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Abstract 

Ethnobotanical use of plants may include poisonous species. Senecio (Asteraceae) is used as medicinal 

around the world. Senecio selloi (Spreng.) is widespread in Argentina. Purposes of this study were to 

investigate phytochemistry and in vitro activity of a methanolic extract of plant flowers on mitochondrial 

membrane peroxidation and enzyme activities. Chemiluminescence was used to test peroxidative effects, 

and thiazolyl blue tetrazolium bromide test (MTT) for cell viability. Results indicate presence of 

flavonoids and pyrrolizidine alkaloids. Regarding chemiluminescence, extract showed protective effect 

against peroxidation, while MTT demonstrated lower activities of mitochondrial dehydrogenases and 

cytosolic reductases, effects that were attributed to flavonoids and pyrrolizidine alkaloids, respectively. 

When ingested, pyrrolizidine alkaloids undergo hepatic biotransformation that cause damage to cells. On 

the contrary, toxicity does not take place when there is no metabolization. These situations may explain 

the ethnobotanical use of some poisonous senecios in human and veterinary medicine. 
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Introduction 

Since ancient times, humans used natural resources such as minerals, animals, and plants. 

Considering the latter, they observed animals feeding on certain species and realized that some 

caused them to heal from diseases, while others caused their death. Consequently, plants were 

classified as medicinal or poisonous, knowledge that is still used nowadays. 

Indigenous populations from many parts of the world have the knowledge that a same plant 

species has both beneficial and detrimental effects on health, considering the dose and the 

route of entry into the body, among other factors. Shamans from South America, for example, 

know that plants of the Solanaceae family have hallucinogen properties, such as Brugmansia 

spp. [1, 2], which neglected use may cause death [3]. In Europe, the use of such type of plants is 

known as well, and many species with these properties can be mentioned. As an example, 

Conium maculatum or “poison hemlock” is associated to both medicinal and poisonous uses 

through history, being the most famous and tragic case the so-called death of Socrates [4], a 

story which authenticity is still under review [5].  

Humans may be exposed to poisonous plants when they voluntary intake species that are 

incorrectly considered as medicinal (as part of folk remedies), or when the consume dangerous 

plants that are mistaken with edible species [6]. Among them, some species of Senecio 

(Asteraceae) exert toxic effects on different organs in both humans and animals due to the 

presence of pyrrolizine alkaloids (PAs) [7]. PAs have a pyrrolizidine group in their structure 

and are toxic to the liver, lungs, kidneys; they are also genotoxic compounds. In particular, 

1,2-dehydropyrrolizidine esters are metabolized by P450 enzymes to pyrrolic esters, 

compounds which are unstable electrophilic alkylating molecules [8] and some studies suggest 

that oxidative stress is involved in the hepatotoxic effects of them [9]. Oxidative stress is a 

condition caused by the excessive production of free radicals, in contrast to not enough activity 

of antioxidants by defense systems of the organism [10]. 

Interestingly, a few species of senecios are used as medicinal plants in folk medicine, some of 

them have demonstrated potential benefits under experimental conditions. For example, S. 

brasiliensis (Spreng.) Less, S. sertularioides DC and S. chrysanthemoides DC may be used to 

treat wounds [11, 12]. S. serratuloides extracts also exert antihypertensive effects [13] and S. 

bifrae Oliv. & Hiern has potential use to treat atherosclerosis, metabolic diseases such as 

hyperlipidemia and diabetes mellitus and neurodegenerative disorders [14]. S. tenuifolius DC 

has demonstrated antibacterial activity [15], while S. smithioides Cabrera possess antiplasmodial 

compounds [16]. 
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Senecio formosus Kunth, present in some countries of South 

America, has been used as a folk remedy to heal wounds and 

ingested as infusions [17]. Regarding the ethnoveterinary use of 

Senecio plants, S. scandens Buch-Ham ex D. Don is used to 

treat constipation, diarrhea, and to heal skin diseases in 

domestic animals by veterinarians from some provinces of 

China [18]. 

