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INTRODUCTION

Ionic liquids (ILs) are predominantly hailed as green
solvents, due to their non-volatile, recyclable and non-hazard-
ous nature. Their wide-spectrum applications can be imple-
mented into conventional fields like lubricants, battery
electrolytes and synthetic reaction media as well as newer
arenas including supramolecular chemistry, separation techni-
ques, and nuclear fuel reprocessing (1-4).

However, due to their tunable physicochemical proper-
ties, some recent reports have suggested novel pharmaceutical
uses of ionic liquids, including their use as active pharmaceu-
tical ingredient salts (5), antimicrobials (6), solubilizers (7),
and drug delivery systems (8,9).

ILs are known to enhance the solubility profile of poorly
water-soluble drugs (7,10). Therefore, the use of IL-based
drug carrier systems could be a rational approach for delivery
of insoluble drugs.

Microemulsions are thermodynamically stable, isotropic
systems composed of a polar phase (usually water), a nonpolar
phase (oils) and amphiphilic phase (surfactant or mixture of
surfactants). These systems provide numerous advantages
over conventional drug delivery vehicles including nanometer
sized aggregations, long-term stability, biocompatibility, easy
preparation, and high solubilization tendency (11).
Nevertheless, drug delivery using microemulsions is yet to
fully attain its true potential, considering that only type and
content of oils and surfactants have been customized, in gen-
eral, by formulators to achieve different desirable character-
istics. Little efforts have been performed in the direction of
modifying the polar phase of microemulsion systems. We
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attempted to use ILs as alternative polar dispersed phase (in
place of water) in the microemulsion systems. Moniruzzaman
et al., recently have prepared the IL-based microemulsion
carrier for drug delivery of poorly hydrophilic drugs (12).
The report describes the use of dimethylimidazolium dime-
thylphosphate for successful transdermal delivery of poorly
soluble drugs. However, to the best of our knowledge, we
are for the first time reporting the screening of room temper-
ature ionic liquids from two different series of 1- and 3-alkyl
substituted imidazolium bromides to be used as components
of microemulsion vehicles.

The current study explains the synthesis of some imida-
zolium cation-based ILs with varying carbon chain length.
Also, preliminary in vivo toxicity of these compounds was
assessed by hemolysis assay using human blood to establish
the possibility of using the ILs safely, and investigating rela-
tionship between N-alkyl substituents and their toxicity.
Further, their effect on the microemulsion phase behavior
was studied by constructing their pseudoternary phase dia-
grams using isopropyl myristate (IPM) as oil phase and Span
80 and Tween 80 mixture as emulgent phase. Model micro-
emulsion systems consisting of the above mentioned ingre-
dients were prepared and characterized.

EXPERIMENTAL

General. NMR spectra were recorded on 400 MHz Bruker
FT-NMR spectrometer (Bruker India Scientific Pvt. Ltd., India)
using tetramethylsilane as internal standard. Mass spectra were
recorded in APCI mode on Finnigan MAT LCQ spectrometer
using X’calibur software (Thermo Electron Corp., Waltham,
USA) (Provided as Electronic supplementary material).

Synthesis of Ionic Liquids

IL-1 to IL-7. To a solution of 1-methylimidazole
(25 mmol) in acetonitrile (10 mL), was added alkyl bromide
(30 mmol) under reflux conditions in presence of acetonitrile.
The reaction was allowed to proceed until complete
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Table I. Time Required for Synthesis of Ionic Liquids

Tonic liquid R(alkyl) Time (h)
IL-1 CH;CH,— 0.5
L2 CH;CH,CH,— 0.5
IL-3 (CH;),CH- 0.5
L4 CH;CH,CH,CH,— 1
1L-5 CH;CH,CH,CH,CH,— 1
IL-6 ¢-CSHo- 1
IL-7 CH;CH,CH,CH,CH,CH,- 1
IL-8 CH;CH,— 3
1L-9 CH;CH,CH,— 35
IL-10 (CH;),CH- 4.5
IL-11 CH;CH,CH,CH,— 4
IL-12 CH;CH,CH,CH,CH,— 5
IL-13 c-C5Ho— 6.5
IL-14 CH;CH,CH,CH,CH,CH,— 8

conversion of starting material to product as confirmed by thin
layer chromatography (TLC). The reaction mixture was
washed with diethyl ether, dried under reduced pressure and
column chromatography over silica gel (100-200 mesh) was
performed to get the quaternized compounds.

