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Abstract: In vitro antiviral effect of a crude methanol extract and six fractions isolated from Rhoeo discolor 

against pandemic influenza A (H1N1) was evaluated in this study. The phytochemical analysis to identify the 

main classes of secondary metabolites was performed by thin layer chromatography (TLC). The cytotoxic effect 

and cell viability was determined in MDCK cells, and the antiviral activity was evaluated by qRT-PCR to detect 

influenza virus nucleoprotein (NP) gene. Finally a metabolomic analysis was performed using UPLC-MS. The 

phytochemical analysis revealed the presence of coumarins, tannins, saponins and flavonoids in the methanol 

extracts. Cytotoxicity related to 50% cell viability indicated concentrations of <1μg/mL for the six fractions 

tested and >1μg/mL for the crude extracts. Fraction MF1 inhibited synthesis of viral NP at co-treatment level at a 

concentration of 0.30 ± 0.02 g/mL with a selectivity index (SI) of 30. The metabolomic analysis identified the 

presence of five flavonoids kaempferol, quercetin, isoquercetin luteolin-5-glucoside and rutin.  Antiviral activity 

of flavonoids from R. discolor against the influenza A (H1N1) virus  are reported for the first time. 
 

Keywords: Antiviral agent; flavonoids; in vitro; hemagglutinin; real-time PCR; metabolite. © 2017 ACG 

Publications. All rights reserved. 

 
1. Introduction 

 
The H1N1 influenza A virus is responsible for seasonal flu epidemics and the main cause of a 

highly contagious respiratory infection [1, 2]. Currently, even though H1N1 influenza A viruses 

occasionally infect humans, vaccination is the first option to mitigate influenza infection and to reduce 

the impact of the epidemics. In addition, antiviral drugs provide a fundamental complementary line of 

defense, particularly against the fast-spreading pandemic influenza A virus strains, especially where 
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vaccines might be not available on time [3,4]. 

Only two classes of anti-influenza virus drugs are currently accessible. Until now, there are only 

four antiviral agents approved by the FDA to treat an influenza virus infection, and these can be 

divided into two groups. The group comprising of amantadine and rimantadine to block the M2 ion 

channel, and the group of zanamivir and oseltamivir to inhibit the viral neuraminidase which plays an 

important role in virus release [5]. The emergence of influenza A strains that are resistant to these two 

classes of antiviral drugs highlights the need for additional antiviral drugs against these pathogens. 

Besides these two major groups of anti-influenza drugs, several other approaches exist, such as: 

inhibition of viral RNA transcription (RNA polymerase), small interfering RNA, inhibition of virus 

cell fusion, and proteolytic processing of hemagglutinin (HA) [6-8]. Even though several antiviral 

compounds have been developed against influenza virus, their long-term efficacy is often limited due 

to toxicity or the emergence of drug-resistant virus mutations. 

    Phenolic compounds, or polyphenols, constitute one of the most numerous and widely 

distributed groups of substances in the plant kingdom, with more than 8000 phenolic structures 

currently known. Polyphenols are products of the secondary metabolism of plants. The structure of 

natural polyphenols varies from simple molecules, such as phenolic acids, to highly polymerized 

compounds [9]. Polyphenols exhibit a wide range of biological effects [10-12]. Bioavailability differs 

greatly from one polyphenol to another [13]. The knowledge of absorption, bio-distribution and 

metabolism of polyphenols is partial and incomplete. Some polyphenols like flavonoids have antiviral 

activities [14-16]. These studies reported antiviral and antibacterial potential and the mode of action of 

polyphenols [17], including several reports describing the antiviral activity of polyphenols against the 

influenza virus. The emergence of drug-resistant strains highlights the need to develop novel antiviral 

drugs that effectively target other viral proteins or cellular factors involved in the influenza virus life 

cycle. These resistant strains could cause outbreaks in the future, so the development of new anti-

influenza drugs is vitally important. The use of medicinal plants such as Rhoeo discolor is a viable 

alternative. 

