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Abstract: Background: Quinonemethide triterpenoids, known as celastroloids, constitute a relatively
small group of biologically active compounds restricted to the Celastraceae family and, therefore,
they are chemotaxonomic markers for this family. Among this particular type of metabolite,
pristimerin and tingenone are considered traditional medicines in Latin America. The aim of this
study was the isolation of the most abundant celastroloids from the root bark of Maytenus chiapensis,
and thereafter, to develop an analytical method to identify pristimerin and tingenone in the
Celastraceae species. Methods: Pristimerin and tingenone were isolated from the n-hexane-Et2O
extract of the root bark of M. chiapensis through chromatographic techniques, and were used as
internal standards. Application of a validated RP HPLC-PDA method was developed for the
simultaneous quantification of these two metabolites in three different extracts, n-hexane-Et2O,
methanol, and water, to determine the best extractor solvent. Results: Concentration values showed
great variation between the solvents used for extraction, with the n-hexane–Et2O extract being the
richest in pristimerin and tingenone. Conclusions: M. chiapensis is a source of two biologically
active quinonemethide triterpenoids. An analytical method was developed for the qualification and
quantification of these two celastroloids in the root bark extracts of M. chiapensis. The validated
method reported herein could be extended and be useful in analyzing Celastraceae species and real
commercial samples.

Keywords: Maytenus chiapensis; Celastraceae; quinonemethide triterpenoids; pristimerin; tingenone;
HPLC-PDA

1. Introduction

Species of the Celastraceae family have had a long history in traditional medicine and agriculture in
North Africa, South and Central America, and Central and East Asia [1]. The therapeutic potential of
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Celastraceae species has been mainly attributed to the presence of quinonemethide triterpenoids (QMTs),
a group of triterpenoids with unique structural features [2]. QMTs contain a D:A-friedo-nor-oleanane
skeleton characterized by a particular oxygenation pattern with an unsaturated system involving rings
A and B, and the majority of them bear a highly oxidized ring E [2]. QMTs constitute a relatively small
group of biologically active compounds restricted to the Celastraceae family, commonly referred to as the
bittersweet family [3] and, therefore, they are considered to be chemotaxonomic markers for this family.
For this reason, QMTs and their structurally related congeners, phenolic triterpenoids, and triterpene
dimers and trimers, were given the general name celastroloids by Brüning and Wagner [4]. QMTs have
been reported mainly in the Maytenus [5], Celastrus [6], and Tripterygium [7] genera. This particular
class of naturally occurring products, which are exclusively accumulated in the root barks of the plants
that contain them, show a wide range of bioactivities, including cytotoxic [8,9], anti-inflammatory [10],
antioxidant [11], antimicrobial [12], antiparasitic [13], and insecticidal [14] properties.

Since 1936, when celastrol, the most extensively studied quinonemethide, was isolated from
Tripterygium wilfordii [15], a variety of QMTs have been reported from Celastraceae species. In particular,
pristimerin and tingenone, isolated for the first time from Pristimera indica [16] and Euonymus tingens [17],
respectively, are the most frequently reported celastroloids. These two naturally occurring quinonemethide
triterpenoid orange pigments are traditional medicines derived from the Celastraceae family and have long
been used for the treatment of a variety of ailments [3,7]. Pristimerin has been reported to have promising
clinical potential as both a therapeutic and chemopreventive agent for various types of cancer, including
breast [18], glioma [19], prostate [20], pancreatic [21], ovarian [22], colon [23], esophageal squamous [24],
osteosarcoma [25], and uveal [26] cancer, via a number of mechanisms [27]. Moreover, tingenone displays
antinociceptive [28] and antiprotozoal [29] activities. Since there is pharmacological interest in this type of
metabolite and their synthesis is not commercially viable, some research groups have investigated in vitro
plant systems to increase their production [30].

In the course of the search for bioactive metabolites from species of the Celastraceae family,
phytochemical studies on Maytenus chiapensis—a Celastraceae species collected in El Salvador and
commonly named “Escobo blanco”—have reported the isolation of sesquiterpenoids [31–33] and
tetracyclic and pentacyclic triterpenoids [34–36] from the areal parts of the plant.

Taking into consideration the relevance of QMTs from a chemotaxonomic and therapeutic point
of view, the aim of our study is to develop a validated analytical method to identify pristimerin
and tingenone in the root barks of Celastraceae species. To perform this task and to investigate the
previously unreported pristimerin and tingenone content in M. chiapensis root bark, the two known
QMTs were isolated, characterized, and subsequently used as pure standard samples in HPLC analysis.
Moreover, the successful application of a validated RP HPLC-PDA method is developed for the
qualification and quantification of these two pharmacologically relevant QMTs in M. chiapensis extracts.
Three different solvents were used to optimize the extraction procedure of the QMTs under study.
The validated method reported herein could be extended and be useful in analyzing commercial samples.

