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Abstract. In the last decade, the attention of the scientific community has been focused on bile acids and their salts as systems18

for the transportation of drugs; specifically their role as carriers and integration into nanomedicine. Bile acids can play a critical19

role as drug carriers in the form of chemical conjugates, complexation, mixed micelles formation as well as stabilized bile acid20

liposomes (bilosomes). The unique molecular structure and interaction of these amphiphilic-steroidal compounds make them21

an interesting subject of research. This review is based on literature research in order to emphasize the importance of bile acids22

and their salts as absorption modulators in order to improve therapeutic potentials of low bioavailability drugs.23

Keywords: Bile acids, bilosomes, nano-structures, absorption enhancers, drug delivery24

1. Introduction25

Nanotechnology is truly a multidisciplinary science where chemists, physicist, biologists and phar-26

maceutical scientist all have played major roles to develop novel treatment and diagnosing modalities.27

It is evident through this review that application of nanotechnology in drug delivery and medicine has28
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paved new pathways and opened many doors for providing customizable and safer treatment option.29

Ultimately, through the manipulation of molecular size and surface properties, researchers are able to30

deliver drugs for longer period of time with less frequent dosing (sustained release) and with greater31

precision and penetration in difficult to access tissues. The development of nanoparticle-based drug for-32

mulations has yielded the opportunities to address and treat challenging diseases [1].33

2. Bile acids and their salts as absorption modulators34

The structure of bile acids allows for the addition of various drugs to one of their functional groups,35

including hydroxyl groups. In accordance with predictions of quantitative relationships between the36

structure and activity (SAR studies), the most effective molecular recognition by membrane hepatocyte37

transporters and ileal enterocytes is achieved by linking the drug to the C3 position [2–4].38

Such conjugates demonstrate interactions with bile acid transporters, confirming the hypothesis that39

bile acids in the form of a “Trojan horse” may alter the pharmacokinetic and pharmacodynamic proper-40

ties of the drug they carry. Research into the biology of transporters was strongly stimulated by available41

technologies for the study of the function and structure of transport proteins, which revealed their im-42

portance for the detection and development of drugs, especially for their absorption and disposition.43

Physiological transport systems are studied as potential carriers in order to improve absorption and per-44

meation of the membrane and achieve the effect of organ-specific drugs. In particular, bile acid transport45

systems in the liver and small intestine and oligopeptide carriers are of great importance for the molec-46

ular delivery of drugs [5].47

Recently, a unique class of amphiphilic copolymers has been introduced into the field of cancer target-48

ing and gene distribution by bile salts. Such polymers are composed of a linear hydrophilic biodegrad-49

able branch (such as PEG [polyethene glycol], dextran, pullulan, chitosan and PLGA (polylactic-glycolic50

acid)) and a flexible linear double-stranded holic acid oligomer as a nucleus-forming hydrophobic51

block. Owing to the surface hydrophilicity, such amphiphilic structures would spontaneously form self-52

assembling nanoaggregates in water induced by an intramolecular and/or intermolecular bond between53

the hydrophobic segments in order to reduce free energy on the contact surface. Accordingly, biodegrad-54

able bile acid nanoparticles have a positive potential in drug distribution [3–6].55

Nanoparticles based on bile salt polymer conjugates can be successfully filled with lipophilic56

chemotherapy drug paclitaxel (PTX) with a high drug concentration, high antitumor activity and high57

stability compared with market products (Taxol R© and Abraxane R©) [3]. In research conducted by Li and58

coauthors was developed [7]. This system is based on the micelles formed by a new class of well-defined59

linear PEGylated chain of two cholic acid oligomers in aqueous solution. By varying the length of the60

linear PEG chains and holic acid oligomer configuration, the physical and chemical properties of the61

amphiphilic polymer and the resulting micelles can be easily fine-tuned. In addition, the study states62

that nanocarriers with PTX filling are much more stable than Abraxane (PTX/human serum albumin63

nanoaggregate). The PTX release profile from the micelles showed that the anti-tumour activity of the64

nanoparticles applied onto PTX against the ovarian cell line in vitro, with continuous exposure to the65

drug, is similar to Taxol (a formulation of PTX dissolved in Cremophor EL and ethanol) or Abraxane.66