IL-8 to IL-12. Imidazole (25 mmol) was stirred with
alkyl bromide (75 mmol) in presence of potassium car-
bonate (50 mmol) in toluene (25 mL) under reflux con-
ditions until maximum conversion of starting material to
product was observed using TLC. Reaction mixture was
dried under vacuo, and column chromatography afforded
IL-8 to IL-12.

Table I represents the time required for syntheses of both
series of ILs.

In Vitro Hemolysis Assay

A previously reported method was used with slight mod-
ification (13). Briefly, freshly anticoagulated human blood
(5 mL) was diluted with equal volume of phosphate-buffered
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saline, pH7.4 (PBS). Separately, 0.75 mL of ILs (0.75 mg of
solid ILs) and solutions of ILs in PBS were incubated in
Eppendorf microtubes for 30 min at 37°C. Negative and pos-
itive controls were prepared by substituting PBS and water,
respectively, for the IL (or IL solutions). Diluted blood
(0.25 mL) was added and samples were incubated on a rotator
(Innova 42 incubator shaker, New Brunswick Scientific Co.
Inc., USA) for 24 h at 37°C. The tubes were then centrifuged
(10 min, 5,000 rpm), and the absorbance (A) of the super-
natants was measured in a spectrophotometer at 545 nm. The
hemolysis degree (HD) was calculated as 100% X (Asampie —

Ancgativc control)/(Apositivc control_Ancgativc control)' Each Sample
was run in triplicate.

Construction of Pseudoternary Phase Diagrams

The pseudoternary phase diagrams were constructed at
ambient temperature. Mixtures of ILs and Tween 80-Span 80
mixtures (1:1, 1:2 and 1:3 w/w ratios, seperately) were pre-
pared in weight ratios of 0.5:9.5, 1:9, 1.5:8.5, 2:8, 2.5:7.5, 3.7,
3.5:6.5, 4:6, 4.5:5.5, 5:5, 5.5:4.5, 6:4, 6.5:3.5, 7:3, 7.5:2.5, 82,
8.5:1.5, 9:1, and 9.5:0.5. The mixtures showing turbidity were
not considered for titrations, and the clear mixtures were
titrated drop-wise with IPM with intermediate vortex mixing.
After each addition, they were allowed to equilibrate for
5 min and thereafter visually examined. Transparent fluid
systems were characterized as microemulsions, whereas
opaque systems were considered as coarse emulsions. No
efforts to assess other phases like microgel or emulgel were
performed.

Preparation of Microemulsions

To a thoroughly vortex mixed surfactant mixture (40%)
(Tween 80 and Span 80, 1:3 w/w), ionic liquid (10%) was
added and stirred until homogenous. The required amount
of isopropyl myristate (50% ) was added in small aliquots with
vortex mixing. The procedure was carried out at ambient
temperature.

~\:+ Br
~N__N-g

IL-1. R=CH3CH2

IL-2. R=CH5CH,CH,

IL-3. R=(CH,),CH

IL-4. R=CH3CH,CH,CH,

IL-5. R=CH3CH2CH2CH2CH2
IL-6. R=C-C5H9

IL-7. R=CH4CH,CH,CH,CH,CH,

/—\ RX, K2C03 [—\ + Br
HN__N _ -

N Reflux,28h R N N-R
Imidazole

IL-8. R=CH5CH,
IL-9. R=CH,CH,CH

IL10. R=(CHa),CH

IL-11. R=CH5CH,CH,CH,

IL12. R=CH3CH,CH,CH,CH,
IL-13. R=C-C5H9

IL-14. R=CH3CH20H20H20H20H2

Fig. 1. Synthetic schemes of ionic liquids a IL-1 to IL-7; and b IL-8 and
IL-14
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Fig. 2. Hemolysis degree values of a 1-alkyl-3-methylimidazolium
bromides (IL-1 to IL-7); and b 1,3-dialkylimidazolium bromides (IL-
8 to IL-14)

Globule Size and Zeta Potential Determination

Transmission electron microscopy (H-7500, Hitachi,
Japan) was performed after depositing the sample on a film-
coated 200-mesh gold specimen grid. Globule size, polydisper-
sity index, and Zeta potential were determined using Malvern
Zetasizer (Malvern Instruments Ltd., UK).

