
National Cancer Institute, although not against P388 lymphocytic leu- 
kemia. 

The data in Table IV was generated as follows. Compound Ila was dissolved 
in saline and administered to mice hosting tumors 1-3 by the subcutaneous 
route and intraperitoneally in the remaining cases. The xenografts (tumors 
1-3) were inoculated into NU/NU athymic Swiss mice by subcutaneous in- 
jection. The activity recordcd is the mean tumor weight change between day 
0 and the final evaluation days which were 15, 1 I ,  and 11 d, respectively. The 
CD8Fl mammary and colon 38 tumors in  CD8FI and B ~ C ~ F I  mice, respec- 
tively, were evaluated after 34 and 20 d. The activity noted for the CD8Fl 
mammary tumor was the median tumor weight change, and for the colon 38 
tumor, the median tumor weight was estimated from the diameter of the 
tumor. The 816 melanocarcinoma was injected intraperitoneally into B L C ~ F I  
mice and evaluated on day 60. Both L1210 and P388 leukemias were injected 
by the intraperitoneal route into CDzFl mice and evaluated on day 30. The 
Lewis lung carcinoma was injected intravenously into B ~ C ~ F I  mice and 
evaluated on day 60. The activity of the last four tumors is expressed as  the 
effect on median survival time. The toxicity of Ila uersus the nine tumors listed 
in Table IV was evaluated on days 15. 11 ,  1 1 ,  34.20, 5, 5 ,  5, and 5, respec- 
tively. 

Disposition Studies with Ila-Doscd male Wistar rats, weighing 220-250 
g (first trial), 285-300 g (second trial), and 240-250 g (third trial) were in- 
jected with Ila dissolved in sterile saline (0.9% w/v) by the intraperitoneal 
route, while control animals received sterile saline (0.9% w/v). All animals 
were necropsied after sacrifice, and the following tissues were fixed in 10% 
buffered formalin: lung, heart, thymus, trachea, thyroid, liver. spleen, pan- 
creas, kidney, adrenal, stomach, duodenum, jejunum, ileum, cecum, colon, 
rectum, lymph nodes, bladder, and reproductive organs. Tissues were processed 
routinely, sectioned at  5 pm, and stained with hematoxylin and eosin. 
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Abstract 0 The tackiness of coating solutions containing high concentrations 
of polymers was determined using a parallel plate technique. Kinematics of 

in practice, display “delayed elastic effects” and require far larger impulses 
than nontacky materials. 

the film-splitting process was also investigated using a high-speed movie 
camera. ~h~ results showed that the impulse required to sp l i t  a liquid film of Keyphrases 0 Film-coating solutions-tablets, tack behavior, viscosity, 
highly solution in to a dilute so- concentrated polymer solutions 0 Viscosity--film-coating solvents for tablets, 
jution is related not to viscosity, but lo the internal structures of the system, tack behavior, concentrated polymer solutions 0 Polymers-concentrated 
Evidence has been found that the materials that are considered to be tacky solutions, viscosity. tack behavior, film-coating of tablets 

The technique of film-coating solid dosage forms has grown 
at an accelerating rate, employing a wide variety of materials 
and coating systems (1-3) .  One of the factors affecting the 
tablet-coating process is the tackiness of the coating formu- 
lations. The concentration of the film formers used in these 
coating formulations depends on the molecular weight, grade, 

and chemical structure of the polymers (4). Generally, the 
concentration of a polymer used in a film-coating formulation 
ranges from 2 to 10% ( 5 ) .  During the drying phase of the 
coating process, evaporation of the solvent occurs. Conse- 
quently, the concentration of the polymer increases, giving rise 
to increasing tackiness until the deposited film is esscntially 
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Figure 1-liquid flow between parallel plates. 

free of solvent (6). The tackiness of various coating solutions 
containing relatively low concentrations of polymers has been 
measured using a parallel-plate technique (7). The present 
study quantifies the tackiness of coating solutions containing 
high concentrations of polymers, i .e. ,  high-viscosity solu- 
tions. 

BACKGROUND 

In a previous communication (7),  it was suggested that the relationship 
between tackiness and viscosity of coating solutions is nonlinear, and the 
following modified Stefan equation was proposed: 

whereft (tack) is the impulse per unit area required to separate two planes, 
initially in contact, through an intervening liquid; 7 is the viscosity (in poises) 
of the liquid; r is the radius (in centimeters) of the plates; hl and h2 are the 
initial and final thickness (in centimeters) of the liquid film; and k’ is the in- 
strumental factor. 

