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Objective

The aim of this study is to determine the variation of

minerals, polyphenols and flavonoids in this species, in

relationship to its development stage, herbal part and

soil on which the plant has been cultivated.

Materials and Methods

• The biological material was furnished by the S. C. Hofigal Export Import S.A. company and S. C. Agroeco

Bioterra S. R. L. Bucharest, Romania, from ecological cultures on three distinct sites

PC= a preluvosol with clay texture, rich in carbonates derived from carbonate rocks, from Transylvania.

PR= a preluvosol type soil - a brown-reddish forrest soil, with a clay loam, sandy texture and glomerular structure,

from South of Romania.

C= a chernozem soil of argic and cambic type, rich in humus.

• The stage of the ontological development was: before flowering (stage I), at the start of flowering (flower buds

emergence – stage II) and at anthesis (stage III).

• Vegetative organs used was: root, stem and leaves and dried.

• The polyphenolic and flavonoidic content was established spectrophotometrically (Folin-Ciocâlteu

method,Cynarae folium monography) with HALO DB-20 UV-VIS (Dynamica Ltd., Austria) spectrophotometer [

XXX].

• Atomic absorption spectrometry (AAS) was used to assess the mineral contents, according to U.S. EPA (1992)

M-7000A.

Conclusions

• For iron, the effect of organ and development stage (as measured by the
size of the (standardized) regression coefficients) was considerably
higher (4-6 times for organs, 3-4 times for development stage) than that
of the soil.

• For polyphenols the effect of organ was much larger for organ (4 times
for stem, almost 100 times for leaf) than for soil type or development
stage.

• Flavones were significantly higher in soils PC and PR than in soil C.
Their level did not vary significantly among the two development stages
(p=0.30), but it decreased significantly in stage III.
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Results and Discussion

• With respect to root, the different soils had a significant effect on iron
concentration, as did have the development stage (p<0.01 in all cases).
Both soil type and development stage also had a significant effect on
polyphenol concentrations in root.

• With respect to stem there was no significant difference between iron or
polyphenol levels for PR and PC soils (p=0.80 for iron, p=0.20 for
polyphenols), but for PC it tended to be significantly lower (p<0.005);
there was no significant difference between iron levels for stage I and
stage II (p=0.30), but it was significantly different between stage I and
stage III, instead in the stem the polyphenols levels did not differ among
the development stages.

• In leaves, there was no significant difference among polyphenols from
soil PC and soil PR (p=0.648), but the levels differed significantly
between soil C and soil PR; for leaves there were also significant
differences between the development stages (lower in stage II and
higher in stage III). In the case of polyphenols there were considerably
more statistical interactions.

Statistical analyses

Statistical analyses were carried out using the R computing and
programming environment, version 3.4.1. [2].

The relationship between the main factors analysed and the iron and
polyphenol contents was modelled using robust multiple regression
(“MASS” R package) [3] for iron (as the residuals were not
normally distributed) and ordinary least square regression for
polyphenols (as the parametric assumptions were generally satisfied).

To estimate the statistical significance of the robust regression
coefficients a Wald test was performed with the help of the “sfsmisc”
[4], R package.
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Introduction

Urtica dioica L. is a species with a long tradition of use
as a herbal remedy and as a leafy vegetable. It has been
claimed to be –inter alia - a “good dietary source” of
calcium and iron [1], but iron absorption may be
decreased by polyphenols.
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Cytotoxicity analysis

The toxicity of the aqueous and hydro-alcoholic extracts (ethanol 50%) was assessed on plant (Hordeum vulgare L., on the

range of 0.03-3.33%) and animal cells (lethality test on Artemia franciscana Kellog, on the range of 625-10,000 mg/L). The

influence of the extracts on Hordeum vulgare L. seed germination has also been investigated.

Statistical analysis of the data was performed on the 4th day. The Kruskal-Wallis test (at a 95% confidence level) of the

GraphPad Prism5 program was used. For post-hoc analysis was applied Dunn test. The median inhibitory concentration was

determined by non-linear regression using the GraphPad Prism5 program. The inhibitory effect was calculated using

Microsoft Excel based on median values.

Objective

The aim of this research is to determine the therapeutic effect of the leaves extracts starting from

the traditional uses. For this purpose, the identity of the plant product was verified by optical and

electronic microscopy (SEM). Cytotoxicity of extractive solutions on plant and animal cells was

tested. We wanted also to determine the pharmaceutically active substances content of these

extracts to explain their action.

Materials and Methods

Microscopic Analysis

The biological material, obtained from Buzău county was

examined macroscopically and microscopically .

