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RN104 (2-[2-(cyclohexylmethylene)hydrazinyl]-4-phenylthiazole) is a thiazolylhydrazone
derivative with promising in vitro and in vivo antifungal activity. A stability indicating high-
performance liquid chromatography with diode-array detection (HPLC-DAD) method was carried
out using C18 end-capped column (250 x 4.6 mm, 5 um) and a mobile phase composed of water
and acetonitrile (15:85 v/v) at a flow rate of 1.2 mL min’, injection volume 25 pL. and DAD
detection at 240 nm. The method showed to be selective, linear in the range of 20 to 240 ug mL",
precise, accurate and robust. RN104 forced degradation study under different stress conditions
(acidic, alkaline and neutral hydrolysis, oxidation, photolysis and thermolysis) was performed
using the validated analytical method. The results showed that RN104 underwent significant
degradation when subjected to alkaline hydrolysis and oxidation by metallic ions. Quantum
mechanics calculations were carried out to assist in the structural elucidation of the formed
degradation products. The obtained data may be useful for the development of future formulation
based on RN104.
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Introduction

A limited therapeutic arsenal is currently available
for the treatment of fungal infections, mainly for
immunocompromised patients. In addition, the incidence
of fungal resistance to conventional drug has become
a challenge for the health system.! Therefore, the
development of new antifungal drugs more effective, safe
and active against resistant strains is highly relevant.? In
this context, a series of thiazolylhydrazone derivatives
was developed by our group, and among them, the
compound 2-[2-(cyclohexylmethylene)hydrazinyl]-
4-phenylthiazole (RN104) (Figure 1) displayed clinically
relevant in vitro and in vivo activity against fungi of the
genera Cryptococcus spp. and Candida spp.>?

Results of antibiofilm activity demonstrated that
RN104 was effective in reducing biofilm formation by
cryptococcal species and Candida albicans. RN104 was
also able to interfere with adhesion capacity of Candida
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Figure 1. RN104 chemical structure.

yeasts to human buccal epithelial cells. In addition to
in vitro models, RN104 was evaluated in the invertebrate
models using Galleria mellonella larvae infected
with Cryptococcus gattii, Cryptococcus neoformans
or C. albicans and in cryptococcal murine model of
infection. RN104 at dose of 5 mg kg'!' significantly
prolonged survival of infected larvae and at the dose
of 10 mg kg per day over 15 days was as effective as
fluconazole in prolonging the survival of mice infected with
C. gattii and C. albicans.” In a preclinical pharmacokinetic
study in mice,® RN104 was rapidly absorbed, reaching
the maximum plasmatic concentration 20 min after
administration. The bioavailability of per os route was
approximately 40% of the intraperitoneal route.®
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The acute toxicity of the RN104 was evaluated and no
mortality or toxic effect was observed in mice treated at dose
of 300 mg kg'.” Thus, considering the promising results
displayed by RN 104, the evaluation of the physicochemical
characteristics and stability are important to confirm
its potential as a possible drug candidate. The stability
study performed for a drug candidate is a key step in the
research and development of new drugs.®® The obtained
results from stability studies have predictive potential
in pharmacotechnical development; besides indicate the
formation of possible toxic degradation products (DP) and
the ideal storage conditions for the new drug.?

For the development of a stability indicating method,
the exposure of the drug to different forced degradation
conditions, such as photolysis, thermolysis, oxidation, and
hydrolysis, is required by regulatory agencies worldwide.*!!
For these studies, high performance liquid chromatography
(HPLC) is the most recommended technique, due its high
sensitivity and specificity.'?

The identification of DP is a complementary study and
provides a deep understanding regarding the pharmacological
and toxicological impacts of the drug degradation. Quantum
mechanics calculations (QMC) is a useful tool to predict the
degradation pathways and the chemical structures of the DP
formed in different conditions. QMC approach may support
experimental data by calculating the reaction energy using
statistical thermodynamics.'*

Hence, the aims of this study were to develop and validate
a stability-indicating method by high-performance liquid
chromatography with diode-array detection (HPLC-DAD)
and to evaluate the stability of RN 104 in a forced degradation
study under different conditions (acidic, alkaline and
neutral hydrolysis, oxidation, photolysis and thermolysis).
In addition, we proposed the chemical structures of the DP
formed in the forced degradation studies.