The above relationship was found to be satisfactory, provided that the rate 
of separation of plates joined with a liquid of given viscosity was below a certain 
limit. The upper limit of the speed of separation beyond which the experi- 

rnb 

Figure 2-Schematic diagram of tack measuring assembly in conjunction 
with a high-speed movie camera. Key: (a) load cell 500- or 5000-g capacity; 
(b) crosshead bar: (c) stainless steel probe r = 0.5642 cm: (d) stainless steel 
ring: (e) circular space; Ifl glass plate: (g) pin; (hi high-speed movie camera; 
(i) knob for moving stage; (j) telemicroscope. 

TIME,s 

Figure 3-Stress-time oscillograms at various rates of separation for 30% 
(w/w) aqueous solution of povidone. Key: (a) 8.33 X cmfs; (b) 1.66 X 

cmfs: (d) 8.33 X cmls; (e) 1.66 X 10-1 
cm/s. 

mental tack values obtained are lower than those predicted by EQ. 1 decreases 
with increase in the viscosity of a solution. An earlier study (8) on the tackiness 
of inks suggested that a rapid film separation does not occur by liquid flow, 
but is the result of a viscoelastic response of the liquid, which may react as a 
solid towards rapidly applied stress. This theory was later supported by another 
study performed on the kinematics of liquid film separation (9). Other studies 
(10, 11) acknowledged the existence of limits beyond which obedience to: 

cm/s; (c) 3.33 X 

by Stefan may not be expected, but the authors rejected the basic tenets of 
the viscoelastic theory in their explanation of film splitting at high rates of 
separation. These authors suggested that at high rates of separation, the flow 
conditions consistant with the above equation are upset by theonset of cavi- 
tation, which sets upper limits to the force of separation. On this basis the 
limiting force should be independent of the liquid and the initial distance be- 
tween the plates. This is contrary to the results obtained experimentally. In 
the present study, an attempt is made to clarify the aforementioned dis- 
crepancies. 

Consider two flat circular plates of radius R arranged parallel to each other 

T 1 M E . I  

Figure 4-Stress-time oscillograms at various rates of separation for 60% 
(w/w) aqueous solution of povidone. Key: (a) 3.33 X lo-’ cmfs; (b) 8.33 X 

cm/s: (c) 1.66 X cmfs: (e) 8.33 X 10-2cmfs; 
# 1.66 X 10-lcm/s. 

cmfs; (d) 3.33 X 
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Table I-Tack Values of 30 and 60% (w/w) Aqueous Solutions of Povidone 
and Lecithin at Various Rates of Separation’ 
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Figure 5-Stress-time oscillograms at carious rates of separation for lecithin. 
key: (a) 3.33 X lo-’ cm/s; (b) 8.33 X IO-’cm/s; (c) 1.66 X cm/s: (dj 
3.33 X 

and initially in contact through an interlaycr of liquid of thickness ho (Fig. 
I ) .  When the plates are separatcd, the liquid from the periphery moves toward 
the center of the plates. This centripetal flow of the liquid is directly caused 
by the pressure difference between the peripheral and the central portion of 
the liquid layer ( I  2) .  

When the distance ho between the plates increases by dho in dt seconds, 
the volume of an imaginary cylinder of a radius r between the platcs, increase$ 
by nr2dhG This volume increax is equal to the volume of liquid that must flow 
from the periphery into the above cylindrical space within the same time in- 
terval. The viscous force acting on the above volume of liquid of viscosity q 
is given by q.d2u/dh2.2r.rdr.dh. Here u is the linear viscosity of flow at the 
point (r,h). Therefore, the force F needed to separate the plates must be equal 
to the above viscous force. If the volume of liquid flowing at time dt into the 
cylindrical space *r2dho is less than the latter, thcn the force F needed to 
separate the platcs will be a fraction of the theoretical value. 

With the incrcase in the concentration of a polymer in solution due to 
evaporation of the solvent during the coating process, a transition from low- 
vixosity solution to high-viscosity solution, followed by highly viscous solutions 
(semisolids) occurs. until a solid state is reached. In other words, the fluidity 
of the solution decreases with the increasc in the concentration of the polymer. 
Therefore. it may be difficult for highly concentrated solutions of polymers 
to flow into thecylindrical space between the parallel plates according to the 
conditions described earlier. Furthermore, i t  is also likely that no flow occurs 
at all in  the case of semisolids. Therefore, for highly concentrated solutions, 
the film separation process may be different from the one described above for 
the tack equation. Based on these considerations, experiments were designed 
to study simultaneously the kinematics and dynamics of the film separation 
process. 

cmls; (e) 8.33 X cmfs; fl 1.66 X lo-’  cm/s 

EXPERIMENTAL 

Materiak-Polymers used in this study were hydroxypropyl methylccllulw 
(5 cps)’, hydroxypropyl cellulose2, and pvidone.  Solutions of polymers were 
prepared in distilled water. Lecithin4. a Newtonian liquid, and white petro- 
la tum~~,  a semisolid gel, were also used. 