   Rhoeo discolor L. H´er Hance [syn. Tradescantia spathacea Swartz, Rhoeo spathacea (Swartz) 

Stearn], is a Mexican plant that is used in traditional medicine [18]. This plant belongs to the 

Commelinaceae family and can be found in the Caribbean and Central America [19]. In the Southeast 

of Mexico, it is known as Maguey Morado (Purple Maguey). This plant has a rich folkloric reputation 

as antiviral and antimicrobial agent, and to the best of our knowledge, no previous scientific reports 

about its antiviral activity are available [20,21]. Some chemicals detected in Rhoeo discolor by 

traditional methods are flavonoids, anthocyanins, saponins, carotenoids, waxes, terpenoids, 

coumarinic and steroidal compounds [22,23]. When we evaluated Rhoeo discolor’s ethanolic crude 

extract in an in vitro system, it showed antimutagenic, antigenotoxic and antioxidative activities 

[24,25]. To our knowledge, this report is the first study that evaluates the toxic effect of flavonoids 

present in the methanol extracts and their fractions obtained from leaves of R. discolor on animal 

epithelial cell culture and its antiviral activity against influenza virus A (H1N1). 

 

2. Materials and Methods 

 

2.1. Plant Material 
 

           The leaves of Rhoeo discolor were collected during the first 5 days of bloom in Tuxtla 

Gutiérrez, Chiapas, México. This plant is deposited in the herbarium 'MEXU (Herbario Nacional de 

México de la Universidad Nacional Autónoma de México)' with the number of deposit PVsn16584 

and in the Integrated Taxonomic Information System (ITIS Report) with the Taxonomic Serial No.: 

505554 and Global Biodiversity Information Facility (GBIF) with taxon ID 10208304. The geographic 

location was latitude 16° 45' 11 " north and longitude 93° 06' 56", corresponding to tropical regions, 

with more than 1100 mm of annual rainfall. The leaves were air-dried and ground in a laboratory mill. 

The dried samples were stored at room temperature, in closed containers and in the dark, until used. 
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2.2. Preparation of Rhoeo discolor Extracts and Fractions 

 
20g of dried R. discolor leaves were added to 450 mL of 100 % methanol (Sigma-Aldrich); the 

mixture was then sonicated using a Bandelin SONOREX™ Digital Ultrasonic bath 10 P, at room 

temperature during 2 h. Afterwards, the mixture was filtered and centrifuged (Thermo scientific, 

SHKA® 200) at 3000 rpm during 10 minutes. The supernatant was evaporated under vacuum in a 

rotary evaporator (Rotavapor R-215) at a temperature of 45°C and the residue was then suspended in 5 

ml of methanol and stored at -20°C. The fractions were obtained by plates of silica gel 60 F254 Merck 

using a hybrid technique based on methods described previously [26–28]. Briefly, a saturation 

chamber (MegaLab) was filled with the solvent system chloroform (Avantor): methanol (Sigma): 

ammonium hydroxide (Avantor) (85:14:1). Subsequently, the chromatogram were divided into 

sections and each was scraped, at which point the powder obtained from each fraction was suspended 

in 5 mL of methanol, vortexed (Vortex IKA® GENIUS 3) for 2 hours, and centrifuged to 3000 rpm 

for 5 min. Finally, the fractions were stored at -20° C and protected from light. 

