
Tack experiments performed with petrolatum, a highly viscous semisolid 
did not show the region of “delayed elastic effects.” This resulted in a rather 
short duration for filament elongation; hence theft was relatively small. 

The above observations suggest that the response of the concentrated 
polymer solutions (semisolids) to applied pull stress is a combination of viscous 
and elastic forces. The “delayed elastic effects” observed are the result of 
configurational elasticity, which is a process associated with orientation, 
alignment, and elongation by the uncurling of large chain molecules. There- 
fore, thef t  required for the elongation of the filament will not only depend 
)n the viscosity of the liquid, but also on the internal structure of the 
ystem. 

Earlier investigators (10- 12) suggested that tackiness is related to the ge- 
metry of the system and the rheological characteristics of the liquid. 
herefore, according to this definition, lecithin, petrolatum, and even water 
a d d  with high concentration of finely divided solids will be considered tacky, 
nce these liquids or dispersions do offer resistance to flow. In actual practice. 
e above materials, unlike povidone solution, are not known to be tacky even 
ough impulse for liquid film separation is required in both cases. Based on 
ese observations, it can be concluded that a tacky material is one that dis- 
ays “delayed elastic effects,” and because of these effects it requires a long 

Wriod of time for filament elongation. This provides a rather large impulse 
fw a given force of separation. 

Tack Effects in Tablet Coating-Coating solutions, when applied to the 
tablets during the coating process, are dilute solutions of polymers of low- 
viscosity grade. Separation of tablets stuck together by a freshly applied 
coating solution will occur by viscous flow. Therefore, the) required will be 
equal for solutions of similar viscosity. As the solvent evaporates during the 
diying phase of the coating process, the solution will reach a semisolid statc. 
At this point, resistance to filament elongation will depend on the molecular 
structure of the polymer. 

Tablet coating solutions usually contain opacifier, plasticizers, and colorants 
to modify the physical characteristics and improve the film-forming properties 
of the polymers. The effect of these additives on the tack behavior of coating 
solutions is under investigation. 
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Abstract 11) The phase behavior of the lidocaine-prilocaine binary system has 
been studied by X-ray diffraction, differential thermal analysis, hot-stage 
microscopy, and IR spectrometry. No intermediate compounds or solid 
solubilities havc been detected. The eutectic composition is close to I : l ,  and 
thc cutcctic temperature is 18 f I “C. Aqueous solubility studies show that 
the lidocaine heat of solubility from the eutectic mixture is different from that 
of the pure drug, whereas i t  is the same for prilocaine. Investigations ofvarious 
lidocaine-prilocaine ratios indicate that the two local anesthetics decrease 
the solubility of each other. The total solubility. however, is affected only to 
a minor extent. 

Keyphrases Lidocainc-binary system with prilocaine, phase diagram and 
aqueous solubility 0 Prilocaine-binary system with lidocaine, phase diagram 
and aqueous solubility 0 Solubility-phase diagram of the lidocaine-prilo- 
ciiinc binary system in water 0 Phase diagram-lidocaine--prilocainc binary 
syztem, aqueous solubility 

Solid-solid interactions are of great interest in the devel- 
opmcnt of pharmaceutical preparations. Dissolution rates, and 
thus bioavailability, of poorly soluble drugs can be enhanced 
by their fusion with water-soluble carriers such as urea or 
polyethylene glycol, which form solid solutions with drugs (1,  
2 ) .  Eutectic mixtures may even be used to prevent freeze-thaw 
coagulation of suspensions (3) .  In  powder technology, on the 
other hand, a eutectic interaction between substances may be 
considered as an incompatibility, making it necessary to use 

some auxiliary substance to inhibit adhesion of the powders 
(4). The physical state in which the drugs are present in such 
fused mixtures is debatable. The dispersion of phenylbutazone 
in  urea represents a “plug compound” (5). Such solid disper- 
sions are known to age (6 ,7) .  

Studies on eutectic combinations of two drugs are rare (8). 
Recently, lidocaine and prilocaine have been reported to form 
a eutectic mixture (9). Since this mixture is liquid at room 
temperature, it has been possible to formulate an effective local 
anesthetic preparation for topical application. The purpose of 
this investigation is to characterize the lidocaine-prilocaine 
system from a physical point of view and to study its aqueous 
solubility. 

EXPERIMENTAL 

Materials-Lidocaine’ and prilocaine’ were used as obtained. To prepare 
the eutectic mixture (EMLA), 49.6% lidocaine and 50.4% prilocaine by weight 
were mixed and heated gently until liquefaction occurred. 

