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Abstract
The preparation of micelles is pretty easy; the micelles can improve drugs’ stability and
solubility. In recent years, the micelles have attracted a lot of attention. The preparation
methods are divided into two types including direct dissolution and dialysis. If micelles are
designed as multistage nanoparticles, charge-conversional nanoparticles or modified by some
targeting molecules that could recognize the receptors on the surface of tumor cells, the effect
of tumor targeted therapy will be enhanced. Besides, modified micelles will improve the
bioavailability of oral drugs obviously. Meanwhile, the application of reverse micellar system
has refered to many disciplines including pharmaceutical chemistry, pharmaceutics and
pharmacology. In a word, micelles have great application potential in the field of pharmacy.
Key words: Micelles, character, synthesis, modification and application.
Introduction
Micelles are ordered aggregations, which are made up of inward lipophilic groups and
outward hydrophilic groups. The micelles form when the concentration of surfactants or
amphipathic polymers exceeds the critical micelle concentration (CMC). The review will
briefly introduce the character, synthesis, modification and application of micelles.
Character of micelles
Micelles exhibit an unique “shell-core” structure [1], sepcifically speaking is that the
lipophilic groups garthering at the interior of micelles form the core of micelles, then the
hydrophilic groups in polymers dispersing to the exterior of micelles form the shell of
micelles. The micelles have many superiorities such as small sizes and good stability [2-4],
which make them attract wide attention in terms of drug delivery system [5,6].
Amphipathic polymers constitude hydrophilic groups and lipophilic groups, when the
concentration exceeds CMC, amphipathic polymers spontaneously form a stable micelle in a
specific solvent depending on the electrostatic interaction, hydrogen-bond interaction and
hydrophobic interaction. These micelles are in good thermodynamic stability. The advantages
of micelles in the field of pharmacy include: 1.The preparation technologies are pretty easy,
the modification is unnecessary for drugs in the process of their entrapment and release [7].
2.The micelles could be used as a carrier for lipophilic drugs, because the lipophilic drugs
could be entrapped in the core of micelles, which would improve the solubility of insoluble
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drugs[8,9]. 3. The micellar system show better stability compared with other carriers because
hydrophilic groups contact with the solvents. Moreover, the lipophilic groups and drugs exist
in the core of micelles [10, 11]. 4. The micelles could prolong the drugs’ retention time in the
circulation and protect the drugs from the phagocytosis of reticular endothelial system (RES)
[12].
Micelles also belong to the nanoparticles, their sizes are tiny and distribution is pretty
intensive. The sizes of micelles could be adjusted by choosing suitable polymer materials and
preparation technologies [13, 14]. Thus, micelles could enhance the drugs’ capacity to
traverse the biological membrane then improve the therapeutic effect of drugs in cells, which
is ape to achieve the targeted drug delivery [15, 16].
Synthesis of micelles
According to the difference of polymers solubility, the common micellar preparation methods
are direct dissolution and dialysis.
Direct dissolution method
The direct dissolution method is suitable for the polymers that exhibit good solubility in the
water. Specifically, when the concentration of polymers exceeds the CMC, they dissolve
directly in the water at the room temperature. Xiaohan Wu et al[17] used the zinc lactate as
the catalyst, the poly-lactate-PEG(PLA-PEG) polymer was acquired after the PLA was mixed
with PEG, then PLA-PEG polymer was dissolved with water and stirred for 2 h to get the
micelles.
The dialysis method
The dialysis method is suitable for the polymers with terrible solubility in the water.
Specifically, the polymers are dissolved in the mixed solvents including water and organic
solvents firstly, then the organic solvents are removed by dialysis, Jinyao Liu et al[18] put the
polymer PLA-b-OH into tetrahydrofuran and stirred the polymer for 2 h, then the solution
was transferred to the dialysis tube and dialysed for 24 h to get micelles.
