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Abstract. Eutectic mixtures formed between active pharmaceutical ingredients and/or excipients provide
vast scope for pharmaceutical applications. This study aimed at the exploration of the crystallization
abilities of two eutectic mixtures (EM) i.e., lidocaine-tetracaine and lidocaine-camphor (1:1 w/w).
Thermogravimetric analysis (TGA) for degradation behavior whereas modulated temperature differential
scanning calorimetry (MTDSC) set in first heating, cooling, and second heating cycles, was used to
qualitatively analyze the complex exothermic and endothermic thermal transitions. Raman
microspectroscopy characterized vibrational information specific to chemical bonds. Prepared EMs were
left at room temperature for 24 h to visually examine their crystallization potentials. The degradation of
lidocaine, tetracaine, camphor, lidocaine-tetracaine EM, and lidocaine-camphor EM began at 196.56,
163.82, 76.86, 146.01, and 42.72°C, respectively, which indicated that eutectic mixtures are less thermo-
stable compared to their individual components. The MTDSC showed crystallization peaks for lidocaine,
tetracaine, and camphor at 31.86, 29.36, and 174.02°C, respectively (n=3). When studying the eutectic
mixture, no crystallization peak was observed in the lidocaine-tetracaine EM, but a lidocaine-camphor
EM crystallization peak was present at 18.81°C. Crystallization occurred in lidocaine-camphor EM after
being kept at room temperature for 24 h, but not in lidocaine-tetracaine EM. Certain peak shifts were
observed in Raman spectra which indicated possible interactions of eutectic mixture components, when a
eutectic mixture was formed. We found that if the components forming a eutectic mixture have crystal-
lization peaks close to each other and have sufficient hydrogen-bonding capability, then their eutectic
mixture is least likely to crystallize out (as seen in lidocaine-tetracaine EM) or vice versa (lidocaine-

camphor EM).
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INTRODUCTION

A eutectic mixture is defined as an intimate mixture of
two or more compounds, which melts at a temperature lower
than those of individual compounds (1). The formation of
eutectic mixture is usually governed by the following factors:
(a) the compounds must be miscible in their liquid state and
immiscible in their solid state (2), (b) intimate physical inter-
action between eutectic-forming compounds is necessary for
contact-induced melting point depression (3), and (c) the
compounds should have chemical groups that can interact to
form physical bonds such as intermolecular hydrogen bond-
ing. Eutectic mixtures can be formed between active
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pharmaceutical ingredients (APIs), APIs and excipients, or
between excipients; thereby, providing a vast scope for their
application in the pharmaceutical industry (4-8).

The first successful application of a eutectic mixture for
topical anesthesia was credited to Jules Aristide Bonain, who
discovered that cocaine hydrochloride, phenol, and menthol
mixture spontaneously transform into a homogeneous liquid
at room temperature (9,10). However, owing to the toxic side
effects of cocaine and the caustic properties of phenol, this
mixture was seldom used. Later on, an emulsion containing
equal amounts of lidocaine and prilocaine, called EMLA (eu-
tectic mixture of local anesthetics) cream, was used for topical
anesthesia (11-13). In a study, the EMLA cream was found to
be more effective compared to a bonain mixture for eardrum
anesthesia (14). However, it was found that prilocaine has a
high propensity to cause methemoglobinemia (15-17). Thus, it
became important to search for more compounds that could
form a eutectic mixture with lidocaine and thereby, improve
its effectiveness (18).