Senecio selloi (Spreng.) DC (SS) is a subshrub of 1-meter 

height, bushy in the base, with striated stems which are leafy 

in the lower half and with less leaves in the upper half, 

glandulous pubescence. Leaves are oblong lanceolate-

spatulate, obtuse in the apex, margins are serrated-crenate, 

heavily glandulous-pubescent in both sides, 40-120 mm long 

and 12-35 mm wide. Capitulum are long pedicellate, with 

many daisy-like yellow flowers (Fig. 1). The plant is 

widespread from south Brazil to northeastern Argentina. It is 

classified as poisonous to cattle and other species and have 

caused deaths in ruminants in Argentina [19]. There are no data 

regarding its ethnobotanical use in the country. 

 

 
 

Fig 1: Senecio selloi (Spreng.) DC from Buenos Aires, Argentina 

 

Considering this background, we wanted to determine if 

Senecio selloi could have similar properties to those senecios 

mentioned above. Purpose of this study were to investigate 

the phytochemistry of SS and the in vitro activity of different 

concentrations of a methanolic extract on mitochondrial 

membrane peroxidation and enzyme activities, to determine 

whether if they affect these cell structures and processes. 

 

Material and Methods 

Chemicals 

All solvents and chemicals used in this study were of 

analytical grade. Rutin and retrorsine standards were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 

 

Plant material 

Plants were collected during November 2018 from Brandsen 

Department, Buenos Aires, Argentina. Botanical 

identification was performed by Ing. Agr. Néstor Bayón, 

Facultad de Ciencias Agrarias y Forestales, Universidad 

Nacional de La Plata. Boucher samples were deposit at the 

Laboratorio de Bioquímica, Facultad de Ciencias 

Veterinarias, Universidad Nacional de La Plata. 

 

Extract preparation 

Fifteen grams of air-dried SS flowers were milled until a 

cotton-like material was obtained, methanol was used as the 

extraction solvent (200 ml), and extraction was performed by 

means of a magnetic stirrer at room temperature during 24 

hours under dim light. Later, the extract was filtered using 

vacuum filtration and then rotaevaporated until dryness using 

a Senko® equipment. A residue of 4.0607 g was obtained, 

which was re-suspended in 100 ml 1% HCl and then put in a 

separation funnel. Chloroform was added to extract the lipidic 

compounds (chlorophyll and waxes), which were discarded. 

The remaining acidic solution was alkalinized using 12 ml 

20% NH3 (pH 10-12), a color change of the solution was 

observed at this point. Final separation consisted in the 

addition of 250 ml chloroform: methanol (4:1). The 

chloroform-methanol extract was filtered on anhydrous 

sodium sulphate and then rotaevaporated until dryness. A 

residue of 42 mg was obtained. 

 

Phytochemical determinations 

For the phytochemical analysis of the extract, the following 

qualitative determinations were performed: flavonoids (zinc 

hydrochloride reduction test, Shinoda’s test), tannins (ferric 

chloride test), lipids (iodine reaction), carbohydrates (phenol 

5% + concentrated H2SO4), steroids (acetic anhydride + 

concentrated H2SO4, Liebermann-Burchard’s reaction), 

anthraquinones (sodium hydroxide test, Borntrager’s test), 

pyrrolizidine alkaloids (Ehrlich’s reagent), cardenolides 

(Legal’s reagent), and leucoanthocyanins (concentrated HCl + 

amyl alcohol, Rosenheim’s reaction) [20, 21]. 

 

Quantification of total flavonoids  

A modification of Maksimovic et al. (2005) technique was 

performed for the determination of total flavonoids [22]. For 

this, 0.1 ml of the extract with 1.4 ml deionized water and 0.5 

ml flavonoid reactive (133 mg ferric trichloride and 400 mg 

sodium acetate diluted in 100 ml of a solvent prepared with 

140 ml methanol, 50 ml distilled water, and 10 ml acetic acid) 

were incubated at room temperature for 5 min. Absorbance 

was determined at 430 nm. Total flavonoid content was 

calculated as mg rutin equivalent per g dry weight. Prior to 

this, a calibration curve was prepared with decreasing 

concentrations of rutin diluted in methanol (1, 0.500, 0.250, 

0.125, and 0.0625 mg of rutin). 

