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ABSTRACT

Objective: This study aims to develop the extraction of the marker kaempferol in the fluid extract (FE) and validate an analytical method that monitors 
the quality of extracts of P. pyramidalis.

Methods: The P. pyramidalis leaves were collected and then were dried to milling process. The extracts were drawn up at 20% weight: Volume (w/v) 
by maceration, and the extraction system used was hydroethanol solution ratio at 50:50 volume: Volume (v: v). From the hydroalcoholic extract, a 
method of extracting the kaempferol biomarker was developed and validated by high-performance liquid chromatography coupled with diode array 
detector. To validate a method, the following parameters were evaluated: Specificity, selectivity, linearity, limit of quantification (LOQ) and detection 
(LOD), precision, accuracy, robustness, and stability.

Results: The method developed proved to be efficient, as it allowed the analysis of the interferents free marker, with recovery above 90%, linear over 
the range 1.4–26.6 µg/mL, correlation coefficient R2=0.999, and LOD and LOQ 0.07 and 0.22 µg/mL, respectively, specificity, precision, accuracy, and 
robustness.

Conclusion: The extraction methodology of the kaempferol marker was successfully developed interferents free and the validated method by 
HPLC-DAD represents a useful tool in the quality control of P. pyramidalis herbal medicines.

Keywords: Analytical validation method, Poincianella pyramidalis, Kaempferol, High-performance liquid chromatography with diode array detector.

INTRODUCTION

Poincianella pyramidalis (Tul.) L.P QUEIROZ is a species belonging to 
the genus Poincianella Britton & Rose to the family Fabaceae, native to 
northeastern Brazil region, popularly known as “catingueira [1-3].” It is 
used in folk medicine for the treatment of asthma, bronchitis, diarrhea, 
gastritis, inflammation, and diabetes [4,5]. Several biological activities 
were tested with this plant, among which we can highlight the anti-
inflammatory activities, gastroprotective, antioxidant, anthelmintic, 
and antimicrobial, thus confirming some of its traditional uses [6-8].

Phytochemical investigations showed the presence of terpenes, lignans, 
tannins, flavonoids, and mainly bioflavonoids [9,10]. The kaempferol 
was isolated from the chloroformic extract of the leaves of P. pyramidalis, 
and several studies have demonstrated pharmacological potential of 
this compound, especially its anti-inflammatory properties [2,11]. 
Although the phytochemical profiles are complex and the constituents 
can vary qualitative and quantitatively, it is necessary to establish 
criteria for the quality of this material, to guarantee the effectiveness 
and safety of the herbal medicines products [12].

Considering all proven pharmacological activities and their large 
number of secondary metabolites, this vegetable species represents 
potential candidate for an herbal medicine product; however, some 
challenges for the drug development and quality control should be 
addressed [13,14]. One of the most important requirements is an 
analytical methodology for quality control, since the raw material 
to finished product and in the case of natural products, appropriate 
standardization of vegetal drug [13-14].

One of the most challenges to validate analytical methodologies is to 
ensure the application of methods to monitor the quality since of the 
raw material up to the finished product and in the case of plant drugs, 
the proper standardization [15-17].

Chromatographic methodologies have been one of the principal tools in 
quality control of herbal medicines and widely applied on separation of 
constituents present in complex matrices. In the development of herbal 
medicines, it is essential to develop analytical methods that ensure reliable 
results [18]. Several analytical methodologies have been developed for 
the identification and quantification of phytochemical markers in plants 
and their derivatives by high-performance liquid chromatography with 
diode array detector (HPLC-DAD), but one of the limitations lies in the 
fact that the most methods do not present a thorough validation [19].

The non-compliance of some validation methods can be checked in the 
lack of the markers or analytes recovery data and the poor evaluation 
of matrix effect, demonstrating the challenge in the development of 
methods that comply with the analytical requirements prioritizing for 
the sample clean-up interferents free [16]. Special attention should 
be taken to the preparation of samples of vegetal derivatives involves 
processes that can result in the degradation of the components of the 
complex matrix, generating interferents that result in poor selectivity 
and low reproducibility of the data [20-22].

