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ABSTRACT

Objective: A simple high-performace liquid chromatography method was developed and validated to determine 17-β estradiol in poly (ε-caprolactone) 
nanocapsules.

Methods: The chromatographic conditions were as follows: C18 GL column with a mobile phase of acetonitrile:water (92:8 v/v) at flow rate of 
1.5 mL/min with detection at 280 nm. The evaluated parameters were specificity, linearity, limits of detection and quantification, precision, accuracy, 
and robustness.

Results: The method was specific and linear (r=0.9982). The limits of detection and quantification were 5.78 µg.mL-1 and 17.54 µg.mL-1, respectively. 
Suitable accurancy and robustness were obtained. The stability assay showed that pH variation occured after 120 days of storage, and no changes 
were observed regarding the size and polydispersion parameters. The applicability of the method was evaluated by determining the encapsulation 
efficiency of the E2 nanocapsules after 120 days of storage. The results showed values >99%.

Conclusion: The results demonstrated the applicability of the developed and validated analytical method.
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INTRODUCTION

Aging is directly related to structural and functional changes in tissues 
and organs such as the skin. Physiologically, skin aging is a slow process 
that is characterized by a decrease in elasticity, collagen synthesis, and 
an increase in age-related dermatoses such as dryness, wrinkles, and 
infections [1,2].

E2 is associated with the reproductive cycle of women; however, 
it is also known that this hormone has important functions in the 
male reproductive tract, has cardioprotective and wound healing 
effects, assists in the maintenance of bone density, and helps muscle 
regeneration [8-11].

A topical application of 17-β estradiol on cutaneous wound healing 
stimulates epithelization, extracelular matrix deposition, an increase 
in fibroblasts and keratinocytes, and modulates inflammatory 
response [12,13].

Advances in nanotechnology have focused on the development, 
characterization, and application of nanometric systems. 
Nanoparticles can be obtained by different processes and applied in 
many areas [14-16].

Polymeric nanoparticles are widely used for drug delivery. They can be 
divided into nanocapsules and nanospheres. Nanocapsules are colloidal 
systems that have a polymeric layer around an oil or aqueous nucleous. 
Nanospheres are composed of a matrix, where the drug is solubilized or 
dispersed homogeneously [17,18].

Poly (ε-caprolactone) (PCL) is a synthetic polymer widely used to obtain 
nanoparticles as a drug delivery system [19]. There are no studies in the 
literature regarding high-performance liquid chromatography (HPLC) 
methods to quantify 17-β estradiol in PCL nanoparticles. Msigala [20] 
described an optimized HPLC- ultraviolet (UV) method to detect 
estrogen in water. The column used was a C-18 with mobile phase of 
acetonitrile:water (50:50 v/v) and flow rate of 0.7 mL.min-1.

Soranganba and Singh [21] developed an HPLC method for the 
simultaneous determination of testosterone, 17-β estradiol, and 
cortisol. They used a C18 column with a multiple-step gradient elution 
of water:acetonitrile, a flow rate of 1–1.5 mL/min, and a variation in UV 
detection of 203–242 nm. The validated method was applied to anayze 
plasma hormone levels in fish.

The development of polymeric nanocapsules containing 17-β estradiol 
to be applied in biomedicine could represent an efficient alternative 
for the treatment of various diseases. In this context, the present study 
describes the development and validation of a simple and low-cost 
HPLC method to quantify E2 in polymeric nanoparticles.

MATERIALS AND METHODS

Materials
17-β estradiol was purchased from a commercial pharmacy in the 
city of Ponta Grossa (Paraná, Brazil). HPLC- grade acetonitrile was 
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17-β estradiol (E2) (Fig. 1) is a steroid hormone that is mainly secreted 
by granulosa cells in the ovarian follicles. The biosynthesis of 
this  hormone  involves  the  conversion  of  cholesterol,  and  it  is 
catalyzed  by  the  aromatase  of  cytochrome  P450  [3,4].  E2  has  two 
types of nuclear receptors: Alpha (ERα) and beta (ERβ). The 
affinity of estrogenic receptors for E2 is similar; however, expression 
is prevalent in different tissues [5-7].
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purchased from Vetec (Rio de Janeiro, RJ, Brazil). Water was purified in 
a Milli-Q Plus purification system (Milli-pore, Bedford, MA, USA). All the 
other reagents and solvents were of analytical grade.