 

2.3. Phytochemical Analysis 

 
The qualitative analysis was performed through a chemical analysis for detects the presence of 

main classes of secondary metabolites. It was determined using a silica gel thin-layer chromatography 

(TLC), reported by Harbone [29]. Briefly, the chamber was saturated with mobile phase hexane 

(HYCEL): ethyl acetate (HYCEL): acetic acid (Avantor) (31: 14: 5). After that, the stationary phase 

plates silica gel 60 F254 10X20 cm aluminum base (Merck) were placed in the chamber. The standards 

of metabolite: developer reagent (flavonoids: quercetin: Citroboric reagent; Coumarin: umbelliferone: 

5% KOH in ethane; Saponin: diosgenin: 5% H2SO4 in methanol, Tannins: proanthocyanidins: Vanillin 

5% HCl) were used. Thus, the components were eluded during 20 minutes and were observed through 

a UV chamber, 245-365 nm (Chromato-Vue® C-75).  

The quantitative analysis was done using a visible light spectrophotometer (DR5000-03 HACH-

USA) [29]. Total phenols content was estimated as gallic acid equivalents [30]. The saponins content 

was estimated as diosgenin equivalents [31]. Flavones and flavonols were estimated as quercetin 

equivalents [26]. The total flavonoids content was estimated as rutin equivalents [32]. The tannins 

content was estimated as equivalent to proanthocyanidin [33]. Finally, the Coumarin content was 

estimated as equivalent to umbelliferone [34]. 

 

2.4. Lyophilization of MF1 fraction 
 

Once the MF1 fraction solvent methanolic was placed in a water bath at 45 °C until the 

methanol evaporated at 99%. The remaining 1% was re-suspended in distilled water in order to freeze 

the sample, and finally was freeze-dried in a lyophilizer under a pressure of 5 mmHg at -50 °C 

(LABCONCO FreeZone 4.5, Kansas City, USA.) [35].  
 

2.5. UPLC-MS analysis 

 

2.5.1. Metabolite Extraction 
 

20 mg of the freeze-dried sample was dissolved in 500 µL of absolute methanol for 10 minutes 

in an ultrasound bath at room temperature. Samples were filtered using a 0.2 µm Nylon membrane and 

were subjected to UPLC-MS analysis.  

 

2.5.2. Identification by HPLC-ESI-MS/MS  

 
The UPLC-MS analysis was performed with the HPLC-ESI-MS/MS system (LCQ Fleet Ion 

trap mass spectrometer, Thermo Finnigan, San Jose, CA, USA), using a hypersil gold C18 column (50 
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x 2.1 mm, 1.9 µm). Briefly, the conditions were the following: the mobile phase H2O with 0.1% (v/v) 

formic acid (solvent A); solvent B: methanol with 0.1% formic acid, oven column temperature: 38°C, 

with injection volume at 10 µL. Flow rate: 350 µL/min and solvent gradient: 35% B, 0-1.5 min; 35 - 

86% B, 1.5-3 min; 86-100%B, 3-25 min; 100%B, 25-27min; 100%B-35%B, 27-27.5; column re 

equilibration for 1.5 minutes (27.5-29 min) with 35% B [36].  

 

2.6. Cells and Viruses 

 
Madin-Darby canine kidney (MDCK) cells (ATCC, Manassas,VA) were grown in  Dulbecco’s 

Modified Eagle’s Medium (DMEM, Sigma–Aldrich, St Louis, MO, USA) supplemented with 10% 

fetal bovine serum (FBS; Invitrogen), 100 U/mL penicillin, and 100 μg/mL streptomycin at 37°C [37]. 

Influenza virus strains A/Yucatan/2370 (H1N1) were obtained from the Laboratorio de Virología del 

Centro de Investigaciones Dr. Hideyo Inoguchi Institute in Mérida, Yucatán, México. These strains 

were propagated in MDCK cells at 37 °C in 5 % CO2 [38]. 
 