2. Materials and Methods

2.1. Chemical

The solvents, methanol (HPLC-grade), water (HPLC-grade), n-hexane, diethyl ether,
dichloromethane, and chloroform, and formic acid were purchased from Sigma-Aldrich
(St. Louis, MO, USA) and used without further purification. Pristimerin and tingenone were isolated
from the root bark of Maytenus chiapensis and used as pure standards (purity ≥99%) after their NMR
characterization (see Figures S1 and S2 in the Supplementary Material).

2.2. Plant Material

The root bark of Maytenus chiapensis Lundell (Celastraceae) was collected at Montecristo National Park
(latitude: 14◦23′39′′ N, longitude: 89◦23′10′′ W, elevation: 1617 msnm) in the municipality of Metapán,
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Santa Ana, El Salvador, in March 2018, and was identified by Jenny Elizabeth Menjívar Cruz, curator of the
Herbarium at the Museo de Historia Natural de El Salvador. A voucher specimen (J. Menjívar et al. 4255)
was deposited in the Herbarium at the Museo de Historia Natural de El Salvador, El Salvador.

2.3. Extraction and Isolation of Pristimerin and Tingenone

The root bark (650 g) of M. chiapensis was extracted with n-hexane–Et2O in a Soxhlet apparatus
as previously reported [37]. The extract (27.2 g) was chromatographed on Sephadex LH-20
(n-hexane–CHCl3–MeOH, 2:1:1) to afford 15 final fractions after combination on the basis of
their TLC profile. Fractions 7 and 8, after successive chromatographies on Sephadex LH-20
(n-hexane–CHCl3–MeOH, 2:1:1), silica gel (CH2Cl2–Et2O of increasing polarity), and preparative
HPTLC developed with n-hexane–Et2O (4:6), gave rise to pristimerin (680 mg, Rf 0.35) and tingenone
(210 mg, Rf 0.56). Their structures were identified by comparison of their 1H and 13C NMR
(Bruker Avance 500 spectrometer, Bruker, Billerica, MA, USA) and MS (Micromass Autospec
spectrometer, Micromass, Manchester, UK) data with those previously reported [38].

2.4. Preparation of Plant Extracts for HPLC Analysis

The methanolic and n-hexane–Et2O (1:1) extracts were prepared by dissolving 2.5 g of dried
powdered root bark into 100 mL of organic solvents, and afterwards macerated for 72 hours at 25 ◦C.
Both extracts were concentrated under reduced pressure at 40 ◦C to obtain 700 mg and 350 mg of crude
residues, respectively.

The water extraction was carried out by dissolving 2.5 g of powdered root bark with 100 mL
of water by magnetic stirrer ultrasonic (VWR, model 97043-988, operating frequency at 35 kHz) for
90 min at 25 ◦C. The aqueous extract was further filtered in Whatman No. 91 paper. The filtrate was
frozen at −20 ◦C in an ultra-low temperature freezer (Fischer Scientific, Waltham, MA, USA) and
lyophilized in a lyophilizator under 0.1 mmHg pressure at −50 ◦C (Labconco, Freezone, Kansas City,
MO, USA) for 72 h. The resulting powder (130 mg) was stored at −20 ◦C until used.

2.5. HPLC-PDA Apparatus and Conditions

The chromatographic system consisted of an Alliance W2690 separation module equipped with
an online degasser, an automatic injector, and a W2487 photodiode array detector set at 420 nm for
the detection of pristimerin and tingenone. Data were collected and processed using Empower v.2
software for HPLC system (Waters, Milford, MA, USA). Separation was performed with a column
Supelco Ascentis RP C18 (150 mm × 4.6 mm; particle size 5 µm, Sigma-Aldrich, St. Louis, MO, USA)
column equipped with a Sentry Guard Cartridge (3.9 mm x 20 mm; Waters, Sigma-Aldrich, St. Louis,
MO, USA) guard column. Both columns were maintained at 25 ± 1 ◦C. The mobile phase consisted of
water with 0.4% of formic acid (v/v) (solvent A) and methanol (solvent B), using a gradient elution
program for 10 min with a flow rate of 1.2 mL/min as follows: linear gradient ratio A/B 90:10 from
the beginning of the chromatographic run to 6.0 min, A/B 90:10 to A/B 70:30 gradient from 6.01 min
to 10.0 min, and finally, linear gradient ratio A/B 90:10 from 10.01 min to 15.0 min.

