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5.1            Introduction 

 The major problem in both topical and transder-
mal drug delivery is the low permeability of the 
most apical layer of the skin, the stratum cor-
neum (SC). Due to this, topical formulations 
encounter the problem of ineffi cient penetration 
of drugs into the skin which results in a low dose 
reaching the site of action and therefore limited 
local activity. Transdermal drug delivery, i.e., 
drug absorption into systemic circulation, is even 
more diffi cult to achieve, and currently, only a 
limited number of drugs with low molecular 
weight (MW), such as scopolamine, clonidine, 
nitroglycerin, fentanyl, nicotine, estradiol (alone 
or in combination with levonorgestrel or nore-
thisterone), and some others are used in transder-
mal patches (Benson  2005 ; Prausnitz and Langer 
 2008 ). Therefore, in order to penetrate easily the 
SC, a molecule should posses certain physico-
chemcial properties, such as low MW (<600 Da), 
adequate solubility in oil and water, intermediate 
partition coeffi cient (log  K  octanol/water of 1–3), 
and low melting point (Barry  2001 ; Williams 
 2003 ). 

 If the drug does not match these ideal charac-
teristics, different penetration enhancement tech-
niques can be used to overcome the barrier 
properties of the SC. These methods include 
manipulation of the drug or vehicle to enhance 
drug diffusion (Barry  2004 ), use of nanocarriers 
(Benson  2005 ), as well as methods which modify 
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the SC, such as iontophoresis (Lopez et al.  2003 ), 
electroporation (Wang et al.  2009 ), ultrasound 
(Cancel et al.  2004 ), and chemical penetration 
enhancement using different penetration enhanc-
ers (Ahad et al.  2009 ). The successful use of 
these methods is well documented in literature 
(Barry  2001 ; Benson  2005 ; Rizwan et al.  2009 ) 
and is described in detail in separate chapters of 
this book. 

 Among these different methods, nanocarriers 
have been frequently used, especially liposomes 
(Cevc et al.  2008a ,  b ; Song and Kim  2006 ). 
Liposomes have been intensively studied as drug 
carrier systems for both the topical (dermal) and 
transdermal drug delivery (Cevc and Blume 
 2001 ,  2004 ; Cevc  2003 ; El Maghraby and 
Williams  2009 ).  

5.2     Liposomes 

  Liposomes are used as topical drug delivery sys-
tems in  dermato-pharmacotherapy, as there is a 
need for a drug delivery system that enhances 
penetration of the active ingredient into the skin, 
localizes the drug at the site of action, and reduces 
percutaneous absorption. Liposomes indeed have 
the potential to enhance drug penetration into the 
skin (El Maghraby et al.  2001a ; Verma et al. 
 2003a ,  b ; Betz et al.  2005 ), improve therapeutic 
effectiveness (Seth et al.  2004 ; Mura et al.  2007 ), 
decrease side effects (Seth et al.  2004 ), and act as 
a local depot for sustained release of dermally 
active components (Schreier and Bouwstra 
 1994 ). For achieving these localizing drug effects 
in the skin, conventional liposomes typically 
composed of phospholipids and cholesterol are 
used. For a review of studies refl ecting the local-
izing effect of liposomes, which is used in local 
skin treatments with corticosteroids, antimycot-
ics, local anesthetics, and others, the reader 
should refer to Chap. 2 in this book. 

 As it has been generally agreed that conven-
tional liposomes are of little or no value as carri-
ers for transdermal drug delivery, because they do 
not deeply penetrate the skin, but rather remain 
confi ned to the upper layer of the SC, there was a 
need for the development of more potent novel 

vesicles, which could potentially be used as trans-
dermal drug delivery systems. Thus, these novel 
vesicles should be used for drug delivery into the 
deepest skin layers of the SC (dermal effect) or 
the subcutaneous tissue (regional effect) or the 
systemic circulation (transdermal effect) depen-
dent on the indication. In order to develop such 
vesicles, the lipid composition of liposomes was 
modifi ed. As the key parameter affecting drug 
permeation across the SC and the interactions 
with the SC is the thermodynamic state of the 
liposomes’ bilayers which depend on their lipid 
composition (i.e., the transition temperature (Tm) 
of their lipids), the latter was modifi ed. Bilayers 
may be either in a liquid crystalline state, which is 
characterized by the fl uid state of bilayers, or in a 
gel thermodynamic state, characterized by rigid 
bilayers (Riaz et al.  1989 ). Since conventional 
liquid-state vesicles have proven to be superior to 
gel-state vesicles (Van Kuijk-Meuwissen et al. 
 1998a ,  b ; El Maghraby et al.  1999 ,  2001a ), while 
elastic vesicles have been shown to be superior to 
conventional gel-state and even liquid-state vesi-
cles in terms of interactions with human skin (van 
den Bergh et al.  1999 ) and enhanced drug pene-
tration (El Maghraby et al.  1999 ), a series of liq-
uid-state vesicles with elastic membranes were 
developed. 