Identify anatomical structures and histological characteristic

elements plant product was made by microscopic examination

using a Labophot 2-Nikon light microscope equipped with digital

camera (objectives 4x, 10x, 40x and 100x lenses).The SEM

analysis has performed with a Quanta model with a Schottky Field

Emitter.

Investigation of polyphenols and 

flavones

The polyphenolic and flavonoidic content was established

spectrophotometrically (Folin-Ciocâlteu method,Cynarae folium

monography) with HALO DB-20 UV-VIS (Dynamica Ltd.,

Austria) spectrophotometer [ XXX].

Conclusions

The results of the toxicity assays on plant cells showed that the

hydroalcoholic extraction solution had a stronger inhibitory effect.

These can be explained by the content in active principles

(polyphenols and flavones). None of the two extracts affects the

germination and none is toxic on animal cells at the concentration

ranges evaluated.
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4x)
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Results and Discussion

In micrograph cross sections through leaf noticed the anatomical

features: the heterogeneous - asymmetric (bifacial) structure with

bilayer palisadic tissue, calcium oxalate crystals (druses), trichomes.

The anatomical structure of the main rib corresponds to data from

other specialized studies [3].

SEM analysis shows epidermal cuticle, wax crystals and

anomocytic stomata, long unicellular (cylindrical, ribbon)

trichomes, especially on the ribs [4].

The content of polyphenols and flavones was higher in the

hydroalcoholic solution. Inhibitory effects (over 75% throughout

the test) statistically significant (p <0.001) on root elongation were

observed for the concentration range of 3.33-1.66% for the

alcoholic solution. Excepting the highest concentration, the results

of the toxicity assays on plant cells show that the aqueous solution

does not significantly affect the roots elongation. On the animal cell

in the test range (625-10.000 mg / L) the solutions did not have a

toxic effect

Malus sylvestris Mill  macroscopic analysis

Variation root elongation under the influence of Malus sylvestris
Mill. solutions for 3 days

Upper epidermis 

cuticle, 

wax crystals

Simple trichomes on 

the lower epidermis

The content of 

polyphenols and flavones

(mg/100mL)
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Introduction

Malus sylvestris (L.) Mill. (Rosaceae) is a spontaneous species, spread throughout Europe.
Fresh fruits or as a decoction are traditionally used in Southwest Romania to treat
inflammation and wounds. Leaves from other Malus species show antidiabetic effects in mice
and rat models [1, 2].
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Candida albicans is a fungal species commonly associated with biofilm formation in human diseases. Recently we informed the antibiofilm action of 2′,4′-dihydroxy-5′-(1′′′,1′′′-dimethylallyl)-
8-prenylpinocembrin (8PP, Fig. 1A), a natural prenylflavonoid from Dalea elegans Gillies ex Hook et Arn (Fig. 1B), on C. albicans biofilms. We demonstrated that biofilms were strongly 
inhibited by 8PP at 100 µM concentration (Peralta et al., 2015). 

The aim of this work was to investigate the prooxidant/antioxidant activity of 8PP and its antifungal toxicity on C. albicans biofilms. Thus, cellular stress production and the antioxidant
response was studied in biofilms C. albicans strain fluconazole sensitive (SCa) and RCa at different concentrations of 8PP.  

Fig. 2. Relationship between antioxidant defenses determined by ferrous
reduction antioxidant potency assay (FRAP) and biofilm formation of RCa
and SCa by crystal violet (CV) staining expressed as biofilm biomass units
(BBU).

In SCa biofilms a small increase of 
SOD activity was observed at 200 
µM 8PP. SOD activity was not 
modified in the presence of 8PP at 
both concentrations in RCa biofilms 
(Fig. 3). 

Fig. 3 Enzymatic activity of superoxide dismutase (SOD) (% SOD
activation/BBU) in RCa and SCa biofilms under different concentrations
of 8PP.

At 200 µM a small rise in ROS values
of both strains was observed, while
at 1000 µM ROS were similar to the
untreated controls and no
differences were found between
strains (Fig. 4).
RNI values also were increased at
200 µM however, this increase was
more important in sensible strain
(SCa) biofilms

Fig.4 Increase of reactive oxygen species (ROS)
and reactive nitrogen intermediates (RNI)
with respect to control (untreated) in RCa and
SCa C. albicans biofilms.0

1

2

3

4

5

6

7

8

9

10

200 1000 200 1000

In
cr

e
as

e
o

f 
o

xi
d

at
iv

e
m

et
ab

o
lit

e
s

SCa

RNI

ROS

8PP (µM)

RCa

0

10

20

30

40

50

60

70

-200 0 200 400 600 800 1000 1200

SO
D

 a
ct

iv
it

y 
(%

)/
B

B
U

8PP (µM)

SCa

RCa

RCa Biofilms Rca Biofilms + 8PP 1000 µMA B
Fig. 5 Confocal scanning
laser microscopy (images
of RCa biofilms. (A)
Untreated biofilm
control. (B) 8PP at 1000
µM. Blue channel shows
calcofluor in sessile cells
walls, and green channel
shows oxidation of the
dye DCFH as an indicator
of reactive oxygen
species production inside
of biofilms. Magnification
60x and scale bar 10 µm.