2.6. Preparation of Samples

A total of 10.0 mg of each extract was dissolved in 10 mL of methanol, using an ultrasonic bath
(VWR, model 97043-988, operating frequency at 35 kHz) at room temperature. The sample solutions
were filtrated through a 0.22 µm membrane filter before being subjected to HPLC analysis.

2.7. Method Validation

2.7.1. Calibration, Linearity and Quality Control Samples

Standard solutions of pristimerin and tingenone (quality control samples, QC samples) were
prepared in methanol at a concentration of 1000 µg/mL. Combined working solutions of mixed
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standards (QC samples) at concentrations of 10, 15, 30, 50, 80, and 100 µg/mL were obtained by the
dilution of mixed stock solutions at 1000 µg/mL in a volumetric flask containing methanol. Calibration
curves obtained at 420 nm were plotted using a weighted linear least-squares regression analysis.
Concentrations of the QMTs (QC samples) were calculated by interpolating their peak areas on the
calibration curve. The linearity of the investigated compounds was obtained by using the plant extract
samples spiked at different concentrations. However, the slopes obtained from samples were different
from those of the standard solution.

2.7.2. Limit of Detection (LOD) and Limit of Quantification (LOQ)

The quality control samples (QC) were prepared to determine the limit of quantification (LOQ),
the intra- and inter-assay precision and accuracy of the method, and defined according to International
Guidelines, International Conference on Harmonisation (ICH) Q2 (R1). QC samples at three different
concentration levels (QC low = 15.0, QC medium = 50.0, and QC high = 80.0 µg/mL) were used
to validate the analytical method. The limit of detection (LOD) was calculated from the calibration
graphic and was defined as 3 times the standard deviation of blank samples divided by the analytical
sensitivity. The LOQ was defined as the lowest concentration on the calibration curve, which could
be measured (n = 5) with a precision (RSD%) not exceeding 20% and with an accuracy between 80%
and 120%. The method’s efficiency was measured by comparing the peak areas obtained from several
samples obtained using pretreatment extraction processes and different extraction solvent systems.
Analysis of these results allowed for an evaluation of the best extraction procedures, leading to the
maximum recovery for the cited metabolites, minimizing solvent consumption and time.

3. Results and Discussion

3.1. Isolation of Pristimerin and Tingenone from Maytenus chiapensis

Following the methodology previously established in our laboratory [37], multiple chromatographic
steps of the root bark extract (n-hexane–Et2O, 1:1, 27.2 g) of the plant were carried out to yield pristimerin
(680 mg) and tingenone (210 mg). The structures of these two known quinonemethide triterpenoids
(Figure 1) were identified by comparison of their spectroscopic and spectrometric data with values
reported in the literature [38] (see Figures S1 and S2 in the Supplementary Material). Following this,
these compounds were used as internal standards in the HPLC analysis.

Figure 1. Structure of the main quinonemethide triterpenoids isolated from the root bark of
Maytenus chiapensis.

3.2. HPLC Analysis

The relevance of QMTs from a chemotaxonomic and therapeutic point of view has led several
research groups to study their content in Celastraceae species, and some HPLC analyses have been
reported. Thus, an HPLC method for the quantification of quinonemethide derivatives of five Brazilian
morphological types of Maytenus ilicifolia has been reported [39]. Some years later, analysis by
HPLC-DAD of M. ilicifolia extracts from root barks of adult plants and roots of seedlings indicated
that pristimerin is the major component of both extracts [11]. Nossack and co-workers quantified
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pristimerin and tingenone (maitenin) in hydroalcoholic and aqueous extracts from the leaves and
root bark of Maytenus aquifolium (“espinheira santa”) by HPLC-UV coupled with mass spectrometry
(LC-MS) as a procedure for assessing the quality of this phytomedicine [40]. Moreover, a simple
HPLC method was developed for the identification and comparison of quinonemethide triterpenes
in wild Hippocratea excelsa and “cancerina”, a method useful for the control of this herb used in
Mexican traditional medicine as an alternative cancer treatment [41]. In addition, Roca-Mézquita
and co-workers performed quantitative analysis of pristimerin and tingenone in a dichloromethane
extract of Elaeodendron trichotomum, revealing that this species contains both celastroloids, although,
unexpectedly, pristimerin was present in very low concentration [29].

In the current study, the successful application of a validated RP HPLC-PDA method was
performed for the qualification and quantification of pristimerin and tingenone in three different
extracts of Maytenus chiapensis, using different solvents to optimize the extraction procedure. To carry
out this task, a gradient mobile phase had been tested in order to obtain separation of both QMTs.
The Supelco Ascentis C18 column was chosen owing to the good separation with respect to peak
symmetry, resolution, and total analysis time. A mobile phase system consisting of water with 0.4% of
formic acid (v/v) (solvent A) and methanol (solvent B) was used. Under these conditions, the peak
retention times of pristimerin and tingenone were 6.04 (± 0.4) min and 2.25 (± 0.3) min, respectively
(see Figure S3 in the Supplementary Material).

