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Synopsis

The L-ascorbic acid (AA) was encapsulated into biodegradable and biocompatible poly(ethyl-2-cyanoacrylate) 
(PECA) nanocapsules by interfacial polymerization of water-in-oil (W/O) microemulsions. The infl uences of 
surfactant concentration, pH value of the dispersed aqueous phase, and W/O ratio on nanocapsule size were 
discussed. The stability and in vitro release of encapsulated AA were also investigated. The results show that 
nanocapsules could be obtained under the conditions with low pH value, high fraction of aqueous phase, and 
appropriate surfactant concentration. The encapsulated AA was protected by nanocapsules from oxidation 
and presented superior storage stability in aqueous medium than pure AA. Releasing AA from the inner core 
of nanocapsules could be controlled by adjusting the enzyme hydrolysis extent of the PECA wall.

INTRODUCTION

L-Ascorbic acid (AA), an antioxidant and free radical scavenger, is one of the most popular
agents used in various fi elds such as biological, pharmaceutical, dermatological, and cos-
metic. It provides photoprotection to protect tissues and cells from oxidative damage by
free radicals and reactive oxygen–derived species, boosts collagen biosynthesis to improve
the elasticity of the skin and resist wrinkle, restrains skin pigmentation and reduces
melanin to keep skin white, and enhances the immunity (antivirus effect) (1–5).

Address all correspondence to Su-Ning Zhang at zsnlab@163.com.
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Unfortunately, the practical use of AA in skin care is limited because of some diffi culties. 
One is due to it’s instability. As AA exists in the enol form of α-ketolactone, the enediol 
group at carbons 2 and 3 can easily be oxidized to yield diketone lactone structure and to 
produce biologically inactive compounds such as dehydroascorbic acid, oxalic acid, 
L-threonic acid, L-xylonic acid, and L-lyxonic acid, which are not only ineffective but also 
potentially harmful to the human body (6). Such decomposition is usually caused by air, 
moisture, light, heat, trace metal ions, oxygen, and base, and occurs in just a few days 
after being produced. Another diffi culty for practical use is the low skin penetration abil-
ity of AA arising from its hydrophilic character (7,8).

To improve the stability and lipophilicity of AA, many efforts have been done in recent 
years. One method to suppress the decomposition is to derive AA as a salt, for example, 
ascorbyl phosphate or ascorbyl palmitate (9–11). Morisaki et al. investigated the thermal 
stability and reducing activity against free radicals of ascorbic acid phosphodiesters and 
found that the phosphodiesters exhibited high thermal stabilities but low antioxidant 
activities in vitro (9). The stabilities of ascorbyl palmitate were found less than those of 
ascorbyl phosphates (10,11). Another method used to overcome the instability and hydro-
philicity was to encapsulate and immobilize AA by using microemulsions (W/O, or 
oil-in-water, O/W) (5,11–13). Gallarate et al. investigated the stability against oxidation of 
AA in O/W microemulsions, O/W and W/O emulsions, and a W/O/W multiple emulsion 
at different pH values (5). They found all emulsifi ed systems provided protection for AA 
and slowed its degradation rate. The W/O/W multiple emulsion can provide better stabil-
ity of AA over time than aW/O emulsion does. Although the use of microemulsions seems 
to be suitable for cosmetic products, it should be noted that they are usually a low-viscosity 
Newtonian fl uid, and the suitable thickening agents, which may have drawbacks for people 
with sensitive skin, are needed before they can be utilized directly (13).

More recently, nanoparticles that can deliver the nutrition substance without damaging 
the sensitive active ingredient of cosmetic products have attracted much attention (14–
17). Two types of nanoparticles, i.e., nanospheres and nanocapsules, have been defi ned 
according to their different preparation method. Nanospheres have a matrix-type struc-
ture in which the drug is dispersed, whereas nanocapsules are vesicular systems with a 
drug confi ned cavity surrounded by a polymeric membrane or layered inorganic matrix. 
For instance, Choy et al. used the inorganic nanocapsule to encapsulate AA and found the 
inorganic nanocapsule could enhance the storage stability and sustained release of AA, 
which was helpful in delivering AA into skin through stratum corneum (18).