In this study, the eutectic mixtures of lidocaine-tetracaine
and lidocaine-camphor have been explored. All these drugs
are miscible in their liquid state. The selected drugs have
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varied molecular properties. For instance, lidocaine has one hy-
drogen donor but camphor has none (19). They have varied
thermal properties: lidocaine has a moderate melting point of
68°C (20), tetracaine has a very low melting temperature range of
41-42°C (21), and camphor has sublimation property along with a
high melting temperature range of 175-178°C (22). The combi-
nation of lidocaine-tetracaine has been known to enhance their
transdermal permeability (23-25). Similarly, the combination of
lidocaine with a terpene (e.g., camphor) has been reported to
enhance its permeability (26). Thermal analytical techniques,
such as thermogravimetric analysis (TGA), differential scan-
ning calorimetry (DSC) and modulated temperature dif-
ferential scanning calorimetry (MTDSC), have been
extensively used in pharmaceutical development (27-31).
Eutectic mixtures too, have been characterized and analyzed
using these techniques (32,33). Raman spectroscopy has been
used to study eutectic mixtures in chemical industry (34).

In most of the studies on eutectic mixtures, the emphasis
has been on the melting points/ranges of individual compo-
nents of eutectic mixtures. Unlike melting, crystallization is
more specific to the lattice structure of compounds and should
be used in understating eutectic mixtures (35). This study
focuses on the exploration of the relationship between eutec-
tic mixture components, their crystallization behavior, and
their stability. We thus hypothesize that the number of
hydrogen-bonding groups and crystallization behavior of eu-
tectic mixture components affects eutectic mixture stability.

MATERIALS AND METHODS

Materials

Lidocaine (C;4H,,N,0) was purchased from PCCA
(Houston, TX), tetracaine (C;5H»4N,O,) was purchased from
Sigma-Aldrich, and dl-camphor (C;0H;60) was purchased
from Gallipot.

METHODS
Sample Preparation

The individual components (i.e., lidocaine, tetracaine,
and camphor) were used as received. For eutectic mixture
samples: (1) lidocaine-tetracaine were taken in 1:1 w/w ratios
and uniformly mixed and (2) lidocaine-camphor were taken in
1:1 w/w ratio, uniformly mixed and heated in a closed contain-
er placed on a heating plate. The heating was carried out at
30°C for 5 min.

Thermogravimetric Analysis

Lidocaine, tetracaine, camphor, and their eutectic mix-
tures were investigated by thermal gravimetric analysis
(Shimadzu DTG 60). The samples (approximately 5-15 mg)
were taken in an open aluminum pan and heated at a rate of
10°C/min, up to 300°C, with a nitrogen purge.

Modulated Temperature Differential Scanning Calorimetry

The melting and crystallization behaviors of lidocaine,
tetracaine, camphor, and their eutectic mixtures were
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investigated by MTDSC (DSC Q-2000, TA Instrument)
[n=3]. The samples (approximately 5-15 mg) were taken in an
aluminum pan. The pan was sealed and subjected to heating and
cooling cycles. Lidocaine, tetracaine, and their eutectic mixture
were subjected to heating and cooling cycles at a rate of 2°C/min
in a temperature range of —40-100°C. Camphor and its eutectic
mixture with lidocaine were subjected to heating and cooling
cycles at a rate of 2°C/min in a temperature range of —40-200°C.
The first MTDSC cycle (first heating cycle) involved heating
from room temperature up to 100/200°C; the second MTDSC
cycle (cooling cycle) involved cooling from 100/200°C to —40°C,
and the third MTDSC cycle (second heating cycle) involved
heating from —40°C up to 100/200°C. The upper range of
100°C and 200°C were selected because lidocaine and tetracaine
have melting points below 100°C, whereas camphor melts in the
range of 175-178°C.

Crystallization Study

A crystallization study was carried out for lidocaine, tet-
racaine, camphor, and their eutectic mixtures. Lidocaine, tet-
racaine, and camphor were evenly spread on a Petri dish and
their morphology was observed visually. The eutectic mixtures
(1:1 w/w) were prepared and mounted evenly on glass slides
and their morphology was observed visually. These slides
were then left at room temperature for 24 h and analyzed to
visually observe the physical changes in the eutectic mixture
over a period of time due to crystallization.

