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Materials and Supplies. 

Tween-80 (polyoxyethylene sorbitan monooleate), Span-20 (sorbitan laurate) and 

Fluorescein sodium were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO) and 

were of the highest purity commercially available. They were used without further 

purification. All ionic liquids (ILs) except 1-ethyl-3-methylimodazolium acetate (from 

Sigma-Aldrich) were purchased from Solvent Innovation GmbH (Germany) and were used as 

received. Frozen (– 80°C) porcine skin samples, excised from a 5 month old female Yucatan 

Micropig (YMP), were obtained from Pierce (Rockford, IL USA). Acyclovir was obtained as 

a generous gift from ASPION pharmaceuticals, (Kobe, Japan) whereas acyclovir herpecia 

topical cream was received from Taisho pharmaceutical Co. Ltd., Tokyo, Japan.  All other 

reagents used in the experiments were analytical grade.  
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Drug Solubility Determination. ACV was added in excess to water, IPM and ILs. All 

samples were stirred for 24 hrs at 25ºC. The precipitated drug was removed from 

microemulsions by filtration through a 0.8μm Millipore Millex-LG filter. The amount of 

ACV in the resulting clear filtrate was determined using a UV spectrophotometer at 252 nm 

after appropriate dilution with methanol keeping the respective blank. The same procedure 

was used to find the solubility efficiency of drug in each microemulsion. 

 

The photographs appended in Fig. S1 show  solubility of acyclovir in various systems. 

For this purpose, we added powder ACV in every system (5 mg mL-1) and stirred for 24 hrs 

at 25ºC. The results showed that ionic liquid (IL) and IL-in-oil microemulsions can solubilize  

drugs, whereas the aqueous solution can not dissolve the ACV. In fact, all the ACV in water 

was precipated at the bottom as shown in the Fig. S1A. 

 

 

 

 

 

 

 

 

 

 

 
Fig.S1 Solubility of acyclovir (5mg mL-1) in various systems. (A) water, (B) IL [C1mim][(MeO)2PO2] 
and (C) Tween-80/Span-20/IL/IPM microemulsions where the weight fraction of surfactants was 0.2 
with R =0.7.  

 

 Phase Behavior Study:To study the phase behavior, the mixtures of Tween-80 and Span-20  

wit different weight ratios  were prepared. The mixtures dissolved in IPM to produce 

surfactants/IPM systems. The total surfactant concentrations varying from 10 to 40 (wt %) 

were studied. Then maximum solubility of IL was determined by adding IL successively until 

the solution started to become turbid. It was necessary to stir the preparation well after any 

addition of one of the components. Temperature was kept constant at 25 °C.  
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Fig. S2 Phase diagrams of IL [C1mim][(CH3O)2PO2]/Tween-80/Span-20/ IPM system at 25 °C with 
different proportion of surfactant mixtures. (▲) Tween-80: Span-20 = 3:1 (w/w) (●) 1:1 (■) 1:2 
 
 
 
Schematic Representation of Ionic Liquid-in-Oil (IL/o) Microemulsions Containing 
Drug Molecules  
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. S3 
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Dynamic Light Scattering. Dynamic light scattering measurements were performed using a 

Malvern Zetasizer Nano ZS light scattering instrument (Malvern Instruments Ltd., Malvern, 

Worcester, U.K.) with a 532 nm laser. The scattering angle was set at 90º. The experiments 

were performed on a stable single phase, formed by the injection method.  After 

microemulsion preparation as described in the text, all samples were equilibrated for 24 hrs, 

and no macroscopic heterogeneity was visible before measurments.. Samples were filtered 

through a 0.2μm Millipore Millex-LG filter to remove any traces of dust or contaminants 

prior to the measurement of particle size for each sample. Measurements were conducted at 

25±0.1ºC in triplicate. Samples were equilibrated for 20 minutes before data collection. The 

droplet size and polydispersity of the dispersed ionic liquid phase were evaluated with the aid 

of Malvern DTS software.  