CONCLUSION
This investigation demonstrates 

for the first time, a concentration-
dependent dual prooxidant-

antioxidant action of 8PP which 
can alter its antifungal toxicity on 

biofilms. 
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The prenyl flavanone 8PP (Fig. 1A) was purified from roots of D. elegans (Fig. 1B) and its structure was characterized by means of spectroscopic and 
spectrophotometric methods and comparison with the data previously reported (Peralta et al., 2014). 

Fungal strains and growth conditions: Two well-characterized strains of C. albicans were isolated from the oral cavity of immunocompromised
hosts (AIDS). The RCa (12-99) overexpresses the transporter genes CDR1, CDR2 and MDR1, and SCa (2-76) has a basal expression of these genes 
(White et al., 2002). Both strains were growth in Yeast Peptone Dextrose broth.

Biofilms of azole-sensitive (SCa) and azole-resistant (RCa) C. albicans strains were treated with different concentrations of 8PP (200µM-1000µM).

Stress evaluation (Peralta et al., 2015)

Reactive Oxygen Species (ROS) were observed by reduction of Nitro blue tetrazolium.

Reactive Nitrogen Intermediate by Griess assay. ROS accumulation inside biofilms was detected by a 2′,7′-dichlorodihydrofluorescein diacetate probe 
and visualized by CSLM. Superoxide dismutase activity and the total antioxidant capacity of biofilms were measured by spectrophotometric methods. 

MATERIALS

AND

METHODS

Fig. 1A. 2′,4′-dihydroxy-5′-
(1′′′,1′′′-dimethylallyl)-8-
prenylpinocembrin (8PP)

Fig. 1B. Dalea elegans
Gillies ex Hook et Arn

• RCa biofilms: At 200 µM and 1000 µM of 8PP, the 
antioxidant defenses decreased 8 and 40-fold 
respectively with respect to SMIC80 (100 µM) (Fig. 2). 
At 1000 µM the antioxidant capacity decreased fifteen-
fold with respect to untreated (control) 

• Sca biofilms: antioxidant defenses were reduced 4-fold 
at 1000 µM with respect to the untreated (Fig. 2). 
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EVALUTION OF PYROLLIZIDINE ALKALOIDS IN CERTAIN 

MEDICINAL PLANTS CORRELATED WITH THEIR TOXICITY
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Aims: extraction, assessment of pyrrolizidine alkaloids from certain medicinal plants, evaluation of the toxicity of the crude extract in two 

invertebrates models.  

3. GC-MS analysis: TR-5MS (5% phenyl polysilphenylene-siloxane)

capillary column; 1 µL of a sample was injected in the split mode, helium

(1.0 mL/min), 225°C injector temperature; column temperature program :

100°C for 1 min; 100 - 200°C with 20°C/min, 200 - 300°C with

10°C/min, platform; 300°C retention temperature; ionization by electron

impact; detection within the range m/z 60-650. The identification of the

PAs was carried out by means of the Kovats RI and the comparison of

their mass spectra with those found in the NIST 0.2 database, and data

from the literature.

4. Toxicity studies on D. magna and A. salina: Artemia salina (brine

shrimp) and Daphnia magna were growth in appropriate conditions at the

Botanics Dept. at the Faculty of Pharmacy. Viability tests of D magna and

A. salina were performed using the four extracts dissolved in DMSO, at

concentrations ranging from 1 to 1000 μg/L of active compound in the

culture media (DMSO was kept less than 1% in all the tests). The viability

was assessed in normal conditions, at 24 h for A. salina and at 24, 72 and

120 h for D. magna.

Conclusions

GC-MS analysis

A few examples of chromatograms are given in the Figs. 1-3.