Experimental
Instrumentation and reagents

HPLC analyses were carried out on an Agilent® 1100
series HPLC-DAD (Agilent® Technologies, Santa Clara,
CA, USA) system composed of a quaternary pump, an
on-line degasser, an auto sampler, a column oven and a
diode array detector (DAD) with data acquisition from
ChemStation software (Agilent Technologies, Santa
Clara, CA, USA). A Nucleodur C18 end-capped column
(250 x 4.6 mm, 5 pm) (Macherey-Nagel, Diiren, Germany),
kept at 30 °C was used. The mobile phase was composed
of acetonitrile (Merck, LiChrosolv-Merck, Germany)
and water (ultra-pure water was prepared from a Milli-Q
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water purification system from Millipore, Bedford,
MA, USA) (85:15 v/v), at a flow rate of 1.2 mL min.
The injection volume was 25 pL and detection was
performed at 240 nm.

RN104 was synthetized in-house at the Laboratdrio de
Quimica Farmacéutica of Faculdade de Farmacia (UFMG),
as previously described by our group (purity 97.1%).*
Ultra-pure water was obtained from a Millipore system
(Bedford, MA, USA). Acetonitrile and methanol (HPLC
grade) were purchased from Merck (LiChrosolv-Merck,
Darmstadt, Germany). All other chemicals used in the
study, sodium hydroxide (NaOH, Synth, Diadema, SP,
Brazil), hydrochloric acid (HCI, Neon, Suzano, SP, Brazil),
hydrogen peroxide (H,O,, Supelco, Darmstadt, Germany)
and ferric chloride (FeCl,, Synth, Diadema, SP, Brazil)
were of analytical grade.

Method validation

RN104 stock solution was prepared by weighing 25 mg of
the compound and transferring to a 25 mL volumetric flask.
The volume was completed with acetonitrile, so a 1 mg mL!
solution was obtained. The stock solution was diluted with
mobile phase for the construction of the calibration curve and
six different concentrations were prepared, corresponding
to 20, 60, 100, 140, 180 and 240 pg mL' of RN104. Three
calibration curves for concentration versus peak area were
plotted and the obtained data were subjected to regression
analysis using the ordinary least squares method (OLSM).
Peak areas of E isomer of RN104 were considered for
method validation. The linearity was evaluated by means of
coefficient of determination (r?) and coefficient of correlation
(r).'* Analysis of variance (ANOVA) was used to verify the
significance of regression and the deviation from linearity
(o =0.05)."

Intra-day and inter-day precisions were evaluated by
the proximity between the results of the six replicates at
100% of nominal concentration (200 pg mL™"), individually
prepared and injected in triplicate. In the intra-day
precision, the samples were prepared by the same analyst
and analyzed in the same analytical run (n = 6). Inter-day
precision differs from the previous test since the samples
were prepared by different analysts, on two different days
(n = 12). RN104 concentrations were determined and the
relative standard deviation (RSD) was calculated.!*

The accuracy was verified by nine determinations
within the linear range, with three replicates of each
concentration: 20, 120 and 240 pg mL"! (10, 60 and 120%
of the nominal concentration, respectively).'* At each
level, samples were prepared and the recovery percentage
was determined.'®
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The limits of detection (LOD) and quantification (LOQ)
of RN104 were expressed by the equations obtained from
parameters of the analytical curve. From the calculated
values, the experimental determination of LOQ and LOD
was performed based on the signal-to-noise ratio. Diluted
solutions of RN104 were prepared and injected in the
chromatographic system, at decreasing concentrations. For
the LOQ), the signal-to-noise ratio should be 10:1, whereas
for LOD is 3:1."

The selectivity of the method was tested by the
evaluation of the spectral purity analysis of RN104 peak
(240 pg mL") by means of the diode array detector
(DAD). In addition, solutions of RN104 at 200 ug mL",
RN103 (synthesis intermediate) and 2-bromoacetophenone
(reagent used in synthesis) at 20 ug mL"! were injected in
the HPLC system, isolated and simultaneously.'

In order to carry out the robustness evaluation,
variations were introduced on the analytical parameters,
using Youden test. RN 104 sample solutions (200 pg mL™")
were prepared and analyzed under the established
conditions for the method and the following variation of the
analytical parameters were analyzed: detector wavelength
(260 nm), oven temperature (35 °C), mobile phase flow
rate (1.0 mL min™"), mobile phase composition (ACN:H,0;
80:20), brand of the chromatographic column, brand of
acetonitrile and chromatograph model.'*!

