ORIGINAL ARTICLE

Reversed-phase-liquid chromatography method for
separation and quantification of gallic acid from
hydroalcoholic extracts of Qualea grandiflora and
Qualea parviflora

Mariana L. de Mesquita'-23, Waleska F. Leao??, Magda R. A. Ferreira?, José E. de Paula,
Laila S. Espindola’, Luiz A. L. Soares?®
"Laboratory of Pharmacognosy, University of Brasilia — UnB, Brasilia-DF, 2Post Graduate Programme in Therapeutic Innovation, Federal

University of Pernambuco — UFPE, Recife-PE, *Pharmacognosy Laboratory, Federal University of Pernambuco — UFPE, Recife-PE, *Plant
Anatomy Laboratory, University of Brasilia — UnB; Brasilia-DF, Brazil

Submitted: 26-06-2013 Revised: 17-08-2013 Published: 24-09-2015

Access this article online

Website:
Background: Qualea parviflora and Qualea grandiflora (Vochysiaceae), commonly known in Brazil www.phcog.com

as “pau-terra” and “pau-terrinha,” respectively, have been widely used in the treatment of ulcer DOI:

and gastritis. These therapeutic effects are attributed to various compounds present in the plants, 10.4103/0973-1296.166062
including phenolic compounds such as gallic acid, due to their important antioxidant activity.
Objective: The aim of the present study was to validate a high performance liquid chromatography
with diode array detection (HPLC-DAD) method for the quantitative determination of gallic
acid in the stem bark of Q. parviflora and Q. grandiflora hydroalcoholic extracts. Materials and
Methods: The chromatography analysis was successfully achieved on a Dionex column, Acclaim”
120 (250 mm X 4.60 mm, 5 um) with a gradient elution of water and methanol at a flow
rate of 0.8 mL/min and ultraviolet detection at 280 nm. Results: The validation data, including
linearity, precision, specificity, accuracy and robustness of this method demonstrated good
reliability and sensitivity. Conclusion: The method is able to quantify gallic acid in the stem bark
of both species. What is more, the chromatographic peaks showed good resolution and there
are also the advantages of easy sample preparation and a short time between each injection.
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INTRODUCTION

This study focuses on Qualea parviflora (pau-terra, pau-ferro,
pau-de-tucano) and Qualea grandiflora (cinzeiro, boizinho,
Plants provide a potential source of important molecules.'?  pau-tertinha), Brazilian Cerrado trees of the Vochysiaceae
family with a large distribution in Brazil.® The genera Qualea
sp. (leaves and bark) are widely used in folk medicine to
treat diarrhea with blood, intestinal colic, amebiasis,” skin
diseases and inflammatory processes,®” but specially ulcers
and gastritis.l"'*!]

The Brazilian Cerrado biome is the second largest ecological
area after Amazonia, with approximately 2 million Km?,
and 44% is comprised of endemic flora.P! Species found
in the Cerrado biome have been used by local traditional
communities to treat various diseases,” but despite this

there are very few studies that highlight the quality control
of those plants.
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According to recent pre-clinical pharmacological studies,
the methanolic extract from (. parviflora bark has
gastroprotective, antidiarrheal, antispasmodic, and intestinal
anti-inflammatory effects, and is an effective anti-ulcerogenic
and antimicrobial treatment with no detectable acute toxic
effects.'>"” The oral administration of the hydroalcoholic
extract of the bark of Q. grandiflora was investigated for its
ability to prevent and heal lesions in the gastric mucosa as
it shows an important antiulcer activity."*
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The chemical composition of Qualea genus plants mainly
includes triterpenes, flavonoids and phenolic compounds
such as pyrogallic and catequinic tannins and phenolic acids
like ellagic acid derivatives and gallic acid.l*!"

Gallic acid is a phenolic compound that is a secondary
metabolite in a variety of plant roots and stems. Several
reports indicate that it has anti-cancer, anti-inflammatory,
cardioprotective, antioxidant, anti-diabetic and anti-ulcer
properties.l'> ¥

Pharmacological evidences indicate a correlation between
the presence of gallic acid in plants and its antiulcer
activity.'*?
and prevention of the gastric ulcer has been studied, and

The mechanism of action in the treatment

it seems that its antioxidant properties, immunomodulator
proteins and inhibition of mitochondrial apoptosis are
related to this pharmacological activity.'” Therefore, gallic
acid was proposed as a phytochemical marker for Qualea,
owing to its biological properties and presence in Qualea
species.[**!

