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Abstract The solubility of an anesthetic drug, LIDOCAINE, in water was investigated in
the presence of ionic, nonionic and zwitterionic surfactants at 25 °C, and the solubility was
found to increase linearly with the surfactant concentration. The molar solubilization ratio,
Rm,s, and Gibbs free energy, �Go

s values for nonionic surfactants fall in the order DDAO
> Brij 35 > Brij 30, whereas for ionic and zwitterionic surfactants the order is DDAPS >

DTAB > SDS. The high negative values of the Gibbs energies in the cases of DDAO and
DDAPS prove them to be better surfactants for solubilizing this drug as compared to the
other surfactants.
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1 Introduction

Quite a high percentage of pharmaceutically active compounds are nearly insoluble in water
thus having low and variable bioavailability [1, 2]. Therefore, several techniques are used
to increase the solubility of such drugs, including the use of surfactants/amphiphiles [3–14].
LIDOCAINE is a common local anesthetic and antiarrhythmic drug. Its IUPAC name is 2-
(diethylamino)-N -(2,6-dimethylphenyl)acetamide. LIDOCAINE is used topically to relieve
itching, burning and pain from skin inflammations, is injected as a dental anesthetic and in
minor surgery. LIDOCAINE is approximately 90% metabolized (de-ethylated) in the liver
by CYP1A2 (and to a minor extent CYP3A4) to form the pharmacologically active metabo-
lites monoethylglycinexylidide and glycinexylidide [15]. The half life of LIDOCAINE is
approximately 1.5–2 hours in most patients, but its presence can be prolonged because of
hepatic impairment (average 343 minutes) or congestive heart failure (average 136 min-
utes) [16].
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Scheme 1 Structure of LIDOCAINE and formulae of the investigated surfactants

However, LIDOCAINE is practically insoluble in water [17, 18] and a number of at-
tempts have been made to solubilize it in various media [19–21]. Although the controlled
release of LIDOCAINE from polymeric micelles and its solubility in liquid supercritical
carbon dioxide have been reported, its solubility in surfactants micelles, the most important
materials in this respect, has not yet been investigated [22, 23]. This fact has, therefore,
prompted us to investigate the solubility of LIDOCAINE in various ionic, nonionic and
zwitterionic surfactant solutions in order to identify appropriate surfactants for its delivery
and solubility enhancement.

2 Experimental

2.1 Materials

N -Dodecyl-N,N -dimethyl-3-ammonio-1-propanesulfonate (DDAPS) (97%) was purchased
from Fluka Biokemika, Dorset, UK. Dimethyldodecylamine-N -oxide (DDAO) (99%), do-
decyltrimethylammonium bromide (DTAB) (98%), and LIDOCAINE (Product No. L-7757-
25G) were obtained from Sigma, Dorset, UK. LIDOCAINE has the polarizability, molar
volume and density values 28.71×10−24 cm3 [24], 228.3 cm3·mol−1 [25] and 1.026 g·cm−3

[25], respectively. Sodium dodecylsulfate (SDS), specifically purified for biochemical pur-
pose, was purchased from BDH, UK, while Brij 30 and Brij 35 (98%) were obtained from
Merck, Germany. The chemical formulae are provided in Scheme 1. All of the chemicals
were used as obtained from the suppliers.

2.2 Methods

2.2.1 Critical Micelle Concentration Determinations

The critical micelle concentration, CMC, of the surfactants was determined from surface
tension measurement. The surface tension measurements were made using a Lauda (TE III)
tensiometer made in Germany. The tensiometer was first calibrated with a known weight
provided by the supplier, and further tested for the surface tension of pure deionized water.
During the measurements, the temperature was kept constant at 25.00 ± 0.01 °C by a Lauda
(E200) water, bath made in Germany.
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Table 1 Surface tension of aqueous solutions of different surfactants as a function of concentration at 25 °C

Concentration
of DDAO
(mmol·L−1)

Surface
tension
of DDAO
(mN·m−1)

Concentration
of SDS
(mmol·L−1)

Surface
tension
of SDS
(mN·m−1)

Concentration
of DTAB
(mmol·L−1)

Surface
tension
of DTAB
(mN·m−1)