2.7. Cytotoxicity Assays 

 
MDCK cells were grown in 96 well plates at a cell density of 1x10

5
 cells per well for 24 h at 37 

ºC in 5 % CO2. The medium was removed; cells were washed twice with 1X Phosphate Buffer 

Solution (PBS) pH 7.2 and incubated with serial dilutions of extracts and fractions for 72 h at 37 ºC in 

5 % CO2. Then, the inoculum was replaced with media and 5 μL MTT (3-[4,5-dimethylthiozol-2-yl]- 

2,5-diphenyltetrazolium bromide (Sigma, St. Louis, MO) and incubated at 37°C during 4 h. The 

supernatant was removed, and formazan crystals were solubilized with 100 μL 0.04 M HCl-

isopropanol. Finally, a 50% cytotoxic concentration (CC50) was determined using the 

spectrophotometric method described by Shih et al. [39] 
 

2.8. Antiviral Assay  

 
Pre-treatment assay: MDCK cells were grown in 96 well plates at a cell density of 1x10

5
 cells 

per well during 24 h at 37 ºC in 5 % CO2. Cells were washed twice with 1X PBS and incubated for 12 

h with the non-cytotoxic concentration (≤ CC50) from both the crude extract and the six fractions. 

Then, extracts and fractions were removed and MDCK cells were washed twice with 1X PBS, and 

inoculated with H1N1 influenza virus at a multiplicity of infection (MOI) of 0.01 during 1 h with 

occasional rocking. The virus was removed and the cells were incubated with DMEM supplemented 

with 2 μg/mL TPCK-trypsin [10].  

Co-treatment assay: All concentrations of extracts and fractions were mixed with the virus and 

incubated at 4°C for 1 h. The mixture was inoculated on a confluent monolayer of MDCK cells 

previously seeded at 1x10
5
 cells per well and incubated for 1 h at room temperature with occasional 

shaking. The mixture virus:extract/fraction was removed and cells incubated for 72 h at 37 ºC in 5 % 

CO2 with DMEM supplemented with 2 μg/mL of TPCK-trypsin [11].  

Post-treatment assay: The influenza virus at a MOI of 0.01 was inoculated on the confluent 

MDCK cell monolayers (1x10
5
 cells per well) for 1 h with occasional rocking [5]. The media was 

removed and replaced by DMEM containing 10 μg/mL trypsin and several extracts and fractions at 

different concentrations for each treatment. The cultures were later incubated for 72h at 37°C, under a 

5% CO2 atmosphere, until the infected cells under untreated control showed complete viral cytopathic 

effect (CPE) when observed by light microscopy [10]. For all assays, after the 72 h incubation period, 

cells were washed twice with sterile PBS and stained with a 0.4% crystal violet solution in distilled 

water. The samples were incubated for 30min at room temperature and the crystal violet solution was 

removed and the cells were washed twice with 1X PBS (pH 7.4) and stained with 0.4% crystal violet 

in methanol. Absorbance was measured at 540 nm using a microplate reader and Selectivity Index (SI) 

was calculated by the ratio of TC50/EC50 [40] (Figure 1). 



                               Anti-influenza viral activities of flavonoids from Rhoeo discolor  536 
 

 
Figure 1. Antiviral assays strategy with R. discolor extracts and fractions on different stages of virus 

infection. MDCK cells were incubated 12 h prior to virus infection for pre-treatment assay (A), or with 

a mixture of virus:extract/fraction previously incubated at 4°C for 1 h as co-treatment assay (B), or 

during 72 h after viral infection for post treatment assay (C). 
 

2.9. Inhibition Assay of Binding and Entry in MDCK Cells 

 
MDCK cells were grown in 12 well plates at a cell density of 1x10

6
 cells per well for 24 h, then 

the plates were incubated overnight at 37°C under 5% CO2. Medium was removed and the cells were 

washed once with PBS. In all treatments, the virus-fractions and virus-6'SLN (6-sialyl (N-

acetylactosamine)) (positive control). The mixtures were collected and stored at -80 ºC until use to 

determine viral titers with a plaque assay to measure the plaque-forming units [42]. 