 The fi rst elastic or deformable vesicles, termed 
Transfersomes® (Idea AG, Germany), were intro-
duced in the 1990s by Cevc et al. ( 1995 ). These 
vesicles contained phosphatidylcholine (PC) and 
edge activators (sodium cholate, polysorbate 80, 
or polysorbate 20) to impart deformability to the 
carrier, being responsible for improved dermal/
transdermal drug delivery (Cevc et al.  1998 ; 
 2002 ;  2008a ,  b ,  c ; Cevc and Blume  2001 ,  2003 , 
 2004 ). These vesicles provided a tenfold higher 
diclofenac amount in the subcutaneous tissue 
compared to a commercial diclofenac gel (Cevc 
and Blume  2001 ), as well as a higher ketoprofen 
accumulation in deep subcutaneous tissues with 
Diractin® (gel with ketoprofen- loaded 
Transfersomes®) compared to conventional gels 
(Gabrilen® gel, Togal® Mobil Gel, Fastum® gel) 
(Cevc et al.  2008c ). Further,  in vivo  studies in 
mice and humans revealed that Transfersomes® 
enabled a systemic delivery of insulin and that 
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the effi ciency of the formulation was comparable 
to that obtained after a subcutaneous (s.c.) injec-
tion of the same preparation, but with a longer lag 
time (Cevc et al.  1995 ,  1998 ). 

 Based on the positive results obtained with 
Transfersomes®, a series of novel deformable vesi-
cles was developed by modifying the composition 
of vesicles. These vesicles include ethosomes, 
vesosomes, penetration enhancer-containing vesi-
cles (PEVs), invasomes, etc. (Touitou et al.  2000 ; 
Verma  2002 ; Mishra et al.  2006 ; Mura et al.  2009 ; 
Mura et al.  2011 ). The aim of this chapter is to 
introduce invasomes as novel nanocarriers, and for 
other vesicles, one should refer to other chapters in 
Part 2 of this book.  

5.3     Invasomes 

5.3.1     Development of Invasomes 

  Invasomes  (as termed by the inventors) were 
introduced by the group of Professor Alfred Fahr 
(Verma  2002 ). They were composed of unsatu-
rated soybean lecithin (with high % PC), small 
amount of ethanol, and small amount of a mix-
ture of terpenes (cineole, citral, and d-limonene). 
Unsaturated phospholipids were chosen as they, 
due to their low Tm, lead to the formation of lipo-
somes being in liquid crystalline thermodynamic 
state. The purpose of using terpenes was to impart 
deformability to the carrier. It was supposed that 
terpenes, which are used as penetration enhanc-
ers, as they increase the fl uidity of SC lipid bilay-
ers (Cornwell et al.  1994 ), would also increase 
the fl uidity of vesicles’ bilayers. Namely, ter-
penes have been shown to be potent enhancers 
for a variety of drugs, such as nicardipine 
(Krishnaiah et al.  2003 ), lorazepam, clonazepam 
(Puglia et al.  2001 ), haloperidol (Vaddi et al. 
 2002 ), nicardipine, carbamazepine, tamoxifen 
(El-Kattan et al.  2001 ), etc. Investigations 
employing differential scanning calorimetry 
(DSC) and x-ray diffraction revealed that ter-
penes increase drug permeation by disrupting 
lipid packaging of the SC and/or disturbing the 
stacking of the bilayers (Cornwell et al.  1994 ). 
Moreover, the enhanced skin penetration of vari-

ous drugs is supposed to be a result of increased 
drug solubility in the SC treated by terpenes. The 
lipophilic drugs show increased penetration due 
to their increased partition coeffi cient SC/vehi-
cle, and their penetration increases proportion-
ally to their solubility in the enhancer. Regarding 
hydrophilic drugs, their penetration is assumed to 
be improved due to their increased diffusion 
coeffi cient (Williams and Barry  1991a ,  b ; 
Cornwell et al.  1996 ; Moghimi et al.  1997 ). 
Ethanol was also added to liposomes, besides the 
assumption that ethanol is detrimental to lipo-
somes and is therefore removed from ethanolic 
solutions of phospholipids during the preparation 
of liposomes. Ethanol was added as it was 
believed that it would fl uidize the vesicles’ bilay-
ers in the same manner as it fl uidizes the SC lipid 
bilayers. This assumption was already confi rmed 
by Touitou et al. ( 2000 ) who developed etho-
somes – vesicles containing besides phospholip-
ids and water also high amounts of ethanol 
(>30 %) – which have proven to be able to deliver 
drugs to the deep skin layers and/or the systemic 
circulation (Godin and Touitou  2003 ; Ainbinder 
and Touitou  2005 ; Dubey et al.  2010 ). Hence, it 
has been shown that ethanol is a potent penetra-
tion enhancer not only in combination with other 
chemical or physical penetration enhancers 
(Srinivasan et al.  1990 ; Kobayashi et al.  1994 ; 
Bhatia and Singh  1999 ), but also in combination 
with liposomes due to their synergistic effect 
(Touitou et al.  2000 ; Verma and Fahr  2004 ). 

 In conclusion, the inventors of invasomes 
assumed that these potent penetration enhancers, 
ethanol and terpenes, would act synergistically 
on the fl uidity and deformability of the vesicles’ 
bilayers, as well as on disturbing the SC lipid 
bilayers. Further, these enhancers could act syn-
ergistically with liposomes in enhancing the drug 
penetration into the skin.  

5.3.2     Penetration-Enhancing 
Ability of Invasomes 

 Verma ( 2002 ) performed the fi rst studies with 
invasomes using cyclosporine A (CsA, CyA) as a 
drug. The aim was to enhance the penetration of 
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CsA into the skin, being a challenge as CsA does 
not possess favorable physicochemical properties 
to penetrate the skin. CsA is a lipophilic drug 
with MW of 1202.61 Da and a partition coeffi -
cient of 4000 and, hence, shows a poor penetra-
tion into the skin. The topical use of CsA would 
be advantageous in treating psoriasis and derma-
tological diseases that are thought to have an 
infl ammatory T-cell-mediated pathogenesis. 
Further, due to its stimulating effect on hair 
growth, CsA has been considered for the treat-
ment of alopecia areata, as well as for the treat-
ment of androgenetic alopecia. 