There are several reports regarding the use of HPLC to
quantify gallic acid in different herbal matrices such as
juice and beverages;*** commercial teas;*" and traditional
species,”? however, few of them reported validated
methods to identify and quantify this phytochemical marker
in Cerrado plants.?’**!

This study is incorporated into a research group
program that aims for the valorization of the Brazilian
Cerrado biome plants, the biome being well known as a
biodiversity hotspot.”*" The first phytopharmaceutical
from this biome was approved in 2009 by the Brazilian
Health Surveillance Agency. The product is an ointment
containing the dry extract from Stryphnodendron adstringens
barks, whose chemical makers are total tannins. In spite
of the relevance of the two species of Qualea (Q. parviflora
and Q. grandiflora) for the traditional treatment of several
gastrointestinal disorders, the lack of specifications for their
quality control remains a key challenge for the development
of new herbal-based medicines from the Cerrado bioma.

Thus, in the present study, a simple and fast high
performance liquid chromatography with diode array
detection (HPLC-DAD) method was developed and
validated for the qualitative and quantitative determination of
gallic acid in hydroalcoholic extracts from stem barks of Q.
parviflora and Q. grandifiora. The quantification of the marker
will provide the scientific basis for the quality standardization
to support the technological and clinical developments of
phytopharmaceuticals from this Cerrado species.
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MATERIALS AND METHODS

Materials

The methanol employed in the experiments was HPLC
grade (J. T. Baker, Phillipsburg, NJ, USA) and was filtered
through a 0.45 wm membrane filter prior to use. Ultrapure
water was obtained by passing redistilled water through
a Direct-Q UV3 system, Millipore (Billerica, MA, USA).

Plant material

Q. grandiflora and Q. parviflora (Vochysiaceae) were
collected in the Cerrado biome, around Brasilia, Distrito
Federal, Brazil, in 2012. The species were identified by
botanist Prof. José Elias de Paula. The voucher herbarium
specimens (Q. grandiflora-UB 3746; Q. parviflora, UB 3742)
wete deposited in the University of Brasilia (UB/UnB)
Herbarium.

Preparation of plant extracts

Dried and powdered stem barks of Q. parvifiora and
Q. grandiflora were submitted to successive exhaustive
extractions with a hydroalcoholic solution through
a maceration process. The crude extracts of Qualea
parviflora hydroalcoholic (QP) and Qualea grandifiora
hydroalcoholic (QG), respectively, were obtained after
the complete evaporation of the solvents under reduced
pressure at 40°C as previously described.P!! The extracts
wete stored at —20°C.

Instrumentation and chromatographic conditions
High-performance liquid chromatography analyzes were
conducted on an Ultimate 3000, Thermo Scientific®
system (Texas, USA) equipped with a degasser, a DAD,
and an automatic injector with a 20 UL loop. HPLC
data acquisition was accomplished with Chromeleon
software. Validation of the method was performed
using a Dionex column, Acclaim® 120 (particle diameter
5 um, 250 X 4.60 mm) equipped with a pre-column of
octadecylsilanized silica (5 pim). The mobile phase consisted
of water (+0.05% trifluoroacetic acid [TFA]) as solvent A
and methanol (+0.05% TFA) as solvent B, with the linear
gradient as follows: 0 min 15% B; 12 min 40% B; 14 min
74% B; 16 min 15% B; 18 min 15% B. The total analysis
time was 18 min. The solvent flow was kept constant at
0.8 mL/min during the whole analysis. Ultraviolet (UV)
spectra were recorded between 190 and 400 nm, and the
detection was accomplished at 280 nm.

Validation of the method

Validation of the analytical method was performed
according to the validation guide for analytical and
bioanalytical methods published by National Agency
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of Sanitary Vigilance-RE n°® 899-2003,°% and the ICH

guideline specifications.!