Preparation of Solutions-The solutions of hydroxypropyl methylcellulose 
( 5  cps) and hydroxypropyl cellulose were prepared by first dispersing the 
polymers in distilled water at 7OoC and SOOC, respectively. and then cooling 
the dispersions with ice-cold water to 25OC to obtain clear solutions. The so- 
lutions of povidone were prepared by simply dissolving the polymer in  water 

1 Methocel “l? Premium (LISP). The I h w  Chemical Co. .  Midland. Mich 
Klucel L F; Hercules, Wilmington. Del. 
Polyvinyl yrrolidone Platdone K 29-32;GAF Corp.. Linden, S.J. 
Lecithin Technical: Anachemia Chemicals Ltd.. MontrCal, Canada. 
Ointment base No. 6; Penrcco. Butler. Pa. 

f t .  g/cm/s 
Aqueous Solution of Povidone 

Rate of Scparation. 30% ( w / w )  600100 (w/w) Lecithin 
cmfs (q = 0.93’poise) (Pseudopiastic) ( q  = 62 poises) 

~ 

3.33 x 10-3 9.02 x 105 3.88 x 105 
8.33 x lo-’ 2.30 x 104 9.45 x 105 3.87 x 105 
1.66 X 2.40 x 104 8.40 x 105 3.86 x 105 
3.33 x 10-2 2.45 x 104 7.65 x 105 3.75 x 105 
8.33 X 2.35 x 104 5 . 3 2  x 105 2.65 x 105 
1.66 X lo-’ 2.42 x 104 6.28 x 105 1.8: x 105 

“h i  = 0 .00108cm.  

at 70°C. All solutions were allowed to stand at  2 5 T  until free of air bub- 
bles. 

Measurement of Viscosity-All measurements were made on a rotational 
cup-and-bob viscometcr6 in conjunction with a strip-chart recorder’. The 
temperature of solutions was held constant a t  25°C. The cup-and-bob ge- 
ometry was varied according to the viscosity of the sample. 

Tack Measurement Assembly -Tack measurements were made using a 
tensile testing machinen. A schcmatic diagram of the tack measurement as- 
sembly has been described in our previous report (7) .  

Assembly for Kinematic Study-Figure 2 illustrates the setup of a 16-mm 
high-spccd motion picture cameraY in conjunction with the tack measuring 
assembly. The movie camera is capable of taking 4000 framesfs. A mechanical 
switching device simultaneously starts the movie camera and the upward 
movement of the crosshead bar (b)  of the tensile tester. 

Measurement of Film Thickness and Tad-The method for measuring the 
thickness of the liquid film has been described in our previous report (7). After 
adjustment of the thickness of the test liquid, the crosshead bar was allowed 
to move upward at a specified speed. The film separation events were rccorded 
on a storage-type oscilloscopeio, where the separation force ( F )  wasdisplayed 
as a function of time. All measurements were made at 25OC. and a minimum 
of six measurements were taken for every test solution at each separation rate. 
The experimental tack values were within a margin of error of f6%. 

RESIJLIS AND DlSCUSSIOlV 

Tack Behavior of Solutions Containing High Concentrations of Polymers 
(High-Viscosity Liquids) -Rheograms of 30 and 60% (w/w) aqueous solutions 
of povidone revealed the former to be Newtonian, whereas the latter is pseu- 
doplastic in nature. The stress-time oscillograms obtained at  various rates 
of separation of these solutions are shown in Figs. 3 and 4, respectively. and 
show that as  the time of separation decreases, the peak force of separation 
incrcases. This response by the above liquids is similar to the one reported for 
the solutions containing relatively low concentration of various polymers (7). 
The oscillograms for the 60010 solution of povidonc at rates of separation 58.33 
X lo-’ cm/s, are similar in shape to those for the 30% povidone solution at 
all rates of separation studied in this investigation. However, the oscillograms 
obtained for the 60% polymer solution vary in shape when the rates of sepa- 
ration are >8.33 X cm/s. This change in  shape of the oscillograms at 
higher rates of separation was also observed in the case of lecithin. a high- 
viscosity Newtonian liquid. In this case, the upper limit of the rate of separation 
beyond which the oscillograms &gin to vary in shape is 1.66 X 1 0 - 2  cm/s (Fig. 
5 ) .  

