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Abstract

Hydroxymethylnitrofurazone (NFOH) is a prodrug synthesized from the original nitrofurazone compound (NF). NFOH
has shown activity in vivo against Trypanosoma cruzi and in vitro activity against Leishmania amazonensis. However, it
has shown less toxicity than NF. This study aims to develop and evaluate the selectivity, carryover, matrix effect, linearity,
precision and accuracy, of a bioanalytical method using HPLC to quantify NFOH and NF. The defined method conditions
were mobile phase acetonitrile: water (20:80 v/v), Zorbax SB-C18, 5 um (4.6 X250 mm) flow rate of 1.2 mL min~!, at
UV detection of 370 nm. The linearity obtained for NFOH and NF was in the range of 0.025-3.0 ug mL~! with a correla-
tion coefficient >0.98. The precision (relative standard deviation) was 2.44—13.77% and 2.61-18.42% for NFOH and NF,
respectively; the accuracy was 2.66—14.28% and 2.09-19.06% for NFOH and NF, respectively. In conclusion this method
was successfully developed to determine and quantify NFOH and NF in serum after oral administration of nanostructured
lipid carrier with NFOH. It opens opportunities to be applied in in vivo studies in novel NFOH nanoparticles formulations.
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1 Introduction

Hydroxymethylnitrofurazone (NFOH) (Fig. 1A) was first
obtained by Chung et al. [1] using a molecular modifica-
tion of the original nitrofurazone compound (NF) (Fig. 1B).
NF is an antimicrobial agent primarily active against Gram-
positive microorganisms and used only in topical infections
due to its adverse effects. Due to the low aqueous solubility
and high toxicity of NF, a prodrug, NFOH, was developed to
overcome these challenges. NFOH showed activity against
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Trypanosoma cruzi and less toxicity than NF [1]. Moreover,
it showed in vitro activity against Leishmania amazonensis
[2]. The pharmacokinetic studies showed that NFOH con-
verted into NF after hydrolysis in in vitro and in vivo studies
[3].

Leishmaniasis is a neglected disease and presents two
primary clinical forms: cutaneous leishmaniasis and visceral
leishmaniasis [4]. This is a disease transmitted by the bite
of female phlebotomine sandflies. After the bite, the pro-
mastigote form of the parasite infects dendritic cells and
macrophages, and the parasite passes to the amastigote form.
The amastigotes forms lead to the rupture of those cells, dis-
seminating the infection [5].

Several studies have demonstrated different ways to
treat Leishmaniasis. And the nanostructured systems have
presented promising results. Among them there are nano-
metallic [6, 7], nanopolymeric [2] and nanolipid systems
[8]. In the present study we chose nanostructured lipid
carriers (NLCs) to load NFOH, since they are known to
demonstrate excellent performance as modified drug deliv-
ery systems. The advantages of the development of NLCs
are low production cost, no need to use organic solvents,
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Fig. 1 Chemical structure of
NFOH (A) and NF (B)

and high stability. In addition, they have shown reduced
toxicity, encapsulation efficacy of lipophilic molecules,
and being site-specific [9, 10]. NLCs are composed of
colloidal particles that present a matrix composed of a
binary mixture of solid lipid and liquid lipid, resulting
in a less ordered structure, which prevents the risk of an
expulsion of the drug during shelf-life [10]. Studies have
demonstrated that NLCs can improve the efficacy of the
leishmaniasis treatment [11-13].

Some studies have been used to quantify NF by
HPLC [14-17]. Tubino et al. used a uBondapac C18
(300 mm X 3.9 mm, 10 pm) column, flow rate of
2 mL min~!, at 365 nm to quantify NF [14]. The mobile
phase was composed of water, acetonitrile and triethyl-
amine buffer in the 790:200:10 v/v/v. The retention time
was 8 min [14]. Another work has described a forced-deg-
radation method for NF by HPLC using a Zorbax Eclipse
XDB-C18 (4.6 x 150 mm, 5 pm) column and mobile phase
of 0.025 M disodium hydrogen phosphate, methanol, and
triethylamine, 70:30:0.1 (v/v/v)—pH 4.0. The flow rate
was 1.0 mL min~! at 374 and 220 nm, and retention time
was 4.5 min [18]. Monteiro et al. has described a NFOH
analysis using Hypersyl C18 (5 pm, 4.6 X 150 mm) and
mobile phase of water and acetonitrile, 80:20 (v/v), flow
rate at 1.2 mL min~', at 265 nm. The retention time was
4.9 min [19].