Samples as biological fluids and plant extracts exhibit a phenomenon 
known as the matrix effect which corresponds to the influence and 
interference that all components of the sample in their entirety can exert 
in the analysis of a component or group of them [23-25]. The interfering 
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compounds make it impossible to transpose the method, without right 
pretreatment of the samples. The great challenge of employing an 
analytical method to analyze any complex samples for which the method 
has not been validated lies in the matrix effect that this complex sample 
may present through interfering substances [26-28].

In the case of P. pyramidalis analysis, the chlorophyll and the greases 
of the leaves may influence the chromatographic run and render the 
analysis unfeasible. For situations such as these, we use the sample 
pretreatment techniques that take on the cleaning the sample, making 
an exhaustive recovery of the analytes, and pre-concentrating the 
analytes of the sample [29] only the evaluate of analyte recovery can 
assure that the methodology used in the pretreatment of the sample 
is efficient for the removal of interferents, and only it can confirm the 
accuracy of the complex matrix analyte. [30,31].

With the analytical validation of the method, it is possible to complement 
the standardization of the extract in terms of the marker concentration. 
This standardization is important not only for quality control of the 
final product but also is an indispensable tool in preclinical and clinical 
studies [32,33].

Therefore, the purpose of this work was to validate an analytical method 
by HPLC-DAD by monitoring the kaempferol marker and to develop an 
extractive method for the recovery of kaempferol in complex matrices 
of the P. pyramidalis extract, thus allowing the standardization of the 
extract as raw material for the production of herbal medicine.

This work is a contribution to broaden the collection of technical 
and scientific literature about the specie P. pyramidalis, providing 
chromatographic and spectral characterization by HPLC-DAD for 
the marker kaempferol extracted from the leaves. The novelty of the 
method lies in kaempferol analytical recovery, free of interferents on 
complex matrices of P. pyramidalis and validation of the parameters, 
thus satisfying the requirements of the official guides.

METHODS

Chemicals and solvents
Kaempferol standard 97% (Cas 520-18-3)(Sigma Alldrich®, Brazil), 
methanol HPLC grade (Sigma Alldrich®, Brazil), orthophosphoric 
acid (Merk®, Germany), Hexano PA ACS (Vetec®, Brazil), ethanol 96% 
(Toscano®, Brazil), and dichloromethane HPLC grade (Vetec®, Brazil) 
were used.

Plant material
The P. pyramidalis leaves were collected at Maxvida farm, located in Serra 
branca municipality cariri region in the state of Paraiba in May 2015. 
The research project with P. pyramidalis received authorization from 
the Ministry of the Environment of Brazil (ICMBio\SISBio\MMA-Brazil) 
for scientific activities of number: 53346-1. The exsiccate of the plant 
species was deposited in the Lauro Pires Xavier Herbarium, UFPB Joao 
Pessoa - Brazil, under number: NC36.

Drying and obtaining powdered plant drug
The leaves of P. pyramidalis were dried in a circulating air oven at 
a temperature of 40±2°C for 3 days. The dry vegetable drug was 
submitted to milling process in a vertical rotor mechanical mill. The 
powdered vegetable drug was packed in a hermetically sealed plastic 
bag protected from light and moisture.

Standardization of ethanolic extracts
The standardization of the fluid extract (FE) was established with a 
proportion of 20% weight: Volume (w:v) mass of the sprayed vegetable 
drug and the solvent system. The extraction system used was 50:50 
volume: Volume (v:v) hydroethanol solution ratio by maceration.

Chromatographic conditions
It was used HPLC with DAD (SHIMADZU, Japan), pump 20AT 
Degasser DGU20A5, interface CBM 20A, auto-injector SIL 20A, SPD 

detector M20A, and oven CTO 20A. Control system was carried 
out by LC Solutions®. Stationary phase octadecylsilaneL1: (Gemini 
nxC-18) particle size: 5 µm length: Internal diameter 150×4.6 mm 
(Phenomenex®); precolumn Gemini C-18 (4×3.0 mm)(Phenomenex®), 
mobile phase filtered through a membrane 0.45 µm PTFE (Anow®, 
USA) and degassed methanol: 1% phosphoric acid (47: 53%). Flow of 
the mobile phase: 1.2 mL/min; oven temperature at 40°C; monitored 
wave number 370 ɳm; injection volume 20 µL; chromatographic run 
time of 30 min.