Calibration curves, obtained at 420 nm, were plotted using weighted (1/x2) linear least-squares
regression analysis. The calibration curves were linear over the concentration range tested, with the
coefficient of determination r2 ≥ 0.9981 as reported in Table 1. The within-assay precision (repeatability)
of the method was determined by performing three consecutive assays in the same day on QMTs
samples spiked at three different standard concentration levels, i.e., 15 (low level), 50 (medium level),
and 80 µg/mL (high level), which are within the range of the calibration curve. The results obtained
are shown in Table 2.

Table 1. Mean linear calibration curve parameters obtained by weighted linear least-squares regression
analysis of three independent six non-zero concentration points.

Compound Linearity Range
(µg/mL) Slope Intercept Determination Coefficient

(r2)

Pristimerin 1–100 74653–79342 −19550 to −4325 0.9981

Tingenone 1–100 45234–49342 −2345 to 13456 0.9990

Table 2. Assay precision (RSD%) and trueness (bias%) of the analytical method obtained from the
analysis of quinonemethide triterpenoids (QMTs) samples.

Parameters Pristimerin Tingenone

Theoretical a 15.0
Mean back-calculated a 14.90 15.02

RSD% 4.45 2.34
Bias% 1.45 2.65

Theoretical a 50.0
Mean back-calculated a 50.10 49.80

RSD% 4.60 2.80
Bias% 1.80 2.10

Theoretical a 80.0
Mean back-calculated a 89.87 88.99

RSD% 5.76 6.42
Bias% 4.56 4.1

a Concentration expressed as µg/mL
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3.3. Simultaneous Quantification of Pristimerin and Tingenone

HPLC analysis was used for the simultaneous determination of pristimerin and tingenone from
M. chiapensis root bark in different solvents. Triplicate measurements were performed to determine
the mean amount of both metabolites. The results indicate the influence of the solvent used in the
extraction process (Table 3). A mixture of n-hexane–Et2O (1:1) was the best extractor solvent since it
extracted the highest quantity of pristimerin and tingenone, whereas water was the worst extractor
solvent as neither of the two compounds could be detected.

Table 3. Pristimerin and tingenone content in M. chiapensis root bark.

Solvent Extraction
Method

Content in Pristimerin Content in Tingenone

µg/mL a mg/g
Extract

mg/g dry
Material

µg/mL mg/g
Extract

mg/g Dry
Material

n-hexane–Et2O
(1:1) Maceration 46.41 ± 0.10 46.41 mg 6.50 mg 31.66 ± 0.15 31.66 mg 4.43 mg

Methanol Maceration 18.01 ± 0.20 18.01 mg 5.04 mg 10.15 ± 0.18 10.15 mg 2.84 mg

H2O UAE b ND c ND c ND c ND c ND c ND c

a Data are expressed as µg/mL of dry plant; b UAE: ultrasound-assisted extraction; c ND: not detected.

This study revealed that Maytenus chiapensis is a source of pristimerin and tingenone,
two components with great potential in drug development. Moreover, an RP HPLC-PDA method
was developed and validated for their quantification in root bark extracts of this species. The results
indicate that a mixture of n-hexane–Et2O (1:1) is the optimal extractor solvent for these two promising
bioactive naturally occurring compounds. The methodology described herein could be extended to other
Celastraceae species, and be useful in the analysis of commercial samples.

Supplementary Materials: The following are available online at http://www.mdpi.com/2305-6320/6/1/36/s1,
Figure S1: 1H and 13C NMR spectra of pristimerin in CDCl3 (500 and 125 MHz, respectively), Figure S2: 1H and
13C NMR spectra of tingenone in CDCl3 (500 and 125 MHz, respectively), Figure S3: HPLC chromatograms with
UV detection at 420 nm of (A) standard compounds, tingenone and pristimerin, and (B) n-hexane–Et2O (1:1)
extract (for chromatographic protocol, see Experimental section).

Author Contributions: V.A.T. and M.J.N. conceived and planned the experiments; U.G.C. and M.L.M. carried out
the experiments; J.M. identified the plant material; V.A.T., M.J.N. and I.A.J. contributed to the interpretation of the
results; I.L.B. was involved in planning and supervising the work; U.G.C., V.A.T. and M.J.N. writing—original
draft preparation; I.L.B. writing—review and editing.

Funding: This study was supported by the SAF2015-65113-C2-1-R Spanish MINECO co-funded by the European
Regional Development Fund (FEDER).