Targeted delivery of the drug to the tumour site with these new micelles was demonstrated by Near-67

Infrared Fluorescence (NIRF) in bare mice with ovarian cancer xenograft. Moreover, nanocarriers with68

PTX showed superior anti-tumour efficacy compared to Taxol in the equivalent dose of PTX.69

Using a lipophilic cancer drug (epirubicin) (EPB) inserted into the hydrophobic part of deoxycholic70

acid conjugate – hydrophobically modified carboxymethylated-curdlan (DCMC) – was developed as a71
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new anticancer drugs carrier [8]. In vitro release of EPB from DCMC-self-settled nanoparticles showed72

continued drug release. Compared to free drug, EPB-filled DCMC nanoparticles showed greater cyto-73

toxicity, which can be attributed to increased cellular intake. In vivo toxicity study has shown that the74

DCMC conjugate did not cause unexpected side effects. The study has shown that, compared to free75

drug, DCMC increases EPB intake into the tumour and reduces EPB intake into the kidneys and heart.76

Despite benefit of polymeric bile salt nanoaggregates as parenteral carcinoma treatment, this is not the77

case with oral administration. Although the oral route is most appropriate, the poor oral bioavailability78

of drugs is a common handicap, which is usually resolved through phospholipid-based nanoparticles [3].79

3. Mixed micelles as drug carriers80

To improve absorption, drugs with poor water solubility can be dissolved within bile micelles. Micelles81

as drug carriers have certain advantages such as the ability to solubilize drugs and thereby increase their82

bioavailability, can be retained in the body (in the bloodstream) for a time sufficient to allow gradual83

drug accumulation within the intended organ. Their size allows them to accumulate in parts of the body84

with a permeable circulatory system and they can serve to target a specific place by fixing a specific85

ligand to the outer surface and can be easily and reproducibly prepared in large quantities. In micellar86

form, the drug (primarily a poorly soluble drug) is well protected against possible inactivation due to87

biological environment, not causing side effects.88

It is known that non-ionic surfactants (PAM) micelles have anisotropic water distribution within89

their structure – the water concentration decreases from the surface towards the micellar core. Due90

to anisotropy, micelles show a polar gradient from a highly hydrated surface to a hydrophobic core. As91

a consequence, the spatial position of a particular solubilized substance within the micelle depends on92

its polarity. In aqueous systems, non-polar molecules will be placed in the micelle core, polar molecules93

will be absorbed onto the surface of the micelle, and the medium polarity substances will be distributed94

along with the PAM molecules. The capacity of the implantation of a particular PAM depends on vari-95

ous factors such as the chemical structure of the drug and PAM, drug polarity, the position of the drug96

within the micelle, temperature, pH, etc. The capacity of the implantation of a particular PAM depends97

on various factors such as the chemical structure of the drug and PAM, drug polarity, the position of98

the drug within the micelle, temperature, pH, etc. At the same time, the increase in the micelle core de-99

creases Laplace pressure, which is a result of the curvature of the intermediate layer, and also facilitates100

the incorporation of the hydrophobic substance into the micellar core [9].101

Mixed micellar systems composed of bile salts, phospholipids, fatty acids and polyamines can have102

improved properties in terms of transport promotion, allowing at the same time the reduction of bile acid103

concentration and, consequently, potential membranolytic effects.104

In 2011, Maestrels and co-workers tested the influence of chitosan (CS), bile acids and their NaDHC105

sodium salts on NSAID oxaprozin, which has very poor water solubility [10]. Addition of bile compo-106

nents improved the drug dissolution rate. The presence of CS enabled a significant increase in permeabil-107

ity of the drug through the Caco-2 cells in relation to drugs without added components. The combined108

use of CS and NaDHC could be used to develop effective oral dosage forms of oxaprozin, with in-109

creased solubility and permeability of the drug, and subsequently improved bioavailability. Mahajan and110