The quantification of NFOH have been performed by dif-
ferent authors [19-21]. Nogueira Filho et al. used a LCMS/
MS to quantify NFOH in male rabbits’ plasma after oral
administration of NFOH solution with DMSO. The method
as validated using FDA Guidance for Industry Bioanalytical
Method Validation. The range for linearity was 0.25-10 pg/
mL. Diclofenac in methanol was used as an internal standard
and methanol:water (50:50 v/v) as mobile phase. Sample
preparation was done by adding ethyl acetate, vortexing and
centrifuging, then the supernatant was evaporated and resus-
pended with the mobile phase [20].

Another study involving the quantification of NFOH in
biological material by HPLC, does not describe in detail the
sample preparation. In addition, there is no description of
validation or analytical evaluation of the figures of merit [3].

However, one requires a bioanalytical method for identifi-
cation and quantification of NFOH loading in NLCs system
in serum. So, this study aims to develop and evaluate analyti-
cal figures of merit of a sensitive and simpler bioanalytical
method using HPLC-UV.
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2 Material and Methods
2.1 Material

NFOH and NF were obtained by synthesis [1]. Acetonitrile
HPLC grade was purchased from JT Baker. Purified water
was prepared using a Milli-Q water purification system (Mil-
lipore, USA). All other reagents were analytical grade. NLC-
NFOH was prepared as described by De Souza et al. [21].

2.2 Apparatus and Chromatographic Conditions

The chromatographic system was a Shimadzu HPLC-UV
system which consisted of a CBM-20A controller, LC-20AT-
pump, SPD-20A detector, and SIL-20AC sampler, and LC
Solution software (version 1.25SP4) was applied for data
collecting and processing. Chromatographic separation was
performed on a Zorbax SB-C18, 5 um, (4.6 X250 mm) HPLC
column. The mobile phase consisted of acetonitrile:water
(20:80, v/v) at a flow rate of 1.2 mL min~' and UV detector
at 370 nm. The volume of injection was 20 pL.

2.3 Preparation of Standard Stock Solution,
Working Standard Solution

Standard stock solutions of NFOH and NF (100 ug mL™!)
were prepared in acetonitrile. The solutions were sonicated
for 10 min and kept under refrigeration at 5 °C until analysis.
Working standard solution was freshly prepared daily by
appropriately diluting the stock solutions with water. The
final concentration of standard NFOH and NF solution was
5.0 ug mL~L.

2.4 Sample Extraction

Acetonitrile (200 pL) was added to rat serum samples (100
pL) to precipitate proteins. This solution was then vortexed
for one min, centrifuged at 16,595 g for 20 min, and the
resultant supernatant was analyzed in HPLC.

2.5 Bioanalytical Method Development

The Monteiro et al. [19] method was modified and adjusted
to provide separation among NFOH, NF and interferents
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from serum. Subsequently, 200-600 nm screening using a
UV-vis spectrophotometer (Evolution series 201, Thermo
Scientific Inc. USA) was performed to define the best
wavelength.

2.6 HPLC Method Validation

Method validation was based on the Bioanalytical Method
Validation Guidance for Industry from the Food and Drug
Administration [22].

2.6.1 Selectivity

Selectivity was evaluated by the analysis of the presence of
interferent in the blank matrix at the same retention time as
NFOH and NF.

2.6.2 Carryover

During the validation, the carryover evaluated the alteration
of a measured concentration due to residual analyte from a
preceding sample. Two injections of the blank sample were
run before the upper limit of quantification (ULOQ) and two
injections after ULOQ.

2.6.3 Matrix Effect Factor

The low-quality control (LQC) and high-quality control
sample (HQC) concentration levels were evaluated in water
in triplicate, compared to the serum matrix. Equation 1
shows the matrix effect factor (MEF); the RSD of the MEF
was used to calculate the matrix effect.

Analyte response at serum
MEF =

6]

Analyte rsponse at water

2.6.4 Linearity and LLOQ

The linearity of the method was evaluated at seven dif-
ferent concentrations in triplicate, ranging from 0.025 to
3.0 uyg mL~! for NFOH and NF to obtain the linear curve
in serum. The solutions were freshly prepared by appropri-
ately diluting the stock solutions with water. The regression
parameters were analyzed statically in accordance to the
Bioanalytical Method Validation Guidance for Industry [22].
The lower limit of quantification (LLOQ) was considered the
lowest concentration of the calibration standard.