System suitability testing
The system suitability test was performed as a procedure to guarantee 
the reliability of the validation results and to monitor possible 
variations from changes in the chromatographic equipment. The daily 
test consisted of 5 runs from the same standard solution of kaempferol 
with defined concentration. The areas and peak retention times were 
monitored and the relative standard deviation (RSD) value was at most 
1.0 %.

Validation of method
In general, a validated methodology for analyzing an analyte Y in a 
matrix A should not be applied directly to analyze an analyte Z in a 
matrix B, due to the intrinsic complexity of each matrix [34-35]. But the 
chromatographic conditions of a given method can be a good reference 
for the validation of another complex matrix, especially when the 
analytes or markers belong to the same class of secondary metabolites. 
Two published papers show validated methods for analyzing quercetin 
content in two different matrices [36, 28].

In the method validation, the following parameters were evaluated: 
Specificity, selectivity, linearity, limit of quantification (LOQ) and 
detection (LOD), precision, accuracy, robustness, and stability. In this 
work, a method by HPLC-DAD to quantify the kaempferol marker in FE 
of P. pyramidalis was validated as per the ICH guide Q2-R1 [37].

To demonstrate specificity and selectivity of the method, were 
performed runs in triplicate with samples of P. pyramidalis extract, 
standard solution and blank of mobile phase. The selectivity of method 
was evaluated by analyze the retention time characteristic of the marker 
and were recorded the chromatograms of the extract, kaempferol 
standard, and blank of the mobile phase, in the range of the ultraviolet 
(UV) spectrum from 200 to 600 µm in an interval of 20 µm.

To evaluate the linearity, calibration curve was prepared with 
concentrations in the range between 0.4 µg/mL and 7.6 µg/mL. This 
procedure was performed in triplicate for each concentration level.

The determination of the LOQ and LOD was based on the treatment of 
linearity data by statistical method. The calculation of the LOQ and the 
LOD was obtained from the deviation of the linear regression and slope 
of the line.

The repeatability was determined from the injection of 6 samples with 
kaempferol content close to the mean value (100%) of the standard 
linearity curve. The intermediate precision was determined from the 
analysis of 6 samples of the extract with analysts and different days. 
Eighteen chromatographic runs were performed, and the acceptance 
criterion was 5% maximum.

The accuracy of the analytical method was assessed by post-addition 
recovery of the kaempferol marker standard on FE samples. The three 
levels of concentrations (low, medium, and high) were monitored 
with values corresponding to 20%, 100%, and 180% against the 
concentration obtained in the precision. Samples were prepared 
in triplicate and injections were performed in duplicates for each 
recovery level, and relative standard deviations and recoverability 
were assessed.

The determination of the recovery calculation follows the following 
equation.
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Where:

Rec %=
Y

[Z+W]
100X

  ×

Where:
X: Is the level recovery;
Y: Is the recovered concentration of kaempferol in the FE;
Z: Is the initial concentration of kaempferol in FE; and
W: Is concentration of standard substance added.

In the robustness was evaluated variations in the conditions of oven 
temperature of the column with a variation of ±2°C; variation of the pH 
of the mobile phase varying ±0.1, and change of the flow of the mobile 
phase ± 0.1 mL. Variations in the chromatographic profiles such as 
retention time, peak chromatographic area, and spectral profile of the 
samples were monitored. Quantification of the marker in samples of the 
extract of P. pyramidalis was determined with standard kaempferol in 
the same analysis condition parameter robustness.

To evaluate the chemical stability in the storage of the standard 
solutions and FE samples, they were analyzed at time 0 and 24 h 
subjected to ambient temperature. To demonstrate the stability, the 
chromatographic profile, the analysis of the peaks areas, the retention 
time, and the spectral profile of the marker were verified.

