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ABSTRACT 
 

Objectives: The aim of the present study was to evaluate the total phenolics and flavonoids 
content of leaves and flowers of Gymnosperma glutinosum (Spreng.) Less., and identify their main 
chemical constituents. 
Materials and Methods: G. glutinosum leaves and flowers were separately extracted with 
sequential 85, 80, 75, and 70% Methanol. Total phenolic content was determined using the Folin-
Ciocalteu assay with gallic acid as standard. Total flavonoid content was evaluated using the 
aluminum chloride colorimetric method with quercetin as a standard. TLC and HPLC analysis of 
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theextracts were performed, and compounds were identified by retention time and UV spectra in 
comparison with polyphenolic standards. 
Results: Total phenolic content of leaf extracts was 116.7 mg/g GAE (Gallic Acid Equivalents) 
whereas that of flower extracts was 159.8 mg/g GAE. Total flavonoid content of leaf extracts was 
6.7 mg/g QE (Quercetin Equivalents) and that of flower extracts 15.9 mg/g QE. According to TLC 
and HPLC analysis, chlorogenic acid, astragalin, quercitrin, quercetin, rutin, kaempferol, and vitexin 
were the main components. 
Conclusions:  The identified polyphenols, except vitexin, have not yet been reported for 
G. glutinosum. These compounds might be involved in health benefits attributed to G. glutinosum. 
The higher content of flavonoids and other polyphenols in the flower extract suggest that G. 
glutinosum could be more efficient as an herbal remedy when the specimens are flowering, a 
feature not yet indicated in the Mexican traditional medicine. 
 

 
Keywords: Gymnosperma glutinosum; polyphenols; flavonoids; Mexican traditional medicine. 
 
1. INTRODUCTION 
 
Within the natural products group, flavonoids and 
other phenolic compounds are known for multiple 
biological effects including antioxidant, free 
radical scavenging activities, inhibition of 
hydrolytic and oxidative enzymes, and anti-
inflammatory, anticarcinogenic, antimicrobial, 
hypolipidemic, antimutagenic, antidiabetic, and 
many other activities [1-5]. They are also 
associated with the prevention and treatment of 
cardiovascular and cerebrovascular diseases [6]. 
This broad spectrum of bioactivities suggests 
that polyphenols play an important role in the 
medicinal properties associated with some herbal 
remedies and identifying and evaluating their 
chemical content might be a valuable approach 
to scientifically validate their ethnobotanical use. 
 
In Mexican traditional medicine, medicinal plants 
are the most abundant, accessible, and 
recognized resource, as a result of their 
ecological diversity and centuries of empirical 
knowledge [7,8]. Gymnosperma glutinosum 
(Spreng.) Less. (Asteraceae), is a medicinal 
plant known in Mexico as Tatalencho, Jarilla, 
Mota, Hierba Pegajosa, Escobilla, Pegajosa [9] 
and its leaves traditionally are used as an 
aqueous infusion for the treatment of diarrhea, 
ulcers, joint pain, fever, inflammation, and 
headaches [10,11]. Phytochemical studies 
regarding polyphenolic compounds have found 
27 highly oxygenated flavonoids from alcoholic 
extracts of air-dried leaves and stems [12-17], as 
well as the flavonoid pinocembrin, isolated from 
chloroform and hexane extracts of aerial parts 
[18]. Furthermore, the compound D-glycero-D-
galactoheptitol has been isolated from 
methanolic extracts [19]. 
 
Antibacterial and antifungal activities of extracts 
and isolated compounds from G. glutinosumhave 

been previously reported [20,21]. Gomez-Flores 
et al. [22] found that hexane extracts of 
G. glutinosum leaves possess a strong 
antimicrobial activity against Mycobacterium 
tuberculosis. Examination of anti-tumoral activity 
of G. glutinosum using an in vitro and in vivo 
L5178Y-R murine lymphoma test system 
resulted in significant cytotoxicity of low-polarity 
compounds isolated from hexane extracts 
[19,23,24]. Significant cytotoxicity of methanolic 
extracts of G. glutinosumalso indicates the 
presence of more polar bioactive compounds 
[19], which might include flavonoids and other 
polyphenols. In a recent study, the antiprotozoal 
activity of G. glutinosum extracts against 
Entamoeba histolytica was tested [25]. 
 