Specificity

The specificity was determined by analysis of
chromatograms of gallic acid and the solutions of QP
and QG extracts. The DAD detector in association with
the software resource provided by the workstation and
co-elution of the standard and the extracts were employed
to confirm the purity across the peak at a retention time
corresponding to that of gallic acid.

Calibration curves of the standard

An external standard method was utilized to construct
the analytical curve for gallic acid measured at a
wavelength of 280 nm. A stock solution of the standard
was prepared by weighing 1.0 mg of gallic acid (purity
99%) and dissolving it in 50 mL of water to give a final
concentration of 0.02 mg/ml.. Calibration curves of the
five extract solutions, with concentrations of 0.9, 1.0,
1.1, 1.2, and 1.3 mg/mL of QP and 0.2, 0.21, 0.22, 0.23,
and 0.24 mg/mL of QG, were prepared with appropriate
dilution of the stock solution (2 mg/mL). Each of the five
solutions was injected into the HPLC in triplicate, and the
regression equation determined.

Repeatability and intermediate precision

Repeatability was estimated by assaying solutions of QP
and QG at 1 mg/mlL; each analysis being carried out in
sextuplicate by the same operator on the same day. The
chromatograms were registered and peak heights were
measured. Intermediate precision was determined by
analyzing, in triplicate, solutions of QP and QG at the
same concentration employed in the repeatability test,
on two consecutive days and by two different operators.
Precision and repeatability were confirmed by the relative
standard deviation (RSD) value of the intra and interday
assays. The RSD was calculated by the standard deviation
over the measured amount multiplied by 100.

Accuracy

The accuracy was determined by the recovery test, and was
examined by adding to the main solution of the extracts at
1 mg/mL three solutions of gallic acid, at concentrations of
1.0,1.1,and 1.2 pg/mL for QP and 2.1,2.2 and 2.3 pg/mlL for
QG. Three replicate analyzes were performed.

Limit of detection and limit of quantification

The limit of detection (LOD) and limit of quantification
(LOQ) were calculated on the basis of the data of the
regression of the analytical curve of gallic acid for QP and
QG. The equations below were used to do the calculations,
as required by Anvisa and recognized by ICH.P>*!
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S = Standard deviation for the intercept with axis Y e
I = slope of the curve.

Robustness

Analyses were carried out with different flow rates of
the mobile phase (0.79 and 0.81 mL/min), with different
pH values of the mobile phase ranging from 2 to 4 for
solvent A and from 4 to 6 for solvent B, and with different
column temperatures (24 and 27°C), in order to estimate
the robustness of the method.

Statistical analysis

The individual data were grouped following each
experiment. The mean with the respective deviation
was used as a measurement of the central tendency and
dispersion (RSD). The data were submitted to statistical
analysis using Excel® software.

RESULTS AND DISCUSSION

The specificity of the analytical method was confirmed using
the DAD workstation software resource for the standard
analyte and for each of the assayed extracts,” as well as
by the same retention time values for the sample and the
standard (8 min). The presence of gallic acid was confirmed
by the retention time and UV—Vis spectra obtained from
authentic samples, at Amax 271.5 nm [Figure 1].

Regarding the peak of gallic acid in both samples, the data
revealed that the phenolic acid showed Amax at 271.4 nm
and 270 nm for extracts from QP and QG, respectively.

From the analytical curve constructed with gallic acid as
standard, the response of the UV detector at 270 nm was
found to be linear in the range of 0.9-1.3 mg/mL for QP
and 0.2-0.24 mg/mL for QG. The regression analysis
providing the linear equation was y = 1.2451x + 0.1144 with
a determination coefficient (R?) of 0.9996 for QP; and the
linear model y = 2.3602x + 0.4942 with a determination
coefficient (R?) of 0.9996 for QG.

The assay of accuracy was performed to evaluate the
matrix interference. The recoveries of gallic acid from
extract solutions were 106.09, 105.93, and 106.19%
for QP and 105.02, 104.58 and 103.69% for QG in
respect to each of the three concentrations analyzed.
The results are within the acceptable limit required for
the Brazilian Health Surveillance Agency (80-120%),?
and demonstrated low interference of the extracts in the
recovery of gallic acid.
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Precision was evaluated through the determination of
the repeatability and intermediary precision. In terms of
repeatability the RSD values obtained were 1.04% for
QP and 3.61% for QG. According to the RSD values
obtained from peak retention times and areas during the
tests, it could be interpreted that the system showed a
satisfactory response with RSD <5%, as recommended
by the literature.?*!

