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ABSTRACT
Objective: This work includes the study of circadian and seasonal variation of barbatusin, active compound present in P. grandis (Plectranthus
grandis), through the implementation and validation of an analytical method capable of detecting and quantifying this metabolite.

Methods: High-performance liquid chromatography (HPLC) was performed with a Phenomenex C18 column (250 mm x 4.60 mm-5 µm), a binary
gradient of water and acetonitrile (8:2, v/v) at a constant flow rate of 0.8 ml min-1 and ultraviolet-visible spectroscopy (UV-VIS) at 254 nm as
detector.
Results: The retention factor for barbatusin was found to be 18.34±0.05 min. The calibration curve was linear (r2>0.999). The intraday and interday
precisions of the method were determined, the (Relative Standard Deviation) RSD (%) ranged from 0.74 to 3.53 and from 2.21 to 5.30, respectively.
The limits of detection and quantification were 85.30 and 258.40 µg ml-1. The method is simple, precise, accurate and selective and can be routinely
used for barbatusin analysis in P. grandis extracts.

Conclusion: The methodology can be applied to the quantification barbatusin of powdered samples P. grandis at any time of year. The method
showed excellent results in all steps of the validation demonstrating the possibility of an extensive use of time for the determination with the largest
amount of compound derivatization of the same order for future studies.
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INTRODUCTION
Plectranthus grandis (Cramer) Willens is a shrub popularly known in
Brazil by the names of “boldo grande” [1] and this species is able to
flourish in the Northeast in the mountain regions, coastal or central
hinterland, as different from other species of the same genus that
require milder weather or tempered to develop [2]. This plant is
widely used by the population in fighting dyspepsia [3]. Still little is
known about its chemical composition, but the barbatusin is a
constituent identified in P. grandis which has pharmacological
importance [4]. Barbatusin (9'-(acetyloxy)-10'-hydroxy-3,4'b,8',8'tetramethyl-1',4',7'-trioxo-3',4',4'b,5',6',7',8',8'a,9',10'-decahydro1'H-spiro[cyclopropane-1,2'-phenanthrene]-3'-yl acetate), (fig. 1), is
a tetracyclic diterpene abietane found in the Plectranthus genus and
two activities are reported, gastroprotective activity [5] and
cytotoxic activity [6] for this compound being very promising for
future pharmacological studies.
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The study of seasonal and circadian variation in P. grandis
samples can be useful to indicate the optimal time for collection
of the plant to production greatest amount of this diterpene,
being necessary to develop a methodology as a tool suitable for
use in quality control barbatusin in Plectranthus spp. This work
includes the description by high-performance liquid
chromatography (HPLC), of the study of circadian and seasonal
variation of barbatusin present in P. grandis, through the
implementation and validation of an analytical method capable
of detecting and quantifying this metabolite.
MATERIALS AND METHODS
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In previous work [6] barbatusin was obtained in high content (%
dry matter) and derivatization of barbatusin led to obtaining
compounds with significant antitumor activity. With this, in order to
obtain a larger amount of this compound to perform other reactions
was performed barbatusin the isolation procedure using the same
methodology. However, unexpectedly, the barbatusin was obtained
in extremely small quantities. Many factors can influence the
metabolic dynamics of various species of plants, including seasonal,
circadian and phenological cycles, latitude, altitude and soil
nutrients, level of radiation, air pollution, induced by mechanical
stimuli, and herbivory attacks pathogens and getting evident even
these factors do not act alone [7] and consequently promotes
chemical variability.
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Fig. 1: Structural representation of barbatusin

Plant materials
The collections of the leaves of P. grandis were held in the Garden of
Medicinal Plants Prof. Francisco José de Abreu Matos of the
Universidade Federal Ceará (3° 44' S; 38º 33' W) for a year (about
100-200 g of leaves), on a monthly basis starting in July 2013. A
voucher specimen (28377) have been deposited in the herbarium of
Departamento de Biologia da Universidade Federal do Ceará,
Fortaleza, CE, Brazil.
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Extraction

Precision

The plant material was collected each six hours for twenty-four
hours. The leaves were dried in an oven at 50 °C, crushed and was
made a cold extraction with ethanol distilled at room temperature.
The solvents were eliminated, and the residues were dried and
stored at 27 °C.

The precision of the method was assessed by repeatability (interday
and intraday precision), injecting the standard in triplicate in three
different concentrations (25, 100 and 500 µg. ml-1), registering the
values of the areas of the chromatographic peaks and calculating the
standard deviation of the determinations.