The aim of the present study was to investigate 
the total phenolic and flavonoid content of leaves 
and flowers separately and identify potentially 
bioactive polyphenols by analytical methods. 
These results could have an impact on the 
reassessment of the traditional preparation of G. 
glutinosum remedies and its overall acceptance 
as a medicinal plant. 
 
2. MATERIALS AND METHODS 
 
2.1 Plant Material 
 
Aerial parts of G. glutinosum were collected 
during flowering in July 2013 from an area within 
the coordinates 24° 39' y -100° 1' in Aramberri, 
Nuevo Leon, Mexico. One specimen was 
identified by Dr. Marcela Gonzalez Alvarez and 
deposited at the Herbarium of Facultad de 
Ciencias Biológicas, Universidad Autónoma de 
Nuevo León (Voucher No. 26671). Plant material 
was dried at room temperature (Approx. 23ºC). 
Afterward, flowers and leaves were separated 
manually. 
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2.2 Determination of Total Phenolic 
Content 

 
Total phenolic content was 
spectrophotometrically determined using the 
Folin-Ciocalteu reagent [26]. A reflux extraction 
of 100 mg of plant material was prepared with 50 
mL of distilled water in a round-bottomed flask at 
100°C in a water bath for 30 min for leaves and 
flowers separately. After cooling to room 
temperature, flask contents were filtered, and the 
extractwas collected; 2 mL of each extract or 
gallic acid (as a standard phenolic compound in 
2 mL of water) was mixed with 1.0 mL of Folin-
Ciocalteu reagent,10 mL of distilled water and 12 
mL of 29% aqueous Na2CO3. The mixtures were 
allowed to stand for 30 min, and absorbance was 
measured at 760 nm in a Cary 50 UV 
Spectrophotometer. A standard curve was 
prepared using 0, 3.91, 7.81, 15.63, 31.25, 62.5, 
125, 250 µg/mL solutions of gallic acid. Values 
are expressedas acid equivalents (GAE in mg/g 
of dry mass). 
 

2.3 Determination of Total Flavonoid 
Content 

 
Quantification of total flavonoid content by 
colorimetric methods can be imprecise because 
many flavonoids are glycosylated, resulting in 
problems in the formation of the colored 
complex. Acid hydrolysis prior to colorimetric 
analysis is a common method to avoid this 
uncertainty in measurement [27]. 
 
For analysis, a maceration of 1 g of plant 
material in 30 mL of MeOH 85% was performed. 
After 24 h at room temperature extracts were 
filtered, the solvent was evaporated, and 100 mg 
of the extractwas mixed with 1.0 mL of 0.5% 
methenamine, 20 mL acetone and 2.0 mL of 
25% HCl. After refluxing for 30 min, the mixture 
was filtered, deposited in a separation funnel 
together with 20 mL of water and washed three 
times with 15 mL of EtOAc. Ethyl acetate phases 
were collected and washed twice with 50 mL of 
water (water phases were discarded) and 10 g of 
anhydrous Na2SO4were added. Subsequently, 
EtOAc phase was filtered and deposited in a 
volumetric flask. 
 
From the EtOAC phase of each extract (leaves 
and flowers), 10 mL with approximately 
1.0 mg/mL were mixed with 1.0 mL of 10% (v/v) 
AlCl3 in water and 14 mL of a solution of 5% (v/v) 
of 98% acetic acid and MeOH. The mixtures 
were allowed to stand for 30 min, and 
absorbance values were measured at 425 nm in 

a Cary 50 UV Spectrophotometer. A standard 
curve was prepared using 0, 3.91, 7.81, 15.63, 
31.25, 62.5, 125 µg/mL solutions of quercetin 
dehydrate (PhytoLab GmbH). Values are 
expressedas quercetin equivalents (QE in mg/g 
of dry mass). 
 

2.4 Thin Layer Chromatography Analysis 
 
For TLC analysis, plant material (750 mg) was 
extracted with 5.0 mL of MeOH, under reflux in a 
hot water bath for 10 min, cooled and filtered. All 
extracts were analyzed by TLC on 20 X 20 cm 
plates (Silica Gel 60 F254, Merck) and compared 
with methanolic extracts, obtained under the 
same conditions, of Solidago virgaurea L. and 
Arnica montana L. (typical members of 
Asteraceae). A reference solution of 1.0 mg 
chlorogenic acid, 2.5 mg quercitrin and 2.5 mg of 
rutin in 10 mL of MeOH was used. The mobile 
phase consisted of ethyl acetate: methylethyl 
ketone: H2O: formic acid (30:18:6:6). Plates were 
revealed with UV at 365 nm after spraying with a 
solution of Natural Products Reagent in MeOH 
(10 g/L) and Macrogol 400 (50 g/L). Compounds 
were identified by Rf values as reported 
elsewhere. 
 

