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This paper describes the application of HPLC and CZE to analyze flavonoids in the leaves of Maytenus ilicifolia and Maytenus
aquifolium, which are species widely used in Brazilian folk medicine. The two species showed different flavonoid profiles, but acidic
hydrolysis of the Maytenus extracts confirmed that all these compounds are quercetin or kaempferol derivatives. A comparison of
the CZE and HPLC profiles of Maytenus extracts showed numerous flavonoid peaks using HPLC. However, the advantages of CZE
such as analysis without requiring clean-up and less generation of chemical waste than with HPLC point to the potential of the
CZE technique for the quality control (routine analysis) of “espinheira santa” phytopharmaceuticals.

1. Introduction

Flavonoids are a heterogeneous group of polyphenols (about
4000 substances) present in all plants and responsible for
their color, growth, development, and immunity [1, 2] and
can occur in free form (aglycones) or linked to sugars (gly-
cosides) [3]. Many flavonoids found in plants have biological
and pharmacological activities, such as antimicrobial, anti-
inflammatory, and antiallergic action [4–7]. The antioxidant
property of these substances has also been established and
correlated to their protective effects on cardiovascular disease
and some forms of cancer [8–10].

Maytenus ilicifolia and M. aquifolium (Celastraceae) are
Brazilian medicinal plants known as “espinheira santa”,
which are used in Brazil as phytopharmaceuticals due to their
antiulcer activity [11, 12]. Several studies focus on the bioac-
tivity of Maytenus extracts, whose main compounds include
flavonoid derivatives of quercetin and kaempferol [13, 14]
and tannins [15]. These polyphenolic compounds can be
correlated with the diverse pharmacological activities of these
extracts [16, 17]. Due to the structural characteristics of
polyphenolic compounds, most of the procedures described
in the literature for the analysis of M. aquifolium and

M. ilicifolia extract are based on RP-HPLC (reverse-phase
high-performance liquid chromatography). Recently, how-
ever, a two-dimensional LC (size-exclusion—reverse-phase)
procedure was employed for the LC-MS analysis of flavonol
glycosides from M. ilicifolia leaves [18].

Due to its robustness, sensitivity, and versatility, HPLC-
UV/PAD (high performance liquid chromatography-ultra-
violet detection using a photodiode array detector) is the
technique of choice for the analysis of flavonoids and other
phenolic compounds in natural products [19, 20]. However,
more recently, CE (capillary electrophoresis) techniques, in-
cluding CZE (capillary zone electrophoresis), have been int-
roduced as an analytical tool in studies of many secondary
plant metabolites, mainly due to the method’s faster devel-
opment, lower operating cost and solvent consumption, and
higher separation efficiencies [19, 21].

This work compares the HPLC and CZE techniques ap-
plied in the analysis of flavonoids contained in these two
Maytenus species. Analytical methods for these two species
that are suitable for application in agronomic studies or the
quality control of phytopharmaceuticals, for example, re-
quire numerous analyses. In the development of these analy-
tical methods, one must also keep in mind that the two
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aforementioned Maytenus species are known by the same
popular name, “espinheira santa”, but only M. ilicifolia is re-
gistered in the 4th Edition of the Brazilian Pharmacopoeia
(2003) [22].

2. Materials and Methods

2.1. Plant Material. Leaves of Maytenus aquifolium Mart. and
Maytenus ilicifolia (Schrad.) Planch. (Celastraceae) were sup-
plied by Dr. Ana Maria Soares Pereira (UNAERP—Univer-
sidade de Ribeirão Preto, Ribeirão Preto, SP, Brazil). These
leaves were picked from specimens cultivated on the farm of
the UNAERP campus; voucher specimens were deposited at
the UNAERP herbarium and identified as HPMU-0755 (M.
aquifolium) and HPMU-0266 (M. ilicifolia). Immediately
after the leaves were picked, they were dried at 40◦C to con-
stant weight, ground in domestic blender, and pulverized.
Only particles of 0.5–1.0 mm were used for the extractions
and were stored in glass flasks protected from light and hu-
midity until required for analysis.