Equipment and chromatographic conditions
The HPLC analyses were performed using a Merck-Hitachi Lachrom 
(Tokyo, Japan) L-7100 pump with D-7000 Interface, UV detector 
module, integral degasser, controller software (Chromquest), and 
manual injector (Rheodyne) equipped with 20 µl injector loop and 
100 µl syringe (Hamilton, Microliter 710, Switzerland).

Chromatographic separation was performed using an Inertsil® 
C18 GL ODS3 (Torrance, CA, USA) reverse phase analytical column 
(150 mm×4.6 mm, 5 µm). The isocratic mobile phase consisted of 
acetonitrile and water (92:8, V/V) at a flow rate of 1.5 mL/min, and the 
detection was performed at 280 nm.

Preparation of standard and sample solutions
The 17-β estradiol standard stock solution was prepared in methanol 
solvent at 500 µg.mL-1. Dilutions with the mobile phase were performed 
to obtain solutions with concentrations from 70 to 220 µg.mL-1. These 
solutions were filtered through a polytetrafluoroethylene (PTFE) 
membrane filter (Cromafil® Xtra, 0.45 µm×25 mm, Macherey-Nagel 
GNBH & Co. KG, Duren, Germany) before injection into the HPLC 
system.

Preparation of polymeric nanoparticles
The 17-β estradiol nanoparticles were prepared using the preformed 
polymer method. To obtain the organic phase, 100 mg of PCL was 
dissolved in acetone and then 0.077 g of Span® 80, 50 mg of 17-β 
estradiol, and 0.33 of chain trygliceride medium were added. The 
aqueous phase was prepared with 0.077 g of Tween® 80 and 53 mL of 
distilled water. The organic phase was slowly added in aqueous solution 
under agitation at 40°C. The nanoemulsion was kept under agitation for 
10 min. The organic solvent was subsequently removed by evaporation 
under reduced pressure at 40°C, resulting in a concentrated sample 
(10  ml).

Method validation
For the validation of this analytical method, the guidelines established 
by the International Council for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human Use [22], and the 
Brazilian regulation RDC 166/2017 of the National Health Surveillance 
Agency [23] were followed. The following parameters were assessed: 
Selectivity, linearity, detection and quantification limits, precision, 
accuracy, and robustness.

Specificity
Specificity assesses the ability of a method to identify an analyte in the 
presence of impurities. This test was carried out using nanocapsule 
formulations, both with and without 17-β estradiol.

Linearity
The linearity was assessed using six concentration levels: 70, 100, 130, 
160, 190, and 220 µg.mL-1. The slope and other statistics in relation 
to the calibration curves were calculated by linear regression and 
analysis of variance (ANOVA). The calibration curve was fitted by linear 
regression and each point was performed in triplicate.

Limits of detection (LOD) and quantification (LOQ)
The LOD and LOQ were obtained using the standard deviation (SD) 
and the slope (S) of the calibration curve based on Equations 1 and 2, 
respectively.

LOD SD
S

:
.3 3×

 (1)

LOQ SD
S

:
10×

 (2)

Precision
This parameter expresses the precision of results under the same 
conditions in a short period of time. Intermediate precision evaluates 
intraday and interday variation, and different analysts.

For the repeatability, three concentrations (100.0, 160.0, and 220.0 µg.mL–1) 
were each evaluated in triplicate. The intermediate precision was evaluated 
by the SD and relative SD (RSD) of six injections at 100 µg.mL –1.