Mahajan examined the effect of phenothiazine drugs with bile salts using sodium cholate and sodium111

deoxycholate and confirmed the increased bioavailability of drugs [11]. Mixed micelles show advan-112

tages in parenteral administration, given their small size (usually below 60 nm). In addition, they are113

not suitable for the incorporation of hydrophilic drugs, as opposed to the phospholipid vesicles. These114
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deficiencies may explain a limited number of mixed micelle-based drugs that have been placed on the115

market of pharmaceutical products so far [12].116

4. Liposomes, niosomes and bilosomes117

Liposomes are drug transport systems in which the drug is encapsulated within closed, spherical vesi-118

cles composed of one or more concentric lipid layers around the central hydrophilic core. The specific119

structure of liposomes enables the incorporation of liposoluble drugs into the lipid layer as well as the120

hydrosoluble substances into the inner hydrophilic phase, as well as peptides and small proteins into the121

lipid-aqueous system. Orally distributed liposomal carriers can improve the drug solubility and protect122

encapsulated therapeutic agents from extreme conditions in the gastrointestinal tract. Liposomes, with123

their membrane liquid lipid bilayer and their application size, can significantly improve oral absorp-124

tion. Unfortunately, the clinical use of conventional liposomes is hampered by their poor stability in the125

gastrointestinal tract. Although liposomes stabilize proteins within the gastrointestinal tract after oral126

application to a certain degree, the effect of acidity of gastric juice, pancreatic enzymes and bile salts127

show negative effects [13].128

Self-organization of non-ionic amphiphilic molecules in water forms closed dual layer structures or129

niosomes structures, in which the hydrophobic parts of the molecule are sheltered and the hydrophilic130

groups are in maximum contact with water. By their structure, niosomes are analogous to phospholipid131

vesicles (liposomes) being able to incorporate molecule drugs and serve as carriers [14].132

Niozomes contain a surfactant, which improves the stability of the drug delivery system. This non-133

ionic surfactant belongs to the class of alkyl or dialkyl polyglycerol ether and cholesterol with subsequent134

hydration in an aqueous medium. They can improve the therapeutic effect of peptides by reducing the135

minimum clearance time from the systemic circulation, by increased bioavailability and targeted and136

controlled delivery of the drug to the site of action.137

Polymersomes are nanoparticles that demonstrate a similar general structure and function, such as138

liposomes and niosomes. They can be used to absorb both hydrophilic and hydrophobic compounds.139

However, unlike liposomes and niosomes, instead of phospholipids or any amphiphilic surfactant for140

forming the shell, the amphiphilic block copolymers were used, i.e. polymers consisting of covalently141

bound hydrophilic and hydrophobic chains. An example block copolymer are three-block copolymers142

poly(caprolactone) -poly(ethylene glycol)-poly (caprolactone). The construction of the polymeric vesi-143

cle, unlike the lipid-based vesicle, provides several advantages including controlled release of the com-144

pounds and increased shell stability. In addition, a molecular-dynamic study has shown that the am-145

phiphilic block copolymer also has the ability to form cell membranes and vesicles. Polymersomes can146

be synthesized by methods similar to those used for polymer nanoparticles [15].147

New vesicular dosing systems containing bile salts and liposomes are known as bilosomes, which148

act as penetration enhancers. The incorporation of bile salts into liposomes can stabilize the membrane149

against the harmful effects of physiological bile acids in the gastrointestinal tract and facilitate the inter-150

nalisation of particles. In addition, bilosomes are produced from natural lipids making them biocompat-151

ible [16].152

5. Oral vaccines and hydrophilic active substances153

Oral vaccines provide significant benefits as non-invasive drug-free treatment, which is easier for the154

patient and less susceptible to cross-contamination. However, the pharmaceutical administration of this155
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route of administration is impeded by a gastrointestinal environment that is harmful to many vaccine156

formulations. Researchers have been recently dealing with bilosomes since new colloidal agents, such157

as Cholera toxin vaccine, toxoid diphtheria vaccine, recombinant baculovirus vaccine, influenza vaccine,158

hepatitis B vaccine and others have attracted attention in the field of oral immunization [3].159

Bile salts are identified as topical penetration enhancers owing to the membrane destabilization. The160

research conducted by Conacher and co-authors in 2001 into the ability of non-ionic surfactant vesi-161

cles to induce a systemic immune response in mice after oral immunization was conducted using a162

standard antigen (bovine serum albumin), synthetic measles peptide and influenza vaccine [17]. It is163

observed that the efficacy of this formulation has been significantly increased by including bile salts164