Rheological Profile Study

The rheological profiles of microemulsions were studied
using rotational viscometer (Paar Physica MC1, Brookfield
DV-II, UK) equipped with a cup and bob measuring device
at 25°C. The shear stress measurements were performed with-
in the shear rate ranging from 0 to 100 s ', for both, up and
down curves.

pH Value and Conductivity Determination

The pH and conductivity values of the microemulsions
were determined using Labindia PICO pH/conductivity meter
(Labindia, Mumbai, India).

Thermodynamic Stability Study
The thermodynamic stability was determined at ambient

temperature for 3 months as well as following the three-step
procedure as suggested by Shafiq er al. (14) with slight
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modifications. The microemulsions which were transparent,
showed no change in color, and no signs of phase separation
were considered to be stable.

1. Heating cooling cycle: Six cycles between refrigerator tem-
perature (4°C) and 45°C with storage at each temperature
for 48 h was studied.

2. Centrifugation: Passed formulations were centrifuged at
10,000 rpm for 30 min.

3. Freeze—thaw cycle: Three freeze—-thaw cycles between
—20°C and +25°C with storage at each temperature
for 48 h was done for the formulations.

RESULTS AND DISCUSSIONS

Two series of N-substituted ILs, namely 1-alkyl-3-meth-
ylimidazolium and 1,3-dialkylimidazolium cation bromides
were prepared (Fig. 1). First series of the ionic liquids was
synthesized using single-step quaternization. 1-methylimida-
zole upon reaction with various alkyl bromides in acetonitrile
under reflux conditions provided the compounds IL-1 to IL-7.
The second series is composed of ionic liquids with similar
alkyl groups attached at the N-1 and N-3 positions. Herein,
reaction of imidazole with alkyl bromides in the presence of
potassium carbonate yielded compounds IL-8 to IL-14.

The ILs of first series (IL-1 to IL-7) were found to be
liquids at room temperature. On the other hand, among the
dialkylimidazolium cation-based compounds, 1,3-diethylimi-
dazolium bromide (IL-8) was found to be a viscous semisolid.
Also, 1,3-dicyclopentylimidazolium bromide (IL-13) was
found to be a pale solid. Similar solid products, while tethering
bulky alkyl groups at N-1 and N-3 positions of imidazole ring
simultaneously, were reported by some workers in the past
(15,16). Although, 1-cyclopentyl-3-methylimidazolium bro-
mide (IL-6) also contains same bulky group as IL-13, it was
found to be a liquid. This could be attributed to the fact that
apart from the bulky cyclopentyl ring, IL-13 possesses a sym-
metric imidazolium ring, which is also a major contributing
factor for enhancement of melting point of these compounds
17).

The ILs for human use need to be nontoxic. US-FDA
recommends in vitro hemolysis assay for testing hemolytic
potential of new drugs and excipients (17). This method
involves incubating the test compounds with red blood cells
(rbc) and then quantifying the percent lysis of rbc using spec-
trophotometric methods. The absorbance values of negative
and positive controls are also assayed, and used to normalize
the test absorbance, so that hemolysis can be expressed as a
percentage of the positive control (assumed to be 100%
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Fig. 3. Structure of polyoxyethylene sorbitan ester (Tween) type
surfactants
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<« Fig. 4. Pscudoternary phase diagrams prepared with IPM, surfactant
mixture and selected ionic liquids. Out of the 3 w/w ratios of Tween 80
and Span 80, 1:3 ratio provided best microemulsion existence zones
(dotted portions). a IL-2 and IL-3 provided very small microemulsion
existence regions; b for IL-4, IL-5 and IL-7, excellent microemulsion
existence regions were observed; and ¢ among the 1,3-dialkylimidazo-
lium bromides, IL-11 exhibited better microemulsion-forming ability
than IL-9

hemolysis). A sample with hemolysis value less than 5% is
generally considered nonhemolytic. Figure 2 illustrates the
results of hemolysis assay for both series of ILs, using them
neat and as 50%, 25%, and 12.5% solutions (in phosphate-
buffered saline, pH7.4). As per anticipation, the hemolysis
was found to be concentration dependant depicting the neat
ILs to be most hemolytic and 12.5% solutions to be least
hemolytic for all entries. The 1-alkyl-3-methylimidazolium
bromides were clearly less hemolytic than the 1,3-dialkylimi-
dazolium bromides.