 Verma prepared CsA-loaded invasomes con-
taining 10 % w/v unsaturated soybean PC; 
3.3 % w/v ethanol; 0.5, 1.0, and 1.5 % w/v 
of a terpene mixture composed of citral, 
cineole and d-limonene (cineole:citral:d- 
limonene = 45:45:10 v/v = standard terpene mix-
ture); and phosphate buffer saline (PBS) up to 
100 % w/v.  In vitro  studies in human skin revealed 
(Fig.  5.1 ) that invasomes provided a signifi cantly 
higher amount of CsA in the deeper layers of 
human skin (viable epidermis and dermis) com-
pared to conventional liquid-state liposomes 

(without ethanol and terpenes) and the aqueous/ 
ethanolic drug solution (Verma  2002 ). In addi-
tion, increasing the amount of terpenes from 0.5 
to 1.5 % increased the amount of CsA recovered 
in the SC and deeper skin layers, indicating a 
direct correlation between the amount of added 
terpenes and the amount of drug found in the skin. 
However, there was no statistically signifi cant dif-
ference between invasomes containing 1 or 1.5 % 
standard terpene mixture. This study proved the 
penetration-enhancing ability of invasomes and 
revealed that invasomes present an effective car-
rier system for delivering the highly lipophilic 
CsA to the deeper skin layers where it should 
exert its therapeutic effect.

   Invasomes have also been investigated for 
their infl uence on the skin delivery of temoporfi n 
(mTHPC), which is an interesting candidate for 
topical photodynamic therapy (PDT) of cutane-
ous malignant and nonmalignant diseases. 
Unfortunately, mTHPC (Dragicevic-Curic et al., 
 2008a ) like CsA possesses unfavorable proper-
ties to easily penetrate the skin. It has a MW of 
680 Da and is highly hydrophobic (octanol/water 
partition coeffi cient of 9.4) (Kelbauskas  2003 ). 

Control -Tris buffer/ethanol (95:5)

CsA ethanolic solution

CsA invasome

CsA invasome PE 0.5%

CsA invasome PE 1.5%

C
um

ul
at

iv
e 

%
 d

os
e 

ap
pl

ie
d/

cm
2

CsA invasome PE 1%

Skin depth (µm)

0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5 6 7 8 9 400 800 1200 1600

  Fig. 5.1    Skin depth profi le 
of CsA after 6 h nonocclusive 
application of different 
formulations onto human 
abdominal skin (expressed as 
cumulative % of dose 
applied/cm 2  ± SE,  n  = 3–6). 
 PE  penetration enhancer, i.e., 
standard terpene mixture 
(Verma  2002 )       

 

N. Dragicevic et al.



81

Consequently, mTHPC exhibits low percutane-
ous absorption and there are no topical formula-
tions with mTHPC at the market. It has been to 
date applied only intravenously in PDT of skin 
cancers (Kübler et al.  1999 ). Hence, it was very 
important to develop a formulation enabling the 
skin delivery of mTHPC, i.e., enhancing its pen-
etration into the skin and depositing suffi ciently 
high amounts of mTHPC in the deeper skin lay-
ers, which would ensure a positive outcome in 
PDT of different skin diseases. The topical use of 
mTHPC would simplify PDT, since the skin is 
readily accessible for topical treatment, increase 
the drug concentration in the skin, enhance 
patient compliance, and restrict the residual pho-
tosensitivity only to the site of application. 

 As to the ability of invasomes to enhance the 
penetration of mTHPC, the results revealed their 
superiority, especially of invasomes with 1 % w/v 
terpene mixture compared to other formulations 
(Fig.  5.2 ) (Dragicevic-Curic et al.,  2008a ). 
Invasomes with 1 % w/v terpene mixture deliv-
ered an about 3.5-, 2.7-, 2-, and 1.7-fold higher 
mTHPC amount to the SC than conventional lipo-
somes, liposomes containing 3.3 % w/v ethanol, 
ethanolic solution of mTHPC, and invasomes 
containing 0.5 % w/v terpenes, respectively. 
Invasomes with 1 % w/v terpene mixture deliv-
ered mTHPC also into the deeper skin layers (via-
ble epidermis and dermis). However, as to the 
deeper skin layers, they were only superior to the 

ethanolic solution of mTHPC. It is assumed that 
the mTHPC amounts delivered to the SC and the 
deeper skin layers by all formulations, except the 
mTHPC ethanolic solution, may be suffi cient for 
an effective PDT (according to unpublished data 
from biolitec AG, Germany). The highest total 
penetration-enhancing effect was ascribed to 
mTHPC-loaded invasomes containing the highest 
amount of terpenes, i.e., 1 % w/v standard terpene 
mixture. This was in accordance with the previous 
study with CsA-loaded invasomes (Verma  2002 ).

   In order to increase further the penetration- 
enhancing ability of invasomes containing 
1 % w/v terpene mixture regarding the skin deliv-
ery of mTHPC, the ratio between d-limonene, 
citral, and cineole was varied in the standard ter-
pene mixture and also single terpenes were used 
as additives (Dragicevic-Curic et al.  2009 ). As a 
result, seven new mTHPC-loaded invasome dis-
persions were obtained, which were investigated 
for their penetration-enhancing ability. 