2.2. Reagents and Materials. Rutin, quercetin, and kaemp-
ferol standards were obtained from Sigma (St. Louis, MO,
USA). HPLC-grade acetonitrile (ACN) and trifluoroacetic
acid (TFA) were purchased from Mallinckrodt (Paris, Ken-
tucky, USA). Analytical grade methanol (MeOH) and ethyl
acetate (EtOAc) were purchased from Mallinckrodt (Xalo-
stoc, State of Mexico, Mexico). Analytical grade chloroform
(CHCl3) was purchased from Merck (Rio de Janeiro, Brazil).
TLC plates of silica gel 60, without fluorescent indicator,
were purchased from Merck (Darmstadt, Germany). Analy-
tical grade monobasic potassium phosphate (KH2PO4) and
sodium tetraborate decahydrate (NaB4O7·10 H2O) were
purchased from Reagen (Rio de Janeiro, Brazil). Analytical
grade formic acid (HCOOH), phosphoric acid (H3PO4),
hydrochloric acid (HCl), sodium hydroxide (NaOH), and
polyethylene-glycol (PEG 400) were obtained from Synth
(São Paulo, Brazil). Diphenylboric acid 2-aminoethylester
(C14H16BNO) was purchased from Sigma (St. Louis, MO,
USA). Water was purified in a Millipore Milli-Q Water Puri-
fication System (Eschborn, Germany). Hydrophobic Fluoro-
pore (HF-PTFE) membranes (0.5 μm) and HA membranes
(0.45 μm) in cellulose ester media were purchased from Mil-
lipore (São Paulo, Brazil).

2.3. Preparation of Samples. 1.0 g of the Maytenus leaves was
extracted by maceration agitation with 10 mL of MeOH/H2O
(1 : 1 v/v) for 30 min at 50◦C. The hydromethanolic extracts
were filtered, and their final volume was adjusted to 10 mL
with MeOH/H2O (1 : 1 v/v). No clean-up was necessary for
the CZE analysis: the hydromethanolic extracts were simply
filtered through 0.5 μm HF-PTFE membranes (Millipore)
and analyzed. For the HPLC analysis, the extracts were sub-
jected to liquid-liquid extraction using 5 mL of CHCl3; the
organic layer was discarded, and the hydromethanolic layer
was filtered through 0.5 μm HF-PTFE membranes (Milli-
pore) before the HPLC analysis.

2.4. Preparation of Standards. 0.01 g of each flavonol stan-
dard (rutin, quercetin, or kaempferol) was dissolved separa-
tely in 10 mL of MeOH. An aliquot of 0.1 mL of each stock
solution was diluted to 10 mL with MeOH to obtain a stock
solution containing the three flavonols; this stock solution
was utilized in the HPLC and CZE analyses.

2.5. Thin Layer Chromatography. Analyses were carried out
on silica gel 60 aluminum sheets precoated with EtOAc/
HCOOH/H2O (6 : 1 : 1 v/v). After developing the plates, the
solvent was dried and the flavonoids were visualized with
diphenylboric acid 2-aminoethylester-PEG 400 under UV at
λ = 360 nm [23].

2.6. Acid Hydrolysis. Maytenus extract was evaporated to
8.3 mL and mixed with 1.7 mL of 2.0 mol/L HCl. The solu-
tion was refluxed for 10 min at 95◦C. The resulting extracts
were filtered through 0.5 μm HF-PTFE membranes (Milli-
pore) and analyzed by HPLC.

2.7. CZE Analysis. The CZE analysis was performed in an
HP3D Capillary Electrophoresis System (Hewlett Packard,
Waldbronn, Germany) equipped with a photodiode array
(Hewlett Packard) and an HP Chem Station data processing
system. Separations were performed using an uncoated fused
silica capillary tube (Polymicro Technologies, Phoenix, AZ,
USA) with a total length of 64.5 cm, effective length of
56.0 cm, and i.d. of 50.0 μm. Samples were injected in hydro-
static mode at 500 mbar for 7 s. The analysis was performed
at 25◦C and an applied voltage of 20 kV, and the samples were
introduced into the system in hydrostatic mode at 500 mbar
pressure for 7 s. Capillary conditioning was carried out by
first washing with H2O for 10 min, followed by 1.0 mol/L
NaOH for 5 min, 0.1 mol/L NaOH for 5 min, and finally with
the running buffer for 10 min. Between consecutive runs, the
capillary tube was flushed with 0.1 mol/L NaOH for 5 min
and running buffer for 5 min. Buffer solutions of sodium tet-
raborate and potassium phosphate in water were prepared,
and the pH was adjusted using phosphoric acid or NaOH
solutions. Optimal separation conditions were determined
after testing different buffer conditions: concentration of
tetraborate-phosphate (resp., 50 : 5; 30 : 5; 30 : 25; 30 : 50,
10 : 5 mmol/L) and pH values (8.0; 8.5; 9.0; 9.3; 9.5, 10.0),
as well as the percentage of methanol (2.0; 5.0; 8.0, 12.0%)
used as organic solvent.