Forced degradation study

The intrinsic stability of RN104 was evaluated by
submitting the compound to several stress conditions, as
established by international guidelines.”!'>!3 To prepare
the stock solution of RN104, about 20 mg of the compound
was weighed and transferred to a 50 mL volumetric flask
and the volume of the flask was completed with acetonitrile,
resulting in a 400 ug mL! solution. An aliquot of 5 mL of
the stock solution of RN104 was transferred to a 10 mL
volumetric flask, and the volume was completed with the
appropriate diluent, resulting in a 200 pg mL™' solution.
The diluents used for each degradation condition were
2 M HCI solution (acid hydrolysis), 2 M NaOH solution
(alkaline hydrolysis), ultrapure water (neutral hydrolysis),
0.6% v/v H,0, solution (oxidation) and 0.02 M FeCl,
solution (oxidation by metal ions). The final volume of
the volumetric flask was divided into two round-bottom
glass tubes with lid, the first one was conditioned at room
temperature (23 °C) and the second one stored in an oven at
50 °C, both protected from light. For each condition, blank
solutions were also analyzed, keeping the same storage
conditions of the tested samples. Aliquots of blank and test
tubes were analyzed after 0, 24, 48 and 72 h. To obtain the
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UV-Vis absorption spectrum of possible complex formed
between Feion with RN 104, the degradation reaction was
repeated in the same conditions described above. At the end
of the reaction, the solvent mixture was allowed to evaporate
in a 10 mL headspace vial, to give a reddish brown residue
that was used without purification. Then, the experimental
UV-Vis spectrum in scan mode of residue and RN104
solutions in acetonitrile at 0.02 mg mL"! was performed.

For the dry heat tests, about 1.0 mg of RN104 was
exactly weighed in a watch glass. The glasses were covered
with foil and stored in the oven at 105 °C. After 24, 48 and
72 h, each sample was diluted with 5 mL of mobile phase
and analyzed. For the photodegradation test, the accurately
weighed samples (about 1.0 mg) were packed in small glass
tubes and transferred to the photodegradation chamber
(1.2 million lux h! (visible light) and 200 W h" m? (UV)).!8
After 24, 48 and 72 h, samples were diluted with 5 mL of
mobile phase and analyzed.

After the evaluation of the initial results of forced
degradation tests, a degradation kinetic study for the
conditions that presented considerable degradation was
carried out, in milder conditions, and aliquots were
withdrawn every hour, for 12 h. For this kinetic study,
the concentration of RN104 in the stock solution was
maintained, reducing the concentrations of degradation
agent and the exposure time (72 to 12 h) in each condition:
0.2 M HCl solution (acid hydrolysis), 0.2 M NaOH solution
(alkaline hydrolysis), ultrapure water (neutral hydrolysis),
0.6% v/v H,0, solution (oxidation) and 0.02 M FeCl,
solution (oxidation by metallic ions). Samples were kept at
room temperature (23 °C) and protected from light.

Quantum mechanics calculations (QMC) of RN104 and
its DP

QMC were performed aiming to theoretically investigate
RN104 hydrolysis and Fe complexation as a strategy to
support experimental findings. Furthermore, electronic
structure and properties were useful to propose a potential
mechanism of investigated processes. Initially, the structure
of RN104 was built and a conformational analysis was
performed using OMEGA 3.1.2.2."2° Subsequently, the
obtained minimal energy conformer was submitted to an
energy minimization using density functional theory (DFT)
employing B3LYP functional® and 6-311g (d,p) basis set.?>%
From this result, two different approaches were considered:
(i) electronic properties of RN104 were calculated aiming
to investigate its reactivity and, (ii) the RN104-Fe complex
(in a 2:1 proportion) was built aiming to simulate its UV
absorption spectra. Therefore, both approaches were carried
out as complement to elucidation of formed DP by hydrolysis
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and Fe addition, respectively. Then, the optimized structure of
RN104 and its Fe-complex was submitted to another energy
minimization and time dependent-DFT (TD-DFT) study
using acetonitrile environment simulated by the integral
equation formalism variant of polarizable continuum model
(IEF-PCM).>** The simulated UV spectra were calculated
using time dependent DFT approach and the 20 most
energetic excitation states. All QMC were performed in
Gaussian 09 package? similarly to other previous works.?2
It is important to mention that there are other DFT studies
with similar level of theory on the hydrolysis of organic
compounds® and to predict physicochemical and biological
properties of drug-like compounds.®*3! As recommended by
the literature, 6-311g (d,p) basis set was chosen due to the
polarization functions responsible for describe heteroatoms
and hydrogen influence on the electronic structure. Lastly,
although there are other functionals most indicated to metal
complexes calculations (e.g., M06), the major interest
in current work is UV-Vis absorption spectra rather than
metal bond lengths and angles. The combination of B3LYP
functional and 6-311g (d,p) basis set was used due to the
ability to predict both electronic structure and properties
as well as the UV-Vis absorption spectra in agreement with
experimental data.’>*