 Obtained results revealed that, dependent on 
the added terpene or terpene mixture, invasomes 
may enhance or retard the drug penetration into 
the skin compared to liposomes without terpenes. 
The addition of 1 % w/v citral, 1 % w/v cineole, 
or 1 % w/v standard terpene mixture to liposomes 
(containing also 3.3 % w/v ethanol) resulted in 
the formation of highly effective skin delivery 
systems for mTHPC. Among these three formu-
lations, invasomes with 1 % w/v citral provided 

  Fig. 5.2    Skin depth profi le of 
mTHPC after 6 h 
nonocclusive application of 
different formulations onto 
human abdominal skin 
(expressed as cumulative % of 
dose applied/cm 2  ± SE,  n  = 3). 
Standard terpene mixture was 
used (Dragicevic-Curic et al. 
 2008a )       
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the highest overall mTHPC amount in the skin, 
while invasomes with 1 % w/v cineole provided a 
smaller total mTHPC amount in the skin than 
invasomes with 1 % w/v citral, but delivered, 
besides the high mTHPC amount in the SC, also 
a high mTHPC amount in the deeper skin layers, 
representing therefore the optimal formulation. 
Invasomes with 1 % w/v standard terpene mix-
ture provided high mTHPC amounts in the SC 
and the deeper skin layers, but lower than inva-
somes with 1 % w/v cineole. Thus, these three 
mTHPC-loaded invasome systems might be 
promising for the topical PDT of cutaneous 
disorders. 

 An interesting fi nding in this study was that 
invasomes containing high amounts of 
d- limonene in the terpene mixture or only 
d- limonene exhibited low enhancement ratios, 
which was unexpected and diffi cult to explain. 
Limonene as a lipophilic terpene enhanced the 
skin delivery of the following lipophilic drugs: 
estradiol (Williams and Barry  1991b ), indometh-
acin (Ogiso et al.  1995 ), hydrocortisone 
(El-Kattan et al.  2001 ), midazolam (Ota et al. 
 2003 ), and others. The structure–activity rela-
tionship of terpenes was also confi rmed by Hori 
et al. ( 1991 ) and Moghimi et al. ( 1997 ), who 
found that hydrophilic terpenes (alcohols, 
ketones, and oxide terpenes, like fenchone and 
thymol) are more effective in enhancing the per-
meation of hydrophilic drugs (propranolol), 
while hydrocarbon terpenes (like limonene and 
cymene) are more effective in improving the per-
meation of lipophilic drugs (diazepam). The 
high lipophilicity of terpenes was thought to be 
an important property for enhancing the perme-
ation of lipophilic drugs (Ghafourian et al. 
 2004 ). However, the addition of d-limonene 
failed to induce a high transport of mTHPC 
across the skin. This could be explained by the 
fact that mTHPC cannot be considered as having 
a high affi nity to the invasomal phospholipid 
membrane or the skin lipids (membrane-philic 
or highly lipophilic), but rather as a highly 
hydrophobic drug. 

 In contrast, the highest enhancement ratio of 
invasomes with 1 % w/v citral was not surprising, 
since citral is lipophilic and should therefore 

enhance the skin delivery of lipophilic  substances, 
according to Williams and Barry ( 1991b ), Hori 
et al. ( 1991 ), and Moghimi et al. ( 1997 ). 

 As to invasomes with 1 % w/v cineole, the 
obtained results showing such high mTHPC pen-
etration into the SC and deeper skin layers were 
unexpected, since as aforementioned, some stud-
ies showed that hydrophilic terpenes are less 
effective in enhancing the permeation of lipo-
philic drugs and were even ineffective in enhanc-
ing the permeation of the lipophilic drug 
indomethacin (Nagai et al.  1989 ; Okabe et al. 
 1989 ). However, El-Kattan et al. ( 2001 ) showed 
that cineole provided among 12 different ter-
penes the highest amount of the lipophilic hydro-
cortisone in the skin, which would agree with the 
results obtained in this study. In addition, 
El-Kattan et al. ( 2001 ) reported that there was no 
correlation between the lipophilicity of terpenes 
and the amount of hydrocortisone in the skin. The 
study with different terpene mixtures showed that 
besides the standard terpene mixture, also other 
terpene mixtures or single terpenes can be used to 
formulate invasomes possessing high penetration- 
enhancing ability. 

 Invasomes were shown to be able to enhance 
the penetration also of hydrophilic substances 
into the skin. Namely, invasomes and core- 
multishell (CMS) nanotransporters were com-
pared regarding their ability to enhance the skin 
delivery of the spin label 2,2,5,5-tetramethyl- 1-
pyrrolidinyl-oxy-3-carboxylic acid (PCA) (Haag 
et al.  2011 ). The study has shown that CMS 
nanotransporters provided higher amounts of the 
agent in the upper layers of the SC, whereas inva-
somes delivered the agent into the deeper SC lay-
ers. Moreover, compared to the solution of PCA, 
CMS nanotransporters delivered a 2.5-fold, while 
invasomes delivered 1.9-fold higher PCA amount 
to the skin. 

 Moreover, Chen et al. ( 2011 ) reported that 
invasomes and ethosomes, regardless if they were 
applied in fi nite or infi nite doses, compared to 
non-vesicular systems, can signifi cantly improve 
the delivery of the hydrophilic dye carboxyfl uo-
rescein (CF) into the deep skin layers or across 
the skin. In contrast, the authors showed that in 
the case of mTHPC applied in fi nite or infi nite 
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dose, most of the drug was accumulated in the 
superfi cial skin layers, for both vesicular systems 
and non-vesicular systems. 