Dispersive Raman Microspectroscopy

Lidocaine, tetracaine, camphor, and their eutectic mix-
tures were subjected to dispersive Raman microspectroscopy
(Bruker-Senterra). All the samples were mounted on a glass
slide and subjected to Raman light. The aperture of 50x100
pm and the object lens of 20x size were used to focus on
samples. The samples were subjected to a laser beam having
a wavelength of 785 nm and spectral data in the range of 500—
1500 cm ™! wavenumber was collected. A resolution level of
approximately 3.5 cm ™! was set in the instrument.

RESULTS

Thermogravimetric Analysis

The initiation of degradation for the eutectic mixture of
lidocaine-tetracaine was faster i.e., 5% weight loss occurred at
146.01°C, whereas the same for tetracaine and lidocaine oc-
curred at 163.82 and 196.56°C, respectively (Table I). The
TGA data of the lidocaine-tetracaine eutectic system revealed
that lidocaine was most thermostable, followed by tetracaine;
their eutectic mixture was found to be the least thermostable
(Fig. 1). The TGA data for lidocaine showed variability. For
the lidocaine-camphor eutectic mixture, 25% weight loss oc-
curred at 87.76°C; the same occurred at 121.41 and 231.38°C
for camphor and lidocaine, respectively (Table I). The TGA
analysis of the lidocaine-camphor eutectic system revealed
that lidocaine was more stable than both camphor and their
eutectic mixture (Fig. 2). It is important to note that the
system undergoes degradation, since there is a weight loss
with temperature.
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Figures 3 and 4 exhibited excellent fitting, after weight %
in Figs. 1 and 2 was converted into weight loss (%) and plotted
against temperature in order to obtain thermal degradation
profiles for the two EM systems. Lidocaine, tetracaine, cam-
phor, and the lidocaine-tetracaine EM demonstrated expo-
nential fitting, whereas lidocaine-camphor eutectic mixture
revealed linear fitting. The difference in the degradation be-
havior of these two eutectic mixtures clearly signifies the
formation of two distinct systems. Thus, it appears that eutec-
tic mixtures are less thermostable than their individual
components.

Modulated Temperature Differential Scanning Calorimetry

The MTDSC plot of lidocaine showed a single melting
endotherm at 68.17°C during the first heating cycle (Fig. 5a-1)
and a similar endotherm at 68.02°C during the second heating
cycle (Fig. 5c-1). Lidocaine also showed a crystallization
exotherm at 31.86°C (Fig. 5b-1). During the first heating cycle
of tetracaine, a single melting endotherm at 42.93°C was seen
(Fig. 5a-2); but in the second heating cycle, two melting
endotherms at 38.79 and 42.85°C were recorded (Fig. Sc-
2). Tetracaine also shows a crystallization exotherm at
29.36°C (Fig. 5b-2). The thermogram of the lidocaine-
tetracaine eutectic mixture showed a single broad melting
endotherm at 29.95°C (Fig. 5a-3), which can be attributed
to the melting-point depression phenomena of the eutectic
mixture. The thermogram of the lidocaine-tetracaine eu-
tectic mixture showed no thermal events during the
cooling cycle (Fig. 5b-3) and second heating cycle (Fig.
5¢-3).

The MTDSC plot of camphor showed a melting endo-
therm at 175.35°C during the first heating cycle (Fig. 6a-2) and
a broad melting endotherm at 174.59°C during the second
heating cycle (Fig. 6¢c-2). The endotherms in both heating
cycles can be assigned to the melting of camphor. Also, small
endothermic events at 188.62 and 190.67°C were observed in
both the heating cycles for camphor (Fig. 6a-2 and Fig. 6¢-2).
Camphor shows a crystallization exotherm at 174.02°C (Fig.
6b-2). The MTDSC plot of the lidocaine-camphor eutectic
mixture showed broad endotherms at 32.64 and 165.31°C
during the first heating cycle (Fig. 6a-3). Lidocaine-camphor
eutectic mixture also shows a crystallization exotherm at
18.81°C during the cooling cycle (Fig. 6b-3). The second
heating cycle of the lidocaine-camphor eutectic mixture shows
a single endotherm at 67.14°C (Fig. 6¢-3).
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Fig. 1. Thermogravimetric analysis (TGA) plot of lidocaine (green),
tetracaine (blue) and lidocaine-tetracaine eutectic mixture (red)