 

Quantification of total pyrrolizidine alkaloids 

One milliliter of the methanolic extract of SS was put in a 20 

ml test tube and evaporated until dryness at 75 ºC on a hot 

plate. Then, 1 ml of 5% ascorbic acid was added to the 

residue, with the addition of 150 µl 5% sodium nitroprusside, 

and heated during 1 min at 75 ºC. Ehrlich´s reagent (150 µl) 

was added and heated again a 75 ºC for 1 min; a magenta 

color was observed. The same procedure was performed with 

a standard solution of retrorsine (500 µg/1 ml methanol, 

Sigma-Aldrich), and for a negative control (prepared with 

ascorbic acid, sodium nitroprusside and Ehrlich´s reagent, 

without SS extract). As little as 5 µg of most unsaturated PAs 

can be measured by this method [23]. After all the tubes 

reached room temperature, 4 ml acetone were added to each 

one. Absorbance was determined at 565 nm. Total 

concentration of pyrrolizidine alkaloids was obtained 

considering the concentration of the standard solution of 

retrorsine and its absorbance, and the absorbance of the SS 

extract, according to the following equation: 

 

ABS SS Extract x Concentration 

of retrorsine standard (mg/ml) 

Total concentration of PA =  

ABS of retrorsine standard 

 

Where: 

ABS: Absorbance 

SS: Senecio selloi 

http://www.phytojournal.com/
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Thin layer chromatography (TLC) 

For TLC, aliquots of SS methanolic extract were applied on 

silica gel 60 plates. A retrorsine standard (Sigma-Aldrich) 

was also applied to each plate. For the development, three 

mobile phase systems were used as follows: S1 

dichloromethane: methanol: ammonia 25% (85:14:1), S2 

chloroform: acetone: diethylamine (50:40:10), S3 toluene: 

ethyl acetate: diethylamine (70:20:1) [24]. After development, 

plates were sprayed with concentrated H2O2, heated at 80 °C 

for 15 min, then sprayed with Ehrlich’s reagent, and heated 

again for another 15 min at 80 °C.  

 

Animals and membrane preparation  

Female Wistar AH/HOK rats, 7 weeks-old, weighing 120-137 

g, from the Laboratory Animal Facility, Facultad de Ciencias 

Veterinarias, Universidad Nacional de La Plata, were used. 

All rats were fed commercial rat chow and water ad-libitum. 

The rats were sacrificed by cervical dislocation and the liver 

was rapidly removed, cut into small pieces and extensively 

washed with 0.15 M NaCl. A 30% (w/v) homogenate was 

prepared in a 0.25 M sucrose solution, 10 mM Tris-HCl pH 

7.4 using a Potter-Elvehjem homogenizer. The homogenate 

was centrifuged at 3,000 G for 5 min; pellets were discarded, 

and the supernatant was centrifuged at 10,000 G for 10 min to 

obtain mitochondrial pellets. The pellets were suspended in 

solution a (0.25 M sucrose solution, 10 mM Tris-HCl pH 7.4, 

0.01 M PMFS). All operations were performed at 4 °C and 

under dim light. 

 

Peroxidation of rat liver mitochondria  

Chemiluminescence and peroxidation were initiated by 

adding ascorbate to mitochondria [25]. Mitochondria (0.5 mg 

mitochondrial protein) with addition of SS extract (0.025, 0.1, 

0.4 and 0.8 µg) were incubated at 37 °C with 0.01 M 

phosphate buffer pH 7.4, 0.4 mM ascorbate, final volume 2 

ml. Phosphate buffer is contaminated with sufficient iron to 

provide the necessary ferrous or ferric iron (final 

concentration in the incubation mixture was 2.15 µM) for 

peroxidation [26]. Mitochondria preparations, which lacked 

ascorbate, were carried out simultaneously. Membrane light 

emission was determined over a 180 min period, 

chemiluminescence was recorded as counts per minute (cpm) 

every 10 min, and the sum of the total chemiluminescence 

was used to calculate cpm/mg protein. Chemiluminescence 

was measured as counts per min in a liquid scintillation 

analyzer Packard 1900 TR equipment with a program for 

chemiluminescence. 

 

Protein determination  

Proteins were determined by the method of Lowry et al. 

(1951) using BSA as standard [27]. 

 

Mitochondrial enzyme activities 

Thiazolyl blue tetrazolium bromide assay (MTT) is used to 

determine the respiratory activity of mitochondrial succinate-

tetrazolium reductase system, which converts the yellow 

tetrazolium salt into a blue formazan dye, assessing cell 

viability [28, 29]. Bovine lymphocytes were stimulated with 100 

µg/ml phytohemagglutinin and cultured in Ham F12 

supplemented with fetal bovine serum and antibiotics at 37 °C 

during 48 h. Treatments were performed on the last 24 h. 