In general, the biodegradable nanocapsules can be obtained through two main processes: 
interfacial dispersion of preformed polymers including poly(D,L-lactide), poly(D,L-
glycolide), poly(lactide-co-glycolide), poly(lactic acid), and poly(cyanoacrylate) (19), and 
interfacial polymerization of dispersed alkyl cyanoacrylate monomers (20,21). Poly(alkyl 
cyanoacrylate) (PACA) interfacial polymerization of microemulsions was fi rst introduced 
by Gasco and Trotta (22) and has been developed as a simple one-step process without 
further isolation of nanocapsules from the reaction matrix by using biocompatible micro-
emulsions (23). Poly(ethyl-2-cyanoacrylate) (PECA), one type of PACA polymerized 
from ethyl-2-cyanoacrylate (ECA), has produced very promising results as polymeric sub-
strates in the nanoparticle delivery system for its mechanical properties, biodegradability, 
high biocompatibility, drug compatibility, and permeability (24). Much research on drug 
delivery properties of PECA nanocapsules has been done in O/W microemulsions for 
lipophilic drug such as 5,5-diphenylhydantoin, carbamazepine, ethosuximide, idebenone, 
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and doxorubicin (25–27), and in W/O microemulsions for hydrophilic proteins and pep-
tides such as insulin (23,28–30). Even though, to our knowledge, the applications of 
PECA nanocapsules for entrapping hydrophilic drug are still limited, especially in the 
dermatological and cosmetic fi eld.

In this work, AA was encapsulated into PECA nanocapsules by interfacial polymerization 
of W/O microemulsions. The infl uences of surfactants concentration, pH value of the 
dispersed aqueous phase, and W/O ratio on nanocapsules size were discussed. After opti-
mizing the interfacial polymerization conditions, AA was incorporated into the nanocap-
sules. The stability and the release profi les of AA from nanocapsules by enzyme esterase 
hydrolysis of PECA were also investigated.

EXPERIMENTAL

MATERIALS

The nonionic surfactants, Span 80 and Tween 80, were purchased from Fluka (St. Louis, MO). 
ECA was supplied by courtesy of Zhejiang Jinpeng Chemical Co., Ltd. (Zhejiang, China). AA 
dry powder was received as a gift from DSM Vitamins Trading Co. (Shanghai, China), 
Ltd. Enzyme esterase (10 U/mg) was purchased from Sigma (Santa Clara, CA). Ethanol, 
n-hexane, N,N-dimethylformamide (DMF), and other solvents and agents were all AR 
grade and used as received without further purifi cation. Deionized water was used except 
where specifi cally indicated.

PREPARATION OF NANOCAPSULES

For preparing the microemulsion, oil mixtures were prepared at room temperature by 
dissolving certain amount of nonionic surfactant mix (Span 80 and Tween 80, 3:2 weight 
ratio) in n-hexane. Subsequently, adequate deoxidized water was dropped into the oil 
mixture under ultrasonic dispersion in nitrogen atmosphere. The pH value of the aqueous 
phase was adjusted by using hydrochloric acid (HCl). The solution was then mixed by 
magnetic stirring, and a stable W/O microemulsion was achieved. ECA monomer (20 mg) 
was slowly added to the microemulsion system under continuous stirring. The interfa-
cial polymerization was then performed at room temperature for 15 h. Finally, the 
white PECA nanocapsules were separated from the colloidal suspension by ultracentrifu-
gation at 1677g for 10 min and dried in vacuum at room temperature.

For the preparation of AA-encapsulated PECA nanocapsules, an aqueous solution of AA with 
a concentration of 3 mg/ml and pH 2.0 was used as aqueous component of microemulsions.

CHARACTERIZATION OF NANOCAPSULES

Before characterization, the residual surfactants were removed by repeated washing of at 
least twice in n-hexane and then centrifuged and dried to a constant weight by the method 
described above. AA-encapsulated nanocapsules were further freeze-dried for in vitro release 
studies. Before investigating the size and the morphology, the nanocapsules were redis-
persed by ultrasonication in water.
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The average size and its distribution of nanocapsules with and without AA loaded were 
measured by dynamic light scattering (DLS) (Zetasizer Nano ZS; Malvern Instruments, 
Worcestershire, UK) with a He–Ne laser beam at a wavelength of 633 nm at 25°C. The 
scattering angle used is 175º. The results are expressed in volume-averaged scales as uni-
mode.

