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Abstract

Areverse phase-LC method was developed and validated for separation and quantification of catechin and epicatechin in aqueous extractives
from leaves oMaytenus ilicifolia The analysis was performed using & €olumn with acetic acid—acetonitrile gradient elution. The detection
was carried out by UV at 280 nm and the peak identification was based on the retention times and by co-chromatography with reference
substances. High coefficients of determination were achieved for both catechin and epicatechin peaks from the standard solutions (0.9996 and
0.9999), as well as from extractives (0.9981 and 0.9982, respectively). The method showed good repeatability (R.S.D. <1.5%), reproducibility
(R.S.D. <5%) and good accuracy for both catechin and epicatechin peaks (101.4%, R.S.D.=1.18% and 100.6%, R.S.D. = 2.07%, respectively).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction flavonoids were proposed for the quality control of the raw
material[6—8]. However, several authors attribute the anti-
Maytenus ilicifoliaMart. ex Reissek. (Celastraceae), is ulcer activity to the condensed tannins, which are the main
widely used in Brazilian folk medicine for the treatment of constituents of the aqueous extractif@4.0]. On the other
gastric ulcers. The efficacy and safety of the extracts were hand, the quantification and separation of condensed tannins
confirmed by pharmacological and clinical studiks4]. Ac- in the aqueous extracts by RP-LC method have not yet inves-
tually, many Brazilian pharmaceutical industries produce and tigated.
commercialize phytopharmaceuticals containing this drug.  Several LC methods are reported for the separation and de-
The availability of validated assay methods is therefore an termination of catechins in tea and other biological matrixes
important part of the quality control of such products, and it [11-18] Although the related RP-LC techniques showed sat-
is required by Brazilian health authorities for registration of isfactory results, it is often revealed limitations such as com-
phytomedicine$5]. plex elution phases, extensive work for the preparation of
Notwithstanding the active constituents from leaves of the samples, low resolution or long time for total separation
M. ilicifolia stays undefined, LC-methods for separation and [18,19]
quantification of different compound such as triterpenes and  Thus, inthis paper, a simple and fast LC method was devel-
oped and validated for simultaneous separation and determi-
* Corresponding author. Tel. +55 84 2154355; fax: +55 84 2154340,  hation of catechin and epicatechin in the aqueous extractive
E-mail addressphtech@uol.com.br (L.A.L. Soares). from leaves oM. ilicifolia.
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Table 1 standards, and through addiction of small amount of the stan-
Gradient elution program (B = acetonitrile:water:acetic acid; 50:49:1; ViV)  q5rd substances to the sample.
Time (min) B (%)
0 125 2.4.2. Calibration curves
g 588 2.4.2.1. Calibration curves of the standard&queous solu-
17 450 tions of catechin and epicatechin were prepared in the fol-
18 1000 lowing concentrations: 16, 24, 32, 40, 50 andu&@ml, and
25 1000 32, 48, 64, 80, 100 and 1e@/ml, respectively. The solu-
gg 122 tions were filtered through a 0.4%n membrane (Millipore-

HVHP, Bedford, MA). The calibration curves were made by
linear regression and the results represented the averaged of
three curves performed by three injections of each concen-

2. Experimental tration.

2.1. Plant material and extractives 2.4.2.2. Calibration curve of the extractivé@he aqueous ex-
tractives from leaves d¥l. ilicifolia was filtered through filter

Leaves oM. ilicifolia, collected in April 1997, were sup-  paper (grade 1:1@m, Whatman, UK) and diluted with dis-

plied by the “Centro Pluridisciplinar de PesquisadiQicas, tilled water to 8, 12, 16, 20 and 40 mg/ml. The calibration

Biologicas e Agicolas” of the Campinas State University, curve was made by linear regression and the results repre-

SP, Brazil. The dried and ground material was used to pre- sented the average of three curves performed by three injec-

pare aqueous extractives by infusion of the raw material in tions of each concentration.

distilled water (10%, wi/v) for 15 min.

2.4.3. Linearity, precision, accuracy, detection and
2.2. Chemicals and solvents quantification limits
The method linearity, recovery, precision (repeatability
(+)-Catechin and {)-epicatechin were purchased from andintermediary precision), detection and quantification lim-

Sigma Co. (St. Louis, MO). The mobile phase was prepared its were evaluated according to the ICH guidelines specifica-
with LC grade solvents. It was composed by acetonitrile tions[20].

(Merck, Darmstat, Germany), water (Milli-Q system, Milli- The linearity of the curves was estimated by regression

pore, Bedford, MA) and acetic acid (ExtraSyntes®y Baulo,  using the last square method. The slope, intercept (with re-

Brazil). spective confidence intervals) and coefficient of determina-
tion (R2) were calculated and evaluatfi].