Results
Analytical method development

The concentration of RN104 optimized for the method
was 200 pg mL-'. Initially, mobile phase composed
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of acetonitrile and water (80:20) was tested at a flow
rate of 1.0 mL min', injection volume of 25 pL and
column temperature at 30 °C. Under this condition, the
chromatographic profile and the UV spectrum in the
range from 200 to 400 nm were verified. The wavelength
at 240 nm was selected for RN104 detection. Using the
initial conditions, RN104 presented retention time of
10 min. Then, changes were made to the chromatographic
conditions to decrease the run time and solvent consumption.
By changing the flow rate to 1.2 mL min' and the mobile
phase to acetonitrile and water (85:15), the retention time
was 5.9 min. Under these optimized conditions, the method
was able to solve RN104 (Z) and (E) isomers (Figure 2).
The thiosemicarbazones derived from aldehydes, such as
intermediate compound for RN104 synthesis, tend to form
preferentially E isomer, thermodynamically more stable.
Through the validated method, this observation could be
confirmed, since the RN 104 solutions presented about 94%
of E isomer and 6% Z isomer.

Method validation

Linear correlations were found between the peak areas
and the concentrations of RN104 in the assayed range
of the method. The statistical model used was OLSM
(y=66.488x—29.771), the coefficient of determination (r2)
was 0.9999, while the coefficient of correlation (r) was
0.9979. Some basic assumptions were tested and the first
one was outlier test using the Jackknife method. After
the elimination of the outlier, the demonstration of the
normality of the residues was performed applying the
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Figure 2. Chromatogram obtained from the injection of the mixture of RN104 and the intermediate product of the synthesis 1 and starting material 2.
1: RN103, tg = 2.48 min; 2: 2-bromoacetophenone, t; = 2.75 min; 3: RN104 (Z), t; = 5.41 min; 4: RN104 (E), t; = 5.95 min.
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Ryan-Joiner method; the independence of the residues by
the Durbin-Watson method and the homoscedasticity of the
residues by Brown-Forsythe method. Moreover, regression
significance and absence of deviation from linearity were
confirmed by ANOVA (o = 0.05).'*1

In the intra-day precision, the determined mean content
was 92.4%, and RSD = 1.3%. For the inter-day precision,
the mean content was 92.6% and RSD = 1.3%. Thus,
according to the criteria established by the Association
of Official Analytical Chemists (AOAC), the developed
method may be considered precise, since RSD < 2.7%
was obtained.'®

The accuracy results are shown in Table 1. Recovery
rates between 99.7 and 103.4% and RSD 2.0% indicated
that the developed method presented adequate accuracy for
the quantification of RN104.16

The calculated LOD and LOQ were 0.45 and 1.21 uygmL",
respectively. When sequential dilutions of a RN 104 solution
were performed, the experimental LOD and LOQ were 0.17
and 0.72 pg mL"', respectively. The LOD and LOQ values
found based on the signal-to-noise ratio were considerably
lower than those calculated by the curve equation and closer
to the actual values, since they were obtained from the diluted
solution response. These values show that the validated
method presents adequate sensitivity to quantify RN104 in
the proposed concentration range.

Spectral purity of RN104 chromatographic peak
was attested, since the purity angle was smaller than the
threshold angle, showing that no interfering products elute
at the same retention time of the compound. The developed
and validated method was also able to separate and identify
the starting materials and intermediate product of synthesis*
(Figure 2).

The assayed analytical parameters and the obtained
results are shown in Table 2.