2.5 Extractions for HPLC Analysis 
 
Plant material was ground to a fine powder. 
Extracts of flowers and leaves were obtained 
separately by maceration of 50 g of plant 
material in 500 mL of MeOH/H2O (different 
concentrations) at room temperature. The 
procedure involved four different consecutive 
extractions (MeOH/H2O 85%, 80%, 75% and 
70%) for 40 h at room temperature for each one. 
Next, extracts were transferred to a 
chromatographic column with a matrix of 
Amberlite FPX66 (filled with 100 g of resin in 2 L 
of distilled H2O). Unwanted substances were 
eluted with 1.2 L of distilled H2O. Enriched 
polyphenol extracts were eluted with 600 mL of 
EtOH 75% at two drops per second. The 
solventwas removed under vacuum on a rotatory 
evaporator; then 50 mL of H2O were added to 
the enriched polyphenol extracts, and insoluble 
material was discarded. Water soluble fractions 
of each enriched polyphenol extract were frozen 
at -20ºC for 48 h and lyophilized. 
 

2.6 High-performance Liquid Chromato-
graphy 

 
Samples (water soluble fraction of the enriched 
polyphenol extracts) were analyzed in a Waters 
HPLC instrument (Waters e2695 Separation 
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Module, Alliance) with a PDA Detector (Waters 
2998). Column: C18 Aqua 5mm, 250 X 4.6 mm 
(Phenomex Inc.). Flow rate: 1 mL/min. Gradient 
elution: H2O-Acetonitrile; starting with 100% H2O 
and remaining isocratic for 10 min, then using 
gradient elution to reach 50% of H2O and 50% of 
acetonitrile at 40 min and 100% acetonitrile at 50 
min. From minute 51 to 60 elution stays isocratic 
with 100% H2O. Standards of 46 different 
polyphenols were used for reference. The most 
representative for the present work were 
Chlorogenic acid (Carl Roth GmbH), Kaempferol 
(PhytoLab GmbH), Quercetin (PhytoLab GmbH), 
Quercitrin (Extrasynthese SAS), Rutin (PhytoLab 
GmbH), Vitexin (PhytoLab GmbH) and Astragalin 
(PhytoLab GmbH).Compounds were identified by 
retention time and UV spectra in comparison with 
standards under the same conditions. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Total Phenolic and Flavonoid Content 
 
Concentration measurement is based on creating 
a calibration curve with standard solutions at 
different concentrations. The total phenolic 
content of the extracts was calculated with a 
standard curve using gallic acid (y = 0.0018x + 
0.013, R2 = 0.9999), whereas the total flavonoid 
content was calculated using a calibration curve 
with quercetin as standard (y = 0.0239x + 
0.0842, R2 = 0.9877). Analysis showed that 

flowers contain greater amounts of phenolics and 
flavonoids than leaves (Table 1). In Mexican 
traditional medicine, there exists no indication for 
the use of flowers of G. glutinosum [10,11]. 
Based on the results, it would be reasonable to 
improve medicinal effects by using flowering 
plants (in summer and autumn seasons), as 
polyphenols, particularly flavonoids, are well 
known bioactive natural products [28]. 
 
3.2 Identification of Polyphenols 
 
By comparative TLC (Fig. 1), it was shown that 
leaf and flower extracts of G. glutinosumpresent 
similar composition exceptan unknown band at 
Rf = 0.89 in the leaves extract. In comparison 
with other typical members of Asteraceae (Arnica 
montana and Solidago virgaurea), G. glutinosum 
extracts showed similarities in the Rf region 
0.10–0.60, especially concerning the “light green” 
colored band at Rf = 0.52. This band was 
identified as astragalin, according toliterature 
data [29,30], Rf and color development, after 
treatment with Natural Product Reagent A. 
Presence of quercitrin and chlorogenic acid is 
remarkable and could be proven by comparison 
with the reference substance. Although by 
TLCrutin could not clearly be detected, it was 
found later on by HPLC analysis of the leaf 
extract. The reason may be that rutin is masked 
by other unidentified extract components with 
similar polarity. 