The morphology and the structure of AA-encapsulated PECA nanocapsules were visual-
ized by transmission electron microscope (TEM) (JSM-2100F, JEOL, Tokyo, Japan) after 
negative staining with phosphotungstic acid. Drops of the suspensions were dripped on a 
carbon fi lm–coated copper grid and dried under room temperature. The TEM bright fi eld 
imaging was performed with 120 kV accelerating voltage.

DETERMINATION OF ENCAPSULATION EFFICIENCY OF AA

The encapsulation effi ciency of AA in PECA nanocapsules, i.e., the ratio of the weight of AA 
encapsulated in nanocapsules to the initial weight of added AA was determined according to 
an indirect fl uorimetry method as described in Reference 31. In brief, fi rst, 0.1 mg freeze-
dried AA-encapsulated nanocapsules were redispersed into 10 ml deionized water under ul-
trasonic generator. Then 1.0 ml of such solution was mixed with a prefab mixture containing 
1.0 ml DMF and 1.0 ml cerium (IV) ion standard solution (3.0 × 10−4 M), followed by add-
ing 1.0 ml sodium hexametaphosphate standard solution (1.0 × 10−3 M). The fi nal mixture 
was diluted to 10 ml by deionized water and equilibrated for 30 min before fl uorescence 
detection. The fl uorescence spectra were recorded at room temperature on fl uorescence spec-
trophotometer (F-4500, Hitachi, Tokyo, Japan) with the excitation and emission wave-
lengths at 303 nm and 340 nm, respectively. The excitation bandwidth was 10 nm. The 
fl uorescence intensity of cerium (IV)-AA at 340 nm in emission spectra was recorded and 
compared with a standard curve generated from the corresponding solution. A reference sam-
ple of empty nanocapsules with no encapsulated AA was prepared by the same procedure.

AA STABILITY TEST

For the stability evaluation, 1 mg freez  e-dried AA-encapsulated nanocapsules (contain-
ing 0.116 mg of AA calculated from the encapsulating effi ciency) and corresponding 
weight of pure AA (as a reference) were separately dispersed or dissolved in 100 ml deion-
ized water, 10 ml of each solution was sealed carefully with the caps and stored in an oven 
with the constant temperature of 40° and 80°C, respectively. Then 1.0 ml of  such solu-
tion was treated with DMF, cerium (IV) solution, and sodium hexametaphosphate solu-
tion as described in the section Determination of Encapsulation Effi ciency of AA. The 
retention of AA was analyzed by the fl uorescence method mentioned above at different 
storage periods.

DEGRADATION OF PECA AND IN VITRO RELEASE OF AA

AA can be released from nanocapsules when PECA wall of nanocapsules is decomposed by 
enzyme esterase hydrolysis. The yielding amount of ethanol produced in hydrolysis can be 
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used to estimate the degradation extent of PECA (32–34). For the hydrolysis extent test, 
50 mg AA entrapped nanocapsules was ultrasonically dispersed to 25 ml phosphate buffer 
solution (pH 7.0) followed by adding 3.6 mg enzyme esterase (closes to its saturation value 
in current system). The solution was placed in a shaking incubator (60 cycles/min) at 37°C 
for equilibration. Then a 4 ml suspension was taken out at times of 0.5 h, 1.5 h, and 3–9 h 
at 2-h intervals and 2 g ammonium sulfate was added to salt out the enzyme. After centri-
fuged at 12,300g for 10 min, 3 ml of supernatant liquor was taken out to detect the ethanol 
yielded from PECA degradation by gas chromatography test. The capillary column used 
was HP-INNOWAX (Agilent, Santa Clara, CA) with nitrogen as the carrier gas chroma-
tography. The oven temperature was isothermal for 3 min at 30°C, then ramped to 180°C at 
a rate of 10°C/min. A series of 5 ml phosphate buffer solutions (pH 7.0) with various amount 
of ethanol (0.25–2.5 mg) were prepared. The ethanol was extracted by adding 1.0 ml 
methyl tertiary-butyl ether. A calibration curve of ethanol concentration (mg/ml phos-
phate buffer solution) was plotted against the relative response to ethanol. The concentra-
tion of ethanol in supernatant liquor was determined from the calibration curve.

For its instability, AA released from decomposed nanocapsules would be oxidized 
soon, which may cause errors in determining concentration. To minimize the infl u-
ence of oxidization, the release profi les were performed by detecting the content of 
residual AA in the decomposed nanocapsules through the fl uorescence method de-
scribed above.