Acknowledgments: M.J.N. thanks the Dirección General de Ecosistemas y Vida Silvestre, Ministerio de Medio
Ambiente Recursos Naturales, for supplying the species Maytenus chiapensis. V.A.T. thanks the “G. d’Annunzio”
Chieti-Pescara University for a doctoral grant.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. González, A.G.; Bazzocchi, I.L.; Moujir, L.M.; Jiménez, I.A. Ethnobotanical uses of Celastraceae: Bioactive
metabolites. In Studies in Natural Products Chemistry Bioactive Natural Product (Part D); Atta-ur-Rahman, Ed.;
Elsevier: Amsterdam, The Netherlands, 2000; Volume 23, pp. 649–738.

2. Gunatilaka, A.A.L. Triterpenoid quinonemethides and related compounds (Celastroloids). In Progress in the
Chemistry of Organic Natural Products; Springer-Verlag/Wien: New York, NY, USA, 1996; Volume 67, pp. 1–123.

3. Alvarenga, N.; Ferro, E.A. Bioactive triterpenes and related compounds from Celastraceae. In Studies in
Natural Products Chemistry (Part K); Atta-ur-Rahman, Ed.; Elsevier: Amsterdam, The Netherlands, 2006;
Volume 33, pp. 239–307.

http://www.mdpi.com/2305-6320/6/1/36/s1


Medicines 2019, 6, 36 7 of 8

4. Brüning, R.; Wagner, H. Übersicht über die celastraceen-inhaltsstoffe: Chemie, chemotaxonomie, biosynthese,
pharmakologie. Phytochemistry 1978, 17, 1821–1858. [CrossRef]

5. Muñoz, O.; Gonzalez, A.; Ravelo, A.; Estevez, A. Triterpenoid and phenolic compounds from two Chilean
Celastraceae. Z. Naturforsch 1999, 54c, 144–145. [CrossRef]

6. Chen, M.X.; Wang, D.Y.; Guo, J. 3-Oxo-11β-hydroxyfriedelane from the roots of Celastrus monospermus.
J. Chem. Res. 2010, 34, 114–117. [CrossRef]

7. Brinker, A.M.; Ma, J.; Lipsky, P.E.; Raskin, I. Medicinal chemistry and pharmacology of genus Tripterygium
(Celastraceae). Phytochemistry 2007, 68, 732–766. [CrossRef] [PubMed]

8. Li, P.P.; He, W.; Yuan, P.F.; Song, S.S.; Lu, J.T.; Wei, W. Celastrol induces mitochondria-mediated apoptosis in
hepatocellular carcinoma Bel-7402 cells. Am. J. Chin. Med. 2015, 43, 137–148. [CrossRef] [PubMed]

9. Rodrigues, A.C.B.C.; Oliveira, F.P.; Dias, R.B.; Sales, C.B.S.; Rocha, C.A.G.; Soares, M.B.P.; Costa, E.V.;
Silva, F.M.A.; Rocha, W.C.; Koolen, H.H.F.; et al. In vitro and in vivo anti-leukemia activity of the stem bark
of Salacia impressifolia (Miers) A. C. Smith (Celastraceae). J. Ethnopharmacol. 2019, 231, 516–524. [CrossRef]
[PubMed]

10. Dai, W.; Wang, X.; Teng, H.; Li, C.; Wang, B.; Wang, J. Celastrol inhibits microglial pyroptosis and attenuates
inflammatory reaction in acute spinal cord injury rats. Int. Immunopharmacol. 2019, 66, 215–223. [CrossRef]
[PubMed]

11. Santos, V.A.F.F.M.; Santos, D.P.; Castro-Gamboa, I.; Zanoni, M.V.B.; Furlan, M. Evaluation of antioxidant capacity
and synergistic associations of quinonemethide triterpenes and phenolic substances from Maytenus ilicifolia
(Celastraceae). Molecules 2010, 15, 6956–6973. [PubMed]

12. de León, L.; López, M.R.; Moujir, L. Antibacterial properties of zeylasterone, a triterpenoid isolated from
Maytenus blepharodes, against Staphylococcus aureus. Microbiol. Res. 2010, 165, 617–626. [CrossRef] [PubMed]

13. Liao, L.M.; Silva, G.A.; Monteiro, M.R.; Albuquerque, S. Trypanocidal activity of quinonemethide
triterpenoids from Cheiloclinium cognatum (Hippocrateaceae). Z. Naturforsch. C 2008, 63, 207–210. [CrossRef]
[PubMed]

14. Avilla, J.; Teixidó, A.; Velázquez, C.; Alvarenga, N.; Ferro, E.; Canela, R. Insecticidal activity of
Maytenus species (Celastraceae) nortriterpene quinone methides against Codling Moth, Cydia pomonella (L.)
(Lepidoptera: Tortricidae). J. Agric. Food Chem. 2000, 48, 88–92. [CrossRef] [PubMed]

15. Chou, T.Q.; Mei, P.F. The principle of Chinese drug Lei-Kung-Teng, Tripterygium wilfordii Hook. The coloring
substance and the sugars. Chin. J. Physiol. 1936, 10, 259–534.