2.8. HPLC-UV-PAD Analysis. This analysis was performed
in a modular LC System (Shimadzu, Kyoto, Japan) consisting
of two LC-10 AD pumps; a CTO-10A column oven; an SPD-
M10A variable wavelength diode array detector; the LC-10
Workstation Class data processing system. Supelcosil colu-
mns (Supelco, Bellefonte, PA, USA) with stationary phase
C-18 and C-8 columns (250 mm × 4.6 mm, 5 μm) protected
by guard columns filled with the same stationary phase
(20 mm×4.6 mm, 5 μm) were utilized. The column oven was
thermostat controlled at 35◦C, and the flow rate was 1.0 mL/
min. The injection volume was 10 μL (Rheodyne loop). Det-
ection was monitored at 254 and 350 nm. The mobile phases
tested were: (A) 2.0, 2.5 and 3.0% formic acid in water and
0.3% trifluoroacetic acid in water; (B) ACN or MeOH.
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3. Results and Discussion

Prior to the HPLC analysis, the Maytenus extracts were sub-
jected to TLC analysis. M. aquifolium extracts showed two
spots with lower Rf values (= more polar compounds) than
quercetin and kaempferol standards. The fluorescence of
these spots indicated the presence of quercetin derivatives
(orange fluorescent spots) and kaempferol derivatives (green
fluorescent spots) [23]. M. ilicifolia extracts exhibited six gly-
coside flavonols derivatives of quercetin (one of them with
Rf identical to that of rutin) and two glycoside flavonol deri-
vatives of kaempferol. These compounds have higher Rf val-
ues and are therefore less polar than the two glycoside flavo-
nols reported in M. aquifolium extracts [24, 25].

3.1. HPLC-UV-PAD Analysis. Optimization of the chroma-
tographic conditions showed that the C-18 and C-8 columns
were highly efficient in the separation of flavonoids from
Maytenus. However, for M. aquifolium extracts, the C-18 col-
umn provided better resolution in the separation of flavo-
noids. The amount of formic acid (2.0% in water, solvent A)
was chosen because the increase in the percentage of formic
acid (2.5 and 3.0%) and its replacement with trifluoroacetic
acid did not improve the resolution and led to similar sepa-
ration efficiencies. Acetonitrile showed better results than
methanol and was therefore selected as the organic solvent
in the optimized HPLC conditions for the extracts of the two
Maytenus species.

The HPLC-UV/PAD analysis led to the detection of two
flavonoids in M. aquifolium leaves (Figure 1).

The flavonoid peaks can be identified by their character-
istic UV/PAD spectral pattern with two bands, Band I, λmax

around 300–380 nm and Band II, λmax around 240–280 nm.
Moreover, quercetin derivatives (λmax = 354 nm) can be dis-
tinguished from kaempferol derivatives (λmax = 344 nm) also
considering the data obtained by TLC and the acid hydrolysis
of Maytenus extracts [26]. Therefore, the comparison of the
material obtained by acid hydrolysis (Figure 2(a)) with au-
thentic standards (Figure 2(b): retention time of the agly-
cones and UV-PAD spectra) confirmed quercetin and kaem-
pferol as the aglycones of M. aquifolium flavonoids.

In the chromatogram of Maytenus ilicifolia leaf extracts
(Figure 3), twelve peaks show UV/PAD spectra characteristic
of flavonoids. Peaks 1 to 4, 7, and 9 to 12 are quercetin deriva-
tives (λmax ∼ 354 nm) while peaks 5 and 6 are kaempferol
derivatives (λmax ∼ 344 nm).

Peak 8 was identified as rutin by direct comparison (re-
tention time and UV-DAD spectra) with an authentic com-
mercial standard (Figure 4). The acid hydrolysis of extract
also confirmed quercetin and kaempferol as aglycones of
M. ilicifolia flavonoids, which are identified in Figure 5.