Crystallization Study

Pure lidocaine appeared like fine white crystalline pow-
der, tetracaine had shiny white flakes, whereas camphor
looked like white crystalline agglomerates (Fig. 7a—c). The
lidocaine-tetracaine eutectic mixture was formed instanta-
neously at room temperature (Fig. 7d, left), whereas the
lidocaine-camphor eutectic mixture was heated in a closed
container at 30°C for 5 min to form the eutectic mixture
(Fig. 7e, left). The lidocaine-tetracaine eutectic mixture ap-
peared as a clear, viscous liquid (Fig. 7d, left). No changes
were observed in the physical appearance of lidocaine-
tetracaine eutectic mixtures for 24 h (Fig. 7d, right). The
lidocaine-camphor eutectic mixture appeared as a clear, vis-
cous liquid on its formation but converted into sharp needle/
rhombic-like crystals after 24 h (Fig. 7e, right).

Dispersive Raman Microspectroscopy

The Raman spectra of the lidocaine-tetracaine eutectic
mixture showed broad overlapping peaks in the region of
1300-1500 cm ™ '. The shoulder of peaks at 1377, 705, and 618
cm ! in the eutectic mixture (Fig. 8a-3 and b-3) correspond to
lidocaine although slight shifts are observed in these peaks.
Significant peak shifts at 1270, 1174 and 848 cm ' were
observed in the lidocaine-tetracaine eutectic mixture Raman
spectra (Fig. 8b-3). Other peaks indicate overlapping areas of
lidocaine and tetracaine in the lidocaine-tetracaine eutectic
mixture. The Raman spectra of the lidocaine-tetracaine

Table I. Degradation Temperatures of the Three Studied Drugs and Their Respective Eutectic Mixtures at 5, 10, 25, and 50% Weight Loss,
Respectively

Sample Weight loss
5+0.5% 10£0.5% 25+0.5% 50+0.5%
Temperature (°C)

Lidocaine 196.56 210.79 231.38 248.12
Tetracaine 163.82 179.86 202.11 219.53
Lidocaine-tetracaine EM 146.01 171.05 195.46 215.94
Camphor 76.86 94.42 121.41 144.48
Lidocaine-camphor EM 42.72 55.47 87.76 140.83

EM eutectic mixtures
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Fig. 2. Thermogravimetric analysis (TGA) plot of lidocaine (green),
camphor (blue) and lidocaine-camphor eutectic mixture (red)

eutectic system confirm the existence of interactions between
lidocaine and tetracaine.

The Raman spectra of the lidocaine-camphor eutectic
mixture showed sharp peaks, corresponding to lidocaine and
camphor. Characteristic peaks of lidocaine at 1262, 703, and
615 cm™! and camphor at 862, 853, and 651 cm™! can be seen
in the eutectic mixture spectra (Fig. 8c, d), indicating that the
components are in their initial form. The spectra of the
lidocaine-camphor eutectic mixture after it turns into solid
crystalline form, i.e., after leaving it for 24 h at room temper-
ature, as seen in morphological study (Fig. 7e, right), is similar
to the lidocaine spectra (Fig. 8c-4 vs. c-1 and Fig. 8d-4 vs. d-1).