16. Bhatnagar, S.S.; Divekar, P.V. Pristimerin, the antibacterial principle of Pristimera indica. I. Isolation, toxicity,
and antibacterial action. J. Sci. Ind. Res. 1951, 10B, 56–61.

17. Brown, P.M.; Moir, M.; Thomson, R.H.; King, T.J.; Krishnamoorthy, V.; Seshadri, T.R. Tingenone and
hydroxytingenone, triterpenoid quinone methides from Euonymus tingens. J. Chem. Soc. Perkin Trans. 1 1973,
22, 2721–2725. [CrossRef]

18. Cevatemre, B.; Erkısa, M.; Aztopal, N.; Karakas, D.; Alper, P.; Tsimplouli, C.; Sereti, E.; Dimas, K.;
Armutak, E.I.I.; Gurevin, E.G.; et al. A promising natural product, pristimerin, results in cytotoxicity against
breast cancer stem cells in vitro and xenografts in vivo through apoptosis and an incomplete autopaghy in
breast cancer. Pharmacol. Res. 2018, 129, 500–514. [CrossRef] [PubMed]

19. Yan, Y.Y.; Bai, J.P.; Xie, Y.; Yu, J.Z.; Ma, C.G. The triterpenoid pristimerin induces U87 glioma cell apoptosis through
reactive oxygen species-mediated mitochondrial dysfunction. Oncol. Lett. 2013, 5, 242–248. [CrossRef] [PubMed]

20. Lee, S.-O.; Kim, J.-S.; Lee, M.-S.; Lee, H.-J. Anti-cancer effect of pristimerin by inhibition of HIF-1a involves
the SPHK-1 pathway in hypoxic prostate cancer cells. BMC Cancer 2016, 16, 701–710. [CrossRef] [PubMed]

21. Deeb, D.; Gao, X.; Liu, Y.B.; Pindolia, K.; Gautam, S.C. Pristimerin, a quinonemethide triterpenoid, induces
apoptosis in pancreatic cancer cells through the inhibition of pro-survival Akt/NF-κB/ mTOR signaling
proteins and anti-apoptotic Bcl-2. Int. J. Oncol. 2014, 44, 1707–1715. [CrossRef] [PubMed]

22. Gao, X.; Liu, Y.; Deeb, D.; Arbab, A.S.; Gautam, S.C. Anticancer activity of pristimerin in ovarian carcinoma cells is
mediated through the inhibition of prosurvival Akt/NF-κB/mTOR signaling. J. Exp. Ther. Oncol. 2014, 10, 275–283.
[PubMed]

23. Park, J.-H.; Kim, J.-K. Pristimerin, a naturally occurring triterpenoid, attenuates tumorigenesis in
experimental colitis-associated colon cancer. Phytomedicine 2018, 42, 164–171. [CrossRef] [PubMed]

24. Tu, Y.; Tan, F.; Zhou, J.; Pan, J. Pristimerin targeting NF-κB pathway inhibits proliferation, migration, and invasion
in esophageal squamous cell carcinoma cells. Cell Biochem. Funct. 2018, 36, 228–240. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0031-9422(00)88719-1
http://dx.doi.org/10.1515/znc-1999-1-223
http://dx.doi.org/10.3184/030823410X12658949561706
http://dx.doi.org/10.1016/j.phytochem.2006.11.029
http://www.ncbi.nlm.nih.gov/pubmed/17250858
http://dx.doi.org/10.1142/S0192415X15500093
http://www.ncbi.nlm.nih.gov/pubmed/25657108
http://dx.doi.org/10.1016/j.jep.2018.11.008
http://www.ncbi.nlm.nih.gov/pubmed/30445109
http://dx.doi.org/10.1016/j.intimp.2018.11.029
http://www.ncbi.nlm.nih.gov/pubmed/30472522
http://www.ncbi.nlm.nih.gov/pubmed/20938406
http://dx.doi.org/10.1016/j.micres.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20116223
http://dx.doi.org/10.1515/znc-2008-3-408
http://www.ncbi.nlm.nih.gov/pubmed/18533463
http://dx.doi.org/10.1021/jf990008w
http://www.ncbi.nlm.nih.gov/pubmed/10637057
http://dx.doi.org/10.1039/p19730002721
http://dx.doi.org/10.1016/j.phrs.2017.11.027
http://www.ncbi.nlm.nih.gov/pubmed/29197639
http://dx.doi.org/10.3892/ol.2012.982
http://www.ncbi.nlm.nih.gov/pubmed/23255929
http://dx.doi.org/10.1186/s12885-016-2730-2
http://www.ncbi.nlm.nih.gov/pubmed/27581969
http://dx.doi.org/10.3892/ijo.2014.2325
http://www.ncbi.nlm.nih.gov/pubmed/24603988
http://www.ncbi.nlm.nih.gov/pubmed/25509983
http://dx.doi.org/10.1016/j.phymed.2018.03.033
http://www.ncbi.nlm.nih.gov/pubmed/29655682
http://dx.doi.org/10.1002/cbf.3335
http://www.ncbi.nlm.nih.gov/pubmed/29781107