It was evident that ILs (of both series) having larger alkyl
substituents at N-position were found to be more hemolytic
than those having smaller C-chain. For instance, the mean
hemolytic degree (HD) values of neat IL-1, IL-2, and IL-4
(with ethyl, propyl, and butyl group, respectively at 1- position
of imidazolium ring) were 0.009%, 0.086%, and 0.367%, re-
spectively, whereas, those of neat IL-5 and IL-7 (with pentyl
and hexyl group, respectively at 1- position of imidazolium
ring) were found to be 0.255 and 0.281 %, respectively. Similar
trend was observed in 1,2-dialkyl imidazolium bromides.
Correspondingly, the HD values of neat IL-8, IL-9, and IL-
11 (with ethyl, propyl and butyl group, respectively at 1- and 3-
positions of imidazolium ring) were 1.319%, 1.949%, and
3.065%, respectively, convincingly lesser than those of IL-12
(7.594%) and 1L-14 (7.917%).

Also, ILs with branched (isopropyl) substituent were
found to be more hemolytic than those having corresponding
unbranched alkyl groups. IL-2 and IL-9 (with mean HD val-
ues 0.949 and 1.949, respectively) showed safer hemolytic
profiles than IL-3 and IL-10 (with mean HD values of 2.525
and 6.120, respectively).

In the same way, the ILs having cycloalkyl groups (IL-6
and IL-13) were found to be more toxic than their n-alkyl
counterparts (IL-5 and IL-12).

Based on their physical state (liquid or flowable nature)
and toxicity profile, the representative ILs were selected for
pseudoternary phase diagram studies. Therefore, 1,3-diethyli-
midazolium bromide (IL-7) and 1,3-dicyclopentylimidazolium
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bromide (IL-13) could not be used due to their solid state at
25°C. On the other hand, 1-cyclopentyl-3-methylimidazolium
bromide (IL-6), 1,3-dipentylimidazolium bromide (IL-12) and
1,3-dihexylimidazolium bromide (IL-14) were rejected due to
their greater hemolytic potential than other ILs.

Pseudoternary phase diagram were constructed to identify
the microemulsion phase using ILs, oil and emulgent mixture.
IPM was used as the oil phase as it is one of the most used
pharmaceutical oils and offers certain unique advantages includ-
ing, non-rancidifying property, odorless and tasteless nature,
skin penetration effect (beneficial for dermal drug delivery).
For selection of the emulgent phase, different polyoxyethylene
sorbitan ester grades (Tween 20, 40, 60, and 80) and sorbitan
fatty acid ester grades (Span 20 and 80) surfactants were
screened using their mixtures in various ratios (w/w). The mix-
ture of two surfactants was used because in combination they
could provide diverse physicochemical properties (18). In addi-
tion, the hydrophilic POE groups of Tween surfactants (Fig. 3)
are known to have strong affinity for imidazolium cations (19).
The selection was made on the basis of the surfactant types
capable of solubilizing greatest amount of IPM. Tween 80 and
Span 80 mixtures in 1:1, 1:2, and 1:3 ratios were found to best in
this aspect (data not shown), hence, selected as optimal surfac-
tants to constitute the emulgent phase.

In addition to this, the 1:1, 1:2, and 1:3 w/w ratios of
these surfactants provide diverse HLB values of 9.65, 7.88,
and 6.98, respectively. As illustrated by Moniruzzaman et
al. (12), in the microemulsions, the ionic liquid constitutes
the hydrophilic internal core, whereas, the surfactant mix-
tures represents the interfacial film separating the dis-
persed phase from the oil phase.

1-Ethyl-3-methylimidazolium (IL-1) bromide was found
to be insoluble in all ratios of Tween 80 and Span 80 mixtures,
hence could not be used for pseudoternary phase diagram
studies.

The ternary phase diagrams prepared using selected
ILs are represented in Fig. 4a—c. For all ILs, Tween 80
and Span 80 mixture in 1:3 ratio provided larger micro-
emulsion regions as compared to the other two ratios
studied.