DISCUSSION

Thermogravimetric Analysis

TGA analysis can characterize important structural
changes with temperature, and these changes can be used to
study the differences between individual components and EM.
Ma et al. reported significant weight loss for lidocaine at
130°C, which they attributed to lidocaine’s vaporization (36).
However, we did not observe any significant weight loss for
lidocaine at 130°C. Shamsudin et al. performed TGA analysis
on camphor oil and observed ~50% weight loss at ~145°C,
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which is similar to our observations (37). In an accelerated
stability study on lidocaine-tetracaine cream, it was seen that
lidocaine was more stable than tetracaine (38). Similarly, be-
havior is seen in the TGA curves for lidocaine and tetracaine.
Lidocaine, tetracaine, camphor, and the lidocaine-tetracaine
EM demonstrated exponential fitting, whereas lidocaine-
camphor eutectic mixture revealed linear fitting. The differ-
ence in the degradation behavior of these two eutectic mix-
tures not only clearly signifies the formation of two distinct
systems, but also proves that eutectic mixtures are less ther-
mostable than their individual components. This property
could be attributed to the melting point depression phenom-
ena of eutectic mixtures.

Modulated Temperature Differential Scanning Calorimetry

Since the initiation and enthalpy of melting endotherms
of lidocaine in the first and second heating cycles of the
MTDSC plot were similar, 68.17 vs. 68.02°C (Fig. 5a-1 and c-
1), it can be inferred that lidocaine undergoes no significant
molecular change during its crystallization process. For tetra-
caine, a single melting endotherm was observed at 42.93°C in
the first heating cycle, but there were two melting endotherms
observed at 38.79 and 42.85°C in the second heating cycle.
Tetracaine has no polymorphic form, as reported by Giron
et al. (39). Thus, the first melting endotherm (at 38.79°C) in
the second heating cycle may be due to the formation of a
metastable state of tetracaine, which is known to cause a
decrease in the tetracaine melting point (40,41). Also,
Schmidt reported melting points for tetracaine polymorphs I
and IT at 42 and 37°C, respectively (42). Tetracaine also shows
a crystallization exotherm at 29.36°C (Fig. 5b-2). It can be
inferred that tetracaine may be undergoing slight molecular
change during its crystallization process, resulting in the for-
mation of a metastable hydrate form. The thermogram of the
lidocaine-tetracaine eutectic mixture showed a single broad
melting endotherm at 29.95°C (Fig. 5a-3), which can be attrib-
uted to the melting point depression phenomena of the eutec-
tic mixture. Riga et al. observed a eutectic mixture formation
between lidocaine tetracaine at 60:40 w/w compositions, re-
spectively, with a melting point of 15.90°C (43). They also
reported a DSC thermogram of lidocaine tetracaine mixture

¢ Lidocaine (Green)
» Tetracaine (Blue)

« Lidocaine - Tetracaine EM (Red)

270

Fig. 3. Fitting the thermal degradation profiles of lidocaine, tetracaine, and lidocaine-
tetracaine eutectic mixture. Good correlation is present between the experimental data
and mathematical equations



532
60 -
y - 0'0008el 0446x
2 -
0. R?=0.999 M
y = 0.387200335
2 =
20 R?=0.9971
: y=0.4618x- 15.231
= 30 R2=0.999
S
) L ] L]
s
220
=
10 - . .
[ ] L
0 ! .
0 50 100 150

Temperatrure (°C)

Gala et al.

¢ Lidocaine (Green)
. » Camphor (Blue)
« Lidocaine - Camphor EM (Red)

200 250

Fig. 4. Fitting the thermal degradation profile of lidocaine, camphor, and lidocaine-
camphor eutectic mixture. Good correlation is present between the experimental data
and mathematical equations

prepared by solvent evaporation at 50:50 w/w compositions,
respectively [heating rate 2.50°C/min, showing endotherms at
~16 and ~51°C, respectively (43). The thermogram of the
lidocaine-tetracaine eutectic mixture showed no events during
the cooling cycle and second heating cycle. This behavior
signifies that neither lidocaine nor tetracaine crystallizes out
of the eutectic mixture (Fig. 5b-3 and c-3).