 

2.10. Plaque Reduction Assay (PRA) 

 
MDCK cells (2x10

5
 cells per well) were seeded into 12-well culture plates and incubated 

overnight. The cells were washed twice with 1X PBS and infected with supernantants collected from 

the inhibition assay: After, 1 h incubation at room temperature, viral inoculum was removed and cells 

were incubated with 3 % slow-melting agarose overlay medium at 37°C under 5% CO2 for 72 h. Cells 

were stained with 0.4 % crystal violet in methanol. Viral titers were determined by plaque couting 

[41]. The assays were run in triplicate and in three independent experiments. 
 

2.11. RNA Extraction and Quantitative RT–PCR (qRT–PCR) 

 
MDCK cells were grown in 6 well plates at 5x10

5
 cells per well for 24 h and incubated 

overnight at 37°C under 5% CO2. The medium was removed and the cells washed once with PBS. 

Then, the mix of virus-fraction and virus- 6'SLN (6'-Sialyl-N-acetyllactosamine)) were added to the 

confluent monolar (positive control).  The cells were infected with influenza virus A/Yucatán/2370 

(MOI=0.01) for 1 h. Then the cells were harvested at 72 h postinfection (pi) and their total RNA was 

extracted with extraction kit (ROCHE Magna Pure Compact RNA Isolation) according to the 

manufacturer’s instructions. The RNA was recovered and stored at -80°C.  
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NP gene expression of the influenza virus was detected and quantified using qRT-PCR real-time 

[43]. Briefly, we used oligonucleotides forward 5´GCA CGG TCA GCA CTT ATY CTR AG 3´; 

revers 5´GTG RGC TGG GTT TTC ATT TGG TC3´ and probes of hydrolysis (Taqman) probe 5´/ 56-

FAM CYA CTG CAA GCC CA/BHQ_1DT/ located double labeled. These oligonucleotides were 

designed for universal detection of influenza virus type A/H1N1pdm09. The quantification of the NP 

gene was done using the quantitative Kit qRT-PCR (One-Step Invitrogen SuperScript 
TM 

III Platinum 

One-Step) [44, 45]. 
 

2.12. Statistical Analysis 

 
Data is presented as mean + standard deviation. For statistical analyses one-way ANOVA was 

used at p<0.05 level of significance, with the STATGRAPHICS PLUS program (1999). 

 

3.  Results and Discussion  

 
The phytochemical composition of crude extracts of R. discolor leaves was determined. The 

saponins content (10.3 mg/g) and the concentration of total phenols (2.3 mg/g) were higher compared 

with the content values of tannins (0.7 mg/g), flavonoids (0.7 mg/g) and coumarins (0.5 mg/g). 

The cytotoxicity of R. discolor extracts and the six fractions were evaluated by the MTT assay 

for a 50% cytotoxic concentration (CC50). Half of the maximal cytotoxic concentration (CC50) was 

4.90 μg/mL for the crude extract obtained, while the CC50 of fractions MF1, MF2, and MF3 were 

found in a range of 0.60 to 0.90 μg/mL. The fractions MF4, MF5 and MF6 showed CC50 values of 

0.60 to 0.70 μg/mL  (Table 1). These results indicate that antiviral effect was carried out when R. 

discolor extracts and fractions concentration below CC50 were evaluated.  
 

Table 1. Cytotoxic and antiviral activities against H1N1 of Rhoeo discolor crude extract and fractions 

in the co-treatment and post-treatment  

  Co-treatment Pos-treatment 

Fractions  CC50 IC50 SI (CC50/IC50) IC50 SI (CC50/IC50) 

  (µg/mL) (µg/mL)  (µg/mL)  

Crude extract 4.90
a
 + 0.04 >IC50   0 >IC50 0 

MF1 0.90 + 0.01
b
 0.30 + 0.02 30 0.20 + 0.08 4.5 

MF2 0.70 + 0.01 0.40 + 0.06   1.75 0.70 + 0.17 1 

MF3 0.60 + 0.02 >IC50   0 >IC50 0 

MF4 0.70 + 0.02 0.20 + 0.10   3.5 0.70 + 0.02 1 

MF5 0.70 + 0.01 0.70 + 0.15   1 >IC50 0 

MF6 0.60 + 0.00 >IC50   0 0.60 + 0.06 1 
a Mean values of three  replicates. b SD= standard deviation 
CC50: Half maximal cytotoxic concentration. 
IC50: Inhibitory concentration media, against (A/Yucatan/2370/09) after 72h of treatment with serial dilutions of antiviral compounds.   