Accuracy
The determination of accuracy by the recovery assay was performed by 
adding an exact amount of 17-β estradiol to a known sample solution 
(5 µg.mL-1), resulting in concentrations of 90, 120, and 180 µg.mL-1. The 
analyses were performed in triplicate and the results were expressed as 
the percentage of recovery.

Robustness
The robustness analysis was performed with the samples at 90, 160, 
and 220 µg.mL-1 by variations in flow (1495 and 1505 mL.min-1) and 
concentrations of the mobile phase to 93:7 (V/V) and 91:9 (V/V). To 
assess the influence of the variations, the analysis of variance (ANOVA) 
followed by Tukey’s test was performed. The results were analyzed 
using the RSD to compare the values of the standard conditions.

Method applicability 
Determination of encapsulation efficiency (EE) in 17- β estradiol 
nanoparticles
The quantification of the encapsulated 17-β estradiol was performed 
by the indirect method, which determines the concentration of a non-
encapsulated drug. A 500 µg aliquot of the nanocapsule suspension 
was subjected to ultrafiltration/centrifugation using Amicon® 10,000 
Mw (Milipore) equipment at 14,000 rpm for 10 min. The amount of 
17-β estradiol was determined (in triplicate) in the ultrafiltrate using a 
previously validated method.

The EE (%) was calculated by the difference between the total and free 
drug concentration (Equation 3).

EE : Theoretical estradiol Free estradiol

Theoretical e

17 17

17

� �
�

�
sstradiol� ��100  (3)

The theoretical 17-β estradiol corresponded to the amount initially 
added to the formulation and the free 17-β estradiol that was not 
incorporated in the nanocapsules. Quantification was expressed by the 
mean±SD.

Stability of the nanocapsules
The stability of the nanocapsules was evaluated at 0, 30, 60, 90, and 
120 days. Analyses of pH, particle size, zeta potential, and polydispersion 
were performed. After 120 days of storage, the encapsulation of E2 was 
evaluated using the HPLC validated method.

Statistical analysis
The data of validation were evaluated by linear regression, analysis of 
variance (ANOVA), Tukey’s test, and the other validation parameters 
(mean, SD, and relative SD) using GraphPad Prism 6.0 software.

RESULTS AND DISCUSSION

Method validation
After running in an exploratory gradient, the proportion of the mobile 
phase acetonitrile:water (92:8) (V/V) and flow of 1.5 mL.min-1 were 
defined as the standard conditions to perform the other analyses. 
The running time was determined as 6 min, which was adequate for 
the laboratory analysis and provided a symmetric peak for the 17-β 
estradiol with a lower retention time.

The short analysis time (6.0 min) and retention time (2.5 min) were 
very suitable for routine analysis.
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Linearity
The linearity was evaluated using six concentration levels: 70, 100, 130, 
160, 190, and 220 µg.mL-1. A linear relationship was observed between 
the peak area and the 17-β estradiol concentration, which produced a 
linear equation y = 4623.8403x – 20193.

According to the Analytical Methods Committee, adjustment must be 
applied or tested (lack of it) if the value of the correlation coefficient 
closes to 1 does not indicate the result of a linear relationship [24]. 
The negative value of b (−2019.3) was in the confidence interval of 
the calibration curve by the ANOVA test. The results of the linearity 
parameters are summarized in Table 1.

The F value for lack of fit was less than the tabulated F value for the 95% 
confidence level and therefore the linear regression showed no lack of 
fit (Table 2). The DPR of the inclination was 0.86%, which was less than 
that proposed by the ICH [22] and ANVISA [23], namely, 5%.

Limit of detection (LD) and limit of quantification (LQ)
The LOD and quantification are the lowest and highest concentrations 
that a method can detect and quantify, respectively. The LD was 
5.78 µg.mL-1 and the LQ was 17.54 µg.mL-1.