2.3. LC system Thereby, three samples of the extractive solution were

spiked with known amounts of each standard (0.48 and
The analysis was carried out in a liquid chromatograph 0.96ug from catechin and epicatechin, respectively). Each
Shimadzu LC-10A equipped with a pump LC-10AD, an sample was injected three times and the amount recovered
UV-Vis-detector SPD-10A, an autosampler SIL-10A and was calculated.

CLASS-LC10 software (Shimadzu, KYOtO)- A Nova-PajgC For the repeatability assay, six diluted solutions at
RP-column 150 mmx 39 mm i.d., 60A (Waters, Milford, 16 mg/ml were prepared. Each diluted solution was injected
MA) protected by a pre-column Shimadzu (10 nx mm intriplicate and the repeatability was evaluated for peak areas

i.d.) packed with Bondapak/g125A (Waters, Milford, MA) and retention times of both catechin and epicatechin through
was used throughout this study. The peaks were detected athe relative standard deviation (R.S.D.%).

280 nm. After filtration (0.44wm, Millipore, Bedford, MA) The intermediary precision was calculated from three
and degassing with helium, a gradient elution was performed different concentrations of extractive solution (12, 20 and
by a dual valve system (FVC-10AL, Shimadzu, Kyoto) vary- 40 mg/ml), at three different days. At each day a new extrac-
ing the proportion of solvent B (acetonitrile:water:acetic acid; tive solution was prepared and injected in triplicate. The data
50:49:1; v/v/v) to solvent A (acetic acid 1%; v/v) at a flow were expressed as relative standard deviation (R.S.D.%).
rate of 1.5 ml/min. The gradient program is summarized in

Table 1 2.5. Statistical analysis

2.4. Method development The individual data were grouped following each experi-
ment. The mean with the respective deviation was used as a

2.4.1. Identification of catechin and epicatechin measurement of the central tendency and dispersion (relative

The peaks of (+)-catechin and )-epicatechin in the ex-  standard deviatior- R.S.D.%). The mean were compared
tract were identified comparing the retention time against the by Student-test[21].
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Fig. 1. Chromatogram oM. ilicifolia aqueous extractives detected at
280 nm. Peaks: (1) (+)-catechin; (2} )-epicatechin.

Table 2
Retention times (min) for both catechin and epicatechin in standard solution
andM. ilicifolia extractives i = 3)

Substance Standard solution Extractives t-Test
Catechin 4.473 (0.50) 4.415 (1.28) 0.32
Epicatechin 7.402 (0.18) 7.321(1.13) 0.28

R.S.D. values are given in parenthedes; 0.95.

3. Results and discussion

The optimized LC conditions were achieved after prelimi-
nary assays, where different combination of acetonitrile, wa-
ter and acetic acid were testédg. 1shows a chromatogram
of the aqueous extractives.

Considering the vegetable matrix complexity, a good sep-
aration could be achieved with a total run time of 30 min
per injection. Comparing this chromatogram with the chro-
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Fig. 2. Calibration curves for both catechi)(and epicatechin{) in M.
ilicifolia extractives.

plain more than 99% of the experimental data. The confidence
intervals for both intercept points included zero. Therefore,
the result confirms the absence of constant systematic er-
rors. The detection and quantification limits were estimated
from the calibration curve slopes. The limits of detection
were 0.031 and 0.045g/ml for catechin and epicatechin,
respectively, demonstrating the method sensitivity. The cal-
culated limits of quantification were respectively 0.093 and
0.045u.g/ml.

Calibration curves for both catechin and epicatechin peaks
from aqueous extractives with respective confidence intervals
are shown irFig. 2 The calibration curves were evaluated
statistically and the parameters are summarizeabie 4

As it was observed to standard curves, high coefficients
of determination were also obtained for both reference peaks
in the aqueous extract. TIRE values were greater than 0.99,
showing that the calculated regression curves could explain
significantly the experimental variance.

The assay of recovery or accuracy was performed to eval-

matogram of standard solution containing both catechin and uate the matrix interference. The differences between the ex-

epicatechin, a coincidence of retention times could be ob-
served Table 2.

pected and the observed peak areas are showabie 5 The
results of the accuracy test demonstrated low interference of

The linearity was evaluated for each standard substance the matrix onto the recovery of both catechin and epicatechin.

The calibration curves were obtained by plotting peak areas

Precision was evaluated through the determination of the

upon concentrations using six standard solutions. The regresrepeatability and intermediary precision. The results of re-
sion analysis was performed and the resulting parameters arg@€atability test are presented Table 6 According to the

shown inTable 3
The coefficients of determination for standard curves were

greater than 0.999. Thus, the calculated straight line could ex-

Table 3

R.S.D. values obtained from peak retention times and areas
during the tests, it could be interpreted that the system showed
a satisfactory response with R.S8£1%[20].