The dried leaves (425.0 g) of P. grandis were extracted with ethanol
(3 x 8 l), and yielded 56.50 g of extract after solvent evaporation
under reduced pressure. The extract was subjected to column
chromatography on a silica gel and thereafter C 18 as the stationary
phase. Hexane, DCM, EtOAc and MeOH as eluents. The fraction
(245.0 mg) was subjected to preparative thin layer chromatography
(PTLC) using silica gel as the stationary phase obtained. As a result
barbatusin (15.0 mg) which was identified by ¹H-NMR and ¹³C-NMR.

For the assessment of recovery, the ethanol extract of P. grandis collected
in March in a time of 18 pm was used, as this extract showed the lowest
barbatusin content from the analyzed extracts. The extract was fortified
with a standard is known concentrations in three concentration levels.
The concentration of each solution determinations was made in
triplicate and the calculated recovery percentages.

Isolation and identification of barbatusin

Chemicals and reagents

The HPLC solvents methanol and acetonitrile was purchased from
Vetec and Teddia. The water was prepared in Milli Q system Purelab
Option. The hexane, EtOAc and MeOH used as stationary phas, were
purchased from Sigma-Aldrich. C 18 (J. T. Baker), 40-60 µm, APD, 60 Å.
Equipment

High-performance liquid chromatograph (HPLC) Thermo Electron
Corporation, UV-VIS detector, pump Finnigan Surveyor, and data
acquisition via computer type Core2Duo 2.93GHz using ChromQuest
5.0 software. The standard analysis and the species studied extracts
was performed using the analytical column Phenomenex Kinetex
C18 (250 mm x 4.60 mm-5 µm) and the detector was used in the UVVIS region, the chromatograms recorded at 254 nm.
Chromatographic conditions

Chromatographic detection of barbatusin from the ethanol extract of
P. grandis was performed using a binary gradient of water and
acetonitrile (table 1). The injected volume was 20 µl, wavelength of
254 nm and flow of 0.8 ml min-1.

Preparation of standard and sample solutions

The extracts of P. grandis were prepared at a concentration of 2.5 mg
ml-1. The standard (barbatusin previously isolated) used for analysis
was prepared at a concentration of 1 mg ml-1.
Validation of analytical method

To validate the method evaluated the selectivity of parameters,
linearity, limits of detection and quantification, precision, accuracy
and robustness [8-10].
Selectivity

The selectivity was observed according to the overlapping of the
chromatograms obtained by evaluating the apical regions, ascending
and descending from the peaks of the respective standard substance,
considering pure with the occurrence of the exact overlap.
Linearity

For the study of the linearity, there was prepared a methanol stock
solution of barbatusin at 1000 µg ml-1, dilutions were performed to
obtain the following concentrations: 25; 50; 100; 250 and 500 µg ml-1.
The calibration curve was constructed by plotting the average values
of the areas of the chromatographic peaks according to
concentrations.

Accuracy

Limits of detection and quantification

The limits of detection (LOD) and quantitation (LOQ) were
calculated by dividing the standard deviation of the calibration curve
by its angular coefficient multiplied by 3.0 and 10.0, respectively.
The determinations were calculated in triplicate.
Robustness

It was assessed by varying the following conditions analytical: the
proportion of the mobile phase solvents and the maid flow in the
analysis.
Determination of the content in samples barbatusin of
Plectranthus grandis

For the quantitative analysis of the variability of barbatusin the
circadian and seasonal cycles, it used the external standardization
method which compared the area of the substance to be measured
(barbatusin) in the sample with the areas obtained with known
concentrations of the solutions prepared from barbatusin. The
analytical curve was prepared from a standard solution of
barbatusin to 1000 mg ml-1 at concentrations of 25, 50, 100, 250 and
500 µg ml-1. The solutions were obtained in triplicate.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions
The primary target in developing this method, indicating HPLC stability
is achieved the resolution between barbatusin and other compounds
found in the samples of P. grandis. Separation was achieved using water:
acetonitrile as the mobile phase and gradient program for the analysis of
the extracts can be observed in table 1. The optimal wavelength for
detection and quantification used was 254 nm. Representative
chromatogram of the standard solution is shown in fig. 2.
Validation of analytical method

The parameters evaluated in this validation were needed to confirm
the applicability of the method of quantitation in samples of
seasonal and circadian cycles showing thus that the
chromatographic profiles were reproducible.
Selectivity

The selectivity is considered the first step of the analytical validation
because it must ensure that the components of the formulation such as
excipients, does not interfere with the quantification of the drug [11, 12].
The selectivity was observed according to the overlapping of the
chromatograms obtained by evaluating the apical regions, ascending and
descending of the peak corresponding to the respective standard
substance, considering the occurrence of pure exact overlap.