SI: Selectivity Index (SI= CC50 / IC50).  
 

To determine the ability of extracts and fractions of R. discolor in preventing the infection of 

influenza virus to MDCK cells, we used and analyzed the pre-treatment and simultaneous treatment 

assays. The pre-treatment results showed that neither the fractions, nor the crude extracts had an 

antiviral effect against A/Yucatán/2370/90 (H1N1) in preventing the cytopathic effect of these cells by 

50%, even though we applied high concentrations. The viral and cellular controls allow for the 

detection of cytopathic effects and antiviral activity, therefore there is not a statistically significant 

difference between the percentage of cytopathic effect of each fraction and extract compared with viral 

control (Figure 2). The second assay is the co-treatment. Through this treatment, we assessed whether 

the fractions and extracts inhibit the virus for possible interactions with hemagglutinin. The crude 

extract showed no antiviral activity. On the other hand, the fractions of R. discolor did present activity, 
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especially the MF1 fraction with a EC50 of 0.30+0.02 µg/mL obtained high values of index selective 

(30) (Table 1). These fractions prevent the entry of the virus into the cell. In the post-treatment stage, 

we evaluated the act of blocking the neuraminidase when the extract and the fractions were applied.  

In this case, the crude extract did not show activity. However, the MF1, MF2, MF4, and MF6 

fractions had concentrations of IC50 (Table 1). These results indicated that the fractions showed a low 

selectivity index, and therefore they are not promising for future research.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Percentage cytopathic effect of extracts and fractions of leaves of the plant R. discolor. Each 

fraction has CC50 values, Bars are ± one standard deviation.  
 

The aim of the experiment was to observe the Plaque Forming Units (PFU) caused by the viral 

replication. This assay was done in duplicate, and the virus was co-treated with the MF1 fraction and 

6'SLN (positive control). The MF1 fraction was selected due to the fact that it shows the highest 

selectivity index (Table 1). The PFU was directly proportional to the time of co-treatment, and these 

results indicate that 100% of the inhibition was obtained after 60 minutes of treatment with the MF1 

fraction and 6'SLN (Figure 3). 

Additionally, it is very important to mention that the MF1 fraction inhibited the viral 

replication at 15 minutes and that the 6'SLN control was inhibited after 45 minutes. However, 

during the 15 to 30 minutes of co-treatment, 6´SLN and the MF1 fraction had a percentage of 

inhibition of 96.5 and 97.9 respectively, which shows that there is no statistically significant 

difference between the MF1 fraction and 6'SLN (positive control) (Figure 4). 
The analysis of RNA expression was done by real-time PCR in order to verify if the MF1 

fraction inhibits a co-treatment level. Only three samples were amplified. The first amplified sample 

was the viral control, with a number of copies of 2035.8; the second and third samples, which 

correspond to the virus co-treated with 6'SLN at 15 and 30 minutes, obtained a number of copies of 

74.5 and 41.6 respectively. However, the virus co-treated with the MF1 fraction did not amplify, 

indicating an inhibition rate of 100% from the first 15 minutes (Table 2). 

 
 

 

 

 

  4.92            0.87            0.72            0.59             0.72            0.69             
0.63               - 
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Table 2. Copy number of the gene NP detected by qRT-PCR in real time of virus A/Yucatan/2370/09 

co-treated with the  MF1 fraction and 6'SLN (positive control).