Since both initiation and enthalpy of melting for endo-
therms in both heating cycles of camphor are similar [175.35°C
in the first heating cycle (Fig. 6a-2) and at 174.59°C in the
second heating cycle (Fig. 6¢-2)], we can assume that camphor
crystallization has not caused molecular changes in the system
and camphor has not sublimed from the system. Small endo-
thermic events at 188.62 and 190.67°C in the same endotherms
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(Fig. 6a-2 and c-2) were also observed. The reason for these
second endotherms is not reported in the literature and needs
to be explored. The MTDSC plot of the lidocaine-camphor
eutectic mixture showed broad endotherms at 32.64 and
165.31°C during the first heating cycle. The first endotherm
can be attributed to the melting point depression phenomena
of the eutectic mixture. The second endotherm could be due
to the presence of unassociated camphor in the system. Corvis
et al. reported that ideal eutectic point temperature for
lidocaine-camphor eutectic mixture was 307 K, i.e., 33.85°C,
which is closer to the eutectic point temperature of 32.64°C, as
observed in our study (26). The MTDSC plot of the lidocaine-
camphor eutectic mixture also shows a crystallization
exotherm at 18.81°C during the cooling cycle; since this

b Cooling Cycle
1 31.86°C
|
5
gf 29.36°C
g .
5
b= :
[}
I (U]

(2)
3

Temperature (°C)

Fig. 5. The modulated temperature differential scanning calorimetry (MTDSC) plots of
lidocaine (curve 1), tetracaine (curve 2), and lidocaine-tetracaine eutectic mixture (curve 3).
a Thermogram of the first heating cycle. b Cooling cycle. ¢ Second heating cycle
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Fig. 6. The MTDSC plots of lidocaine (curve I), camphor (curve 2), and lidocaine-
camphor eutectic mixture (curve 3). a Thermogram of the first heating cycle. b Cooling
cycle. ¢ Second heating cycle

exotherm is at a lower temperature compared to that of the
individual components, it can be inferred that this system has
undergone significant molecular changes. The second heating
cycle of the lidocaine-camphor eutectic mixture shows a single
endotherm at 67.14°C, which can be due to lidocaine; this
would mean that camphor has sublimed from the eutectic
mixture. This finding was not seen during the MTDSC plot
of camphor. These changes also signify the difference of be-
havior between the lidocaine-tetracaine and lidocaine-
camphor eutectic mixtures (Figs. 5a-c-3 and 6a-c-3). The fact
that lidocaine-tetracaine eutectic mixture does not show any
crystallization or melting during cooling cycle and the second
heating cycle (Fig. 5b-3 and c-2) clearly suggests the formation
of a stable eutectic system. Both lidocaine and tetracaine have
significant difference in their melting temperatures but their
crystallization exotherms are very close to each other (31.86
vs. 29.36°C, Fig. 5b-1 and b-2) and might be playing an impor-
tant role in the stabilization of this system. The simultaneous
crystallization of pure components in these eutectic mixtures
helps in the retention of the weak interactions such as hydro-
gen bonding at molecular level. Vepuri et al. also reports that
the formation of intermolecular interactions such as van der
Waal forces and hydrogen bonds are necessary for formation/
retention of a eutectic mixture (44). The reverse happens in a
system like lidocaine-camphor, wherein the crystallization
temperatures are significantly different from each other (Fig.
6b-1 and b-2). Due to the crystallization of pure components
at their respective temperatures, disruption of any possible
hydrogen bonding is a high possibility which can render the
system unstable.

Crystallization Study

The observation of lidocaine-camphor eutectic mixture hav-
ing to be heated in a closed container at 30°C for 5 min to form
the eutectic mixture was contrary to the report made by Corvis

et al. (26) in which lidocaine and camphor formed a liquid eutectic
mixture instantaneously at room temperature. The change in
morphology of the lidocaine-camphor eutectic mixture at room
temperature (Fig. 7e, right) was due to the significant difference
in the crystallization behavior of the individual components from
the eutectic mixtures. The study clearly suggests that lidocaine-
tetracaine eutectic mixture is more stable than lidocaine-camphor
eutectic mixture (Fig. 7d, right vs. Fig. 7e, right).