Table 1: Programming gradient for analysis of ethanol extracts of Plectranthus grandis

Time (min)
0.01
25
27
30

Water (Pump A)
80
30
80
80

Acetonitrile (Pump B)
20
70
20
20

Flow rate (ml min-1)
0.8
0.8
0.8
0.8
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Fig. 2: Representative chromatogram (HPLC-UV-VIS) of the standard solution (barbatusin)

Linearity
The linearity was determined by the construction of calibration
curves, which, from a stock solution was prepared barbatusin of
solutions at different concentrations were later plotted curves in a
ratio peak area versus concentration. These curves all points related

to the different concentrations were considered. The linearity was
evaluated by calculating the slope, y-intercept and correlation
coefficient (r2) using the method of least squares. Detailed
descriptions of the regression lines are shown in table 2, which
shows a good linearity for the compound. The regression coefficient
was r2>0.9988.

Table 2: Analytical parameters of linearity and limits of detection and quantification of barbatusin in Plectranthus grandis

Working concentration range (μg ml-1)
Slope
Intercept
Correlation coefficient (r2)
Limit of detection (μg ml-1)
Limit of quantification (μg ml-1)

25-500
0.00005
10.059
0.9988
85.3
258.4

Precision
For reliable analysis of the compound the method should show need,
or submit small dispersion among results of reading the same
concentration, and accurate, represented by the degree of agreement
between individual results in one test procedure, or independent
testing in relative to a reference value accepted as true [10].
The intraday and interday clarification methods were determined,
and the results are shown in table 3. The intraday precision was
evaluated in triplicate by injection three levels of concentration for
the standard barbatusin solution; samples were prepared on the
same day by the same analyst under the same chromatographic
conditions. Since the interday precision was also evaluated by the
injection in triplicate in three different concentrations barbatusin
over two days of analysis. The results showed that the method is
precise for both determinations where the standard deviations of
intraday accuracy ranged from 0.74 to 3.53% and interday

precision, of course, it showed higher standard deviations than the
intraday precision, however, the three levels of concentration he
was also an accurate method, as their relative standard deviations
were within the recommended value.
Accuracy

The recovery method was carried out with the fortification of
ethanolic extracts of P. grandis leaves with known amounts of a
reference substance (barbatusin). The recovery procedure allows
evaluating how much of the compound can be recovered from the
analytical procedure, allowing calculations to determine the
accuracy of the method. In assessing the results shown in table 3, it
was observed that the percentage recovery barbatusin the ethanolic
extract of P. grandis is between 99.05 and 99.69%, with standard
deviations of less than 5%, are immediately consistent with
adequate accuracy where the established criterion is between 90
and 107% [9].

Table 3: Precision and accuracy in Plectranthus samples

Precision
Amount (µg
ml-1)
25
100
500

Intra-day RSD
(%)
3.53
0.74
1.61

RSD-Relative Standard Deviation

Inter-day RSD
(%)
4.48
5.30
2.21

Accuracy
Amount added (µg ml-1)

Amount found (µg ml-1)

Recovery (mean±RSD, %)

158.21
183.21
233.21

157.30
181.48
232.50

99.42±1.50
99.05±1.75
99.69±2.05

Limits of detection and quantification
The limits of detection (LOD) and quantification (LOQ) were
calculated through the preparation of analytical curves similar to a
linear process. Among the different ways to determine these
parameters, the method based on the analytical curve parameters is
right to allow the application of statistical analysis. Therefore, it is
most reliable results. The parameters of calibration curves resulted
in the estimate of the amount of sample that can be detected and
quantified. Thus, detection values was 85.3 µg ml-1and quantification

of 258.4 µg ml-1, where the correlation coefficients of the curves
ranged from 0.9973 to 0.9991.
Robustness

Robustness of the method was determined by observing the
influence of a small and deliberate change in the chromatographic
parameters that may affect the performance of the method. It was
determined by measuring the effect of changes in the analytical
parameters on retention time and peak area counts. Only one
126
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parameter was changed at a time while the others were kept
constant. The parameters that were taken into consideration were
the proportion of the mobile phase solvents and flow rate. The
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(Relative Standard Deviaton) RSD of variation in the retention time
(Rt) and peak area was<2% (RSD<2), which confirms the robustness
of the method (table 4).