Development of recovery of kaempferol marker
Pre-treatments were performed to remove interferents. The first 
step was performed out to remove non-polar compounds with 
hexane solvent. For the second step, 0.5 mL aliquot of first stage was 
reserved, the extract was submitted to liquid-liquid extraction under 
agitation of tubes, followed by phase separation by centrifugation at 
2325 ×g (relative centrifugal force) for 10 min. In the evaluation of the 
kaempferol marker extraction, the sample volume was 1 mL of the FE.

Three continuous extractions were carried out with dichloromethane, 
generating in each extraction stage 3 mL of extractive fraction. An 
aliquot of 4 mL of extractive fraction was evaporated at 50°C. After 
removal of dichloromethane solvent, the dry fraction was reconstituted 
in the mobile phase diluent, followed by filtration and injection in the 
chromatographic system.

Determination of kaempferol content
The concentration factor was determined according to the successive 
dilutions made in multiple extraction continued and allowed to quantify 
the kaempferol content on the extract in µg/mL.

The equation 1 shows how to determine the concentration of the 
marker in the hydroalcoholic extracts (HAE).
Ca = Cp×FA×Aa÷Ap (1)

Hence:
Ca: Is the concentration of the kaempferol marker in the HAE sample, 

expressed in µg/mL,
Aa: Is the area of the chromatographic peak marker on HAE,
Ap: Is the kaempferol standard chromatographic peak,
Cp: Is the concentration of the chemical reference substance kaempferol,
FA: Is the analysis factor and is calculated by equation 2:
FA = Ta÷{[(Ta÷Fec)×Fevap]÷Vrec} (2)

Hence:
Ta: Is HAE sample taking
Fevap: Is organic fraction aliquot
Fec: Is fraction continuous extraction in 3 batches
Vrec: Is volume of reconstitution in the mobile phase.

Specificity and selectivity assessment.
To demonstrate specificity and selectivity of the method, were 
performed runs in triplicate with samples of P. pyramidalis extract, 

standard solution and blank of mobile phase. The selectivity of 
method was evaluated by analyze the retention time characteristic 
of the marker and was recorded the chromatograms of the extract, 
kaempferol standard, and blank of the mobile phase, in the range of the 
UV spectrum from 200 to 600 µm in an interval of 20 µm.

Statistical analysis
Statistical analysis of the data was determined from using ANOVA 
analysis of variance in PRISM® 6.01 software, considering a significance 
level α=0.05.

RESULTS AND DISCUSSION

Specificity and selectivity assessment
Methods described in pharmacopoeias monographs are best suited 
for quality control and analysis of herbal products; however, there are 
still no monographs for the species P. pyramidalis [38]. In addition, 
no chromatographic methodology was validated to quantify the 
kaempferol marker in hydroalcoholic extracts of P. pyramidalis. To 
validate an analytical methodology, validation parameters should be 
evaluated and data should be monitored following official guidelines 
for analytical methods validation. In this work, we follow guidelines 
of the ICH Q2R8 guide and evaluate: System suitability, specificity, 
selectivity, sensitivity (limit of detection and quantification), 
linearity, precision, accuracy (robustness), robustness and 
stability [37].

The specificity of the method was demonstrated by comparing the 
chromatograms between a sample of extract, kaempferol standard, 
and mobile phase blank. Fig. 1 shows that the retention time of 
kaempferol standard presents is the same of the marker in extract 
monitored at 17.5 min. The chromatogram of the blank mobile phase 
indicates that it does neither contain the analyte nor interfering 
compounds that absorb in the region of 370 ɳm. Fig. 2 shows that 
both the extract of P. pyramidalis and the kaempferol standard even 
show similary UV spectra with UVmax at 370 ɳm and spectral purity 
equal to 1.

In this work, the specificity of the method assures that the method 
is specific for the analyte monitored under the described conditions, 
through the identification and analytical separation, which makes 
possible the quantification of kaempferol in botanical matrices of the 
species P. pyramidalis.