2.6.5 Accuracy and Precision

The method was evaluated for accuracy and precision by
analyzing LLOQ, LQC, medium quality control (MQC),

and HQC concentration levels within the calibration curve
(0.025 ug mL™'; 0.25 ug mL™!; 1.0 uyg mL™"; 2.5 pg mL™1)
in serum. Five replicates were analyzed on the same day for
intra-day analysis. Precision was expressed as percent rela-
tive standard deviation (RSD) (Eq. 2) and the accuracy as
percent recovery (Eq. 3).

Standard deviation

RSD = - — %X 100 )
Experimental average concentration

% Recovery

(Experimental average concentration — theoretical value) % 100

3

Teoretical value

2.7 Application

Male Wistar rats (50-60 days) were kept at 23+2 °Cin a
12 h light—-dark cycle, with free access to food and water.
All rats received humane care in compliance with the
“Principles of Laboratory Animal Care” formulated by the
National Society for Medical Research and the “Guide for
the Care, and the Use of Laboratory Animals” prepared by
the Institute of Laboratory Animal Resources, published
by the National Institute of Health (NIH Publication No.
86-23, revised 1996). The Ethics Committee approved the
animal experiment protocol (protocol n°1155/2019). All
rats were fasting the night before the administration of the
formulation.

After 1 h oral administration of NLC-NFOH
(2.8 mg kg~!) by gavage, the animals were anesthetized
with isoflurane (5% and 95% respectively) in a closed glass
chamber, and subsequently maintained with isoflurane and
compressed air (2% and 98% respectively) using an anesthe-
sia mask. They were submitted to euthanasia through total
blood exsanguination. Blood samples were centrifuged at
1258¢ for 15 min (Eppendorf® Centrifuge 5810R), and the
serum was stored at — 20 °C until further analysis by HPLC.

3 Result and Discussion
3.1 Development of Method

For the quantification of NFOH and NF in serum, it is
important to develop a sensitive and selective bionalytical
method. Due to the complexity of biological tissue, the pre-
treatment of matrix is a relevant step for the development.
The purpose of pretreatment of biological matrices is to
remove proteins, nucleic acids, and peptides [23]. Protein
precipitation is one technique used to remove the complex
biogenic compounds that can interact with the drugs [24].
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For this work, acetonitrile was used to precipitate the pro-
teins. Different proportions of serum and acetonitrile (1:1;
1:2; 1:3 and 1:4) were used to achieve satisfactory chroma-
tographic behavior. The precipitation of proteins prevents
clogging and the deterioration of the HPLC column. How-
ever if there is a high acetonitrile volume, the resolution
of the peaks might be compromised, and the drug may be
diluted, impairing its detection. After some tests, the propor-
tion chosen was 1:2 (serum:acetonitrile).

The study of wavelength can improve the selectivity of
the method, knowing that the short-wavelength can present
poorly selective UV detection in biological tissue [25]. Thus,
the method development by Monteiro et al. was adapted
[19]. A UV—Vis spectrophotometry test was performed to
determine a better wavelength (370 nm) due to the interfer-
ents at the same retention time of NFOH and NF at 265 nm
(Fig. 2).

Another parameter evaluated was the injection volume
(20 and 50 pL). Due to the use of acetonitrile in sample
solution preparation, the high injection volume altered the
resolution of the peaks. This phenomenon occurs because
the higher strength of the organic solvent compared to the
mobile phase leads to a portion of the sample moving more
quickly through the column, forming wide peaks [26]. Thus,
the volume of 20 pL of injection was selected.

The chromatography separation of NFOH and NF used
acetonitrile and water (20:80, v/v) as mobile phase and flow
of 1.2 mL min~". The retention times of the substances were
4.66 and 5.25 min for NFOH and NF, respectively.

3.2 HPLC Method Validation

After defined the chromatographic conditions, the following
analytical figures of merit were evaluated: selectivity, carry-
over, matrix effect, linearity, LLOQ, accuracy, and precision.

Selectivity evaluates the ability of the method to differ-
entiate the analyte in the presence of the biological matrix
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Fig.3 Chromatogram of NFOH and NF standards solution
(5.0 pg mL™") and blank serum matrix. Chromatographic condi-
tions: Zorbax SB-C18, 5 um, (4.6 X250 mm) HPLC column; mobile
phase—acetonitrile:water (20:80), flow at 1.2 mL min~!; wave-
length =370 nm; volume of injection =20 puL.

blank. Figure 3 shows there are no interferents in the reten-
tion times of NFOH and NF.