Dispersive Raman Microspectroscopy

The Raman spectra of lidocaine, tetracaine, and camphor
were similar to those reported in the literature (41,45,46). The
Raman spectra of the lidocaine-tetracaine eutectic mixture
showed broad peaks which are expected due to the formation

Crystals

0h 24h

e

Fig. 7. The visual appearance of the three studied drugs and their

eutectic mixtures. a Lidocaine. b Tetracaine. ¢ Camphor. d Lidocaine-
tetracaine eutectic mixture. e Lidocaine-camphor eutectic mixture
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Fig. 8. Raman spectra of the eutectic mixture of lidocaine and tetracaine (a-b) and eutectic mixture of lidocaine and
camphor (e-d) in comparison to the spectra of each drug. Spectra from wavenumber 500 to 1000 cm ! (a and ¢) and
from 1000-1500 cm * (b and d)

of eutectic mixtures and possibly due to the molecular disor-
der that occurs in the eutectic mixture. The overlapping, yet
characteristic, Raman peaks indicate the presence of molecu-
lar structure of the individual components. The spectra of the
lidocaine-camphor eutectic mixture after it turns to solid crys-
talline form (i.e., after leaving it for 24 h at room temperature,
as seen in morphological study, Fig. 7e-right) is similar to the
lidocaine spectra, thereby confirming the MTDSC result of
camphor subliming.

Literature search for the hydrogen-bonding groups of
lidocaine, tetracaine, and camphor (19) confirmed that the

pair of lidocaine and tetracaine offers two hydrogen donors
and 7 hydrogen acceptors whereas the pair of lidocaine and
camphor only has one hydrogen donor and 4 hydrogen accep-
tors (Table II). Since both the drugs have hydrogen bond
acceptor and donor groups, it is highly likely that hydrogen
bonding is playing an important role in the formation of
lidocaine-tetracaine eutectic mixtures. (Fig. 8a-3 and b-3).
The total number of hydrogen-bonding groups of lidocaine
and tetracaine EM is almost doubled that of lidocaine and
camphor EM. The absence of hydrogen bond donor in cam-
phor (Table IT) may be used to explain the decrease of the

Table II. The Molecular Structures and Corresponding Hydrogen-Bonding Groups of Three Studied Drugs (19)

No. of hydrogen No. of hydrogen

Drug name Structure donor(s) acceptor(s)
Lidocaine : ’
Tetracaine 1 4

0 1

Camphor




Lidocaine-Tetracaine and Lidocaine-Camphor Eutectic Mixtures

hydrogen-bonding ability of lidocaine with camphor, which
leads to crystallization from its EM as observed in the 24-h
samples. In a study, Schmidt showed the importance of corre-
lation between molecular structure and crystal polymorphism
in local anesthetic drugs (42). Thus, it appears that lidocaine
and tetracaine on formation of eutectic mixture interact with
each other via hydrogen bonding, which retards the crystalli-
zation process of lidocaine, tetracaine, and their eutectic mix-
ture. However, for lidocaine and camphor, due to lack of
sufficient hydrogen bond-forming groups and their preferen-
tial crystallization at significantly different temperatures, their
crystallization process is not retarded.

CONCLUSION

There is a good potential to formulate lidocaine-tetracaine
eutectic mixture as it is stable and shows no crystallization when
the EM was left in room temperature for 24 h. It can be con-
cluded that if the components of a eutectic system have sufficient
intermolecular physical interacting groups, and if their crystalli-
zation peaks are close to each other, then the eutectic system will
tend to remain stable. This finding would be critical when
selecting the components for a formulation which is based on a
eutectic mixture, so as to ensure that no components crystallize
out of the formulation.
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