Table 4: Robustness study data of the newly developed HPLC method

Parameters
Flow rate (0.7 ml min-1)
Flow rate (0.9 ml min-1)
Mobile phase (80.2:19.8 water: acetonitrile)
Mobile phase (79.8:20.2 water: acetonitrile)
RSD-Relative standard deviation

Determination of the content of barbatusin in samples of
Plectranthus grandis
It is known that the chemical variability of plants is huge since the
biosynthetic pathways responsible for the production of secondary
metabolites in the plant are sensitive to many factors, such as
climatic variations, environmental factors and, especially
interactions with insects and predators [13]. The knowledge of the
chemical variations is of great importance to the quality and
preparation of medicinal species of therapeutic and/or industrial
interest and is useful for the extraction and isolation of the desired
active principles or for the determination of metabolites in crop
production switching times toxic [14, 15].
Indeed, in this study of seasonality, it was not possible to evaluate all
the factors that influence the production of P. grandis metabolites,
however, one can evaluate the behavior of barbatusin over 12
consecutive months and throughout the day of collection of these
months

Variations (% RSD)
Retention
0.30
1.27
0.065
0.34

Peak area
0.71
1.72
1.15
1.03

The newly HPLC method developed and validated was applied to
quantify the barbatusin in ethanol extracts of P. grandis in circadian
and seasonal cycles. The retention time of the respective compound
was used to ensure the identity of the compound in plant samples as
shown in fig. 3.
The barbatusin contents varied 3.37-83.0 % on a dry weight basis.
The detailed results for variation circadian and seasonal in the
Plectranthus grandis are showed in fig. 4.

In this seasonal study was demonstrated that the barbatusin can be
detected in the leaves extracts of P. grandis at any time of the year
and in different amounts considering the plant metabolism. The time
when a plant is collected is one of the most important factors, since
the amount, and sometimes even the nature of the active
constituents is not constant throughout the year. Are reported, for
example, seasonal variations in the content of all classes of
secondary metabolites: essential oils [16], flavonoids [17],
coumarins [18], among others.

Fig. 3: Representative chromatogram (HPLC-UV-VIS) of the ethanol extracts of Plectranthus grandis (sample march 0 h)

Fig. 4: Variation circadian and seasonal of barbatusin contents in the Plectranthus grandis (n=3)

127

Silva et al.

The percentage of barbatusin is calculated as percentage dry weight
of the plant material.

Noting the results presented in the fig. 4 also found that despite the
barbatusin be detected in the leaves of P. grandis at any time of the
year there was a seasonal pattern of concentration of this compound
with respect to two typical climatic periods of northeastern Brazil.
The dry season and rainy season as with most plants and/or
metabolites such as in leaves of Digitalis obscura have lower
cardenolide concentrations in the spring and a phase of rapid
accumulation in summer, followed by a reduction phase in the fall
[19]. However, in studies aimed at determining the seasonality of
taxoids, the main target paclitaxel (used in ovarian cancer therapy)
is noted changes during the year in the concentration of this
compound in Taxus brevifolia and Taxus baccata, but is not can
determine a pattern of variation [20, 21].
In circadian cycle there was a significant variation in barbatusin
content, for example, in March midnight plant showed a content of
83% (highest detected concentration) followed by a drop in
concentration in time of 6 am subsequently a decrease to half a day,
and finally again a decrease in the content coming just 3.37% (the
lowest concentration detected) compound. There are more and
more studies showing that the composition of the side of a plant
metabolites can also vary considerably during the cycle day and
night, for example in the literature is found a study which shows
more than 80% variation in eugenol concentration in the oil
essential Ocimum gratissimum, which reaches a maximum at around
noon time at which accounts for 98% of the essential oil content, in
contrast to a concentration of 11% around 5 pm [22].

So this seasonal and circadian evaluation can be considered a
starting point for the development of new work, targeting the
pharmacological study of this substance, which although known in
the literature, there are only two reports of activities correlated to it
the gastroprotective activity [5] and cytotoxic activity [6].
CONCLUSION

The methodology developed for the quantification of barbatusin in
P. grandis samples showed that this compound can be detected at
any time of year, and the month of March at the time of 0h a time for
greater content of it. The method showed satisfactory results in
every step of validation, so it is accurate, precise, specific and robust.
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