Precision
The precision of a method describes the proximity of the results when a 
test is applied repeatedly. The results of the intermediate precision and 
repeatability (Table 3) showed RDS values lower than 5.0%, which was 
established by the RDC 166/2017, confirming the precision of the method.

Accuracy
The accuracy of a method determines the proximity of agreement between 
the value obtained in a test and the theoretical value of an analyte in a 
sample [22]. The mean±SD (RSD) values obtained were 89.79±2.65 (2.95); 
119.59±2.99 (2.52); and 178.40±1.44 (0.81) for 90, 120, and 180 µg.mL-1, 
respectively. The results showed that the method was accurate.

Robustness
The robustness of a method indicates its capacity to remain unaffected 
under small variations in parameters and demonstrates its reliability 
during a test. The method was considered robust because no difference 
was detected (p<0.05) when the mobile phase and flow were altered. 
The results are presented in Table 4.

EE
The evaluation of the drug content and EE of the 17-β estradiol in the 
nanocapsules were carried out using the previously validated HPLC 
method. The formulations presented excellent EE with values higher 
than 99%. The theoretical concentration was about 5000 µg.mL-1 and 
the experimental result was 4989.11±0.1672. This value correponded 
to 99.8%. The relative SD was 0.03%.

Yilmaz and Kadioglu [25] described the validation of an HPLC method 
to quantify E2 in samples for hormone replacement. The mobile phase 
used was methanol:water (70:30) in a C18 reverse phase column 
(Merck, Darmstadt, Germany) with 5 µm particles and 20 µl volume 
injection. Fluorescence detector was used and it was possible to 
quantify the drug content in the samples.

Other authors have described the validation of differents methods to 
quantify 17-β estradiol in waste water and rivers [26,27]. However, 
there are no validated methods in the literature regarding quantifying 
17-β estradiol in polymeric nanoparticles.

Table 1: Analytical method parameters for quantification of 
17‑β estradiol in Poly (ε‑caprolactone) nanocapsules

Linearity
Linear range (µg.mL-1) 70–220
Detection limit (µg.mL-1) 5.78
Quantification limit (µg.mL-1) 17.54

Regression data
n 3
Slope (a) 4.6238
Standard deviation of slope 39.82
Relative standard deviation of slope (%) 0.86
Intercept (b) −20193
Correlation coeficient (r) 0.9982

Table 3: Repeatability and intermediate precision data for 17‑β 
estradiol analysis

Precision Theoretical 
concentration 
(µg.mL‑1)

Experimental 
concentration 
(µg.mL‑1) – 
Mean±SD*

RSD 
(%)**

Repeatability 
160 
220

100 100.8±0.70 0.70
155.8±2.83 1.83
217.3±3.92 1.81

Intermediate 
precision

Intraday 
(n=3)

100 101.96±1.67 1.64

Interday 
(n=3)

100 102.72±0.70 0.69

Different 
analysts 
(n=3)

100 103.0±0.27 0.27

Mean±SD* 100 101.98±0.71 0.70
SD*: Standard deviation, RSD**: Relative standard deviation

Table 4: Robustness parameters for 17‑β estradiol analysis

Parameters Theoretical 
concentration 
(µg.mL‑1)

Experimental 
concentration 
(µg.mL‑1) – 
Mean±SD*

DPR** 
(%)

Flow 1.495 mL.min-1 100 103.55±2.21 2.16
160 161.03±2.38 1.48
220 221.92±2.14 0.96

Flow 1.505 mL.min-1 100 103.02±2.51 2.43
160 161.29±2.30 1.43
220 220.88±2.35 1.07

Mobile phase 93:7 
(V/V)

100 103.93±2.54 2.44

160 161.87±2.11 1.31
220 222.98±5.01 2.25

Mobile phase 91:9 
(V/V)