3.2. CZE Analysis. Figures 6 and 7 illustrate the optimized
conditions for CZE analysis of M. aquifolium and M. ilici-
folia, respectively. The CZE/DAD-UV electropherogram of
M. aquifolium showed the presence of two major com-
pounds, peaks 1 and 2, respectively, identified as kaempferol
and quercetin derivatives (Figure 6), plus other minor
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Figure 1: HPLC/DAD-UV (λ = 270 nm) chromatogram of flavon-
oids from M. aquifolium leaves. (1) Quercetin derivative and (2) ka-
empferol derivative. Mobile phase: 0–20 min 15–80% acetonitrile
(solvent B); for other chromatographic conditions, see experimen-
tal part.

flavonoids not detected in the HPLC-UV/DAD chroma-
togram. The electropherogram of M. ilicifolia in Figure 7,
which was obtained at λ = 380 nm due to the interference
of other compounds at λ = 270 nm (possibly phenolic com-
pounds), indicates the presence of ten flavonoids, including
rutin. The presence of rutin was suggested by TLC analysis
and confirmed by spiking M. ilicifolia extract. Moreover, the
longer migration time of this compound compared to the
two major flavonoids (peaks 1 and 2, Figure 7) indicates that
these major peaks are more polar compounds, possibly the
triglycosylated flavonoids reported in M. aquifolium extracts
[24, 25].

The CZE separation was optimized based on the param-
eters of pH, buffer concentration, and the effect of modifier.
An important parameter is pH, which changes the electroos-
motic flow (EOF) and affects the degree of ionization of
the solutes. The electrophoretic mobility (μef) and migration
times (tM) of three flavonol standards—rutin, quercetin, and
kaempferol—were calculated to verify the electrophoretic
behavior of Maytenus extracts (Table 1). The results indicate
that the increase in pH values augmented both the μef and
migration times of all flavonoids, while lower values pH
showed a decrease in μef, resulting in a decrease in the nega-
tive charges of the compounds.

Figure 8 illustrates the effect of pH on the μef of flavonol
standards. The differences in their μef were attributed to dif-
ferences in molecular size and in the number and acidity
(pKa) of the free phenolic groups attached to the flavonoid
skeleton, which contribute to different levels of charge in
flavonol molecules due to differences in acidity. A pH of 8.5
was chosen for the CZE analysis of both Maytenus extracts
due to the higher efficiency and resolution and faster analysis.
An analysis was made of the influence of tetraborate and
phosphate concentrations on the CZE analysis (Table 2).

The results showed that the decrease in tetraborate
concentration diminished the resolution in the separation of
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Figure 2: HPLC/DAD-UV (λ = 270 nm) chromatogram and UV-PAD spectra of (a) M. aquifolium leaves extract after acid hydrolysis and
(b) standards quercetin (Q) and kaempferol (K). Mobile phase: 0–20 min 15–80% acetonitrile; for other chromatographic conditions, see
experimental part.
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Figure 3: HPLC/DAD-UV (λ = 380 nm) chromatogram and UV-PAD spectra of flavonoids from M. ilicifolia leaves. Peaks 1–4, 7, and 9–12:
quercetin derivatives, peaks 5 and 6: kaempferol derivatives. Peaks 8: rutin. Mobile phase: 0–2 min 10% acetonitrile (solvent B), 2–15 min
10–15% B, 11–22 min 15–18% B, 22–37 min 18–30% B, 37–42 min 30–40% B; for other chromatographic conditions, see experimental part.
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Table 1: Effect of pH variation on the values of migration time (tM) and electrophoretic mobility (μef) of flavonoid standards: (1) rutin, (2)
kaempferol, and (3) quercetin. Buffer: tetraborate 30 mmol/L/phosphate 5 mmol/L. For detailed CZE conditions, see experimental section.

pH tM (1) (min) tM (2) (min) tM (3) (min) μef (1) × 10−4 (cm2 V · s) μef (2) × 10−4 (cm2 V · s) μef (3) × 110−4 (cm2 V · s)