To evaluate the selectivity of the method, the dichloromethane 
fraction of the extract was analyzed, after the sample clean-up 
process. The results of this run demonstrate that the method is 
selective for the marker kaempferol indicating that the samples pre-
treatment in the step with dichloromethane is selective for analysis 
of polyphenolic compounds, as for marker kaempferol identified 
at 17.4 min. Fig. 3 shows the chromatographic profile of extract in 

Fig. 1: Chromatograms, (a) peak of standard kaempferol 
at 17.4 min, (b) sample Poincianella pyramidalis extract, 

and (c) blank of mobile phase
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a range of the UV spectrum from 200 to 400 ɳm in an interval of 
20 ɳm.

The selectivity of the proposed method was proved by the excellent 
chromatographic resolution of the marker peak, by the compatibility of 
UV spectrum bands between the marker and the kaempferol standard, the 
absence of interferences around the retention time characteristic of the 
monitored marker, as well as along the Spectral range of 200 to 400 ɳm. 

The way of approaching selectivity can be confirmed with published works 
and the results obtained are in agreement with the official guides [37] and 
by Qiong An and colls. analyzed quercetin by HPLC-DAD in Helleborus 
thibetanus Franch in the ultraviolet range of 200 to 400 nm showing the 
chromatographic profiles in the ultraviolet range to identify absorbance 
maxima and possible interferents present in the complex matrix [40].

System suitability testing
The System suitability parameters were evaluated by five replicate 
injections of the kaempferol standard solution at 4.0 μg/ml. The data 
obtained demonstrate peak area of the reproducible pattern, constant 
retention time at 17.4 min with variation not greater than 1%.

Fig. 3: Chromatogram extract in the range 200–600 ɳm. 
(a) 220 ɳm, (b) 220 ɳm, (c) 240 ɳm, (d) 280 ɳm, (e) 300 ɳm, 

(f) 320 ɳm, (g) 340 ɳm, (h) 360 ɳm, (i) 380 ɳm, and (j) 400 ɳm
Fig. 4: Data calibration curves of standard kaempferol. Average 
from three calibration curves with eight concentrations levels

Table 1: Statistical parameters of the linearity

Variables Curve 1a Curve 2b Curve 3c

Slope 59438.7 57592.7 56132.5
Y-intercept 4861.7 3092.4 4921.7
Intercept X 59438.7 57592.7 56132.5
1/Slope 1.68E–05 1.74E–05 1.78E–05

Confidence interval 95%
R2 0.999 1.000 0.999
a+b+cn=24 (Each curve contains 8 points), n = number of determinations

Fig. 2: Ultraviolet spectrum, chromatograms, and peak purity: (a-c) Standard Kaempferol, and (d-f) sample Poincianella pyramidalis 
extract

d

c

b

f

a
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Determination of sensitivity
The limit of detection (LOD) is the lowest amount of analyte in the 
sample, which can be detected but not necessarily quantified as an 
exact value. The quantification limit (LOQ) is the lowest amount of 
analyte in the sample, which can be quantitatively determined with 
suitable precision and accuracy. Both LOD and LOQ were calculated 
based on the statistical application of linearity data, presenting values 
of 0.22 μg mL–1 for LOD and 0.072 μg mL–1 for LOQ.

Determination of linearity
The linearity of the method was evaluated by analyzing the linear 
regression from three calibration curves with eight concentrations 

levels. It was demonstrated by the linear regression equation and 
correlation coefficient R2. The relation between the independent 
variable (concentration) and the dependent variable (mean area) 
presented the regression equation Y=57721X-1010.8, R2=0.999 in 
the range at 0.4–7.6 µg/mL. The data of the curve areas, with their 
respective concentrations, allowed to construct the calibration curve, 
shown in Figure 4 with correlation coefficient 0.999. The Table 1 shows 
the statistical analysis.

The linearity of the method was demonstrated by evaluating the linear 
correlation R2 coefficient obtained by linear regression and analysis 
to single factor variance, where it was shown that the F Tabulated 
(Critical) is greater than the calculated F value, for a significance level 
of 95%. Based on ANOVA, the variations between values obtained from 
the three curves were not significant.

Blainski and colleagues when validating a method by HPLC-DAD for 
quantification of gallocatechin and epigallocatechin in Limonium 
brasiliense rhizomes obtained r]esults of analysis of variance for 
linearity compatible and consistent with the present work [41].