The tack values of the above solutions are given in Table I .  The tack was 
calculated by dividing the area under the curves of the stress-time oscillograms 
by the s u r k e  area of thc probe. Table I shows that for a 30010 (w/w) aqueous 
solution of povidone. tack is independent of the rate of separation. This is in 
agreement with Eq. I .  However, the tackiness of the 60% polymer solution 
dccrcased with an incrcase in separation rates at >8.33 X cm/s. This 
decrease in tack values cannot be attributed solely to the pseudoplastic nature 
of the above solution, since the tackiness of lecithin, a Newtonian liquid, also 
decreased at rates of separation > I  .66 X 

The above results suggest that there is an upper limit to the rate of sepa- 
ration beyond which the shapes of the oscillograms begin to vary, regardless 

cm/s (Table I ) .  

Rotovisco; Brinkmann Instruments. Inc.. Westbury. N.Y.  ’ lloneywell Electronik 194 Recorder; Honeywell Ltd.. Montrfal. Quibcc. 
Canada. ” lntrron Tensilc Tester Model 1122; lnslron Canada. Burlington. Ontario. 
Canada. 

Hycarn. Model p K2OS4E; Kifer Industrial Park, Santa Clara, Calif. 
10 Model 5 1  13 with SBI2N time base and two SA26 dual differential amplifiers; 

Tektronix Inc.. Beaverton, Ore. 
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Figure 6-Types of liquid flow patterns duringfilm separation. 

of the flow behavior of the liquid. However, there is one noticeable difference 
between the shape of the oscillogram of lecithin and that of the 60% povidone 
solution obtained at  a rate of separation of 1.66 X 10-I cm/s. The slope of 
the ascending portion of the oscillogram (Fig. 5f) of lecithin is constant, 
whereas that for povidone solution (Fig. 4f) decreases gradually. The reason 
for this difference can be explained by simultaneously studying the kinematics 
and dynamics of the film-splitting process. 

Kinematics of Film Splitting-The high-speed motion picture of the film 
separation process revealed four main patterns of liquid film splitting. The 
schematic diagrams of the film-splitting patterns as  observed by projecting 
the high-speed movie are illustrated in Fig. 6. 

Type /-Figure 6a--d represents the various stages of type I film-splitting 
pattern. The shapes of the oscillograms obtained for this pattern of film 
splitting are similar to those presented in Fig. 3. The first portion, i.e., from 
to to 1 1  of the ascillogram (Fig. 3a), displays an increase in force which reaches 
a maximum. This is due to upward movement of the probe, which produces 
an increasing tension in the liquid until it begins to flow toward the center of 
the probe in order to relieve its strain (see Fig. 6b). The force required to 
maintain the centripetal flow is represented by the portion 1 1  to 1 2  of the os- 
cillogram (Fig. 3a). This portion shows a gradual decrease in force from peak 
to zero. At 12, the diameter of the base of the liquid column as seen from the 
bottom of the glass plate is at its minimum. Any further increase in the gap 
between the probe and the plate does not lead to further centripetal movement 
of the liquid, but rather to a necking-down of the column which eventually 
splits (see Fig. 6d). In cases such as above, the experimental ft is equal to that 
calculated using Eq. 1. Therefore, this pattern of liquid film splitting is in 
accordance with the theoretical consideration. 

Type If-The various stages followed by the type I I  pattern of liquid film 
splitting are shown sequentially in Fig. 6e-g. The corresponding oscillogram 
is presented in Fig. 4c. The increase in force exhibited by the ascillogram from 
to to 1 1  is due to the increase in strain in the liquid before it begins to flow. The 
initial velocity of centripetal flow of the liquid is slower than the corresponding 
vertical movement of the probe. During this period a rapid decrease in force 
occurs. This is represented by the oscillogram (Fig. 4c) from t l  to r 2 .  From 
1 2  to 1 3 .  the velocity of the centripetal flow of the liquid increases. but does not 
keep pace with the rate of increase in the gap between the probe and the plate. 
During this time interval, the force gradually decreases to zero. At 13,  the 
diameter of the base of the liquid column is larger than that shown in Fig. 6f. 
The final separation takes place by necking-down of the hourglass column 
(Fig. 6s). The above observations clearly show that the centripetal flow of the 
liquid is not achieved within the time of creation of the cylindrical space be- 
tween the probe and the plate. This means that the conditions described for 
the tack equation are not met. Therefore. in this type of film separation pattern, 
the value of experimentalft is less than that predicted by Eq. I .  