 

 
 
Table S1. Mean particle diameter (mean ± standard error of the mean) with various ionic 
liquid (IL) content of Tween-80 (15 wt %)/span-20 (5wt %) reversed micelles in IPM, as 
measured by dynamic light scattering 

 
   IL content as molar ratio of                   Mean diameter                              Polydispersity 
        IL to surfactants (R)                                   (nm)                                            index 
             

               0.0                                                 7.79 ± 1.23                                    0.146 ± 0.041 

               0.15                                               9.97 ± 1.0                                      0.124 ± 0.025 

               0.35                                             13.85 ± 2.35                                    0.101 ± 0.041 

               0.50                                             17.76 ± 1.60                                    0.100 ± 0.030 

               0.70                                             20.52 ± 2.10                                    0.114 ± 0.029 

               0.85                                             26.90 ± 2.00                                    0.097 ± 0.030 

               1.0                                               31.34 ± 2.80                                    0.085 ± 0.020 
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Fig.S4 Dependence of droplet radius on R for Tween-80/Span-20/ IL/ isopropyl myristate 
microemulsions  with Tween-20 (15 wt%) and Span-20 (5 wt%) at 25 ºC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S5 Sizes and size distributions of the domains of the IL-in-IPM microemulsions with various 
drug concentrations at 25 ºC. The weight fraction of surfactants was 20 wt% (Tween-80: Span-20 = 
3:1 (w/w)) and R =0.70. (a) ACV = 0, (b) 1 mg/mL, (c) 3 mg/mL and (d) 5 mg/ mL. 
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Storage Physical Stability of Microemulsions. The physical stability of microemulsions 

loaded with acyclovir was evaluated by measuring particle size changes at designated time 

intervals as well as direct visual observations. For the size measurement, microemulsions 

with ACV were prepared as described in the text and kept at 25 ºC. Samples were withdrawn 

periodically and the size was measured. 

 

 

Skin Permeation Studies. Drug release was evaluated in vitro. The penetration of ACV 

through full thickness skin pieces of Yucatan hairless micropigs (YMPs) were performed 

using a hand-made Franz diffusion cells with a diameter of 10 mm. The  porcine skin was 

prepared as we reported previously. S1 The skin piece was clamped between the donor and 

receptor compartments of the diffusion cell. The stratum corneum faced the donor side of the 

cell whereas, the dermal side of the skin was allowed to be in contact with PBS solution (pH 

7.4). The buffer solution was maintained at 32.5 ± 0.1ºC using a thermostatically controlled 

water bath and was magnetically stirred at 600 rpm throughout the experiments.Skin pieces 

were hydrated with PBS for 1 hr before permeation experiments  and then 0.5 mL of 

formulations containing ACV were placed over the skin. After 24 hr, the receptor chambers 

were emptied and solutions were analyzed for ACV content. Donor solutions were removed 

and the skin was washed twice with 0.1M HCl acid before unclamping the diffusion cells. 

Finally, tested skin pieces were processed to determine the ACV content inside the skin. 

 

Acyclovir contents in the receptor solutions and the skin were detected using a modern 

HPLC system. Column: Shiseido CAPCELL PAK C18 MG (4.6 x 250); mobile phase: 0.1 

wt% trifluoroacetic acid / acetonitrile = 1: 99; flow rate = 0.5 ml/min; detection: UV at 252 

nm 
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Fig. S6 Fluorescein sodium (M.W. 376.28) 
 

 

Skin Morphology.  Skin histology was studied as reported in our previous articles. S-1 Skin 

penetration experiments with a fluorescent probe, fluorescein sodium (see the Fig. S4), were 

carried out in vitro, as described in the above section. After the post-application of 

fluorescence probe for 24 hr, the diffusion area of the skin samples was embedded in Histo 

PrepTM  compound (Fisher Scientific, NJ, USA), frozen at -80 ºC in a deep-freezer and 

sectioned using a cryostat microtome (CM1510; Leica, Wetzlar, Germany). Each skin section 

(20μm) was mounted on the glass slides. The slides of fluorescein sodium were visualized, 

without any additional staining or treatment, through a 10X objective using a microscope 

(Olympus, Tokyo, Japan) equipped with a filter for fluorescein. The shutter exposure time of 

the camera was adjusted until the green fluorescence from the aqueous solution samples 

became invisible in the dark. 
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Fig. S7  Fluorescence microscopy of the skin sections treated with the samples containing fluorescein 
sodium salt visualized through a 10X objective (scale bar: 200 μm). (A) probe in IL, penetration time 
= 72 hrs  (B) probe encapsulated in IL/o microemulsions with penetration time 48 hrs and (C) probe 
in IL/o microemulsions for 72  hrs. [pbobe] = 1mg mL-1. 
 
 
 

 

References 

 S1 Y. Tahara, S. Honda, N. Kamiya, H.  Piao, A.  Hirata, E.  Hayakawa, T. Fujii, M. Goto, J. 

Control. Release, 2008, 131, 14–18. 

A

B

C

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