RESULTS AND DISCUSSION

CHARACTERIZATION OF PECA NANOCAPSULES

Contrary to the standard emulsion, W/O microemulsions are spontaneously formed and 
thermodynamically stable, requiring only minimal input of energy to obtain small and 
uniform dispersed droplets. Therefore, once the monomer inventory rating, which affects 
the size and its polydispersity (30), is fi xed, the droplet size may be mainly controlled by 

Table I
Size of Nanocapsules Prepared Under Different Conditions

Surfactant concentration Water volume n-Hexane volume pH Mean diameter

(mg/ml) (ml) (ml) (nm)

72 1 50 2.0 1081

84 1 50 2.0 984

96 1 50 2.0 570

114 1 50 2.0 316

120 1 50 2.0 733

108 1 50 2.0 256

108 1 50 3.0 380

108 1 50 4.0 450

108 1 50 5.0 910

108 1 100 2.0 670

108 1 120 2.0 753
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three variables including the surfactant concentration, pH value of the dispersed aqueous 
phase, and the aqueous fraction of the microemulsion. The mean diameters of the empty 
PECA nanocapsules prepared under different conditions are listed in Table I.

As shown in Table I, a signifi cant decrease in particle diameter from 1081 nm to 256 nm 
could be observed when the surfactant concentration was increased from 72 to 108 mg/ml 
at pH 2.0, ECA 20 mg, and W/O 1/50 (v/v). At low surfactant concentration, when 
the amount of oil and aqueous phases are fi xed, the surfactants trend to form large emul-
sifi ed droplets with smaller total surface area to ensure that there are suffi cient surfactants 
adsorbed on the oil–water interface for emulsifi cation. As a result, polymeric particles 
with large size are formed. Increasing the surfactant concentration in a certain range, the 
number of emulsifi ed droplets increases whereas the size decreases, resulting in small 
polymeric nanocapsules. When the surfactant concentration increased to 108 mg/ml, the 
smallest nanocapsules with about a 256 nm diameter were obtained. However, large 
particles emerged again by further increasing the surfactant concentration more than 
108 mg/ml. It’s well known, above the critical micelle concentration, increasing surfac-
tant concentration not only varies the morphology of emulsifi ed particles from spherical 
micelles to cubic, hexagonal, and even lamellar phase, but also increases the aggregation 
number, accompanied with the size expanding. The volume expansion of the emulsifi ed 
particles fi nally gives rise to a rapid increase in polymeric particle size.

The effects of original pH value of the dispersed aqueous phase on the particle size are also 
shown in Table I. The surfactant concentration and W/O ratio were maintained at 
108 mg/ml and 1/50 (v/v), respectively. Raising original pH value of dispersed aqueous 
phase from 2.0 to 5.0 brought about a fi ve times increase in size and formed large particles 
with diameter of 910 nm. PECAs were prepared based on anionic polymerization mechanism, 
which was initiated by nucleophilic attack on β carbon of the monomer resulting in a 
reactive carbanion. The reaction is initiated by hydroxyl ions and terminated by protons 
(35–37). Therefore, at higher pH of the dispersed aqueous phase, more hydroxyl ions are 
generated to encourage the chain initiation. Meanwhile, the lowered proton concentra-
tion at higher pH reduces the probability of chain termination. As a result, the polymers 
with higher molecular weight were produced, leading to the thickening of the capsule 
wall. Because the size of the aqueous core in capsule was fi xed, the size of the whole par-
ticle was then correspondingly increased. The investigation on current system shows that 
the original low pH value of dispersed aqueous phase is more suitable for preparing 
small-sized nanocapsules.

Another variable effect on the particle size is the aqueous fraction in the system. The re-
sults listed in Table I show that the particle size decreased from 753 to 256 nm as the 
W/O volume ratio varied from 1/120 to 1/50 with constant surfactant concentration at 
pH 2.0, indicating a size decrease with increasing aqueous fraction. This is in agreement 
with Reference 30 in which the same surfactant mix with different weight fraction was 
applied (30). The larger fraction of aqueous media was used, the smaller capsules could be 
formed. Increasing water fraction would form more emulsifi ed droplets (38) and decrease 
the mass of available monomer per unit interfacial area, resulting in nanocapsules with a 
thinner polymer wall and hence a smaller size.