According to the obtained values, it can be observed
that the developed chromatographic method is robust in
relation to the RN104 content when some variations were
induced, since the highest variation was 1.5%, when the
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Table 1. Accuracy results for the quantitation of RN104 using the HPLC-
DAD method

Level Recc:;[/)ery / i:cr)lv/ef% R?;: /
101.4

Low (20 ug mL™") 104.4 103.4 1.7
104.4
99.9

Middle (120 pg mL") 100.2 99.7 0.6
99.0
100.7

High (240 pg mL") 100.7 100.1 1.1
98.8

Mean - 101.0 2.0

RSD: relative standard deviation.

brand of chromatographic column was changed. Besides the
content, the variation of the retention time, the symmetry
of the peak, the number of theoretical plates and the
resolution were also evaluated. Regarding the retention
time, the proportion of the mobile phase was the variable
that presented higher impact, since reducing the proportion
of acetonitrile decreases the eluent strength, leading to an
increase in retention time of RN104 (from 5.9 to 7.6 min).
The symmetry of RN104 peak was mostly compromised
when changing the brand of the chromatographic column,
due to the lower efficiency of varied column.

Forced degradation study

Initially, RN104 degradation tests were carried out
under drastic conditions, employing high concentrations of
degrading agents. Spectral purity of RN 104 chromatographic
peak was attested during the method validation and over the
degradation study. Longer analytical runs (30 min) were
assessed at each degradation condition; however, all formed
DP were eluted until 10 min. Analyzes were performed at
24, 48 and 72 h and the results are shown in Table 3.

Table 2. Impact of variations in the analytical parameters on the RN104 content in the robustness validation

Parameter Nominal and variable Influence in the percentage content (X — x)*
Detection wavelength / nm A =240; a=260 0.99
Column temperature / °C B=30;b=35 —0.63
Mobile phase flow rate / (mL min™) C=12;c=1.0 -0.51
Mobile phase composition D =85:15;d = 80:20 0.34
Brand of chromatographic column E = Macherey Nagel; e = Merck —-1.46
Brand of acetonitrile F = Lichrosolv Merck; f = PRQUTMIOS -0.38
Chromatograph model G = Agilent 1100; g = Agilent 1200 —-0.50

‘Difference in RN104 content (%) between nominal and varied condition.
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Table 3. Degradation of RN104 in forced degradation study

o Degradation / %

Condition

24 h 48 h 72 h
NaOH (1 M), 23 °C 100.0 100.0 100.0
NaOH (1 M), 50 °C 100.0 100.0 100.0
HCI1 (1 M), 23 °C 46.3 46.5 46.6
HCI (1 M), 50 °C 69.2 67.3 71.5
Water, 23 °C 12.8 18.2 22.0
Water, 50 °C 27.9 31.0 332
Light, 23 °C 1.5 12.8 19.3
Dry heat (105 °C) 10.8 12.3 12.0
H,0,(0.3% v/v), 23 °C 100.0 100.0 100.0
FeCl; (0.01 M), 23 °C 100.0 100.0 100.0

For the acid and alkaline hydrolysis at 50 °C and at
room temperature (23 °C) the degradation of compound
RN104 was higher than the recommended percentage of
up to 30%.** RN104 undergoes neutral hydrolysis at both
tested temperatures, but with a lower extension than the
acid and alkaline hydrolysis. The degradation products
formed in alkaline hydrolysis are exclusive to this pathway,
while those from acid and neutral hydrolysis seem to be
similar (Figure 3).

The results of photolytic and thermolytic studies
indicated that RN 104 is sensitive to light and heat, since
the degradation resulting from both conditions was higher
than 10% after 72 h.>* For these conditions, there was no
formation of a major DP observed in the chromatograms.
RN104 was completely degraded in oxidative conditions
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and in the presence of metallic ions. In spite of an intense
RN104 degradation was found, no additional peak
corresponding to degradation products was observed in
chromatograms under these conditions.

The stability-indicating method was developed and
validated considering the worst case, in which there is the
formation of several DP aiming to prove that the method
would be able to separate these substances from the main
compound.