Carryover is the effect generated by the appearance or
increase of the analyte caused by contamination from pre-
vious runs. For NFOH, there was no carryover. Thus, it
was possible to use the LLOQ for NFOH quantification
analyzes in serum. The same did not occur with NF, which
showed a carryover effect, influencing its quantification in
the samples. This may have occurred because NF is more
apolar (Log Pyy 0.23), than NFOH (Log Pypopy—0.19),
requiring washing during the run to reduce the carryover
[1]. The method is intended to quantify the NFOH, since
the oral administration in this study is made of an NLC
with NFOH.

The MEF is an alteration in response due to the pres-
ence of interferent substances in the sample. The percent
RSD of the MEF for all samples must not exceed 15%
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(FDA, 2018). The RSDs found for LQC (0.25 pg mL™})
were 13.07% and 6.26% for NFOH and NF, respectively.
Moreover, RSDs found for HQC (2.50 pg mL~!) were
7.39% and 13.73% for NFOH and NF, respectively.

The analytical curve was built using seven data points in
a triplicate injection of matrix spiked with NFOH and NF.
The curve range was 0.025-3.0 ug mL~! for NFOH and
NF with good linearity (r> 0.98) using a weighting of 1/x.
The results are presented in Table 1. The analysis of vari-
ance (p<0.05, «=0.5) for NFOH and NF are showed in
the supplementary material (Table S1 and Table S2). The
evaluation of the regression efficiency showed the F-value
greater than the tabulated for NFOH and NF. The analysis
of lack of fit (error associated with the model) shows the
error is not associated with the model, with p > 0.05, and
F-value lower than the F,; ..q- fOr both substances.

Precision is the proximity of results obtained by
repeated measurements in different concentrations from
the same matrix. Furthermore, the accuracy is evaluated
by the proximity of the values between the test and the
reference [22]. According to the FDA, the acceptance cri-
teria are 15% for RSD or %Recovery for all concentrations,
except for LLOQ (0.025 ug mL~") which is accepted at
20%. The method showed to be in accordance with the
legislation (Table 2).

3.3 Application

NLC-NFOH was administered by gavage to rats to evalu-
ate the concentration of NFOH in serum. The NLC is a
nanolipid system with colloidal particles formed by lig-
uid and solid lipid mixture [27]. The use of NLC is an
alternative for the treatment of leishmaniasis due to the
feasible preparation and non-toxic system. The application
of the method for quantifying NFOH in rat serum after

Table 1 Linear regression for the calibration curve of NFOH and NF
in rat serum

Parameter Statistical data

NFOH NF
Concentration range (ug mL™") 0.025-3.00 0.025-3.00
Intercept —-42 93.7
Slope (S) 20,904 25,992
Coefficient of correlation (r) 0.98 0.98
Residual SD of regression line () 4216.02 4570.16
LLOQ (ug mL™h 0.025 0.025

LLOQ lower limit of quantification, NFOH hydroxymethylnitrofura-
zone, NF nitrofurazone

841
Table 2 Precision and accuracy of NFOH and NF at serum
Concentration Precision (RSD) Accuracy
(ug mL™h (%Recov-
ery)
NFOH 0.025 10.96 2.66
0.25 13.71 -10.52
1.00 6.29 -17.95
2.50 2.44 14.28
NF 0.025 18.42 19.06
0.25 6.41 -9.20
1.00 9.60 -2.09
2.50 2.61 11.83

NFOH hydroxymethylnitrofurazone, NF nitrofurazone, RSD relative
standard deviation

oral administration of NLC-NFOH showed a concentra-
tion of 0.029 +0.004 ug mL~!. The chromatogram did not
show interfering peaks, enabling quantification within the
method range (Fig. 4).

4 Conclusion

The identification of an effective method to quantify new
drugs in animal models is a challenge nowadays. In the
present work, the development of a bioanalytical method
to quantify the new chemical entity, NFOH, in serum
using HPLC/UV-Vis provided good selectivity, linearity,
accuracy, and precision. It also showed no carryover and
matrix effect. The preparation of the sample demonstrated
to be simple and suitable for the analysis. Moreover, the
proposed method was accessible, fast, and efficient to
separate NFOH and NF. This bioanalytical method opens
opportunities for quantification of NFOH preparation in
serum, to promote NFOH as a new alternative for treating
leishmaniasis.
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Fig.4 HPLC Chromatogram of rat serum for quantification of
NFOH after oral administration of NLC-NFOH. Chromatographic
conditions: mobile phase—acetonitrile:water  (20:80);  wave-
length =370 nm; volume of injection=20 uL
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42250-022-00547-6.
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