X-Ray Diffraction-An X-ray powder diffraction camera2 with a 50-mm 
diameter and strictly monochromatized CuKa, radiation was used. A small 
amount of the powder was spread out on the glue side of ordinary tape. The 
tape was attached to a thin metal plate, 30 mm in diameter, with an 8-mm 
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Figure 1 -Phase diagram of the nonequilibraied lidocaine-prilocaine sysiem 
determined by hot -stage microscopy. 

central hole. This hole was covered with the tape and sample, and the X-ray 
was passed through; the exposure time was -45 min. To obtain very accurate 
diffraction data, an internal standard of potassium chloride was added to the 
specimens. 

One exposure was performed at 4-5OC. The composition was I :1  and the 
mixture was kept a t  4-5OC for 10 d after having reacted at room temperature 
to form a viscous homogeneous mass. The material was spread out on extra- 
thin foil3 covered with a thin layer of high-vacuum grease to avoid the influence 
of water. The sample holder was very rapidly transferred from the storing room 
to the camera. In this case, the internal standard was elemental silicon. No 
X-ray diffraction lines were registered from the grease-covered foil. 

Differential Thermal Analysis (DTA)-A low-temperature instrument that 
covers the interval of 100-600 K (10) was used. Six different samplescan be 
run simultaneously. 

A rather unusual strategy was used to reach equilibrium, since a long time 
period was involved (several days). Different amounts of the components were 
weighed and mixed at room temperature in individual glass cups. After a few 
days, 20-mg portions were transferred to the DTA sample holders. These were 
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Figure 2-Some typical examples of the DTA registrations of -20 mg lid- 
ocaine plus prilocaine on hearing showing ihe endothermic peaks. Prilocaine 
concentration (mot%): ( I )  85; ( / I )  90: (Ill). 95: ( IV)  100. 
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Figure 3-Phase diagram of the equilibrated lidocaine-prilocaine sys em 
determined by hot-stage microscopy (0). long-lime storage in a thermo la1 
at 19°C. Key: (0) solid but no obsenjed liquid phase; (8) liquid phase clearly 
observed over solid; (A) DTA. 
stored at  4-5OC for different periods of time. The temperature was chosen 
to avoid ice formation. Just before a specific registration was to take place, 
the whole DTA measuring head was alsocooled to 4-5OC. The filled sample 
holders were then rapidly moved from refrigeration to the instrument, which 
was evacuated and further cooled to --20°C before the heating program 
(3OC/min) was started in dry air at atmospheric pressure. 

The accuracy of the temperature reading is estimated to be f 1 O C  according 
to the calibrating procedure performed with standard samples4. The time to 
obtain equilibrium was found to be longer in  the lidocaine-rich part of the 
system than in  the prilocaine-rich part. 

Hotstage Microscopy-Nonequilibrium Conditions- Weighed amounts 
of lidocaine and prilocaine in various ratios were mixed thoroughly and heated 
until melting occurred. The melts were cast on watch glasses and allowed to 
congeal a t  5OC. The solidified mixtures were crushed and then homogenized 
with a mortar and pestle. 

A binocular microscope with a hot stage and a control unit was used5. Phase 
transitions of the specimens were observed between crossed polars, both vis- 
ually and by using a photoelectric sensor to record the changes in light 
transmission. 

A proper amount of specimen was placed on a cooled slide. The specimen 
was observed from 5OC, with a heating rate of I0C/min. The temperature 
at which thecrystals just started to melt, or when using the photoelectricxnsor 
the recorded curve started to change, was taken as the eutectic temperature. 
The temperature a t  which the whole field became dark was considered the 
melting point. 

Equilibrium Conditions-To determine the liquidus curves of the lido- 
caine-prilocaine system and to supplement the results gained by the dynamic 
thermoanalytical methods, a number of equilibration experiments were un- 
dertaken. For these experiments, similar to those performed on ternary 
transition-metal oxide systems ( I  I ,  12), a simple microscope hot-stage device 
comprised of a copper reaction cell (@ = 5 cm, height = 2 cm) and two I-mm 
transparent quartz glass plates were used. The sample was held on the bottom 
plate. which was in direct contact with a copper block supporting the reaction 
cell, tempered by means of a circulating-water thermostat. Continuous ob- 
servation of the sample with the help of a stereo microscope (40X) was made 
through the upper silica plate, and the temperature (5-75OC) of thesample 
was checked by a chromel-alumel thermocouple hxed in the copper block close 
to the sample. The melting temperatures of pure lidocaine, prilocaine, and 
ice (67OC. 37OC. and 0°C. respectively) served as calibration points in the 
temperature determinations. The gas-tight reaction cell was also provided 
with a gas inlet and outlet and a simple manipulator. 