Precision assessment

Repeatability and intermediate precision
Repeatability was evaluated using the same analytical parameters, with 
six chromatographic runs of the extract sample. Intermediate precision 
was assessed in 3 days with 18 chromatographic runs of the extracted 
samples for determination of the analyte concentration in the matrix.

Table 3: Evaluate of recovery of the method

Level of addition (%) Experimental values (µg/mL) Average of recovery±SD Recovery % RSD (%)
Low (20) a 21.01±0.26 21.0±0.07 99.7±0.56

20.89±0.47
20.99±0.22

Medium (100) b 32.95±1.61 32.7±0.41 94.9±1.26
32.27±1.35
33.01±2.44

High (180) c 44.14±0.62 44.6±0.46 93.0±1.04
44.47±0.45
45.05±1.09

a-cn=18. SD: Standard deviation, RSD: Relative standard deviation, n = Number of determinations

Table 4: Evaluation of conditions of column oven temperature, flow of the mobile phase, and pH in robustness of the method

Normal condition Temperature (°C) Flow (mL/min) pH

40 1.2 1.6
Main concentrationa (µg/mL) ±SD 17.7±0.5
RSD (%) 2.6
Tested condition 38 42 1.1 1.3 1.5 1.7
Main concentrationa (µg/mL) ±SD 17.85±0.3 17.9±0.3 18.1±0.4 17.9±0.3 18.4±0.5 18.3±0.4
RSD (%) 1.5 1.7 2.0 1.8 2.7 2.3
an=6, SD: Standard deviation, RSD: Relative standard deviation

Table 5: Evaluation of separation efficiency parameters on robustness

Tested condition

Temperature °C Flow mL/min pH Parameter*

38 42 1.1 1.3 1.5 1.7 Acceptance criteria
Rs 2.89 2.05 2.23 2.13 2.95 2.14 Rs>1.5
K’ 7.76 5.85 7.7 7.08 7.12 7.08 1≤K’ ≤10
T 1.09 1.07 1.07 1.05 1.05 1.06 0.5≤T ≤ 2
α 1.16 1.11 1.14 1.13 1.14 1.13 α >1
N 45239 43390 46908 44167 45636 44838 N>2000
*Rs: Resolution, K’: Retention factor, T: Tailing factor, α: Separation efficiency, N: Theoretical plates. Kaempferol peak in normal condition: Temperature = 40°C, 
flow = 1.2 mL/min, pH = 2.5 to determine the parameter values: Rs=2.1, K’=7.1, T=1.1, α=1.1 and N>2000

Table 2: The repeatability and intermediate precision of 
P. pyramidalis extract

Repeatabilitya

Concentration of 
kaempferol  (µg/mL)

RSD (%)

Intermediate 
precision (intraday) b

Day 18.12±0.63 0.6
1 17.23±0.27 1.6
2 17.90±0.51 2.9
3 18.12±0.43 2.4

Intermediate 
precision (interday) c

Averagec±SD 17.7±0.60 3.10
abn=6, cn=18, n = Number of determinations
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In the ANOVA statistical analysis, was not set significant differences 
between the data considering a level of significance of 95% and P values 
greater than 0.05. Intermediate precision showed a mean concentration 
value of 17.7 μg mL–1 and RSD of 3.1% as showed in Table 2. These 
results corroborate with the selectivity data, confirming the precision 
of the method to analyze fluid extract of P. pyramidalis.

Pascale et al. when addressing the precision of the analytical method 
by gas chromatography to analyze components that cause the 
greenhouse effect, procedures similar to those carried out in this work 
were used. The statistical data obtained from both methods meets the 
requirements of the official guide of the International Conference on 
Harmonization (ICH) [42]

Accuracy assessment
The accuracy of the analytical method was assessed by the addition of 
known quantities of the kaempferol standard in three concentrations: 
Low, medium, and high. The standard kaempferol addition presents 
values of 20%, 100%, and 180% in the extract sample for determination 
of concentration of the analyte in the matrix. Samples were prepared 
in triplicated and injections in duplicates for each concentration level. 
Relative standard deviations and recovery capacity were measured.