Direct dissolution method and dialysis method
Liu Yang et al[19] used the direct dissolution method and dialysis method to prepare the
PLA-PEG micelles. Briefly, for direct dissolution method, the PLA-PEG polymer was
dissolved with water, however, for the dialysis method, the PLA-PEG polymer was firstly
dissolved with the 1-methyl-2-ketopyrrolidine, then the solution was transferred to the
dialysis tube and dialysed for 24 h.
Modification of micelles
At present, many studies focus on modification of various nanoparticles to achieve the
targeted drug delivery[20-23], micelles have many advantages, they show huge potential in
the anti-tumor research when modified reasonably.
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Micelles with active targeting function
When some ligands are linked with the micelles, these ligands could recognize some highexpression receptors on the surface of tumor cells, which makes the micelles possess the
functions of active targeting and reducing the drugs’ concentration in the normal tissues.
Huijing Xiang et al[24] designed an advanced micellar system. Cyclometalated lridium(Clr)
and camptothecin(CPT) were connected by disulfide-bond to get the Clr-CPT. Besides, the
folic acid(FA) was linked with the pluronic F127(P-F127) to get the P-F127-FA, then ClrCPT was mixed with the P-F127-FA to form the micelles. The micelles could regconize the
MCF-7 whose surface had a lot of FA receptors. In vivo experiments showed a high targeting
efficiency when the micelles are modified by FA. Yan Zou et al [25] also designed a micellar
system that have the function of active targeting. Briefly, the dithiolane trimethylene
carbonate(PDTC) and PEG were connected to get the PDTC-PEG polymer, then the polymer
was modified by RGD peptide to form the micelle that could recognize the integrin which
widely distributed on the surface of B-16 tumor cells.
Micelles loaded into mulstage nanoparticles
When micelles are injected into the circulation, the micelles could depolymerize and a lot of
drugs could be released to the circulation, which declines the micellar targeting function
significantly[26]. Many researchers entrapped micelles to the larger nanoparticles to get the
mulstage nanoparticles. He Nan et al [27] designed a progressive mulstage nanoparticle
system. Specifically, the micelles loading the CPT were entrapped into the fiber fragments,
only 5% CPT was released from the fiber fragments for 120 h at pH 7.4. The experiments
showed that this mulstage nanoparticles had a high stability and functions of sustained and
controlled release. As a result, the micellar therapic effect was improved. Wenli Zhang et
al[28] put the curcumin to the thermosensitive hydrogel, which made the micelles more
stable. Besides, more micelles were accumulated in the tumor tissues, the amount of cell
apoptosis was higher for the mulstage nanoparticles than the single micelles. Guang Yang et
al[29] put the micelles loading doxorubicin(DOX) into the gelatin nanoparticles. When the
mulstage nanoparticles reached the tumor stroma, the gelatin could be degraded by matrix
metalloproteinase, then the micelles were internalised quickly into the tumor cells and DOX
was released into the cell nucleus.
Micelles with charge-convensional property
Between normal tissues and tumor microenvironment exist a pH gradient (from pH 7.4 to
6.5). Many researchers designed charge-convensional nanoparticles, these nanoparticles
retained negative charges in the circulation, which could make nanoparticles exist in the
circulation for a long time. Then, the negative charges were reversed to positive in the tumor
microenvironment, which could facilitate the nanoparticles into the tumor cells [30, 31]. The
charge-convensional property derived from the break of amido bond and protonation of
imidazole groups[32]. Fang Li et al[33] set up a pH-sensitive nanoparticles, the polymer
could form spontaneously the micelle when the imidazole groups were connected with the
chitosan, then the DOX was entrapped into the core of micelles, the micelles modified by
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imidazole groups existed in the circulation for a longer time than the blank micelles because
of the micelles buried by negative charges. When the micelles reached the tumor
microenvironment, protonation of imidazole groups made the micellar’s surface possess a lot
of positve charges, which contributed to the micellar quick internalization. As a result, the
growth of tumor was suppressed markedly.
