid membranes of nanovesicles

§ Escinosomes also increased the cutaneous absorption of ESN
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Figure 8. Rat skin appearance after 1 h, 4 h and 24 h of observation. n=6 for each group.
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Results: in vivo test: acute dermal irritation/corrosion

Control group (not treated)

Group treated with G-EL
(hydrogel of escinosomes)

Group treated with G-B-EL
(hydrogel of BRB-loaded escinosomes)

C 4h

G-EL 1h

G-B-EL 1h

C 24hC 1h

G-EL 4h G-EL 24h

G-B-EL 4h G-B-EL 24h

Sprague-Dawley rats

[OECD, Test No. 404, 2015]



13

PhD student Giulia Vanti

Table 4. Appearance of rats belonging to the control group (C) and to the groups treated
with: G-L (hydrogel of blank liposome), G-EL (hydrogel of escinosomes) and G-B-EL (hydrogel
of BRB-loaded escinosomes). Experiments were completed on 6 animals for each group.

 

Group Erythema 
(normal for"√") 

Oedema 
(normal for"√") Death/Total animals 

C √ √ 0/3 
G-L √ √ 0/6 
G-EL √ √ 0/6 
G-B-EL √ √ 0/6 

Sprague-Dawley rats

Results: in vivo test: acute dermal irritation/corrosion

§ No irritant effects: hydrogels are safe for human dermal use

Rat observation after 24h of treatment:
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The new escinosome HPMC-hydrogel formulations, designed for dermal application, combine
the advantages of:
- a modified and dalayed release of loaded drugs (ESN and BRB) and increased permeability

across the skin (escinosome components), with
- optimal viscosity properties and higher residence time on the skin (polysaccharide matrix).

In addition, the developed escinosome HPMC-hydrogels were:
- stable over time in terms of pH and viscosity properties with
- a very good safety profile, since biocompatibility studies showed no potential skin irritation.
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This work was recently published in
International Journal of Biological Macromolecules (ELSEVIER)

doi: 10.1016/j.ijbiomac.2020.07.129.

Conclusions



15

MIUR-Italy  for "Progetto Dipartimenti di Eccellenza 2018-2022" allocated to 
Department of Chemistry "Ugo Schiff", University of Florence, Italy

Prof. Anna Rita Biliaa

Prof. Maria Camilla Bergonzia
Prof. Daniele Banib
Dr. Cristina Salvaticic
Dr. Vieri Piazzinia
Dr. Laura Risalitia

Prof. Meng Wangd

Prof. Liu Zhidongd

PhD student Giulia Vanti

Acknowledgments

aDepartment of Chemistry, University of Florence, Via Ugo

Schiff 6, 50019 Sesto Fiorentino (Florence), Italy

bDepartment of Experimental and Clinical Medicine,

University of Florence, Viale Pieraccini 6, 50139 Firenze,

Italy

cCentro di Microscopie Elettroniche “Laura Bonzi”

(Ce.M.E.), ICCOM, National Research Council (CNR), Via

Madonna del Piano 10, 50019 Sesto Fiorentino (FI), Italy

dTianjin University of Traditional Chinese Medicine, No. 10

Poyang Lake Road, 301617, Tuanbo New Town, Jinghai

District, Tianjin, China