 
Table 1. Total phenolic and flavonoid content of fl owers and leaves extracts of  

Gymnosperma glutinosum 
 

Sample  Phenolic content  
(mg GAE g -1 of dry mass±SD) 

Flavonoid content  
(mg QE g -1 of dry mass±SD) 

Leaves 116.7±0.06 6.7±0.03 
Flowers 159.8±0.13 15.9±0.01 

 

 
 

Fig. 1. Comparative TLC of methanolic extracts of G. glutinosum  with those of  
Solidago virgaurea  and Arnica montana  

Reference solution contains rutin, chlorogenic acid and quercitrin 
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HPLC profiles of leaf and flower extracts (Fig. 2) 
showed differences in its composition. In the leaf 
extract (Fig. 2A), chlorogenic acid (1), astragalin 
(2), quercitrin (3), quercetin (4) and kaempferol 
(5) could be identified. The flower extract 
resulted in a simpler chromatogram (Fig. 2B) with 
two main components, namely rutin (6) and 
vitexin (7). Chlorogenic acid, quercitrin, quercetin 
and kaempferol were present only in low 
amounts. All compounds were identified by 
retention time and UV spectra, in comparison 
with standards (Table 2). For G. glutinosum, up 
to 28 flavonoids and other polyphenols [12-17] 
have been described in some reports. In the 
present work, the occurrence of 7 polyphenols 

could be proven which, except vitexin, have not 
been previously reported. 
 
Table 2. HPLC data of identified polyphenols a 
 
Compound  Rt (min)  UV max (nm)  
1- Chlorogenic acid 17.8 248, 329 
2- Astragalin 30.5 265, 350 
3- Quercitrin 31.4 251, 301, 350 
4- Quercetin 36.8 254, 376 
5- Kaempferol 40.1 266, 364 
6- Rutin 28.4 257, 355 
7- Vitexin  28.9 214, 269, 339 

a Compounds were identified by comparison with 
standards (Data not shown) 

 

 
 

Fig. 2. A. Chromatographic profile, at 270 nm, of t he leaves extract of G. glutinosum  
B. Chromatographic profile, at 270 nm, of the flowe rs extract of G. glutinosum  

1=Chlorogenic acid, 2=Astragalin, 3=Quercitrin, 4=Quercetin, 5=Kaempferol, 6=Rutin, 7=Vitexin 
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The identified compounds may contribute to 
medicinal effects of G. glutinosum considering 
that most of them have scientifically accepted 
bioactivities. Chlorogenic acid has been 
described as antiviral, neuroprotective, and blood 
pressure reducing substance, in addition to other 
activities [31,32]. Astragalin is considered to be 
ubiquitous in the plant kingdom, and in some 
studies has been effective against allergic 
diseases [33]. Quercitrin has also been studied 
as an antileishmanial [34] and an intestinal anti-
inflammatory agent [35], but it is better 
recognized as a pro-drug of its aglycone 
quercetin, for which anticancer, antibacterial and 
many other activities were reported [36-38]. 
Kaempferol exerted antimicrobial, antiviral, 
cardioprotective, neuroprotective, analgesic, and 
anticancer activities [39]. Rutin was described as 
an antidepressant substance, antiplatelet 
aggregator, and hepatoprotective compound 
[40,41], whereas vitexin has been studied for its 
antibacterial, spasmolytic, and antimetastatic 
effects [42,43]. All these bioactivities are 
associated with the antioxidant, 
anti-inflammatory, and radical scavenger effects 
characteristic for most flavonoids and many other 
polyphenols [44,45]. 
 
4. CONCLUSION 
 
The identified polyphenols, except vitexin, have 
not been yet reported for G. glutinosum. These 
polar compounds might be involved in health 
benefits attributed to G. glutinosum in Mexican 
Traditional Medicine, where it is mainly used as 
an infusion. The higher content of flavonoids and 
other polyphenols in the flowers extract suggest 
that G. glutinosum could be more efficient as an 
herbal remedy, using the leaves together with 
flowers of the collected plant material, which has 
not been indicated in the ethnobotanical use of 
this plant. 
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