The micellar analogues
In recent years, people establish plenty of micellar analogues such as high-branched and
uniform polyamidoamine(PAMAM) dendrimers. Their structures and properties are similar
to the micelles. The surface of PAMAM has many functional groups that could be modified
and PAMAM exhibits good water solubility, which makes it have huge potential in the
biological application[34,35]. At present, these micellar analogues have been
commercialized.
Application of micelles
Solubilization of micelles
When surfactant concentration reaches the CMC, the surfactant could increase the solubility
of many organic compounds that are insoluble. For example, the solubility of benzene in the
water is about 0.07%, however, the solubility raises to 7% in the sodium oleate solution.
Obviously, the solubility improves about 100 times. Besides, vitamin D is insoluble in the
water. When 5% polyoxyethylated castor oil is added, the vitamin D solubility reaches
1.525mg/mL. In a word, solubilization is associated closely with the micelles.
Micelles in oral delivery
Oral chemotherapy is convenient and satisfying, which avoid the infection of intravenous
injection [36]. Yuwei Duan et al [37] used the PEG, PLA and vitamin succinate (TPGS) as
the carrier materials to prepare mixed micelles. The micelles possessed strong capacity to
entrap the drugs and improve the solubility of drugs in the water, which contributed to the
high bioavailability in vivo. Na Li et al [38] used the P-F127 as the carrier material; the
polymer formed the micelle spontaneously when the polyacrylic acid was linked with the PF127, which prolonged the retention time for drugs in the circulation with increasing oral
absorption efficiency. Jinfen Dou et al [39] used the chitosan stearic acid (CSO-CA), TPGS
and PEG as the carrier materials to prepare the oral mixed micelles, which had strong antidilution capacity in the gastrointestinal tract.
Reverse micelles system
Reverse micelles are also called W/O microemulsions. Many intermediates and products are
incompatible or the contact area is too small among reacting system, which leads to the slow
reaction rate for drug synthesis. However, to improve the reacation rate , reverse micelles are
added into the reaction system, where supports a huge phase contact area, moreover, reacting
condition is pretty mild and the products are easily separated compared with the non-micellar
system.
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A tiny and hydrophilic core of reverse micelle makes it be usually used to prepare nano
materials. If preparing microemulsions by dissolving drugs into the reverse micellar system,
this type of dosage form will have following advantages: 1.The preparation technology is
very simple, the acquired micelles are pretty stable. 2. The micelles could be analysed
qualitatively and quantificationally by optical method. 3. The acquired micelles are highly
dispersed, which promotes the transdermal absorption of drugs. 4. The acquired micelles do
not cause the allergic reaction and fat embolism when they are injected [40].
In reverse micelle system, the properties of water are similar to the membrane, in fact, reverse
micelle system is an ideal membrane model, and microenvironment of the enzymes on the
surface of membrane is different from the free water. Thus, when transfered from membrane
to the free water; the enzymes’ steric configuration and physicochemical properties change
dramatically. Martinek et al [41] came up with an enzymatic Induced Fit Model(IFM) in the
reverse micellar system. Specifically, the interaction existed between enzymes and reverse
micellar membrane; researchers adjusted the proportion of water in the reverse micellar
membrane to achieve enzymatic steric configuration lay at their best positions. As a result,
the enzymatic stability was improved in the free water.
Conclusion and future outlooks
Micelles have attracted a lot of attention in recent years because of various advantages
including improving the solubility and stability of drugs, and pretty simple preparation
technologies. The preparation methods include direct dissolution and dialysis. Micellar
surface could be modified by ligands which could recognize the receptors expressing on the
surface of tumor cells or designed to mulstage nanoparticles or the charge-convensional
nanoparticles to enchance targeting effiency. Besides, many modified micelles could increase
the bioavailability of oral delivery, the application of reverse micellar system has refered to
many disciplines including pharmaceutical chemistry, pharmaceutics and pharmacology.
However, most studies just are fundamental research at present for micellar system, in future,
more studies should focus on developing practical products.
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