The assay of intermediary precision was performed in
order to determine the accumulation of the random errors
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Figure 1: High performance liquid chromatography with diode array
detection chromatograms and on-line ultraviolet (UV) spectrum of the
standard of gallic acid, Qualea parviflora hydroalcoholic extract and
Qualea grandiflora hydroalcoholic extract; chromatographic conditions:
Dionex, Acclaim® 120 (particle diameter 5 mm, 250 x 4.60 mm); gradient
of 5% trifluoroacetic acid in water (solvent A) and methanol (solvent
B), 0—10 min 0—-15% B; to 12 min 40% B; to 14 min 74% B; to 16 min
15% B; to 18 min 15% B at a flow rate of 1.0 mL/min; UV detection
between 190 and 400 nm

between different operators and days. The RSD values
obtained from both peak areas and retention times of
gallic acid were lower than 5%, demonstrating that there
were no statistical differences between operators and days
of experiments. The method showed high reproducibility
and thus demonstrated low interference of the sample
preparation variables such as days and operators [Table 1].

The LOD is the lowest amount of analyte in a sample that
can be detected but not necessarily quantified. The LOD
values were found to be 0.1339 and 0.0288 mg/mL for
QP and QG mg/ml, respectively. The LOQ was defined
as the lowest concentration that can be determined with
acceptable accuracy and precision at a signal-to-noise
ratio of 10. LOQ values were 0.4464 and 0.0960 mg/mL,
respectively.

The test of robustness showed that the method was
insensitive to small variations in the flow rate, pH of the
mobile phase and temperature of the oven, as demonstrated
in Table 2. No significant variations, as shown by the RSDs,
were found between analyzes conducted using different
batches of chromatographic columns, showing that the
method is robust.

CONCLUSION

Until today, the antiulcerogenic effects of Q. grandifiora
and Q. parvifiora were not attributed to any specific active
compound. However, several biological investigations
have shown that gallic acid displays important antioxidant
properties related to antiulcerogenic activity. The validation
assay of the proposed LC-method demonstrated its
suitability for separation and quantification of gallic acid
in crude hydroalcoholic extracts from stem barks of both

Table 1: Precision data of Q. Parviflora and Q. Grandiflora assessed in triplicate on two consecutive

days and by two different operators

QP QG
Day 1 Day 2 Day 1 Day 2
Operator 1 0.105+0.0008 (0.76) 0.108+0.0025 (2.27) 0.203+0.0020 (0.98) 0.205+0.0012 (0.57)
Operator 2 0.108+0.0010 (0.96) 0.107+0.0030 (2.78) 0.200+0.0050 (2.52) 0.200+0.0013 (0.66)
QP: Q. Parviflora; QG: Q. Grandiflora

Table 2: Robustness of the method for Q. parviflora and Q. grandiflora

Flow (mL/min) Temperature (oC) pH

0.79 0.81 24 27 2/4 4/6

QP 0.106+0.0035 (3.28) 0.106+0.0004 (0.34) 0.101+0.0017 (1.66) 0.102+0.0037 (3.67) 0.105+0.0006 (0.59) 0.106+0.0004 (0.40)
RSD (%) 0.69 0 0.67
QG 0.201+0.0088 (4.37) 0.213+0.0010(0.46) 0.206+0.0053 (2.56) 0.209+0.0016 (0.75) 0.212+0.0039 (1.82) 0.209+0.0037 (1.78)
RSD (%) 4.10 1.02 1.01

QP: Q. Parviflora; QG: Q. Grandiflora; RSD: Relative standard deviation
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Qualea species. No significant variations in peak areas or
retention times were detected throughout the method
evaluation. Thus, it can be concluded that the HPLC-DAD
method is simple, rapid and precise and can be used to
qualify and standardize phytotherapeutic agents containing
these Brazilian traditional herbals.
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