A typical run on this hot-stage was performed in the following way. A 
weighed mixture of lidocaine and prilocaine (in total -5 mg) was kept at an 
appropriate temperature for enough time (-1 d) toget a homogeneous melt 
with a remaining solid phase centered in the droplet. The temperature during 
this primary stage must be low enough to preserve both kinds of crystals ob- 
served: thin platelets (lidocaine) and needles (prilocaine). When the coarse- 
grained original mixture finally was transformed into a more homogeneous 
crystalline mass of lidocaine or prilmine, the temperature was raised in  steps 
until very little solid phase was left in the melt droplet. During this second 
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stage, lasting 1-2 d, checks for equilibrium attainment between solid and liquid 
were made by observing the growth-dissolution response of the crystals to 
small temperature changes. Finally, the highest temperature for a solid-liquid 
cquilibrium, i.e., the melting point, for the mixture was noted as that tem- 
perature a t  which the smallest solid residue to be observed in the microscope 
persisted and showed response to temperature changes. 

For some mixtures the primary crystals were grown after the melting point 
determination by slow cooling and separated for subsequent X-ray analysis 
from the mother liquor by absorbing the liquor on a piece of porous filter paper. 
This was brought in contact with the melt by means of the manipulator. Albeit 
he equilibration experiments were performed in a dynamic atmosphere 
argon, -I0 mL/min) and lasted for long periods, no changes in size and color 
f the melt droplets were observed, thus indicating that evaporation losses were 
egl igible. 

IR Studies-The IR spectra of lidocaine, prilocaine, and EMLA were re- 
xded using an 1R spectrophotometefi. The EMLA samples were prepared 
. -6OC, and the resulting crystals were spread on potassium bromide disks. 
MLA was studied both in crystalline form at low temperatures and in liquid 
irm at room temperature. The spectrum of each sample was recorded 3-4 
mes in succession while its physical condition was observed. 
Solubility Determination--The solubilities in I mM NaOH were deter- 

lined for lidocaine, prilocaine, and EMLA at 25OC. 32OC. 37OC, and 45OC. 
4ther combinations of lidocaine and prilocaine were studied in distilled water. 
quilibrated mixtures of the local anesthetics and water were filtered through 
ass wool and 0.1-pm plycarbonate filters'. The concentrations in the filtrate 

Mere determined by UV spectrophotometry* at 230 nm. The filtrate was an- 
alyzed at fixed time intervals until a constant concentration was obtained. 

I n  thecaseof EMLAand theother combinationsof lidocaineand prilocaine, 
HPLC was used to analyze the two concentrations separately. For the HPLC 
method, a 20-pL loop injection valve and a column (200 mm X 3.0 id.) packed 
with Lichrosorb RP-8 (IO-lm particles) were connected to an 8-pL flow cell 
ir. a spectroph~tometer~. The column was eluted at ambient temperature with 
a methanol-phosphate buffer (70:30 v/v, pH 8.0. I = 0.05) a t  a rate of I 
mL/min. The eluant was monitored at 246 mm with a recorder setting of 0.05 
AUFS. Before injection, the samples were diluted with eluant to a concen- 
tration of 120 to 140pg/mL of lidocaine and prilocaine. The peak hcights were 
compared with those of standards chromatographed under similar conditions. 
Doubling the excess of a mixture did not affect the individual solubilities. 

RESULTS AND DISCUSSION 

Phase Diagram-The phase diagram for the lidocaine-prilocaine system 
obtained by hot-stage microscopy is shown in Fig. 1. In the extreme regions, 
<25% on both sides, visual observations were necessary to estimate the initial 
melting temperature. while the photoelectric sensor could be used in between. 
The results obtained with the two methods were in agrecment. In the regions 
of the higher concentrations of lidocaine and prilocaine, respectively, the di- 
agram indicates the existencc of solid solutions. 

To investigate this further, 4- 15% on both sides were analyzed by X-ray 
diffraction. A solid solubility may be observed as a shift in  the line positions 
according to changes of the unit cell dimensions if  the second component is 
located in  thc interstitial spaccs of thecrystal lattice of the first component. 
Different amounts of the starting materials were observed, and no interstitial 
solid solubility between the components could be detected. This may not ex- 
clude the existence of noncrystalline solid solutions in which the one component 
replaces molecules from the crystal lattice of the other component. The for- 
mation of substitutional solid solutions is favored if the molccular sizes of the 
two substances are similar. 