Medicines 2019, 6, 36 8 of 8

25. Mori, Y.; Shirai, T.; Terauchi, R.; Tsuchida, S.; Mizoshiri, N.; Hayashi, D.; Arai, Y.; Kishida, T.; Mazda, O.; Kubo, T.
Antitumor effects of pristimerin on human osteosarcoma cells in vitro and in vivo. OncoTargets Ther. 2017, 10, 5703.
[CrossRef] [PubMed]

26. Zhang, B.; Zhang, J.; Pan, J. Pristimerin effectively inhibits the malignant phenotypes of uveal melanoma
cells by targeting NF-kB pathway. Int. J. Oncol. 2017, 51, 887–898. [CrossRef] [PubMed]

27. Yousef, B.A.; Hassan, H.M.; Zhang, L.-Y.; Jiang, Z.-Z. Anticancer potential and molecular targets of
pristimerin: A Mini-Review. Curr. Cancer Drug Targets 2017, 17, 100–108. [CrossRef] [PubMed]

28. Veloso, C.C.; Ferreira, R.C.M.; Rodrigues, V.G.; Duarte, L.P.; Klein, A.; Duarte, I.D.; Romero, T.R.L.; Perez, A.C.
Tingenone, a pentacyclic triterpene, induces peripheral antinociception due to cannabinoid receptors
activation in mice. Inflammopharmacol. 2018, 26, 227–233. [CrossRef] [PubMed]

29. Roca-Mézquita, C.; Graniel-Sabido, M.; Moo-Puc, R.E.; Leon-Déniz, L.V.; Gamboa-Leon, R.; Arjona-Ruiz, C.;
Tun-Garrido, J.; Miron-Lopez, G.; Mena-Rejón, G.J. Antiprotozoal activity of extracts of Elaeodendron trichotomum
(Celastraceae). Afr. J. Tradit. Complement. Altern. Med. 2016, 13, 162–165. [CrossRef] [PubMed]

30. Inácio, M.C.; Paz, T.A.; Pereira, A.M.S.; Furlan, M. Endophytic Bacillus megaterium and exogenous stimuli
affect the quinonemethide triterpenes production in adventitious roots of Peritassa campestris (Celastraceae).
Plant Cell Tissue Organ Cult. PCTOC 2017, 131, 15–26. [CrossRef]

31. Núñez, M.J.; Cortés-Selva, F.; Bazzocchi, I.L.; Jiménez, I.A.; González, A.G.; Ravelo, A.G.; Gavin, J.A. Absolute
configuration and complete assignment of 13C NMR data for new sesquiterpenes from Maytenus chiapensis.
J. Nat. Prod. 2003, 16, 572–574. [CrossRef] [PubMed]

32. Núñez, M.J.; Guadaño, A.; Jiménez, I.A.; Ravelo, A.G.; González-Coloma, A.; Bazzocchi, I.L. Insecticidal
sesquiterpene pyridine alkaloids from Maytenus chiapensis. J. Nat. Prod. 2004, 67, 14–18. [CrossRef] [PubMed]

33. Núñez, M.J.; Jiménez, I.A.; Mendoza, C.R.; Chavez-Sifontes, M.; Martínez, M.L.; Ichiishi, E.; Tokuda, R.; Tokuda, H.;
Bazzocchi, I.L. Dihydro-β-agarofuran sesquiterpenes from Celastraceae species as anti-tumour-promoting agents:
Structure-activity relationship. Eur. J. Med. Chem. 2016, 111, 95–102. [CrossRef] [PubMed]

34. Núñez, M.J.; López, M.R.; Jiménez, I.A.; Moujir, L.M.; Ravelo, A.G.; Bazzocchi, I.L. First examples of
tetracyclic triterpenoids with a D:B-friedobaccharane skeleton. A tentative biosynthetic route. Tetrahedron
Lett. 2004, 45, 7367–7370. [CrossRef]