In order to establish a more realistic degradation
profile of RN104, degradation kinetics during 12 h were
performed at room temperature, with lower concentrations
of the degrading agents. For kinetics of acid and alkaline
hydrolysis, the concentrations of degrading agents were
reduced from 1 to 0.1 M. Both conditions showed a
significant decrease in the concentration of RN104 over
time, but alkaline hydrolysis showed to be more intense than
the acid. After 12 h, RN 104 presented degradation of 20.8%
in the acid medium and of 80.6% in alkaline medium. At
the same time interval, RN 104 was not degraded in water
(neutral hydrolysis), since its concentration remained above
98%. The graphs demonstrating the degradation (%) and
content (%) of RN104 during 12 h are presented in Figure 4.

For all hydrolytic conditions, the reactions followed
a first-order kinetics, in which the rate of degradation
depends on the concentration of the reactants. The
degradation rate constant (K,.,) was calculated from
the equation —K/2.303 = a, where a is the slope of the
line obtained from the natural logarithm of the RN104
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Figure 3. Chromatogram of RN104 under hydrolytic conditions at 50 °C, after 72 h. Black line: acid hydrolysis (1 M HCI); green line: basic hydrolysis
(1 M NaOH); red line: neutral hydrolysis. RN 104 retention time = 6.0 min. Peaks 1-5: degradation products formed at hydrolytic conditions; peaks 6 and

7: RN104 Z and E isomers, respectively.
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Figure 4. Hydrolysis condition (H,0O, 0.1 M HCl and 0.1 M NaOH) graphs demonstrating content (%) and degradation (%) of RN104 during 12 h.

concentration (Ln C) versus time (hours).*® The neutral
hydrolysis presented the lowest K,,,, corresponding to
0.0015 h'!, whereas alkaline hydrolysis showed the highest
value (0.0627 h™"). K., obtained for acid hydrolysis was
0.0047 h'.

Since in the initial evaluation of oxidative conditions
by H,0, (0.3% v/v) and metallic ions (FeCl;, 0.01 M) we
could not detect the peak of RN104, the exposure time of

the compound was reduced for the kinetic study. Then, the

Metallicions (FeCl,)

A A 905
90.0
g _
c 605 =
S 60.0 4 =
s L s
20 o
8 300 30.5
0.0 . = 05
0 1 2
Time (hours)

A Degradation (%)

degradation of RN 104 by H,0, at the end of the experiment
(12 h) was 26.4% (Figure 5). During the analysis process,
it was verified that the solution showed a yellow color
immediately after the addition of H,0, and it turned orange
during the experiment time.

RN104 showed to be very labile to degradation
catalyzed by metallic ions (FeCl,), since immediately
after the addition of the degrading agent, the color of the
solution was changed (from colorless to red) as well as
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Figure 5. Oxidation (0.3% v/v H,0,) and metallic ions (0.01 M FeCl;) conditions demonstrating content (%) and degradation (%) of RN104 during 12 h.



578 Stability Indicating Method for a Thiazolylhydrazone Derivative with Antifungal Activity

its odor. The content of RN104 found at the initial time
(t,) was 39.5%, confirming the rapid degradation or even
the formation of a complex with Fe™. It was possible to
follow the reaction kinetic only until the second hour,
since 99.0% of the compound had already been degraded
at this time.

QMC of RN104 and its DPs

From electronic structure of RN104, it can be seen that
the region of the hydrazone moiety is positively charged
(Figures 6a and 6b). Therefore, this is the most favorable
region to perform Coulomb interactions with an electron
rich group from another molecule (i.e., a nucleophile).
Furthermore, the carbon of the hydrazone group has high
probability to accept one electron (Figures 6¢ and 6d).
Both results indicate that the attack of a water molecule
(nucleophile) on the carbon atom of the hydrazone
group is favorable and corroborates the experimental
data obtained in this present work and previous results
with other thiazolylhydrazone derivative studied by our
group.¥

After energy minimization of RN104, the construction
of RN104-Fe complex was done based on the experimental
elucidation of other metal(IIT)-ligand complexes.**® Two
minimized molecules of RN104 were positioned near Fe™
atom so that its thiazolylhidrazone group interact directly
with the metal. After, the built complex structure was also
minimized in both vacuum and acetonitrile environments
with DFT followed by TD-DFT calculations.