Type ///-The oscillogram (Fig. 4d) corresponds to the film separation 
sequence shown in Figs. 6h-j. As soon as the tension in the liquid reaches its 
maximum, i.e., at t i  in Fig. 4d, the liquid begins to move centripetally but in 
irregular fashion. This type of movement leads to “channeling” of the liquid 

1lYE.. 

Figure I-Stress-time oscillogram at rate of separation of 8.33 X lo-? cm 
for a 70% ( H ~ w )  aqueous solution of povidone; hl = 0.00216 cm. 

and produces a rapid decrease in force as shown by the portion 1 1  to r 2  of ti 
oscillogram. The liquid in channel form continues to move toward the a)  
of the plate. This results in a gradually decreasing force as depicted by t 
portion 12 to 1 3  of the trace. The column arising out of the channeled liqu 
is not cylindrical (Fig. 69. The channel formation of the liquid (Fig. 6j) e 
be seen even after film splitting. As in type 11, the value of the experimeni 
ft is lower than the predicted value. 

Type fV-The oscillogram (Fig. 4f) corresponds to the film-splitting ge- 
quence shown in Figs. 6k-m. When the strain in the liquid is increased, a rapid 
linear increase in force from 10 to t I is recorded. From 1 1  to r 2 ,  an increase in  

force continues but with decreasing slope. Since no centripetal flow occurs 
from 10 to 12. the decreasing slope of the increasing stress from t I to 12 couild 
be attributed to the orientation of polymer molCcules toward the direction of 
flow, thereby reducing the internal resistance of the material until the f l o w  
begins (12). With the further increase in the gap between the probeand t h e  
plate, the liquid moves toward several points instead of moving toward dhe 
center of the plate. This eventually leads to the formation of several filamemts 
(Fig. 6m). During this time, the separation forcedecreases, first rapidly and 
then gradually until it reaches zero, at 1 3 .  

The increase in force with decreasing slope as shown by the portion t i  to 
12 of the oscillogram for povidone (Fig. 4f) was also observed in the case of 
3Wo (w/w) aqueous solution of hydroxypropyl methylcellulose ( 5  cps) and 
3056 (w/w) aqueous solution of hydroxypropyl cellulose. However, in thecase 
of lecithin, the ascending portion of the oscillogram (Fig. 5 )  showed a linear 
increase in force at all rates of separation. 

The results of this simultaneous kinematic and dynamic study of the film 
separation process suggest that the separation force reaches a maximum before 
the centripetal flow of the liquid takes place. The rate of increase in force 
during this time, remains constant if the resistance is purely viscous. A decrease 
in the rate of increase in force occurs in the case of highly concentrated polymer 
solutions and is probably due to the rearrangement of the internal structure 
of the system. The portion of the oscillogram representing maximum to zero 
separation force is dependent on the centripetal flow of the liquid during film 
separation. The shape of this region of the willogram changes with the change 
in pattern of the centripetal flow, which in turn is dependent on the viscosity 
of the liquid and the rate of film separation. 

Tack Behavior of Highly Concentrated Polymer sdutions (SemisolidstThe 
stress-time oscillogram for a 7Wo (w/w) aqueous solution of povidone ob- 
tained at  a rate of separation of 8.33 X cm/s is shown in Fig. 7. The film 
separation process indicated that no centripetal movement of the liquid occurs 
and that film splitting proceeds by simple stretching and thinning-down of 
the filaments. Therefore, the film-separation process is different from that 
described for low- and high-viscosity solutions. 

The stress-time oscillogram obtained is to a certain extent close to the 
stress-strain curve exhibited by the ductile response of plastics a t  high rates 
of separation (13). It can be divided into three regions. The first region rep- 
resented by the portion 10 to 1 1  of the oscillogram (Fig. 7) is predominently 
due to the elastic forces of the liquid. In this region, the force first rises pro- 
portionally to the elongation and then rises less rapidly until it reaches “yield 
point” a t  11. In the second region following the “yield point,’’ the specimen 
offers a pull resistance which is constant over a long period of time: 11-11. Since 
no centripetal flow takes place during this time, the force is mainly due to the 
resistance to elongation of the filament beyond the elastic limit. This second 
region of the curve has been suggested to be due to the “delayed elastic de- 
formation”effects (14). In the third region, 12-13,  “necking” and eventually 
splitting of the filaments occur. In Fig. 7, theft, 9.80 X 104 g/cm/s for 
thinning and final rupture of the filament is only 20% of the total 4.81 X los 
g/cm/s required for the separation of the film. The bulk of theft, 3.83 X lo5 
g/cm/s is devoted to the process of film elongation. 
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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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