 As to hydrophilic drugs, it was shown 
among different vesicles that conventional 
liposomes enhanced calcein fl ux 1.2 times, 
Transfersomes® about 1.8 times, and inva-
somes 7.2 times compared to the calcein aque-
ous solution (Ntimenou et al.  2012 ). Permeation 
(drug fl ux) and elasticity values for vesicles 
were correlated by rank order, but not linearly, 
indicating that elasticity can be used only as a 
crude predictive tool to evaluate the potential 
of vesicles to enhance the penetration of the 
hydrophilic drug through the skin. Hence, 
other vesicle-related properties besides elastic-
ity may also infl uence the penetration- 
enhancing ability of vesicles. Since the 
cumulative calcein amount (calcein permeated 
up to 10 h) provided by vesicles was not sig-
nifi cantly different among the different elastic 
vesicles investigated, the authors assumed that 
it was possible for penetration enhancers to 
diffuse out from invasomes and permeate 
through the skin lipids to enhance drug trans-
port. Thus, besides vesicle elasticity, also other 
factors are most probably infl uencing the trans-
port of hydrophilic drug molecules through the 
skin (Ntimenou et al.  2012 ). Drug encapsula-
tion effi ciency was not found to be an impor-
tant factor infl uencing drug penetration into 
the skin. 

 Further,  in vitro  skin permeation and skin 
deposition studies demonstrated that the per-
meation profi le of the amphiphilic drug ferulic 
acid through human stratum corneum epider-
mis membrane and the drug accumulation in 
the skin were both improved signifi cantly using 
different liposomal systems, i.e., invasomes, 
polysorbate 80-based liposomes, conventional 
liposomes, and ethosomes compared to PBS 
solution of ferulic acid (Chen et al.  2010 ). 
Among all vesicles, ethosomes (with higher 
drug content) provided the highest skin fl ux 
and deposition of ferulic acid in the skin being 
75 times and 7.3 times higher than those 
obtained with saturated PBS (pH 7.4) solution, 
respectively.  

5.3.3     Penetration-Enhancing 
Ability of Invasomes 
Combined with Physical 
Penetration- Enhancing 
Methods 

 Invasomes were shown to be more effective in 
delivering hydrophilic compounds CF and radio-
labeled mannitol into and through human skin  in 
vitro  compared to the aqueous drug solutions. For 
this purpose, invasomes containing 1 % standard 
terpene mixture were used. These invasomes were 
also applied in combination with skin perforation 
using a Dermaroller® which further enhanced 
drug penetration and permeation. Dermarollers 
with three different microneedle lengths (150, 
500, and 1500 μm) were used and the one with a 
needle length of 500 μm appeared most promising 
for drug delivery into deeper skin layers or 
through the skin (Badran et al.  2009 ) (Fig.  5.3 ).

   Trauer et al. ( 2014 ) investigated ex vivo 
using Franz diffusion cells the infl uence of 
massage and of occlusion, on the follicular pen-
etration depth of invasomes and conventional 
rigid  liposomes being loaded with a hydrophilic 
and a lipophilic dye. Massage, as a physical 
 penetration-enhancing method, increased sig-
nifi cantly follicular penetration of both conven-
tional liposomes and invasomes while occlusion 
increased follicular penetration depth only of 
rigid liposomes. The fi nding that invasomes did 
not penetrate more effectively if occlusion was 
applied was expected as for deformable lipo-
somes, transepidermal water gradient is needed 
for an effi cient skin penetration (Cevc et al. 
 1998 ). The results confi rmed that massage is a 
potent tool for increasing follicular penetration 
of vesicles.  

5.3.4      In vivo  and  In Vitro  
Therapeutic Effectiveness 
of Invasomes 

 In order to prove the therapeutic effectiveness 
of CsA-loaded invasomes, Verma et al. ( 2004 ) 
performed a study using 0.5 % CsA invasomes 
containing 2 % w/v standard terpene mixture in 
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the treatment of alopecia areata in the Dundee 
Experimental Bald Rat (DEBR) model. 
 CsA- loaded invasomes were compared to con-
ventional liquid-state CsA-loaded liposomes and 
to the CsA ethanolic solution. Hence, 15 rats 
were divided into three groups. All rats were 
treated with CsA twice a day for 6 weeks within 
a bald fl ank, while the contralateral fl ank received 
an equivalent control formulation. The obtained 
results suggested that CsA liposomes with (i.e., 
invasomes) and without terpenes have promising 
potential as a topical treatment for alopecia 
areata, showing hair regrowth, reduced infl am-
matory infi ltrate, and improved hair follicle mor-
phology on treated sites. Invasomes induced a 
faster visible hair regrowth on the drug-treated 

site than conventional liposomes (see Fig.  5.4  for 
the effect of invasomes). In contrast, the ethano-
lic solution of CsA showed neither visible signs 
of hair growth nor reduction of hair follicle 
infl ammation. The results indicated that CsA in 
liposomes provided a localized hair growth- 
promoting effect, while the synergistic effect of 
ethanol, terpenes, and phospholipids might be an 
explanation for the enhanced delivery of CsA by 
invasomes and any accumulation of the vesicles 
in the hair follicle (Verma et al.  2004 ).