(especially deoxycholate) in the formulation, i.e. formation of bilosomes. It is particularly important165

that these studies show that oral administration of bilosomes incorporating a vaccine can induce anti-166

bodies as a potent response just like a parenterally administered vaccine containing the same amount167

of antigen. As biosomes are prepared from natural lipids and do not have obvious toxicity associated168

with their use, they represent a useful modification of conventional systems based on lipid vesicles for169

the oral delivery of proteins and peptides. The positive effect of bilosomes after oral administration of170

vaccines was also confirmed in a study which included the conjugation of a bilosomal system to the171

cholera subunit of toxin B (CTB) [18]. In 2010, a study was done to examine the stability and potential172

of glucomannan-modified bilosomes (GM-bilosomes) in the induction of an immune response after oral173

administration. GM-bilosomes maintained the chemical and conformational stability of tetanus toxoid174

(TT). It was shown that GM-bilosomes did not only provoke significantly higher systemic immune re-175

sponses compared to bilosomes, niosomes and orally administered, adsorbed TTs, but they also showed176

the induction of immune mucous response, as well as immune cell-mediated responses that had not been177

induced by conventional immunization [19]. Similar studies on Human Enterovirus 71 (HEV71) and178

cholera toxin B21 have shown that bilosomes have inherent adjuvant properties when linked to antigen179

and that bilosomes can be a good candidate for an oral vaccine against these infections [20,21].180

Given the above, it can be said that bilosomes and modified bilosomes (including probiosis and181

surface-structured bilosomes) show greater oral stability, protective effect and characteristics that im-182

prove permeation compared with conventional liposomes and niosomes. Such new nanocarriers can be183

used to improve the oral bioavailability of vaccines, hydrophilic drugs and insoluble active substances.184

Oral vaccination with bilosomes was proposed as a non-invasive, painless approach to immunization,185

which consequently improved conscious adherence to therapy and led to increased vaccination coverage.186

In addition, it is said that bilosomes provide a safer surrogate for diluted oral vaccines with less chance187

of regression to virulence [3].188

6. Orally administered hydrophobic drugs189

The suitability of bilosomes to improve oral availability was not limited to hydrophilic drugs within190

the hydrophilic core. Several hydrophobic active substances were successful candidates for the formu-191

lation in the form of bilosomes as well as in cases when the drug would be within phospholipid vesicle192

bilayer [3].193

In this context, several autors published the results of studies performed with fenofibrate and cy-194

closporin A, as extremely hydrophobic substances [22,23]. The main purpose of these studies was to195

evaluate the oral bioavailability of these substances when liposomes containing bile salt were used as196

oral drug release systems. In vitro experiments showed an extremely low degree of active substances197
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release from formed bilosomes in relation to the release from micronized fenofibrate capsules i.e. con-198

ventional cyclosporin A liposomes. Contrary to in vitro results, in vivo measurements of pharmacoki-199

netics and bioavailability showed higher rates of bilosome absorption in both studies [3]. The disparity200

between oral bioavailability and in vitro release with liposomes suggests that bile salts can be used to201

increase the oral bioavailability of poor water-soluble drugs.202

A weak in vitro/in vivo correlation of oral liposomal formulations implied a potential deficiency in203

vitro release as a means of assessing bilosomes. In vitro release media are usually deprived of any204

biosurfactants, enzymes, or bile contents and, therefore, they implausibly simulate in vivo environments.205

The in vitro analysis did not take into account possible disorder of the liposomal vesicular structure in206

physiological conditions [3].207

An improvement in glycemia was demonstrated in the study on the bilosom as a system for insulin208

delivery. Ayogu and his team formulated and tested two bilosomal preparations. One was prepared using209

lipid extract from soybean seed (SBE), palmitic acid (PA) and cholesterol (CH), while the other (BII)210

contained PA and CH as a lipid component [24]. Each of the preparations contains 0.5% sodium deoxy-211

cholate (NaDC) and 0.5% soluble insulin. BI was administered only orally, while BII was administered212

subcutaneously, intraperitoneally and orally to different groups of male rats treated with streptozotocin,213