Table 3 shows the recovery data for the proposed method. It contains 
the values of mean concentrations obtained for each level of recovery 
with their respective values of deviations. In the ANOVA statistical 
analysis, a confidence interval of 95% was defined, with α level of 0.05, 
there was no significant difference in the recovery data set, the p>0.05.

Hollands et al. validated an analytical method by HPLC for the 
determination of procyanidins in apple extracts employing the solvent 
hexane for the removal of nonpolar compounds such as greases and 
pigments in the pretreatment of samples. In the evaluation of the 
recovery, the authors achieved a recovery above 80% for 4 markers 
against to a total of 10 monitored peaks. This demonstrates the difficulty 
of working with complex matrices even after the pretreatment step of 
samples [43].

Robustness assessment
The robustness evaluation evaluated the parameters of column oven 
temperature, mobile phase flow, and mobile phase pH. Samples were 
prepared in triplicate, and analyzes were performed in duplicates for 
each condition evaluated.

In the evaluation of the influence of the temperature variations of the 
column even, in the peaks areas, it was observed that this parameter in 
the evaluated conditions ±2°C did not influence in analysis of marker, 
indicating that the temperature in the robustness does not influence 
the analysis. In the evaluation of the influence of the variations in the 
flow of the mobile phase in analytical results, it was observed that 
the parameter evaluated did not influence in the conditions of 0.1 mL 
in more or less. In the evaluation of the influence of the variations in 
the pH of the mobile phase, it was observed that this parameter in the 
evaluated conditions ±0.1 did not influence in the data of the area of the 
peak analyte. Statistical analysis ANOVA with 95% confidence intervals 
had p>0.05, showing no significant difference in the set of data. The 
robustness of the method is shown in Table 4.

Potawale and colleagues, validated a HPLC-DAD method for 
determination of gimnemagenin, gallic acid and 18-β-glycyrrhetin acid. 

When monitoring the parameter robustness, they changed composition 
of the mobile phase (± 1%), phase pH (± 0.1), phase flow and detection 
wavelength (± 2 nm). The obtained results presented deviation below 
2% for the area of the monitored peaks. As the work cited, the present 
work investigated possible changes in the proposed method to confirm 
its robustness, confirming at the end that the method is robust in the 
conditions analyzed [44].

The robustness of the method was also assessed based on the parameters 
of the chromatographic separation, evaluating how the temperature, 
flow, and pH on limit conditions could interfere in analysis of extracts 
of P. pyramidalis. The analysis of the chromatographic separation 
parameters, namely, peak resolution (Rs), retention index (k’), tailing 
factor (T), separation efficiency (α), and theoretical plate numbers (N) 
was performed in relation to the main peak of kaempferol that was 
monitored. The results show that the method is robust, with no changes 
in the separation efficiency of kaempferol in relation to the other peaks 
of flavonoids, as observed in Table 5.

Evaluation stability
The stability of extracted samples was analyzed at time 0 and 24 h. The 
coefficient of variation of the data and variation of analyte content was 
determinates. The stability data are plotted in Table 6. The stability data 
show that up to 24 h there was sample stability maintained at room 
temperature and that the variation obtained was satisfactory.

Unlike other methods, reported in the literature that use acid hydrolysis 
with heating and high preparation time, the proposed method presents 
advantages in the application in direct analysis of extracts, being able to 
be applied in the study of accelerated stability and without degradation 
due to the heating process, generating more reliable data with better 
correlation with the long duration data of the confirmatory stability 
study [45].

These results are according to the minimal official guide 
requirements [37,46], for methods of validating and demonstrating that 
the developed method can be suitably used for analysis of kaempferol in 
the P. pyramidalis extract samples.

CONCLUSION

The development analytical method by HPLC-DAD showing a linear, 
precise, accurate, and specific for analyte kaempferol in complex 
matrices of P. pyramidalis FE allowed free analysis of interference and 
selective for the marker may be applied for standardization of extracts 
and quality control of herbal medicines from P. pyramidalis.
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