Measurement of absorbance was performed at 550 nm with a 

microplate spectrophotometer (Multiskan™ Go, Thermo 

Fisher Scientific). Results were expressed as the mean ± SEM 

of absorbance (arbitrary units, AU) from three independent 

experiments. Treatments were: 1) negative control 2) positive 

control (ethanol 10%) 3) methanol controls (3.3 µl/ml, 6.6 

µl/ml, 10 µl/ml, 13.3 µl/ml and 26.6 µl/ml); and SS extracts 

4) T1: 25 µg/ml 5) T2: 50 µg/ml 6) T3: 100 µg/ml 7) T4: 200 

µg/ml and 8) T5: 400 µg/ml.  

 

Results 

Phytochemical analysis of SS extract 

Table 1 shows the results of the phytochemical analysis of SS 

flower extract. Qualitative chemical determinations were 

performed to assess the presence of those constituents that 

exert anti-oxidative or toxic properties. 

 
Table 1: Qualitative analysis of SS methanolic extract. Chemical 

reactions were used as follows: 
 

Shinoda + 

FeCl3 + 

Iodine + 

Phenol 5% + concentrated H2SO4 + 

Liebermann-Burchard + 

Bornträger - 

Ehrlich + 

Legal - 

Rosenheim - 

 

Table 1. Qualitative analysis of SS methanolic extract. 

Chemical reactions were used as follows: Shinoda for 

flavonoids, FeCl3 for tannins and phenolic OH, iodine for 

lipids, phenol 5% + concentrated H2SO4 for carbohydrates, 

Liebermann-Burchard for steroids, Bornträger for 

anthraquinones, Ehrlich for pyrrolizidine alkaloids, Legal for 

cardenolides, and Rosenheim for leucoanthocyanins. 

 

Thin layer chromatography 

Figures 2a, 2b and 2c show the chromatograms of SS extract. 

For S1 mobile phase system, a purple spot was observed for 

the extract, which Rf was similar to that of the retrorsine 

standard; other spots were observed as well. In the case of S2, 

only retrorsine spots were observable, as well as for S3. Rf 

values are shown in Table 2. 

 

   
 

Fig 2a: S1 chromatogram, 2b: S2 chromatogram, 2c: S3 

chromatogram. Ex: SS extract, R: retrorsine standard 

 
Table 2: Rf values of SS extract and retrorsine standard for the three 

mobile phase systems 
 

Compound S1 S2 S3 

SS extract 0.69 0.88 0.86 

Retrorsine standard 0.68 0.89 0.87 

 

Total flavonoid concentration in the extract 

A total of 125 µg was determined for the extract. 

2c 

R 
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Total pyrrolizidine alkaloid concentration in the extract 

A total of 641 µg was determined for the extract. Considering 

the SS extract total residue weight (42 mg) and the weight of 

flowers used in the preparation of the extract (15 g), total PAs 

concentration represents 1.5% and 0,004%, respectively. 

 

Light emission of rat liver mitochondria during lipid 

peroxidation. Chemiluminescence 

The incubation of rat liver mitochondria in the presence of 

ascorbate-Fe++ resulted in the peroxidation of membranes, as 

evidenced by emission of light (chemiluminescence). After 

incubation of mitochondria in an ascorbate-Fe++ system at 37 

ºC for 180 min, the cpm originated from light emission was 

lower in the SS extract group than in the control group and 

was concentration dependent. Figure 3 shows the total light 

emission obtained from SS extract group and control group. 

The values were from 977±206 (total chemiluminescence 

cpm x 10-3) in the control group to 474±79 (total 

chemiluminescence cpm x 10-3) with the addition of 0.8 µg 

SS extract/mg of protein and statistically significant p ˂ 

0,007. 

 

 
 

Fig 3: Peroxidation (total chemiluminescence) of rat liver 

mitochondria with different amount of SS extract. Data are given as 

the mean ±SD of six experiments. Native means system without 

ascorbic-Fe++ 
 

Mitochondrial enzyme activities 

For all the cases, viability of cells (MTT assay) treated with 

SS methanolic extract is lower than their controls, except for 

T4, which are almost equal (Fig. 4). Treatments T1, T3 and 

T5 showed significant differences with their respective 

methanol controls and with negative control. Although 

methanol decreases cell viability, SS methanolic extract 

increments this effect in a statistically significant manner. SS 

flower extract significantly decreases cell viability (p<0.001) 

with concentrations starting from 100 µg/ml, as shown by 

lower activities of mitochondrial dehydrogenases and 

cytosolic reductases (100 µg/ml 18.6%; 200 µg/ml 36.9%). 