while blood glucose levels were measured at predetermined time intervals. The results of the studies214

showed that the oral administration of BI and BII caused a decrease in blood glucose, which could215

mimic the endogenous insulin release with prolonged activity, but also a lower reduction in blood sugar216

compared to the parenteral administration. BI (oral I) containing SBE had a greater blood glucose re-217

duction than BII (oral II), indicating that SBE increased the bioavailability of insulin. The formulation218

of bilosomal insulin may provide a good system for oral administration of insulin that would affect the219

entero-insular axis similar to endogenous insulin.220

Elnaggar Y.S. states that, given the complexity of gastrointestinal physiology, the exact mechanism221

of the increased bioavailability of oral bilosomes has not been fully clarified to date [3]. It can be said222

that this is a consequence of the interaction between many factors including the protective effect in223

relation to severe gastrointestinal conditions, the ability to fluidise the membrane, and the physical and224

chemical properties of the incorporated bile salt. In comparison with conventional vesicles, bilosomes225

had significantly higher stability and protective properties compared to gastric enzymes, pH and bile226

content. On the other hand, a hypothesis was proposed on the formation of a lipophilic ion pair between227

the bile salts and the hydrophilic active ingredient. Thereby, the increase in the passive diffusion of228

water-soluble molecules across biological membranes and the membrane fluidizing effect of bile salts229

would also justify the improved bioavailability. Such complexes of ionic pairs would also be beneficial230

in terms of increasing the efficiency of the effect of cationic hydrophilic drugs in the targeted place due231

to the formation of multiple lipophilic compounds and greater affinity for phosphatidylcholine [3].232

7. Non-oral administration of bilosomes233

Although bilosomes were not proposed for transdermal drug delivery, it seems that the carriers of234

this type have a promising potential in this respect. Transferosomes are ultradeformable lipid vesicles235

containing various effective activators, including bile salts. Transferosomes containing bile salts have236

shown efficacy in improving the transdermal permeability of cosmetic and pharmaceutical molecules237

when used in concentrations below 0.2% [25].238

This is also confirmed by the research of Mahallawi and coworkers conducted to assess the ability239

and safety of the use of bilosomes for the transdermal delivery of tenoxicam (TX) [26]. Both, ex vivo240
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permeation and in vivo studies confirmed the superiority of bilosomes in relation to the drug solution241

in the transdermal delivery of TX. In addition, an in vivo histopathological study has demonstrated the242

safety of locally applied bilosomes. The results confirmed that bilosomes could be further adopted for243

transdermal drug delivery.244

A great lack of research was observed to deal with the potential of bilosome distribution through local245

administration methods. For example, the use of bilosomes in corneal permeability is a new area that246

has not been fully investigated so far.247

Although bilosomes have proven to be a successful carrier of cationic water-soluble active substances,248

loading sufficient amounts of the anionic active ingredient remains an obstacle. Taking into account the249

negative charge and hydrophilicity of the bile salt, the incorporation of the active cationic substance250

would keep the gallbladder in the bilayer to achieve the effect of membrane stabilization. Nonetheless,251

the incorporation of anionic hydrophilic drugs would be accompanied by low binding effectiveness,252

migration of both hydrophilic bile salts and active substances to the outer phase, simulating the migration253

of surfactant into type IV of the lipid formulations system. Lipid formulations of type IV contain only254

surfactants in their composition and represent the so-called surfactant systems [3].255

8. Oral drug administration with bile acids as carriers256

The oral bioavailability of some drugs is very low due to enzymatic degradation in the gastrointestinal257

tract and poor permeation through the intestinal epithelial cells. One way to overcome this problem is258

to use absorption enhancers. Song, Chung, Shim investigated the improvement of the intestinal salmon259

calcitonin absorption (sCT) from proliposone containing bile salts [26]. It has been said before that260

it is known that some of the bile salts, including NaTDC, form lipophilic complexes of ionic pairs261

with different organic cations, which increases cation permeability in biological membranes. Since sCT262

is a hydrophilic and cationic molecule, it is shown that the effect of NaTDC in the increase in sCT263

permeability could be due to the ability to form ionic pairs of bile salts with sCT. Eskandar et al. [14]264

stated that the findings of Songa et al. [27] are in contrary to the findings of Cetina et al. [28] in which265

no significant difference was found between formulations.266

9. Transdermal use of drugs with bile acids as carriers267

One of the ways to increase the absorption of drugs through the skin is the use of bile salts as an absorp-268

tion enhancer. Many studies have been performed in this respect, showing positive effects of bile salts269

on transdermal absorption. One study was conducted to assess the suitability of sodium-deoxycholate270