The identified PAs and their amount expressed as mg senecionine/ 100 g dw,

are presented in Table 1

Extract
PA

(type)

TR

(min)
RIDB-5 RITR-5ms PA content

SEN

senecivernine (R) 13.10 2330 2395 3.78

senecionine (R) 13.23 2341 2412 346.14

seneciphylline (R) 13.45 2360 2439 40.40

integerrimine (R) 13.77 2402 2481 26.26

senkirkine (O) 14.71 2530 2608 78.28

PET

senecionine (R) 13.24 2341 2413 1.84

integerrimine (R) 13.78 2402 2482 0.47

senkirkine (O) 14.69 2530 2605 0.86

TUSS
senecionine (R) 13.23 2341 2412 0.74

senkirkine (O) 14.66 2530 2604 2.44

SYM

intermedine (R) 11.97 2188 2253 7.48

symphytine (R) 12.45 2244 2312 117.92

lasiocarpine (H) 12.55 2257 2325 31.64

symveridine (R) 13.97 2325 2406 0.52

Materials and Methods

1. Extraction procedure of the pyrrolizidine alkaloids (PAs): dried Tussilago

farfara (coltsfoot) leaves, Petasites hybridus (butterbur) and Symphytum

officinale (comfrey) roots, conditioned as teas; Senecio vernalis (spring

groundsel) aerial parts, harvested and dried, was used as a control for the

presence of senecionine. 20 g of each plant material, dried and grounded

(Tyler mesh 48), were refluxed twice for 2 h with 1000 mL of 50%

methanol/citric acid (pH 2–3). The combined extracts were concentrated to

about 300 mL, atomized and named TUSS, PET, SYM and SEN,

respectively.

2. Sample preparation for GC-MS: 2 g of SEN and SYM and 4 g of PET and

TUSS were dissolved in 30 mL of 50% methanol/citric acid (pH 2–3); zinc

powder was added in excess and the solutions were stirred for 3 h, filtered

and extracted twice with chloroform and twice with diethyl ether; finally, the

obtained extracts were alkalinized with 25% ammonia (pH 9–10), the PAs

were extracted three times with chloroform, evaporated to dryness under

nitrogen flow, the residue was dissolved in 2 mL methanol and filtered

through a 0.2 μm syringe filter. Standard solutions of senecionine (GC ≥

95%, Carl Roth, Germany) in methanol were used as standard for PAs.

Results 

Fig. 2 Otonecine type PAs in SENFig. 1 Retronecine type PAs in SEN

Fig. 3 Retronecine type PAs in SYM

Extract
Determination 

time (h)

AS DM

LC50

(µg/mL)

CI 95%

(µg/mL)

LC50

(µg/mL)

CI 95%

(µg/mL)

SEN

24 131.22 109.14 – 148.59 95.67 95.58 - 95.75

72 nt nt 83.31 74.73 - 92.51

120 nt nt 5.28 a

SYM

24 707.95 698.23 – 726.11 b a

72 nt nt 801.0 690.42 - 876.48

120 nt nt 412.3 237.18 - 565.89

PET

24 296.48 269.15 – 343.56 339.8 256.9 - 449.4

72 nt nt 178.6 51.42 - 620.3

120 nt nt 43.52 a

TUSS

24 222.33 181.13 – 270.40 509.04 a

72 nt nt 189.97 105.02 - 459.30

120 nt nt 37.40 5.84 - 314.20

Toxicity Assessment

The acute toxicity of the extracts on Artemia salina and Daphnia magna tests are

presented in Table 2

AS - Artemia salina; DM - Daphnia magna; LC50 – lethal concentration 50; CI 95% - confidence

interval 95%; a – CI 95% could not be determined, the variance being too large; b - LC50 could

not be calculated due to the lethality (%) values; it was considered higher than 2000 µg/mL

Fig. 4 Regression curve based on lethality (L%) and log [C] in D. magna test

SEN TUSS

PET SYM

• A novel GC-MS method for the qualitative and quantitative determination of certain PAs from dry vegetable extracts of the four plants developed using a TR-5MS

capillary column.

• All the four extracts containing PAs were shown to be toxic in the model tests on aquatic organisms. Toxicity increased with the PAs concentration, except for the

extract from Symphytum officinale.

• The largest amount of PAs was found in SEN (494.86 mg/100 g dw), followed

by SYM (157.56 mg/100 g dw) For TUSS and PET the total PAs

concentration was similar, 3.17 mg/100 g dw and 3.18 mg/100 g dw,

respectively.

• SEN, having the highest concentration of PAs, exhibits the highest toxicity

• LC50 for PET and TUSS, that have similar PAs concentrations, had similar

values.

• SYM, having the second PAs concentration, presented in both cases the

lowest toxicity. That could be explained by the fact that Symphytum

officinale contained senecionine under the limit of detection, if none.

Alternately, other components present in the extract could reduce the effect

of existing PAs in SYM. Further studies will focus both hypotheses.
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