1.0 51.60 7.0 43.25 7 42.51

1.2 49.60 7.2 41.95 9 40.82

1.4 47.65 7.4 40.61 11 39.15

1.6 45.54 7.6 39.02 13 37.52

1.8 43.58 7.8 37.65 15 35.71

2.0 43.50 8.0 36.23 16 34.81

2.2 43.50 8.2 36.21 17 34.82

2.4 43.50 8.4 36.21 18 34.80

2.6 43.50 8.6 36.22 19 34.81

2.8 43.50 8.8 36.22 20 34.82

2.2.2 Solubility Estimation

The solubility of LIDOCAINE in different surfactants solutions was determined spectro-
scopically using an Irmeco UV/Vis spectrophotometer (model U2020), USA. For this pur-
pose, 1 mL of surfactant solution was saturated with LIDOCAINE in order to ensure max-
imum solubility of this drug. Vials containing an excess amount of the drug and surfactants
solution were sealed with screw caps having Teflon lined septa to prevent solvent losses
from the samples through evaporation. These samples were then agitated using a magnetic
stirrer for 24 hrs at 25 ± 0.5 °C. These solutions were then subjected to centrifugation at
15,000 rpm by using an ultracentrifuge machine supplied by Sigma, UK. Aliquots were
diluted to the required concentration using surfactant solutions of the same concentration.
The UV measurements were made at the wavelength 263 nm (λmax) for LIDOCAINE. The
blanks used were the respective surfactant solutions having the same surfactant concentra-
tion. The concentration of the drug was obtained using the Beer–Lambert equation. The
calculated extinction coefficient in ethanol at this wavelength is 382 L·mol−1·cm−1 [19].

3 Results and Discussion

The surface tension of the surfactant solutions was measured as a function of concentration
and depicted in Table 1. The results were plotted as a function of concentration which gave
the expected curves (Fig. 1). The CMC obtained from these curves are listed in Table 2 and
agree well with their corresponding literature values [26–29].

The solubility of LIDOCAINE measured in the surfactant solutions showed very small
increase with increasing surfactant concentration, up to their CMC. However, by further
increasing the surfactant concentration beyond the CMC, an abrupt increase in solubility
was observed. Normally, the solubilization of any substance in surfactants is expressed as
the molar solubilization ratio, Rm,s and the micellar–water partitioning coefficient, KM. The
molar solubilization ratio, Rm,s is defined as the amount of drug that can be solubilized by
one mole of micellar surfactant. It is given as [26, 30, 31]:

Rm,s = (Stot − SCMC)/(Csurf − CMC) (1)
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Fig. 1 Surface tension of
aqueous solutions of DDAO,
SDS and DTAB as a function of
their concentration (mmol·L−1)
at 25 °C

Table 2 CMCs and aggregation numbers of different surfactants used in this study

Surfactants CMCexptt
a

(mmol·L−1)

CMClit b

(mmol·L−1)
Aggregation
number

Brij 35 0.051 0.050 [24] 40

Brij 30 0.034 0.035 [23] 101

DDAO 1.820 1.800 [25] 76

SDS 8.200 8.050 [24] 62

DTAB 14.700 14.650 [23] 74

DDAPS 2.500 2.500 [27] 67

aExperimental CMC value from this research

bLiterature CMC value

Here SCMC and Stot are the solubility of drug at the CMC and total solubility of the drug,
respectively. Csurf and CMC denote the molar concentration in solution and critical micelle
concentration of surfactant, respectively. Beyond the CMC, the surfactants monomer con-
centration is equal to the CMC, hence the term (Csurf − CMC) is equal to the surfactant
concentration occurring in micellar form. Therefore, Rm,s is equal to the ratio of the drug
concentration in micelles to the surfactant concentration in the micellar form.