   Two mTHPC invasome dispersions, inva-
somes with 1 % w/v citral and invasomes with 
1 % w/v terpene mixture, and the ethanolic 
mTHPC solution were used for PDT of mice 
bearing the subcutaneously (s.c.) implanted 

Control

- MLV

- Solution

Invasomes

150 mm 500 mm 1500 mm

a

b

c

  Fig. 5.3    Fluorescence microscopic images of the cross 
section of human abdominal skin after 6 h of incubation 
with different formulations of the fl uorescent dye CF (( a ) 
invasomes, ( b ) non-extruded multilamellar invasomes 

(MLV), and ( c ) buffer solution) and pretreatment with the 
Dermaroller® of different microneedle length. Scale bars 
represent 100 μm (Badran et al.  2009 )       
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human colorectal carcinoma HT29 (Dragicevic   - 
Curic et al.  2008  b ). This pilot PDT study was 
performed with the aim to test whether the cho-
sen mTHPC-loaded invasomes can reduce tumor 
size by PDT or at least slow down tumor growth 
compared to the control group (mice without any 
treatment). mTHPC invasomes containing 
1 % w/v terpene mixture, showing the best 
results, were not able to reduce the tumor size. 
However, their application induced a slower 
tumor growth compared to the control despite the 
high invasivity, intermediate sensitivity to PDT, 
and subcutaneous localization of the HT29 carci-
noma, which limited the success of PDT. Thus, 
these results, despite not showing a tumor 
decrease, are promising and indicate that mTHPC 
invasomes might be a good modality for the PDT 
treatment of skin disorders which are more sensi-
tive to PDT, less invasive, and more accessible, 
like psoriasis or different superfi cial skin tumors 
(Bowen’s disease, basal cell carcinoma). 

 These mTHPC-loaded invasomes and the eth-
anolic solution, which were used in the PDT of 
mice bearing the s.c. implanted tumor HT29 
(Dragicevic-Curic et al.  2008  b ), were further 
investigated for their photodynamic effi cacy  in 
vitro  in two tumor cell lines, i.e., in the human 
epidermoid carcinoma cell line A431 and the 

human colorectal carcinoma cell line HT29 
(Dragicevic-Curic et al.  2010 ). The results 
revealed that invasomes and the ethanolic solu-
tion used at a 2 μM mTHPC concentration and 
photoirradiation at 20 J/cm 2  were able to reduce 
survival of HT29 cells and especially of A431 
cells, being more sensitive to PDT. In contrast to 
HT29 cells, where there was not a signifi cant dif-
ference between cytotoxicity of the mTHPC eth-
anolic solution and mTHPC invasomes, in A431 
cells, mTHPC invasomes were more cytotoxic 
(Fig.  5.5 ). Survival of about 16 % of A431 cells 
treated with invasomes is very promising, since it 
demonstrates invasomes’ potential to be used in 
topical PDT of cutaneous malignant diseases.

5.3.5        Fluidity of Invasomes 

 Among all properties, the fl uidity, i.e., thermody-
namic state of liposomes’ bilayers, infl uences at 
most their penetration-enhancing ability. As 
liquid- state (fl uid) vesicles have been found to be 
superior over gel-state (rigid) vesicles in terms of 
increasing the drug penetration into the skin (van 
Kuijk-Meuwissen et al.  1998a ,  b ; El Maghraby 
et al.  1999 ,  2001a ,  b ), it was assumed that inva-
somes, showing high penetration-enhancing 

a b

c d

e

  Fig. 5.4    Hair growth before and after treatment of DEBR 
with CsA invasomes. At the start of therapy, complete loss 
of hair on the fl anks can be seen within and beyond the 
marked area, as well as hair loss on head and shoulders ( a , 
 b ). After 6 weeks of topical application of CsA invasomes, 

the treated area is fully rehaired with some hair fi bers lon-
ger than would be expected with a normal rat pelage ( c ). 
Control-treated skin did not show any growth of hair ( d ) 
as compared to the drug-treated skin ( c ,  e ) (Verma and 
Fahr  2004 )       
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 ability (Dragicevic-Curic et al.  2008a ,  2009 ), 
possess high membrane fl uidity. 

 The results obtained by electron spin reso-
nance (ESR) measurements revealed that the 
addition of 1 % w/v of a single terpene or ter-
pene mixture to liposomes containing 3.3 % w/v 
ethanol in order to obtain invasomes increased 
signifi cantly the phospholipid fl uidity near to 
the C16 atom of their acyl chains, compared to 
liposomes without terpenes (conventional lipo-
somes and liposomes containing 3.3 % w/v 
ethanol) (Dragicevic-Curic et al.  2011 ). Thus, 
ESR showed that invasomes indeed represent 

vesicles of higher membrane fl uidity than con-
ventional liposomes. However, the membrane 
fl uidity did not differ markedly among different 
invasomes. It was not possible to differentiate 
between the infl uences of each single terpene/
terpene mixture on the invasome fl uidity, and 
hence, there was also no direct correlation 
between the invasomes fl uidity and their pene-
tration-enhancing ability (Dragicevic-Curic 
et al.  2008a ,  2009 ). However, conventional 
liposomes (being in fl uid thermodynamic state, 
but signifi cantly lower than  invasomes) pro-
vided the second lowest mTHPC amount in the 
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  Fig. 5.5    Dark and photocytotoxicity of three mTHPC 
formulations used at different mTHPC concentrations 
against A431 and HT29 tumor cells after 24 h of incuba-
tion. For the photocytotoxicity study, tumor cells were 