8.0 9.625 8.983 12.399 1.671 1.433 2.372

8.5 9.512 9.597 12.613 1.651 1.679 2.430

9.0 9.347 10.587 12.869 1.850 2.228 2.733

9.3 10.040 12.537 14.576 1.837 2.435 2.772

9.5 10.248 13.742 15.375 1.880 2.628 2.861

10.0 11.475 18.693 19.741 1.940 2.954 3.040

μef = (Lt × Lef)/(tm ×V)− (Lt × Lef)/(tnm ×V), where Lt is the total lenght of the capillary, Lef is the effective lenght of the capillary, tm is the migration time
of the analyte, tnm is the migration time of the neutral marker (methanol), and V is the applied voltage.
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Figure 4: HPLC/DAD-UV (λ = 380 nm) chromatogram and UV-
PAD spectra of standards rutin, quercetin, and kaempferol. Mobile
phase: 0–2 min 10% acetonitrile (solvent B), 2–15 min 10–15% B,
11–22 min 15–18% B, 22–37 min 18–30% B, 37–42 min 30–40% B;
for other chromatographic conditions, see experimental part.
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Figure 5: HPLC/DAD-UV (λ = 380 nm) chromatogram of M. ilici-
folia leaves extract after acid hydrolysis. Mobile phase: 0–2 min 10%
acetonitrile (solvent B), 2–15 min 10–15% B, 11–22 min 15–18% B,
22–37 min 18–30% B, 37–42 min 30–40% B; for other chromatogr-
aphic conditions, see experimental part.
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Figure 6: CZE/DAD-UV electropherogram of Maytenus aquifolium
leaves extract (λ = 270 nm). Peak 1: kaempferol derivative; peak
2: quercetin derivative; peaks 3–5: other minor flavonoids. Condi-
tions: buffer 30 mmol/L tetraborate, 50 mmol/L phosphate, pH =
8.5, 20 kV, and 12% MeOH; for other electrophoretic conditions,
see experimental part.
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Figure 7: CZE/DAD-UV electropherogram of Maytenus ilicifolium
leaves extract (λ = 380 nm). Conditions: buffer 30 mmol/L tetrab-
orate, 50 mmol/L phosphate, pH = 8.5, 20 kV, and 12% MeOH, for
other electrophoretic conditions, see experimental part.

the flavonol glycosides due to the minor presence of tetrab-
orate complexes at this concentration. On the other hand,
increasing the tetraborate and phosphate concentrations led
to a decrease in EOF and an increase in migration time
due to the higher viscosity of the buffer. The resolution was
calculated using the peaks of kaempferol and quercetin deri-
vatives (major flavonoids), and the best results were achie-
ved with 50/50 mmol/L tetraborate/phosphate. However, 30/
50 mmol/L tetraborate/phosphate showed better separation
if one also considers the minor flavonoids, so the latter pro-
portion was chosen as the optimum condition for both May-
tenus extracts.
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Table 2: Resolution (Rs) between the peaks corresponding to the
quercetin and kaempferol derivatives found in Maytenus aquifolium
extracts (resp., peaks 1 and 2 at Figure 1), at pH 8.5 and with varia-
tion of buffer tetraborate/phosphate concentration.

Concentration of tetraborate/phosphate (mmol/L) Rs1,2

10/5 Coelution

30/5 5.506

50/5 6.320

30/25 5.941

30/50 6.311

Rs = (1/4)N1/2(Δμef/(μef + μeof)), where Δμef is the difference on the
electrophoretic mobility of the two analytes; μef is the mean of mobility of
compounds corresponding to peaks 1 and 2; μeof is the mobility of the
eletroosmotic flow (neutral marker: methanol).

Figures 9 and 10 illustrate the effect of different per-
centages of methanol as organic modifier: the use of 12%
methanol increased the migration times of the analytes.
Moreover, methanol increased the resolution for some flavo-
noids that coeluted in the absence of organic modifier (peaks
3 to 5, Figure 6, possible flavonols) in M. aquifolium. Similar
results were observed in M. ilicifolia extracts, with the sepa-
ration of peaks 6 (rutin) and 7; hence, the optimized condi-
tions for both extracts (Figures 6 and 7) include 12% met-
hanol.

4. Conclusions

The HPLC and CZE techniques can both be used in the
analysis of flavonoids in Maytenus aquifolium and Maytenus
ilicifolia extracts. The comparison of the results obtained by
these techniques showed that CZE offers some advantages,
for example, higher efficiency and resolution, shorter sepa-
ration time, and the fact that CZE does not require clean-
up of the extracts. Furthermore, the CZE method is an
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“ecofriendly”, “green” analytical method, which was confir-
med by the fact that the optimized conditions allowed for
the elimination of acetonitrile from the mobile phase, a sig-
nificant benefit considering its toxicity. These advantages
suggest that CZE should be more widely exploited as an ana-
lytical method, for example, in the quality control of “espin-
heira santa” phytopharmaceuticals, particularly considering
the huge amounts of chemical waste produced by the phar-
maceutical industry in routine analyses. On the other hand,
HPLC showed greater efficacy in the detection of flavonols,
since twelve flavonols were detected using this technique
while only ten flavonols were detected in the optimized CZE
conditions.
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