According to the above discussion, the optimized polymerization condition for prepar-
ing the particle with minimal size was determined at pH = 2.0, W/O = 1/50 (v/v), and 
108 mg/ml surfactant mix.
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ENCAPSULATION OF AA

Figure 1 shows a TEM photograph of AA-encapsulated PECA nanocapsules prepared 
under the optimized polymerization condition. Inserted is an amplifi ed picture of AA 
entrapped nanocapsules. As it can be seen, AA-encapsulated PECA nanocapsules were 
homogeneous core-shell-like spherical particles with the size ranged from 100 to 300 nm. 
The hyperchromatic core about 50 nm was the entrapped water soluble AA, while the 
light contrast shell was PECA wall with thickness about 70 nm.

Figure 2 represents the typical size distribution of AA loaded nanocapsules detected by 
DLS. The average size of nanocapsules was about 280 nm with the polydispersity index 
of 0.153.

Figure 1. TEM photograph of AA entrapped PECA nanocapsules prepared under optimized polymerization 
condition with pH = 2.0, W/O = 1/50 (v/v), and 108 mg/ml surfactant mix. Inserted is an amplifi ed picture 
of the typical AA loaded nanocapsules.

Figure 2. Size distribution of AA entrapped PECA nanocapsules prepared under optimized polymerization 
condition.
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The encapsulation effi ciency of AA was detected by an indirect fl uorimetry method. 
AA has the ability to deoxidize the cerium (IV) ion with no fl uorescence emitting to 
cerium (III) ion with characteristic fl uorescence emitting in water solution. The addi-
tion of sodium hexametaphosphate could greatly enhance the fl uorescence intensity of 
cerium (III) (31). According to the standard curve obtained from corresponding solu-
tion, the fl uorescence intensity of cerium (IV)-AA at 340 nm in emission spectra was 
converted to the mass amount, and the entrapped AA was detected to be 0.116 mg per 
milligram nanocapsules prepared under the optimized polymerization condition. The 
corresponding encapsulation effi ciency of AA in nanocapsules was estimated to be 
87.5%.

STABILITY OF ENCAPSULATED AA

The stability of AA in aqueous solution was evaluated by monitoring the retention of 
AA in different storage periods at various temperatures. Figure 3 compares the retention 
stability of pure AA and encapsulated AA in PECA nanocapsules in aqueous solution at 
40°C and 80°C, respectively. Curves (a) and (b) show that there were two periods for the 
degradation of pure AA at each temperature. In the fi rst 4–6 h, a rapid decrease of active 
AA content took place, followed by degradation with relatively slow rate. The oxidation 
of AA proceeded faster at 80°C than at 40°C so that the active AA almost disappeared 
after being heated for 24 h at 80°C. Figure 4 shows the plots of 1/[AA]t (the reciprocal 
of remaining AA concentration at time t) versus time for pure AA in aqueous solution 
at 40° and 80°C, respectively. Both curves show a good linear relationship. These results 
coincide with those reported in the literature (39–41) and imply that the degradation 
of AA under this condition was a second-order mechanism for which the oxidation rate 
was proportional to the square of the AA concentration. The degradation rate constants 
were calculated to be 5.28 × 10−4 %−1·h−1 and 6.32 × 10−3 %−1·h−1 for 40° and 80°C, 
respectively.

Curves (c) and (d) in Figure 3 illustrate the remaining content of AA encapsulated in 
PECA nanocapsules after being heated at 40° and   80°C. More than 90% of AA molecules 
were still active even being heated for 36 h, which implies that the  encapsulated AA in 

Figure 3. Retention curves of (a) pure AA in aqueous solution at 40°C, (b) pure AA in aqueous solution at 
80°C, (c) encapsulated AA in nanocapsules at 40°C, and (d) encapsulated AA in nanocapsules at 80°C.
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PECA nanocapsules was more   stable than pure AA under the same conditions. The cal-
culations give neither pseudo fi rst-order nor second-order mechanism for   degrading   AA 
encapsulated in nanocapsules. It is not surprising since the PECA wall could act as a 
physical barrier to restrain the oxygen diffusing into nanocapsules. The excellent stability 
of AA is mainly attributed to the   encapsulation of AA molecules within PECA nanocap-
sules that protected AA from contacting with oxygen.