Another complication in the phase diagram is the shape of the melting point 
curve in the 40-6070 prilocaine range. Instead of coming to a distinctive eu- 
tectic point, the curve only approaches, without touching, the line representing 
the eutectic temperaturc. This and the relatively poor reproducibility of the 
curve on the lidocaine side, may be due to interactions between lidocaine and 
prilocaine and/or to a very slow process to obtain equilibrium between the 
melted and solid phases. The latter may also explain the discrepancy between 
the phase diagram and the X-ray diffraction data about the existence of solid 
solutions. 

Comparing the IR spectrum of crystalline EMLA with those of the single 
components. no significant difference was detected, which indicates that no 
chemical interaction takes place between lidocaine and prilocaine. When 
EMLA melts, the absorbance of some bands are changed in the manner ex- 
pccted in the solid to fluid transition. The characteristic X-ray diffraction lines 
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obtained at  low temperature showed that EMLA contained nothing but the 
two single components. By slowly raising the temperature to room level, all 
lines completely disappeared and only an amorphous liquid remained. 

Since both 1R spectrometry and X-ray diffraction indicated that no 
chemical interaction existed betwecn lidocaine and prilocaine, the effects of 
prolonged equilibration times were investigated. As can be seen from Fig. 2, 
in the region of high prilocaine content, DTA of nonequilibrated samples only 
showed a single peak. After equilibrationof the samples for 3 weeks at  S°C, 
another peak corresponding to the eutectic melting point appeared. I t  was also 
observed that when crystals from a lidocaine-prilocainc mixture (55:45) stored 
for a long time at 5OC were analyzcd after being washed with cold water and 
dried, only lidocaine was found. The analysis was made by IR spectrometry 
and by melting point determination. This, plus the results from the DTA and 
X-ray diffraction studies, strongly suggests that no solid solutions exist on 
either side of the phase diagram. These regions seem to be due to the formation 
of a metastable product during the fusion process. Thus, in an equilibrated 
system, the eutectic consists of a mixture of the pure components, not a mixture 
of two solid solutions. 

To  locate more accurately the eutectic point, a set of lidocaine-prilocaine 
samples (-5 g) were kept for several weeks at temperatures below the liquidus. 
Results of the 19'C runs are shown in  Fig. 3. 

Hot-stage microscopy was also performed under cquilibrium conditions. 
From these results, giving the liquidus curves, and the DTA information, 
mainly giving the eutectic temperature, we arrived at a tentative tempera- 
ture-composition diagram (Fig. 3) very similar to that constructed on thc basis 
of the nonequilibrium experiments (Fig. I ) .  The main differences are in the 
extreme regions and next to the eutectic composition. 

Solubilities-Both lidocaine and prilocaine decrease the surface tcnsion 
of water very little and do not form micclles ( I  3). However, to determine the 
extent of interaction between the two local anesthetics in aqueous solution, 
cquilibrium solubility experiments were conducted. As can be seen from Fig. 
4, the temperature dependence is smaller for pure lidocaine [ A H  = -7.6 f 
0.69 (12) kJ/mol, f SE ( d n ]  than for pure prilocaine [ A H  = -17.5 f 0.58 
(13) kJ/mol]. The lidocaine solubilities are in agreement with those reported 
previously (14). A H  = -8.9 kJ/mol. The total solubility of lidocaine and 
prilocaine when equilibrating water with EMLA has a A H  value of -18.2 
f 0.80 (10) kJ/mol. 

Analyzing the water for lidocaine and prilocaine separately showed that 
lidocaine, in this case. had a slightly higher heat of solubility than prilocaine, 
-21.5 f I .25(lO)and-15.8f0.78(10)  kJ/mol,respectively.Thedifferent 
A H  value of lidocaine in  the presencc of prilocaine and the lower individual 
solubilities of the combined substances demonstrate that solute-solute-solvent 
interactions take place in the aqucous solution. These interactions are also 
seen when the solubilities are determined from different mixtures of the two 
local anesthetics (Fig. 5). I n  one series of experiments. solidified melts of 
lidocaine and prilocaine were studied. Enough mixturc to assure saturation 
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Figure 5-Solubilities of lidocaine (0). prilocaine (A), and lidocaine plus 
prilocaine (0) f rom mixtures of ihe two local anesthetics at 2S"C. Filled 
symbols represent experiments where the component with <SO mol% was 
initially dissolaed in the water. 

with both components was used. After an initial increase due to a change in 
prilocaine solubility. the total solubility of the local anesthetics is affected very 
little compared with the solubilities of the individual substances when the 
molar ratio of the mixture is changed. 