100 101.60±0.75 0.73

160 163.13±3.44 2.11
220 256.64±41.4 16.16

Table 2: ANOVA results for linearity of the method

Model 8.146896E+06 1 8.146896E+06 0.036 3.048
Residual 3.601018E+09 16 225063624 Linear
Lack of fit 416385716 4 104096429 0.3922 2.48
Pure error 3.184632E+09 12 265386023 No lack of fit
SS: Sums of squares, DF: Degrees of freedom, MS: Mean squares, F: F value of the 
test, Ftab: Fixed F value

Specificity
The specificity was demonstrated by the comparison between 
the chomatogram of the unloaded nanoparticles and the 17-β 
estradiol (Fig. 2). The results showed that there was no interference 
in  the  area  under  the  curve  of  the  E2  from  the  other 
components used in the nanoparticle formulation. This data showed
 that the proposed method was specific.

SS DF MS F Ftab
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Stability analysis
All the formulations had milky and opaque aspects with a blue reflection 
due to the Brownian motion of the nanoparticles.

There was a greater pH variation in the samples of nanoparticles 
without the drug. This result can be explained due to the exposure of 
a greater number of terminal carboxylic acid groups resulting from the 
hydrolysis of the ester bond present in the PCL structure [28].

Some factors, such as pH, ionic concentration, temperature, and storage 
time, can influence the stability of particles. The pH of the solution can 
influence the nanoparticle surface load, which can lead to variations 
in the polydispersity and homogeneity of the sample [29]. The results 
showed that the samples stored at 10°C presented the best pH stability.

There was no statistical difference in relation to the nanoparticle size 
during the 120 days. This suggests a high level of stability of the samples 
at various temperatures. This is an important parameter because size is 
essential for the anticipated drug action.

The zeta potential varied from −31 to −36 mV, and from −29 to −37 mV 
for E2 and PCL at 25°C, respectively. At 10°C, there was a variation from 
−28 to −19 mV for E2 and from −29 to −23 mV for PCL. At 37°C, the 
range was from −33 to −21 for E2 and −36 to −19 mV for PCL. There 
was no significant difference in the evaluation of the zeta potential, 
confirming adequate stability for the nanoparticles.

The high magnitude of the zeta potential corresponded to greater 
electrostatic repulsion and, consequently, adequate stability. The 
agglomeration of nanoparticles can occur due to factors such as high 
concentrations of particles in solutions, thermodynamic conditions, 
and variations in pH [30].

The analysis of polydispersion showed values lower than 0.14 for all the 
samples evaluated at 10°C, 25°C, and 37°C. The results showed that the 
nanoparticles remained homogeneous during the 120 days of storage. 
The variation in the polydispersion values indicates the aggregation or 
breaking of particles, resulting in size variations [31].

The results were in accordance with results shown by Alex et al. [32], 
who described the stability of PCL carboplatin-loaded nanoparticles. 
After 3 months of storage at room temperature, there was no difference 
in zeta potential, size, or polydispersion of the particles.

Melo et al. [33] described the stability of PCL nanoparticles containing 
articain; they evaluated pH, size, and polydispersion for a period 
of 120 days. The results showed a decrease in pH values and and 
an increase in polydipersion, suggesting polymer hydrolysis, and 
aggregation of particles. There was no change in particle size.

The evaluation of the E2 EE after 120 days of storage showed values 
higher than 99% for all the analyzed temperatures. The results are 
shown in Table 5 and indicate appropriate stability.

The validated method was successfully applied to determine E2 in 
PCL nanocapsules. This method fulfilled all the parameters regarding 
reliability and could be applied for others assay involving E2 
quantification.

CONCLUSION

A simple and effective HPLC method was validated to quantify E2 in PCL 
nanocapsules. This method was linear, specific, accurate, precise, and 
robust according to the RDC 166/2017 [23] and ICH guidelines [22]. 
The samples showed pH variation that may have been related to the 
degradation of the polymer; there were no changes in the size or 
polydispersion parameters. The method was effective to determine the 
EE of E2 in nanocapsules stored for 120 days.
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