Table 4

Linear regression analysis data for both catechin and epicatechin in standardLinear regression analysis data for both catechin and epicatechnilix

solutions cifolia extractives

Regression parameters (+)-Catechin —)-Epicatechin Regression parameters Catechin Epicatechin
Intercept —22361.33 —20701.1 Intercept 8791 12846

(Confidence intervals) —(45945.83 to 1223.174) —41850.1 to 447.85) (Confidence interval) 33514.1to 51097.64) (135941 to 161632.9)
Slope 8884.74 7894.64 Slope 11985798.18 43372875

R? 0.9999 0.9996 R2 0.9981 0.9982
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Table 5
Recovery results (%) for both reference substances Woiilicifolia aqueous extractives € 3)
Observations Catechin Epicatechin
Mean (R.S.D.) Mean (R.S.D.)

1 101.5(2.14) 108 (3.5)
2 102.5 (1.45) 105 (0.33)
3 100.2 (1.10) 98 (1.44)
Mean (R.S.D.) 101.4 (1.18) 109(2.07)
Table 6
Precision of the assay

Catechin Epicatechin

Retention (min) Area (mVs) Retention (min) Area (mVs)

Mean (R.S.D.) 4.516 (0.97)

227817 (1.03)

7.400 (0.66) 728935 (0.54)

Repeatability tests for retention times and areas for both catechin and epicate¢hitigifolia aqueous extractives € 6).

Table 7
Intermediary precision tests for retention time and area for both catechin and epicatechin péaikisifolia agueous extractives € 3)
Extractives (mg/ml) Catechin Epicatechin
Area (mV's) Retention time (min) Area (mV's) Retention time (min)
12.0 153936.89 (4.616) 4.619 (0.608) 539B584(4.509) 7.548 (0.708)
20.0 257646.33 (1.620) 4.612 (1.164) 909685(1.909) 7.550 (0.977)
40.0 486951.56 (1.637) 4.605 (1.966) 1744@752.331) 7.526 (1.606)

R.S.D. values are given in parentheses.

The assay of intermediary precision was performed in or- [2] M.G.M. Oliveira, M.G. Monteiro, C. Macabas, V.P. Barbosa, E.A.

der to determine the accumulation of the random errors be-

Carline, J. Ethnopharmacol. 34 (1991) 29-41.

tween different extracts and days. However, the R.S.D. values [3] R Tabach, W.P. Oliveira, Pharmazie 58 (2003) 573-576.

obtained from both peak areas and retention times of catechin
as well as epicatechin were very low, demonstrating that the [5] Brazil, Ministry of Health, Health Surveillance Agency,
method showed high reproducibility and thus, suffered low

interference of the sample preparatidalfle 7.

4. Conclusions

The validation assay of the proposed method showe
its suitability for separation and quantification of catechin
and epicatechin in the aqueous extractives from leaves of
Maytenus ilicifolia No significant variations of peak areas
or retention times were detected through the method evalua-
tion. Thus the suggested RP-LC method is simple, rapid and

[4] R.M. Jorge, J.P.V. Leite, A.B. Oliveira, C.A. Tagliati, J. Ethnophar-
macol. 94 (2004) 93-100.

Resolution
no. 17 from 25 Feb 2000, Biio Oficial da Un&o, 24 Abr 2000.

[6] J.P. Leite, L. Rastrelli, G. Romussi, A.B. Oliveira, J.H. Vilegas,
W. Vilegas, C. Pizza, J. Agric. Food Chem. 49 (2001) 3796—
3801.

[7] W. Buffa Filho, J. Corsino, S.V. Bolzani da, M. Furlan, A.M. Pereira,
S.C. Franca, Phytochem. Anal. 13 (2002) 75-78.

d [8] G. Coelho, L.C. Di Stasi, W. Vilegas, Z. Naturforsch. 58 (2003)

47-52.

[9] L. Mandich, M. Bitner, M. Silva, C. Barros, Rev. Latino-Americana
Qui. 15 (1984) 80-82.

[10] A.G. Martins, S.S. Guterres, G. Gdilez Ortega, Acta Farm.
Bonaerense 22 (2003) 39-44.

[11] P. Vinas, C. lbpes-Erroz, J.J. Mar-Herrandez, M. Herandez-
Cordoba, J. Chromatogr. 871 (2000) 85-93.

precise, and can be used to quality assurance of the aqueoysz) J.J. Dalluge, B.C. Nelson, J. Chromatogr. 881 (2000) 411424

extractives fromM. ilicifolia.
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