35. Núñez, M.J.; Reyes, C.P.; Jiménez, I.A.; Moujir, L.; Bazzocchi, I.L. Lupane triterpenoids from Maytenus species.
J. Nat. Prod. 2005, 68, 1018–1021. [CrossRef] [PubMed]

36. Reyes, C.P.; Núñez, M.J.; Jiménez, I.A.; Busserolles, J.; Alcaraz, M.J.; Bazzocchi, I.L. Activity of lupane triterpenoids
from Maytenus species as inhibitors of nitric oxide and prostaglandin E2. Bioorg. Med. Chem. 2006, 14, 1573–1579.
[CrossRef] [PubMed]

37. González, A.G.; Alvarenga, N.L.; Rodríguez, F.; Ravelo, A.G.; Jiménez, I.A.; Bazzocchi, I.L.; Gupta, M.P. New
phenolic and quinone-methide triterpenes from Maytenus species (Celastraceae). Nat. Prod. Lett. 1995, 7,
209–218. [CrossRef]

38. Gunatilaka, A.A.L.; Fernando, H.C. 1H and 13C NMR analysis of three quinone-methide triterpenoids. Magn.
Reson. Chem. 1989, 27, 803–811. [CrossRef]

39. Filho, W.B.; Corsino, J.; Bolzani, V.S.; Furlan, M.; Pereira, A.M.S.; França, S.C. Quantitative determination of
cytotoxic friedo-nor-oleanane derivatives from five morphological types of Maytenus ilicifolia (Celastraceae) by
reverse-phase highperformance liquid chromatography. Phytochem. Anal. 2002, 13, 75–78. [CrossRef] [PubMed]

40. Nossack, A.C.; Celeghini, R.M.S.; Lanças, F.M.; Yariwake, J.H. HPLC-UV and LC-MS Analysis of
quinonemethides triterpenes in hydroalcoholic extracts of “espinheira santa” (Maytenus aquifolium Martius,
Celastraceae) leaves. J. Braz. Chem. Soc. 2004, 15, 582–586. [CrossRef]

41. Leon, J.-A.A.; Ciau, D.-V.R.; Martinez, T.-I.C.; Ciau, Z.-O.C. Comparative fingerprint analyses of extracts
from the root bark of wild Hippocratea excelsa and “cancerina” by high-performance liquid chromatography.
J. Sep. Sci. 2015, 38, 3870–3875. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2147/OTT.S150071
http://www.ncbi.nlm.nih.gov/pubmed/29238202
http://dx.doi.org/10.3892/ijo.2017.4079
http://www.ncbi.nlm.nih.gov/pubmed/28766683
http://dx.doi.org/10.2174/1568009616666160112105824
http://www.ncbi.nlm.nih.gov/pubmed/26758533
http://dx.doi.org/10.1007/s10787-017-0391-7
http://www.ncbi.nlm.nih.gov/pubmed/28889355
http://dx.doi.org/10.21010/ajtcam.v13i4.21
http://www.ncbi.nlm.nih.gov/pubmed/28852732
http://dx.doi.org/10.1007/s11240-017-1257-9
http://dx.doi.org/10.1021/np0205248
http://www.ncbi.nlm.nih.gov/pubmed/12713421
http://dx.doi.org/10.1021/np030347q
http://www.ncbi.nlm.nih.gov/pubmed/14738378
http://dx.doi.org/10.1016/j.ejmech.2016.01.049
http://www.ncbi.nlm.nih.gov/pubmed/26854381
http://dx.doi.org/10.1016/j.tetlet.2004.07.133
http://dx.doi.org/10.1021/np058016w
http://www.ncbi.nlm.nih.gov/pubmed/16038541
http://dx.doi.org/10.1016/j.bmc.2005.10.063
http://www.ncbi.nlm.nih.gov/pubmed/16337130
http://dx.doi.org/10.1080/10575639508043213
http://dx.doi.org/10.1002/mrc.1260270815
http://dx.doi.org/10.1002/pca.626
http://www.ncbi.nlm.nih.gov/pubmed/12018026
http://dx.doi.org/10.1590/S0103-50532004000400022
http://dx.doi.org/10.1002/jssc.201401480
http://www.ncbi.nlm.nih.gov/pubmed/26376932
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Chemical 
	Plant Material 
	Extraction and Isolation of Pristimerin and Tingenone 
	Preparation of Plant Extracts for HPLC Analysis 
	HPLC-PDA Apparatus and Conditions 
	Preparation of Samples 
	Method Validation 
	Calibration, Linearity and Quality Control Samples 
	Limit of Detection (LOD) and Limit of Quantification (LOQ) 


	Results and Discussion 
	Isolation of Pristimerin and Tingenone from Maytenus chiapensis 
	HPLC Analysis 
	Simultaneous Quantification of Pristimerin and Tingenone 

	References