(Na-DOC) gels containing betamethasone-17-valerate (BMV) for topical administration. The study con-271

firmed in vitro the flux BMV from Na-DOC gels on the rat skin was 2.5 (0.05% gel) and 8.5 times272

(0.1% gel) higher than the commercial cream (0.1%), respectively. Pharmacodynamic responses after in273

vivo administration in rats were also determined. A significant correlation was observed between anti-274

inflammatory activity and in vitro permeation of BMV. Na-DOC gels had significantly higher oedema275

inhibition in comparison to commercial cream at all-time intervals. Besides, according to histological276

studies, Na-DOC gel has no irritating effect on the skin. In conclusion, the Na-DOC gel formulation can277

be proposed as a promising alternative system for topical BMV administration [29].278

In another set of experiments transdermal aminophylline absorption was analysed. In vitro exper-279

iments on percutaneous absorption were performed on snakeskin using Franz Cells. The flux (J),280
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permeability coefficient (P) and the gain factor (EF) for each formulation were calculated. Sodium-281

tauroglycocholate (NaTGC) (100, 200 and 500 µg/mL), lauric acid (1.7 and 15%) and ethanol (60%)282

were used as enhancers. The results showed that all enhancers – NaTGC to the greatest extent – signif-283

icantly increased drug permeability and EF [30]. Very similar results were obtained by Moghimipour284

and coworkers who examined the effect of NaTGC and NaDC bile salts as the transdermal theophylline285

absorption enhancer through snakeskin, individually and in combination [31]. Percutaneous in vitro ab-286

sorption experiments were performed on snakeskin using Franz diffusion cells. The surface activity of287

bile salts was also determined. Bile salts significantly increased transdermal absorption of theophylline288

through the treated skin model compared to the control group, although the effect of NaTGC was more289

significant. Similarly, a reduction in the enhanced effect was observed after mixed administration of bile290

salts. It was concluded that the increased effect of bile salts depends not only on nature and concentration291

but also the type and character of the gallbladder used.292

10. Nasal use of drugs with bile acids as carriers293

The nasal route of administration is suitable for small doses showing poor stability in the gastroin-294

testinal tract. Despite many benefits of the nasal route, the restrictions such as high molecular weight295

(HMW) of drugs may interfere with drug absorption through the nasal mucosa. Recent studies have296

specifically focused on the nasal application of HMW therapeutic agents such as peptide and protein297

drugs and vaccines intended for systemic effects. Due to their hydrophilic structure, the nasal bioavail-298

ability of peptide and protein drugs is normally less than 1%. Apart from the poor mucosal permeability299

and enzymatic degradation in the nasal mucous membrane, these drugs are, due to muscular clearance,300

quickly removed from the nasal cavity after administration. There are many approaches to increase the301

retention time of drug formulations in the nasal cavity, which results in increased drug absorption. Dif-302

ferent approaches, including the use of absorption enhancers, have been tried to overcome the problem303

that limits the nasal absorption of drugs [32,33].304

Some researchers studied the role of bile salts absorption enhancers for nasal administration of in-305

sulin [14,34,35]. As early as in 1981 it was shown that bile salts could improve the transport of insulin306

through the nasal mucosa by slowing down the degradation of insulin using leucine aminopeptidase-307

proteolytic enzyme [34,35]. Uchida and associates examined the effect of bile salt on insulin permeabil-308

ity through the nasal cavity of rabbits. In addition to the confirmed increase in permeability, they found309

that sodium glycodeoxycholate (NaGDC) was more effective as a nasal absorption enhancer in the nasal310

mucosa than sodium glycocholate (NaGC), due to the lack of a hydroxyl group at seven steroid posi-311

tions, which increased its lipophilicity. However, NaGC is widely used as a nasal absorption enhancer312

due to relatively low toxicity compared to other bile salts [36].313

11. Bucal use of drugs with bile acids as carriers314

During the last decade, there was a particular interest in the delivery of medicines in the buccal mu-315

cosa, the aim of which was to increase the bioavailability of different controlled drug delivery systems316