 
CV: Viral control.  
CC: Cell control. 

 

 

 
 

 
 

Figure 3. Plaque reduction assay of MF1 fraction and 6´SLN against influenza viruses. MDCK cells 

were infected with influenza viruses, including A/Yucatan/2370/09 at 0.01 MOI for 15, 30, 45, and 60 

min at 34°C. After viral adsorption, cell monolayer was covered with overlay medium containing MF1 

fractions and 6´SLN and further cultured at 34°C under 5% CO2 for 48 h. Then, the overlay medium 

was removed, and the cell monolayer was fixed with 10% formalin, stained with 1% crystal violet, and 

plaques were counted. 
 

 

 

 

 

Time  Number of copies  Number of copies  % Inhibition 

(min) MF1 6´SLN CC CV MF1 6´SLN 

15 0 74.5 0 501.24 100 96.3 

30 0 41.6 0 1,021.65 100 97.9 

45 0 0 0 1,612.43 100 100 

60 0 0 0 2,035.80 100 100 
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Figure 4. Percentage inhibition effect of the binding of the virus (A/Yucatan/2370/09) to the cell 

(MDCK). The cells were infected at a MOI = 0.01 and co-treated with MF1 and 6'SLN. Bars are ± one 

standard deviation. 
a 
Mean values of three replicates, the means followed by the same letter are not 

significantly different (p- value <0.05). 
 

In order to perform quality control and determine the active components of the MF1 fractions, 

the UPLC-MS fingerprint chromatogram was established (Figure 5). The metabolomic analysis of the 

MF1 fraction showed the presence of five flavonoids, identified by their m/z in a mass spectrum and 

concentration regarding their retention time (Table 3). The data analysis was done on the software 

MZmine 2.11, and the flavonoids identified were kaempferol, quercetine, isoquercetin, rutin, and 

luteolin-7-glucoside (Figure 6).  

 

 
Figure 5. Metabolomic profile of the MF1 fraction obtained by UPLC-MS technique, chromatogram 

for reference flavonoids compounds: 1) luteolin-7-glucoside, 2) kaempferol, 3) isoquercetin, 

 4), quercetin 5) rutin 
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Figure 6. Chemical structure of the components identified in MF1 fraction 1) luteolin-7-glucoside, 

2) kaempferol, 3) isoquercetin, 4) quercetin , 5) rutin from R. discolor. 

 

 

Table 3.   Phytochemical parameters and flavonoids quantifications of the methanol extract of leaves 

of the MF1 fraction from R. discolor determined by UPLC-MS chromatography. 
 

Compounds 
Chemical 

Formula 

Parent ion 

(m/z)
2
 

RT
1
 (min) 

Concentration 

(mg/mL) 

Percentage 

of presence 

(%) 

Luteolin-7-glucoside C21H20O11 448 6 0.0735 15 

Kaempferol C15H10O6 286 8.9 0.3675 75 

Isoquercetin C21H20O12 464 9.8 0.0245 5 

Quercetin C15H10O7 302 10.6 0.0098 2 

Rutin C27H30O16 610 11.8 0.0147 3 
1RT: retention time, 2Parent ion (m/z): molecular ions of the standard compounds (mass to charge ratio) 
 

The human influenza A/H1N1 strain outbreak of swine-origin, in 2009, became a serious 

public concern around the world [46-48]. Out of this necessity to create a new antiviral medicine, an 

important alternative has been the use of medicinal plants for their content in chemical compounds 

such as secondary metabolites [49]. In this broad group of medicinal plants we find Rhoeo discolor, 

which is a traditional medicinal plant used to treat fever, the common cold, headache, and limb pain 