The micelle–water partition coefficient is defined as the ratio of drug concentration in the
micelle to the drug concentration in water, for a particular surfactant concentration, and is
given by [32]:

KM = xM/xa (2)

Here xM and xa are the mole fractions of the drug in the micellar and aqueous phases,
respectively. These quantities are further given by:

xM = Rm,s/(1 + Rm,s) (3)

xa = SCMCVm (4)

where Vm (= 0.01805 L·mol−1) is molar volume of water. By substituting these relations
for xM and xa in Eq. 2 we get another expression for KM:

KM = Rm,s/SCMCVm(1 + Rm,s) (5)
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Table 3 Molar solubilization ratio (Rm,s), partition coefficient (KM), and equilibrium Gibbs energy change
(�Go

s ) of LIDOCAINE in various aqueous surfactant solutions at 25 °C

Surfactants Rm,s Scmc × 103 (mol·L−1) KM × 10−3 �Go
s (kJ·mol−1)

Brij 30 0.026 0.41 3.53 −20.0

Brij 35 0.301 3.05 3.62 −20.6

DDAO 0.460 3.12 3.75 −21.3

SDS 0.211 3.92 3.39 −19.3

DTAB 0.220 3.08 3.51 −20.0

DDAPS 0.350 2.97 3.68 −21.0

Fig. 2 Solubility of
LIDOCAINE (mmol·L−1) in
aqueous nonionic surfactant
solutions at 25 °C

Value of KM of LIDOCAINE in different surfactants systems are given in Table 3. The
trend is the same for all of the investigated systems. The solubility of LIDOCAINE in differ-
ent surfactants has been plotted in Figs. 2 and 3. The results show that among the investigated
nonionic surfactants, the order of solubilization of drug is dimethyldodecylamine-N -oxide
> Brij 35 > Brij 30. Although the aggregation numbers of pure Brij 30 surfactants are
higher than for Brij 35, but the solubility is higher in Brij 35 solution. This trend can be at-
tributed to differences in the number of OE units [33]. However, the solubility of the drug in
DDAO solutions is high due to the possible interactions of the amino oxide group of DDAO
with LIDOCAINE. It is further noted that the Rm,s and KM values for Brij 30, Brij 35, and
DDAO indicate that the solubilization of this drug with intermediate polarity occurs in the
polyoxyethylene head groups (POE) micelles [34, 35], and in the palisade layer between
the hydrophilic groups and the first few carbon atoms of hydrophobic groups (that is, in
the outer core [35]). Apart from this, the LIDOCAINE molecule is also solubilized at the
micelle–water interface due to hydrogen bonding between the NH group and the C=O group
of LIDOCAINE and the OE group of surfactants [33].

The solubilization order among ionic and zwitterionic surfactants is DDAPS > DTAB
> SDS. As all these surfactants have the same hydrophobic chain length but different head
groups, the differences in solubility of LIDOCAINE is considered to be mainly due to the
difference in interactions with the head groups of the surfactants. DDAPS has the ability to
solubilize more drug than DTAB due to its longer chain.
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Fig. 3 Solubility of
LIDOCAINE (mmol·L−1) in
ionic and zwitterionic surfactant
solutions at 25 °C

Knowledge of the thermodynamic properties that control the solubilization process is
quite helpful in understating the process of solubilization. For example, the solubilzation
of drugs occurs by partitioning of drug molecules among the micelle and aqueous phases,
and the standard Gibbs free energy of solubilization, �Go

s , can be calculated by using the
expression [36]:

�Go
s = −RT lnKM (6)

where R is the gas constant, T is the absolute temperature and KM is the mole-fraction-
based partition coefficient between the micelle and aqueous phases. The calculated values
of �Go

s are reported in Table 2. All of the systems investigated displayed negative values
of �Go

s , indicating spontaneous solubilization, and the solubility is directly related to the
Gibbs energy.

4 Conclusion

The solubility of LIDOCAINE was investigated in ionic, nonionic and zwitterionic surfac-
tant solutions at 25 °C. The results show that the solubility is considerably increased if the
concentration of surfactant is higher than the CMC of the surfactant, and the order for the
molar solubilization ratio, Rm,s, and Gibbs energy, �Go

s , values for nonionic surfactants is
DDAO > Brij 35 > Brij 30 while for ionic and zwitterionic surfactants it is DDAPS >

DTAB > SDS. The high negative values of the Gibbs energy in the cases of DDAO and
DDAPS proved them to be better surfactants for solubilizing the drug as compared to the
other surfactants. It was therefore concluded that LIDOCAINE can be solubilized in sur-
factants and the extent of the solubility increase depends upon both the hydrophilic and
hydrophobic groups.
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