(CDDSs). Besides, drugs demonstrating poor bioavailability, when taken orally, are practical for buccal317

administration. However, the buccal mucosa is less permeable and therefore cannot ensure rapid absorp-318

tion. Many compounds were tested as absorption enhancers, including bile salts, surfactants, fatty acids319
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and derivatives, ethanol, cyclodextrins and chitosans [37]. Hoogstraate and coauthors examined the in-320

vitro effect of enhancing the penetration of bile salts on the transport of hydrophilic macromolecular321

compounds via swine buccal mucosa [38]. Simultaneous administration of 100 mM trihydroxy sodium322

glycollate (NaGC) bile salts and sodium taurocholate (NaTC) and sodium glycodeoxycholate dihydroxy323

bile salts (NaGDC) and sodium taurodeoxycholate (NaTDC) increased the in vitro transport of fluores-324

cein isothiocyanate (FITC) factor of one hundred or more without significant differences between the325

four bile salts. It can be concluded from these results that the diluted di- and trihydroxide bile salts326

increased the transport of hydrophilic compounds via buccal epithelium below 10 mM by increasing327

intercellular transport to 10 mM and above by opening the transcellular pathway. In 2007, Mahalingam328

and associates conducted a similar study by examining the effect of bile acids on the intake of 5-aza-329

2’-deoxycytidine (decitabine) via swine mucosa, which was evaluated as an alternative to the complex330

intravenous infusion system currently used to administer the drug. Trihydroxylic bile salts significantly331

increased decitabine flow at a concentration of 100 mM (P 9.05). Two dihydroxylic bile salts, sodium de-332

oxytaurocholate and sodium deoxyglycolate, have shown a better effect than in trihydroxylic bile salts.333

It is noted that improvements in the flow of decitabine in the presence of bile salts may occur due to334

a complex process involving solubilization and micellar absorption of intercellular lipids, denaturation335

and protein extraction, inactivation of enzymes and tissue swelling [39].336

12. Rectal use of drugs with bile acids as carriers337

In study of Kima and collaborators, the potency of sodium taurocholate (NaTC) bile salts in im-338

proving the bioavailability and anti-tumour efficiency of docetaxel (DCT) in rectal administration was339

analysed. They designed nanomicelles as drug distribution systems composed of DCT/poloxamer 407340

(P407)/poloxamer 188 (P188) Tween 80/NaTC to improve the bioavailability and antitumour efficacy of341

DCT after the rectal administration. Poloxamer was selected as the formulation of unique thermosensi-342

tive and bioadhesive nanomicelles charged with DCT. Pharmacokinetic results showed that NaTC had343

influenced the increase in half-life and plasma DCT levels. Although elevated levels of DCT in plasma344

from the group of nanomicelles with bile salts did not improve the antitumour potential, DCT-charged345

nanomicelles can reduce side effects associated with drugs such as hypersensitivity reactions and fluid346

retention, while retaining potential antitumour efficacy in clinical subjects [40].347

13. Conclusion348

This article highlighted the importance of bile salts as absorption modulators with an emphasis on349

nanostructures, as well as a review of studies on drug formulations with bile acids as carriers intended for350

the targeted treatment of tumour diseases, antimicrobial therapy and vaccination. Therapeutic nanosys-351

tems that will improve the pharmacokinetic properties of the drug, enable controlled release and targeted352

delivery and reduce adverse effects and toxicity profiles are of great medical significance.353

Bile acids and their salts, due to their ability to facilitate the transportation of drugs through biological354

membranes, are very important for drug absorption and can be considered as auxiliary agents in the355

drug formulation. By incorporating into bilosomes, mixed micelles and chemical conjugates, bile acids356

alter the pharmacokinetic properties of the drug and improve its bioavailability thus enabling a suitable357

targeted therapy of numerous diseases.358
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