[18]. However, its mechanism of inhibition of viral replication has not been reported, thus far. In this 

study, R. discolor displayed inhibitory effects on a broad spectrum of influenza virus A strains. To 

explore the antiviral mechanism of R. discolor, we treated MDCK cells with R. discolor during 

different stages of viral replication in a time of addition assay. R. discolor did not inhibit viral 

replication when added before viral adsorption (Table 1). These results indicated that the extracts or 

fractions may not contain secondary metabolites, and that they can interact with the sialic acid receptor 

that prevents their entry, and thus the replication of the viral particle [11]. The following analysis was 

the post-treatment. At this level, any fractions and extracts showed the capacity for antiviral activity, 

and the compounds present in the fractions and in the extracts did not block the release of the progeny 
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through inhibition of neuraminidase [5]. The last treatment was the co-treatment. The MF1 fraction 

showed activity at this level with  CC50 and EC50 values of 0.90 µg/mL and 0.30 µg/mL respectively 

and the select index (SI) value was of 30 (SI=CC50/EC). This was the highest compared to other 

fractions (Table 1). This result implies that the MF1 fraction acts at the hemagglutinin level [1] and 

thus prevents the virus from binding to the cell surface receptors (Figure 7). As previously discussed, 

attachment of all influenza A virus strains to cells requires sialic acids [50]. However, there is a great 

number of chemically different forms of sialic acids, and the different influenza virus strains vary in 

their affinity to them [51].  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Mechanism of action of the MF1 fraction of interaction with the hemagglutinin of the 

influenza virus. 

 

These differences may determine which animal species can be infected. For this reason, 

human influenza virus strains preferentially attach to sialic acids which themselves are attached to 

galactose by an α2,6 linkage [52, 53]. In the in vitro system that we evaluated, the 6’SLN functioned 

as the α2,6 receptor [54, 55]. Thus it was found that the MF1 fraction acts similarly to the 6'SLN 

compound inhibiting the hemagglutinin which, in this study, was confirmed by the identification and 

quantification of the NP gene. 

       In this phytochemical study we found the presence of five secondary metabolites that correspond 

to the group of flavonoids. The flavonoids were kaempferol, quercetin, isoquercetine, rutin, and 

luteolin-7-glucoside, and they can be responsible for the antiviral activity such as reported by Orhan et 

al. [14]; Zhang et al. [15]; Sithisarn et al. [16]; Jeong et al. [41]. Isoquercetin and quercetin have been 

reported in other studies [58,59,60] for their inhibition of the replication of the influenza virus. It is 

noteworthy that flavonoids are within the most abundant compounds in commelinaceae, according to 

various reports [28,61,62,63,64]. Meanwhile, Yang et al. [65] demonstrated through in vitro evaluations 

of the different chemical structures of secondary metabolites, present in green tea, against the influenza 

virus, such as rigid flavonols (for example kaempferol), show much stronger inhibitory effects due to 

the presence of a double bond, of C2-C3 and a ketone in C-4, and the hydroxy functionality at the C-4' 

position in ring B. These flavonoid structures are present in the MF1 fraction of the methanol extract 

from the leaves of R. discolor, as shown in the Figure 6. Also, the presence of more OH groups in the B-

ring of flavonoids reduced their NA inhibitory effect. But the presence of more hydroxyl groups in the 

A or B-ring and glycosylations of flavones and flavonols is essential in order to exhibit their potent 

inhibitory activity against the H1N1 virus [41,66,67]. Highly hydroxylated flavonoids such as rutin and 

luteolin-7-glucoside were identified in the present study (Table 3 and Figure 6). 
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4. Conclusion 

 
The MF1 fraction from the methanolic extract of Rhoeo discolor has a strong anti-influenza 

activity in vitro, possibly due to the presence of kaempferol, quercetin, isoquercetin, rutin and luteolin-

7-glucoside. This activity may be accomplished through the suppression of the hemaglutinin. Our 

results provide evidence that the MF1 fraction may be considered as an alternative agent for treatment 

of influenza virus infections. Further studies have to be performed to evaluate in vivo the antiviral 

activity of R. discolor products.  
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