The simulation of RN104 UV-Vis absorption spectra
corroborates the experimental spectrum (Figures 7a and
7b) showing two main peaks at 250 and 280 nm.
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Discussion

RN104 is a new antifungal with promising activity
against Cryptococcus spp. and Candida spp.* Considering
the potential for the development of RN104-based
formulations, the understanding of its intrinsic stability and
its impurity profile is essential to allow the production of
stable and safe formulations. Degradation products formed
during the production or storage of the active ingredient or
formulation may decrease the drug potency or may present
unexpected pharmacodynamics properties.***° Therefore,
we developed and validated a stability-indicating method
for a comprehensive study of RN104 stability and its
degradation products.

As RN104 is highly lipophilic, for the development of a
stability-indicating HPLC method, different mobile phase
compositions containing high proportions of acetonitrile
were tested, aiming to avoid the precipitation of the
compound in concentrated aqueous solution, as well as
high retention times due the strong affinity of RN104 for
the C18 stationary phase.

For an analytical method to be also indicative of
stability, it has to detect and quantify all DP within
a realistic degradation profile. For the development
of stability-indicating methods, a complete forced
degradation study must be performed to attest the
selectivity of the method. The methodology for carrying
out the forced degradation tests may vary according to
the needs of the study and also the stage of development
of the drug.'" Degradation above 30% is not desirable,
since drastic conditions lead to the formation of
unrealistic DP. Thus, it is not possible to establish if
they are identified from the studied compound or if they

———t T XY

Figure 6. (a) Energy minimized structure of RN104; (b) calculated electrostatic surface potential (ESP) displaying distribution of charges ranging from
red (electron rich regions) to blue (electron deficient regions) and passing through green (neutral regions); (¢) LUMO map of RN104; (d) LUMO density
indicating that red and blue regions have high probability to accept one electron and green low probability of molecular orbital location.
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Figure 7. Experimental and theoretical UV absorption spectra for RN 104 (a) and formed degradation product in addition to FeCl;and Fe-RN104 complex (b).
Structure of proposed complex (c) and its 3D optimized structure with DFT method with omitted hydrogen atoms (d).

are by-products of the DP initially formed.* To attend
this recommendation, a degradation kinetics study
was carried out during 12 h and performed at room
temperature, with lower concentrations of the degrading
agents. The forced degradation study indicated that the
alkaline hydrolysis and degradation catalyzed by metallic
ions (FeCl,) were the major degradation pathways for
RN104. Compounds containing a hydrazone moiety
are generally stable under neutral conditions but can
easily undergo hydrolysis under alkaline and acid
hydrolysis,**? which is in agreement with what was
observed in our study. Based on data from the literature
and the results of QMC, we proposed the structures of
DP formed from the hydrolysis of RN104 (Figure 8).
The cyclohexanecarboxaldehyde formed in this reaction
does not have strong UV chromophore and then it would
not be detected by the HPLC-DAD method used in

this study. The hydrazine derivative formed may have
undergone additional decomposition with formation of
low molecular weight products, including NH; or N,,*
which would explain why they were not detected under
the used analytical conditions.

The formation of metal complexes of hydrazone
derivatives and thiazole-based compounds is also described
in literature,** which demonstrates the consistency of the
results obtained from the QMC. Clearly, from the QMC,
the simulation of RN104-Fe complex (Figures 7c and
7d) shifted the absorption peaks to red region which is
compatible with spectra of formed DP. Furthermore, this
peak shift was already described in other works by addition
of metal and complex formation.* Therefore, the agreement
between experimental and theoretical spectra of RN104
and its complex with Fe™ indicated the compatibility of
suggested formation of complex in this degradation process.

S S
’ %N'N*/O [ >~z o
N ) NaOH N )
H —_— H ¥ H
H,O

RN104

cyclohexane-

Hydrazine derivative carboxaldehyde

Figure 8. Scheme of the proposed degradation of RN104 in alkaline conditions.
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Conclusions

This work contributed to the understanding of the
intrinsic stability of compound RN 104, a potential candidate
for antifungal drug. We developed and fully validated a
stability-indicating HPLC method for the quantification of
RN104. The forced degradation study allowed evaluating
the stability of the RN'104 under different conditions. From
this study, it was demonstrated that the RN104 is highly
sensitive to alkaline hydrolysis and oxidative conditions,
and the theoretical elucidation of the major degradation
products formed at these conditions was performed by
means of quantum mechanics calculations. Thus, for future
planning of a formulation, it will be possible to avoid
incompatibilities with excipients, packaging materials
and manufacturing technology, ensuring the stability of
formulation, as well as its safety and efficacy.
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