DEGRADATION OF PECA AND IN VITRO RELEASE OF AA

By hydrolysis in aqueous phase, PECA could be degraded and release ethanol and water-
soluble poly(2-cyanoacrylic) acid (42,43).   The degradation rate was reported depending 
on both the polymer properties (e.g., molecular weight, form, and microsphere size) and 
the degradation medium conditions (i.e., medium pH, temperature, and initial micro-
sphere concentration). In Figure 5, curve (a) gives the ethanol yield of enzymatic degrada-
tion of PECA as a function of hydrolysis time. The theoretical release amount of ethanol 
can be readily calculated, assuming that PECA could hydrolyze entirely. So the ethanol 
yield can be expressed as the percentage yield as shown in Figure 5. An initial burst of 

Figure 4. Second-order plots of pure AA degradation at (A) 40°C and (B) 80°C in aqueous solutions.

Figure 5. Curve profi les of (a) the degradation extent of PECA wall of nanocapsules and (b) the retention of 
AA in nanocapsules as functions of hydrolysis time in phosphate buffered saline solution.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE256

ethanol in the fi rst 1.5 h could be found, followed by a gradual increase of ethanol yield 
with time. The results are consistent with those of earlier reports in which a biphasic 
degradation mechanism of PACA were postulated (33,44). The initial quick release of 
ethanol signifi es the cleavage of the ester side groups on the nanocapsules surface, while 
the second stage indicates the enzyme hydrolysis of the side groups of PECA within the 
nanocapsules matrix.

  With the enzyme hydrolysis of hydrophobic PECA, the wall of nanocapsules becomes more 
and more hydrophilic, which is benefi cial for the release of entrapped AA from nanocap-
sules. In Figure 5, curve (b) is a profi le of the retention of AA in nanocapsules versus enzyme 
hydrolysis time. In the fi rst 3 h of hydrolysis, a burst release of about 61% of encapsulated 
AA took place, and then followed with a gentle release. The detailed relationship between 
AA release and the degradation extent of PECA is revealed in Figure 6. The release behav-
iors are obviously dependent on the degradation extent of PECA, i.e., the retention of AA 
decreases with increasing the degradation extent of PECA. When ethanol yield was less 
than 12%, i.e., 88% of PECA was still undegraded, only about 15% of the entrapped AA 
could be released from the nanocapsules. The result implies that the hydrolysis reaction in 
this stage mainly took place on the surface of nanocapsules and the entrapped AA in the 
inner core could only be released by diffusing through PECA wall. Further increases in the 
degradation extent from 12% to 14% in the period between 1.5 and 3 h, a burst release of 
AA from 15% to 61% could be observed, which followed by slow and sustained release after 
being degraded for 3 h. The phenomena indicate that the enzyme hydrolysis was performed 
not only on the surface but also in the matrix of the nanocapsules, resulting in the deforma-
tion of nanocapsules and the rapid release of AA. Almost 72.5% entrapped AA was released 
from nanocapsules after 16% PECA was decomposed in 9 h.

It has been reported that PECA can degrade in the absence of esterase in contact with water 
(45) or even in solid phase (46). The degradation rate can be accelerated by increasing pH, 
elevating temperature, or by introducing esterase (34,43). Usually, the average moisture 
content of human skin is 35–60%, the pH value is 6.5–7.4, and the temperature is around 
37°C. In such a case, even the esterase amount present in human skin, which is about 
3.55 × 10−4 µg/mm2, is lower than the value we used, the degradation of PECA can take 
place without doubt on human skin and release entrapped AA continually. Therefore, 

Figure 6. Relationship between AA retention and ethanol yield.
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AA entrapped PECA nanocapsules are   expected to be used as dermatological or cosmetic 
products, which can be easily decomposed to sustained release of AA for continual treatment.

CONCLUSIONS

This study demonstrates that AA could be encapsulated and protected successfully with 
biodegradable and biocompatible PECA nanocapsules synthesized by the interfacial polymer-
ization of W/O microemulsions. The nanocapsule size could be controlled by manipulating 
surfactant concentration, pH value of the dispersed aqueous phase, and the aqueous fraction 
of the microemulsions. Low pH value and high fraction of aqueous phase were benefi cial to 
getting small-sized nanocapsules, while too high or too low surfactant concentration was 
disadvantageous. The encapsulated AA was protected from oxidation in the core of nanocap-
sules and showed superior storage stability in aqueous medium compared to the pure AA. 
AA could be controlled released from nanocapsules by the enzyme hydrolysis of PECA wall. 
These fi ndings are important factors for allowing AA-encapsulated PECA nanocapsules to be 
used as potential dermatological or cosmetic products for continual treatment.
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