To obtain solutions saturated by only one of the substances, the substance 
with <SO mol% was dissolved in  water before the other was added in excess. 
I t  was possible to make solutions where the prilocaine concentration did not 
reach its saturation level (Fig. 5). Due to the low Saturation concentration and 
the relatively high molar ratio needed, this could not be achieved for lidocaine. 
In this case, the already dissolved lidocaine started to precipitate on the ad- 
dition of prilocaine. The values for systems saturated with both substances 
simultaneously, i .e.,  the first series of experiments, represent the highest ob- 

es. Concentrations lower than the solubility of prilocaine 
at <30 mol% in Fig. 5 do not influence the lidocaine solubility differently. Only 
the total amount of local anesthetics is changed. I t  can be noted that the total 
concentration of the local anesthetics only varies within 30% of the maximum 
concentration (that of pure prilocaine), in the range of 2-100 mol% prilocaine 
in  the mixture. 

Depending on the influence of additives, especially of salts, on the structure 
of water or their ability to compete with solvent water molecules, additives 
will affect the solubility of a solute. To quantify the effect of salts, the empirical 
Setschenov equation is convenient to use ( 1  5): 

In (So /S )  = k,C 

where S and SO are the solub es with and without additive, respectively. 
The Setschcnov coefficient. k,, measures the sensitivity of the activity coef- 
ficient of the solute towards the additivc. The concentration of additive, C, 
is expressed in moles per liter. 

To illustrate the aqueous interactions between lidocaine and prilocaine 
further, the data were plotted according to the equation (Fig. 6). Data from 
both series of solubility experiments coincided. The Setschenov equation could 
be applied to prilocaine up to a lidocaine concentration of 0.01 3 M, with a k, 
value of 0.68 obtained by linear regression through the origin. This corresponds 
to the linear part of Fig. 5 at  >SO mol% prilocaine. As lidocaine approaches 
its highest value of saturation, In (So/S) increases toward infinity. For lidc- 
caine. k,  = 0.09; however, a second linear part with a slope of 1.88 seems to 
exist. The two linear parts correspond to those of lidocaine in Fig. 5 .  Since the 
intersection points in Fig. 5 a t  a prilocaine conccntration of -0.01 3 M do not 
coincide, an intermediate sensitivity of lidocaine to prilocaine might exist. This 
may also be the case for prilocaine. However, the experimental results do not 
permit any further evaluation of the intermediate regions using the simple 
Setschenov equation. As with prilocaine, In (So /S )  of lidocaine approaches 
infinity when the prilocaine concentration getscloser to the maximum satu- 
ration concentration. Other empirical expressions can be used to take this into 
account. 

From a pharmaceutical point of view, the maximum aqueous total solubility 
of the local anesthetics is of interest. In nearly the entire range of lidocaine- 
prilocaine ratios studied. this solubility is 270% of that of pure prilocaine. 
Thus, the different pharmacological profiles of the two local anesthetics are 
more important than the aqueous solubility in selecting a suitable ratio for 
a pharmaceutical preparation. However, the cutectic mixture has the major 
advantage of being liquid at room temperature. For a preparation such as an 
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Figure 4-Setschenoo plots for lidocuine (0) and prilocaine (A) in solutir, 
of the other component. Key: (a)  solubility ojlidocaine. 1.66 X M; 1 
solubility of prilocuine, 3.47 X M. 

oil-in-water cream for topical use, i t  is possible to emulsify the eutectic mixture 
directly without first dissolving the drugs in an inert oil. 

CONCLUSION 

The lidocaine-prilocaine binary system is a simple eutectic containing no 
intermediate compounds. The eutectic composition is close to I : I ,  and the 
eutectic temperature is 18 f 1°C. No solid solubility could be detected. 

The temperature dependence of the individual solubilities of lidocaine and 
prilocaine from the eutectic mixture compared with that of the pure substances 
was higher for lidocaine and the same for prilocaine. For both substances, the 
individual solubilities from the mixture are lower than those obtained using 
the single components in the temperature range studied. This was also found 
for mixtures other than the eutectic. Complex aqucous interactions take place 
between lidocaine and prilowine. These interactions depend on the initial ratio 
of the two drugs. 
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