It was observed that ILs having longer C-chains showed
greater microemulsion region than those having smaller C-
chains in pseudoternary phase diagrams. For all surfactant ra-
tios, the microemulsion existence regions in 3-methylimidazo-
lium bromides were found in the order of IL-7>IL-5>1L-4>1L-
2, while, out of the two 1,3-dialkylimidazolium bromides

Table II. Characteristics of IL/Oil Microemulsions

Characteristics ME-1 ME-2 ME-3 ME-4
IL used IL-4 IL-5 IL-7 IL-11
Globule size (nm) 77.9 137.8 178.3 101.9
Polydispersity index 0.262 0.276 0.233 0.185
Viscosity (cP) 23.5 27.6 28.9 23.5
Rheogram correlation ratio (R>) 0.994 0.998 0.999 0.994
Transmittance (%) 94.8 94.7 96.0 97.4
pH 6.59 6.95 7.22 7.13
Conductivity (uS/cm) 0.015 0.029 0.008 0.020
Zeta potential (mV) -0.117 —0.245 —0.749 —0.052
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Fig. 5. TEM image of ME-1

studied, IL-11 exhibited greater microemulsion region than IL-
9. Furthermore, the microemulsion region obtained using 1-
isopropyl-3-methylimidazolium bromide (IL-3) was greater
than 1-propyl-3-methylimidazolium bromide (IL-2).
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Based on their greater microemulsion regions and
lower value of amount of surfactant mixtures required to
attain microemulsion phase, IL-4, IL-5, IL-7, and IL-11
could be considered as ILs of choice for preparing
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Fig. 6. Rheograms of ME1, ME2, ME3 and ME4 depicting Newtonian flow behavior
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microemulsion formulations. The characteristics of micro-
emulsions prepared using IL-4, IL-5, IL-7, and IL-11 (no-
tated as ME-1, ME-2, ME-3, and ME-4, respectively) are
depicted in Table II. The microemulsions showed globule
size within 130+50 nm range, and low polydispersity index
values (depicting monodisperse globule size distribution of
microemulsions). Figure 5 depicts TEM image of a repre-
sentative microemulsion (ME-1), which revealed spherical
globules below 100 nm size range.

Figure 6 represents the rheograms of IL-based micro-
emulsions ME1, ME-2, ME-3, and ME-4. Fluids exhibiting
proportionality between shear stress and shear rate are con-
sidered to be Newtonian fluids and their viscosity values could
be inferred from the slopes of their rheograms. The linear
regression (R?) values of all microemulsions were found to
be more than 0.99, exhibiting their Newtonian flow behavior.
This could be attributed to uniformity of size and shape of
nanostructures present in the IL/oil microemulsion systems.
The microemulsion systems ME-1, ME2, and ME-3 (prepared
from ILs within the first series) showed that increase in C-
chain length caused slight increase in viscosity values. The pH
values of the microemulsions were found to be similar to skin
physiological conditions. The low conductivity values depicted
oil-continuous nature of the microemulsions. This implies that
the microemulsion systems could be suitable for dermal
delivery systems.

The microemulsion systems were found to be stable (in
terms of transparency, absence of color change and phase sep-
aration) not only after 3 months of storage under ambient con-
ditions, but also when subjected to different thermodynamic
stress conditions by using heating cooling cycles, centrifugation,
and freeze—-thaw cycle tests.

These microemulsions could be used to deliver a variety
of poorly soluble and water-labile drugs, which are otherwise
difficult to be delivered by w/o microemulsions. Previous stud-
ies on IL/O microemulsions report the topical and transder-
mal applications of these systems (7,12). The microemulsions
have been found to enhance in vitro release profile of hydro-
phobic drugs like acyclovir and progesterone. Therefore,
these topical/transdermal microemulsions could provide the
hallway for designing new formulations of poorly soluble
drugs which are inadequately absorbed by oral route.
However, their utility in formulations intended to be used
through other routes of drug administration including paren-
tal, ocular, and oral use could only be explored after sufficient
information on their toxicity profile is obtained.

CONCLUSION

Two series of imidazolium cation-based ILs having differ-
ent N-substituents were prepared successfully in good yields.
The hemolytic potential of the compounds increased with the
C-chain length, and the 3-methylimidazolium cation-based
series of ILs was found to be safer than the dialkylimidazolium
ILs. The pseudoternary phase diagram studies depicted that
an increase in that C- chain length enhances the microemul-
sion existence region for the IL in oil microemulsions. 1L-4,
IL-5, IL-7, and IL-11 were found to be safest and best in terms
of greater microemulsion regions, and were used to prepare
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nanosized clear microemulsions. Although the preliminary
results seem promising, more toxicity evaluation parameters
need to be studied using different in vivo and in vitro
experimental models for establishing these compounds
for human use. Our future efforts are directed towards
exploring the potential of these ILs in delivery of some
hydrophobic drugs.

Declaration of Interest The authors report no declaration of
interest.
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