photoirradiated with a light dose of 20 J/cm 2 . ( a ) A431 
cells and ( b ) HT29 cells.  PE  penetration enhancer = stan-
dard terpene mixture (Dragicevic-Curic et al.  2010 )       
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skin compared to different  invasomes (after 
invasomes with the terpene mixture containing 
the highest amount of d-limonene). According 
to ESR data, the addition of all terpenes/terpene 
mixtures increased the vesicle fl uidity, while 
not all terpenes/terpene mixtures increased the 
penetration-enhancing ability of invasomes to 
improve the skin delivery of mTHPC compared 
to conventional liposomes or liposomes con-
taining 3.3 % ethanol (Dragicevic- Curic et al. 
 2009 ). The ESR results are in agreement with 
differential scanning calorimetry (DSC), which 
also showed that the addition of 1 % w/v ter-
penes/terpene mixtures increased the molecular 
motional freedom of phospholipid acyl chains 
in invasome bilayers (Dragicevic- Curic et al. 
 2011 ). The ESR and DSC results are also in 
agreement with the cryoelectron microscopy 
 investigation (Dragicevic-Curic et al.  2008a ), 
which showed that the addition of terpenes had 

an infl uence on the shape of vesicles, i.e., 
besides spherical vesicles, deformed vesicles of 
different shapes were also present in invasome 
dispersions and an increase of the terpenes’ 
amount resulted in their increased number 
(Fig.  5.6 ). It was assumed that the addition of 
terpenes, especially 1 % w/v terpenes, to 
already liquid-state (fl uid) liposomes with 
3.3 % w/v ethanol increased further their mem-
brane fl uidity. The obtained invasomes were, 
thus, of very high membrane fl uidity compared 
to liposomes without terpenes, which was con-
fi rmed by cryoelectron microscopy, ESR, and 
DSC measurements.

   Since penetration studies, ESR and DSC 
(Dragicevic-Curic et al.,  2008a ,  2009 ,  2011 ) did 
not show a direct correlation between fl uidity and 
penetration- enhancing ability of invasomes, it 
was proposed that besides fl uidity, other phenom-
ena might also be involved in the mechanism of 

a b c
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  Fig. 5.6    Cryoelectron microscopy of mTHPC invasomes 
containing 1 % w/v terpenes (the angle of the goniometer 
was changed from −25° to +30°).  Arrows  in the micro-
graphs ( a – f ) depict same deformed vesicles but viewed 
from different angles:  short arrows  represent a deformed 
vesicle, which shape changed its appearance from a cup-

like shape ( c ) to a shape similar to bilamellar liposomes 
( f ); long  arrows  represent a deformed vesicle which fi rst 
looked like a bilamellar vesicle ( b ), but afterward, it was 
shown that the vesicle has an invagination ( f ). (Dragicevic-
Curic et al.  2008a )       
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the skin  penetration enhancement induced by 
invasomes. Hofl and et al. ( 1994 ) proposed, for 
example, two mechanisms for nonionic vesicles 
to play an important role in the vesicle–skin inter-
actions, leading to an enhanced drug penetration: 
the penetration- enhancing effect of the surfactant 
molecules and the effect of the vesicular structure. 
Therefore, in the case of invasomes, besides the 
effect of the fl uid vesicular structure, also the 
penetration- enhancing effect of invasome constit-
uents can be assumed. The constituents of inva-
somes, i.e., phospholipids, ethanol, and terpenes, 
represent potent penetration enhancers (El-Kattan 
et al.  2001 ; Yokomizo and Sagitani  1996a ,  b ; 
Mutalik et al.  2009 ), which if released from frag-
mented invasomes could synergistically fl uidize 
the intercellular lipid layers in the SC and thereby 
increase the skin penetration of drugs and possi-
bly of small invasomes. However, this is only an 
assumption. The mechanism by which invasomes 
induce drug penetration enhancement should be 
investigated in further experiments.  

5.3.6     Mode of Action of Invasomes 

 Analyzing the results from the aforementioned 
studies (Verma  2002 ; Verma and Fahr  2004 ; 
Dragicevic-Curic et al.  2008a ,  2009 ,  2011 ), it is 
assumed that the reason for the superior behavior 
of certain invasomes compared to conventional 
liposomes, liposomes containing small amounts 
of ethanol and the ethanolic solution, is the pres-
ence of terpenes and ethanol in liposomes, i.e., 
the synergistic effect of ethanol, terpenes, and 
liposomes. Liposomes have been used for years 
to enhance the skin delivery of various drugs (El 
Maghraby and Williams  2009 ). Further, all con-
stituents of invasomes, i.e., terpenes (Kunta et al. 
 1997 ; El-Kattan et al.  2001 ), as well as ethanol 
(Berner et al.  1989 ; Mutalik et al.  2009 ; Jaimes- 
Lizcano et al.  2010 ) and phospholipids 
(Yokomizo and Sagitani  1996a ,  b ), have also 
been shown to be very potent penetration enhanc-
ers, as aforementioned. As to phospholipids, 
invasomes were made of PC, which, due to its 
head group, having a strong enhancing effect, 
presents a strong penetration promoter (Yokomizo 

and Sagitani  1996a ). In addition, the acyl chains 
of the PC were unsaturated, which further 
increased the phospholipids’ penetration- 
enhancing ability (Yokomizo and Sagitani 
 1996b ). Moreover, synergistic effects of ethanol 
and terpenes (Puglia et al.  2001 ; Vaddi et al. 
 2002 ; Ota et al.  2003 ), ethanol and liposomes 
(Kirjavainen et al.  1999b ; Touitou et al.  2000 ; 
Verma and Fahr  2004 ), and ethanol, terpenes, and 
liposomes (Verma  2002 ) in enhancing the drug 
permeation have been reported in literature. 