 

 
 

Fig 4: MTT assay of SS methanolic extract 

NC: negative control; PC: positive control; M1: methanol 3.3 

µl/ml, M2: methanol 6.6 µl/ml, M3: methanol 10 µl/ml, M4: 

methanol 13.3 µl/ml, M5: methanol 26.6 µl/ml; T1: SS extract 

25 µg/ml, T2: SS extract 50 µg/ml T3: SS extract 100 µg/ml, 

T4: SS extract 200 µg/ml, T5: SS extract 400 µg/ml. 

 

Discussion 

There is a consensus that toxicity of a certain toxicant 

depends on the dose and the route of entry. On the other hand, 

considering organisms, toxic effects also depend on age, sex, 

as well as idiosyncrasy [30]. In plants, the variety of 

compounds with pharmacological and toxicological potential 

in just one species is considerable. It has been demonstrated 

that some Senecio species contain considerable amounts of 

flavonoids and phenolic compounds, such as S. brasiliensis 
[10], which are associated to its benefits for treating skin 

wounds [11], hypertension [13], atherosclerosis and 

hyperlipidemia [31]. Senecio chrysanthemoides DC flowers are 

crushed and applied on wounds as antiseptic, whereas root 

powder is used against rheumatic pain [12]. Our results show 

that Senecio selloi has in vitro antioxidant effects, as 

demonstrated by the protective effect on peroxidation of 

mitochondria membranes. In vitro peroxidation studies are 

useful for the elucidation of possible mechanism of peroxide 

formation in vivo [32]. The antioxidant property of our 

methanolic extract could be associated to the presence of 

flavonoids. It is well-known that polyphenolic compounds, 

like flavonoids, act as scavengers of reactive oxygen species, 

which are implicated in skin inflammation and infection [33, 

34]. These antioxidant mechanisms could be attributable to: 

1) Direct scavenging of free radicals and chelating free Fe2+ 

and Cu2+ 

2) Preventing free radical formation by inhibiting specific 

ROS-producing enzymes, or improving the integrity of the 

mitochondria membrane in stress conditions 

3) Maintaining an optimal redox balance in cells by 

activating a range of antioxidant enzymes and non-

enzymatic antioxidants [35] 

 

Although there are no references of ethnobotanical use of SS 

in Argentina, the utilization of other species of the genus in 

folk medicine is well known [36]. 

Senecios mentioned above are also poisonous. S. 

chrysanthemoides DC possess Pas [37], such as integerrimine, 

senecionine and retrorsine, among others [38]. According to 

Mendoça Soares et al. (2019), S. brasiliensis contains the 

pyrrolizidine alkaloid integerrimine [39]. For Senecio scandens 

Buch.-Ham. ex D. Don, an herb used in skin diseases in 

Chinese traditional medicine [40], PAs were also identified [41]. 

Our findings also demonstrate the presence of two PAs in our 

extract, one of them being retrorsine, and the other probably 

senecionine. PAs do not exert toxicity until they are 

bioactivated by the liver, and active metabolites may cause 

alterations to this organ [42], as well as lungs [43] and kidneys 
[44]. They may also have effect against anti-oxidative 

processes, such as dehydromonocrotaline, the primary 

metabolite of monocrotaline (present in Crotalaria sp.), a PA 

that after P450 activation acts as an inhibitor of the respiratory 

chain complex I NADH oxidase [45]. From the results of MTT, 

we can state that mitochondrial enzymes such as 

dehydrogenases and cytosolic reductases are negatively 

affected by PAs in a concentration dependent manner, as 

demonstrated by the decrease in cell viability. These effects 

may contribute in turn with the toxicological properties of 

PAs present in SS. 

http://www.phytojournal.com/
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Conclusion 

PAs need a metabolic pathway that includes hepatic 

metabolization to cause damage to cells. On the contrary, 

when applied to the skin, such toxicity does not take place due 

to lack of metabolization. Considering the content of 

flavonoids and other polyphenolic compounds, this may 

explain the ethnobotanical use of some poisonous Senecio 

species in both human and veterinary medicine in some parts 

of the world. 
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