 On the basis of gained results in these studies 
(Verma  2002 ; Verma and Fahr  2004 ; Dragicevic- 
Curic et al.  2008a ,  2009 ,  2011 ) and studies per-
formed by other authors (Cevc and Blume  1992 ; 
Cevc et al.  2002 ; Honeywell-Nguyen et al.  2002 ; 
Verma  2002 ), the following mechanism of the 
penetration-enhancing ability of invasomes was 
proposed. As invasomes were in all studies 
applied in fi nite doses under nonocclusion, a 
number of concomitant processes could take 
place. Small amounts of ethanol from the inva-
some dispersion (being outside the vesicles) 
could be able to fl uidize the intercellular SC lip-
ids (Berner and Liu  1995 ; Barry  2001 ). Further, 
a high part of invasomes is probably fragmented 
in their attempt to penetrate into the upper SC 
layers, which leads to the release of terpenes, 
ethanol, and unsaturated phospholipids. This 
would be in agreement with fi ndings of most 
authors (Hofl and et al.  1994 ; Zellmer et al.  1995 ; 
Kirjavainen et al.  1996 ,  1999b ), who propose 
that vesicles disintegrate at the skin surface and 
that vesicle components (i.e., phospholipids) 
penetrate molecularly dispersed into the inter-
cellular lipid matrix, where they mix with the 
intercellular lipids of the SC thereby modifying 
the lipid layers and leading to an enhanced drug 
penetration. Thus, the released ethanol, terpenes, 
and unsaturated phospholipids would be free to 
exert their penetration-enhancing effect. It is 
proposed that these penetration enhancers would 
synergistically act on fl uidizing the intercellular 
SC lipids, since all of them act via this mecha-
nism (Berner and Liu  1995 ; Kirjavainen et al. 
 1999a ; Thakur et al.  2006 ). This could lead to 
the formation of microcavities and to an increase 
of the free volume for drug diffusion (Barry 
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 2001 ), which could further increase the diffusion 
coeffi cient of the drugs released from vesicles. 
In addition, also the partitioning of the drug into 
the intercellular lipid bilayers of the SC would 
be increased by phospholipids (Kirjavainen et al. 
 1999a ), ethanol (Megrab et al.  1995 ), and ter-
penes (Williams and Barry  1991b ). However, 
since the constituents of invasomes, being potent 
penetration enhancers, act also via other mecha-
nisms (see in the book series Percutaneous 
Penetration Enhancers, the volume Chemical 
Methods in Penetration Enhancement, 
Modifi cation of the Stratum Corneum), these 
mechanisms could also have an infl uence on the 
enhanced penetration of the drug. Regarding the 
penetration of vesicles, a lot of phenomena are 
included which synergistically might facilitate 
the penetration of some small intact invasomes 
into the SC, such as: (1) disturbed organization 
of the SC lipids, (2) high fl uidity of invasomes 
due to the effect of terpenes and ethanol (con-
fi rmed by Dragicevic- Curic et al.  2011 ), (3) 
probably high deformability of invasomes 
(assumed due to the correlation between vesi-
cles’ high fl uidity and deformability) (Godin and 
Touitou  2003 ), (4) small particle size of vesicles, 
and (5) presence of the transepidermal osmotic 
gradient, which is an important driving force for 
the diffusion of intact deformable vesicles of 
high hydrophilicity as they tend to follow the 
hydration gradient across the skin (Cevc and 
Blume  1992 ). The release of the drug in the skin 
layers could be a result of fusion of penetrated 
vesicles with the intercellular lipids of the SC 
(Touitou et al.  2000 ). Verma ( 2002 ) proposed the 
penetration of small invasomes through SC 
bilayers, disturbed due to the effect of ethanol 
and terpenes on the SC. Further, according to 
Verma ( 2002 ), the pilosebaceous units appeared 
to be a major route of invasomes’ penetration 
into the skin. The penetration of intact deform-
able vesicles through the skin was proposed by 
Cevc et al. ( 2002 ,  2003 ). Honeywell-Nguyen 
et al. ( 2002 ) proposed also the penetration of 
intact elastic vesicles through channel like 
regions into the deeper layers of the SC. Touitou 
et al. ( 2000 ) assumed that ethosomes could pen-
etrate into the SC bilayers, being disturbed due 

to the effect of ethanol. However, the penetration 
of intact vesicles is rejected by most authors 
(Lasch et al.  1991 ; Hofl and et al.  1994 ; Zellmer 
et al.  1995 ; Kirjavainen et al.  1996 ,  1999a ).   

    Conclusion 

 Invasomes have proven to be an effi cient skin 
delivery system for lipophilic as well as even 
to a higher degree for hydrophilic drugs. 
Different single terpenes or terpene mixtures 
can be used to formulate invasomes. Dependent 
on the added terpene or terpene mixture, inva-
somes may enhance or retard the drug penetra-
tion into the skin compared to liposomes 
without terpenes. Thus, besides described ter-
pene mixtures, other mixtures should be inves-
tigated, i.e., the composition of invasomes 
could be further improved, by exploring the 
possibility of using other terpenes and terpene 
mixtures as constituents of invasomes. This 
could lead to the development of novel inva-
somes being more effi cient skin delivery sys-
tems than existing invasomes.     
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