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Abstract:  It has been performed a complex investigation – morpho-anatomical, physiological, taxonomical and 

phytochemical one – of Passiflora nutraceutical plants from Hofigal S.A., in the frame of project PN-

II-PCCA-2013-4-0995, contract 160 (MAIA)/2014. Anatomic analysis of leaf lamina, petiole and 
stem, provided data with taxonomical importance, leading to the conclusion that plant material belongs 

to Passiflora caerulea L., in concordance with world monographers of Passiflora genus: 

VANDERPLANK (2000) and ULMAN & MacDOUGAL (2004). Physiological investigation referred 
to the following parameters: coefficient k, leaf area index (LAI), chlorophyll fluorescence, stomatal 

conductance and yield of green plant biomass. Phytochemical investigation consisted in analyzing 

active principles (polyphenols, flavonoids) content, in correlation with their antioxidant activity and 
determination of cytotoxicity of Passiflora extracts in NCTC cell line. At 10-150 µg/ml concentrations, 

it was recorded a normal cell morphology. At concentrations over 250 µg/ml, the plant extract become 

cytotoxic, altering the cell membrane structure, cells viability and proliferation.  
 

Key words: Passiflora plants, leaf (lamina, petiole) and stem structure, taxonomical considerations, physiological 

parameters, phytochemical aspects, cell viability, Romania. 

 

Introduction 

 

Known and cultivated in Romania at the beginning as an ornamental plant 

[GRINŢESCU, 1955], Passiflora L. (Fam. Passifloraceae) became a promising nutraceutical 

crop, relatively newly acclimatized for its benefic proprieties. 

 There are mentioned in the literature a large biodiversity of Passiflora spp. in the 

world, more than 95% originary from South America, and 5% from Asia, Australia, North 

America. Passiflora spp. are wild in North and South America, the West Indies, the 

Galapagos Islands, Africa, Australia, the Philippines, Asia and many Islands in the Pacific 

Ocean [VANDERPLANK, 2000; ULMAN & MacDOUGAL, 2004]. According to 

VANDERPLANK (2000), Passiflora comprises 18 genera and approximately 630 species, 

distributed in the tropical regions of America, Asia and Africa. The genus Passiflora, whose 
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center of origin is South America and center of geographic distribution is the northern and 

central regions of Brazil, has the largest number of species in the family Passifloraceae,  

400 [VITTA & BERNACCI, 2004; OLIVEIRA & al. 2013]. However, only approximately 

60 species produce fruits with commercial values (SCHULTZ, 1968; SCHULTZ & HUBER, 

1968; MANICA, 1997; OLIVEIRA & al. 2013], either for consumption or medicinal use 

[OLIVEIRA & al. 2013]. Approximately 90% of the species originated in the Americas 

[LOPES, 1991; OLIVEIRA & al. 2013] and more than 120 of them are native from Brazil 

[CERVI, 1997; SOUZA & LORENZI, 2005; OLIVEIRA & al. 2013]. Brazil is the largest 

world producer with approximately 650,000 tons/year, 83% of world production [GAMA & 

al. 2013]. Also, the literature refers to an extensive variety of Passiflora pharmacological 

proprieties [DHAWAN & al. 2004; PATEL & al. 2011; SINGH & al. 2012; MIRRODI & al. 

2013; SAHELIAN, 2014; SHI & al. 2014; DEVESA & al. 2015 a.o.] (Fig. 2). Passiflora 

accumulation of biological active compounds depends significantly to the environmental 

conditions [CARNEVALLI DIAS & al. 2010; INGALE & HIVRALE, 2010; IZAGUIRRE 

& al. 2013; CHAGUT & al. 2014], that is why we had the following objectives to investigate 

the influence of Passiflora cultivation in Romania on: (1) the morpho-anatomical aspects of 

leaves and stems, with importance in the taxonomy of Passiflora; (2) physiological aspects 

mainly leaves and stems and on (3) the production and accumulation of biological active 

compounds in plants. Till now there were not performed histo-anatomical studies with 

taxonomic, ecological and technological importance on Passiflora spp. cultivated in 

Romania [TOMA & RUGINĂ, 1998; TOMA & TONIUC, 2008; TOMA, personal 

communication]. Also, the phytochemical investigations of Passiflora plants cultivated into 

Romania conditions represents a novelty. Our aim was to characterize botanically and 

phytochemically the local Passiflora population cultivated in the open-greenhouse on 

Hofigal experimental fields. 

 
Material and methods 

 
Biological material for morpho-anatomical evaluation consists in Passiflora L. 

leaves, stems and shoots, collected on 23 June 2015 from the Hofigal experimental field. 
These were preserved in 70% ethylic alcohol. For histological analysis, the usual methods 
used in plant anatomy [ŞERBĂNESCU-JITARIU & al. 1983] have been followed. Passiflora 
leaves, stems and shoots have been manually cross cut in the median zone of lamina lobs, 
petiole, stem and shoots. Paradermal sections were prepared for analyzing the characteristics 
of the epidermis in apical view. Differential and successive colorations of crossed material 
with Iodine green and Carmine Alum have been applied [ŞERBĂNESCU-JITARIU & al. 
1983; ŞESAN & al. 2015]. All microscopic slides have been analyzed with a DOCUVAL 
optical microscope in normal and polarized lights (crystal study). Photomicrographs have 
obtained with a microscope incorporated Nikon D90 digital camera. 

For physiological evaluation, Passiflora plants have been monitorized during the 
whole experiment and measured their morpho-physiological parameters, at the 7th day 
(10.06.2015), at the beginning of experiment and after 20 days (22.06.2015), at the end of 
our trials. Passiflora samples were prelevated for biochemical analysis of bioactive 
compounds and for alternative tests on cell cultures at the same dates. It has been evaluated 
finally the yield level (green biomass) for each plot/replicate (15 plant samples/replicate). 
Results have been evaluated statistically by the variance analysis. There were used the 
following methods: (a) classic and computational methods for evaluation of leaf area (cm2), 
(b) fluorometry method for determining chlorophyll fluorescence [Y(II)] in arbitrary units  
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and (c) porometry method for the stomatal resistance (s/cm) and stomatal conductance (nmol/ 
m-2 s-1).   

(a) Method for leaf area determining (LA – Leaf Area; LAI – Leaf Area Index). 
This method have been suggested by MONTGOMERY in 1911 [CHANDA & SINGH, 

2002], using formula: LA (cm2) = length (L cm) x width (l cm) x k (coefficient), 

Coefficient k for Passiflora leaves is known from the literature [REIMBERG & al. 2009; 

MORGADO & al. 2013]. We have been calculated it using the classic method of drawing of 

scanned fresh leaves on the A4 sheet of paper divided in square of 5 mm. For our experiment 

we have randomized collected 10 leaves/replicate, in total 30 leaves/plot/variant (Fig. 1). In 

order to calculate coefficient k, it has been used the formula K = Leaf area calculated by 

another method / L x l. Data of length, width and leaf area have been statistically discussed 

by test t. The computational method is based on different softwares [DOBRE & LAZĂR, 

2014 a.o.], used in our researches, too [RĂUT & al. 2015; GHIUREA & al. 2015] for the 

scanned sampled leaves / plots. By this method the advantage is obtaining rapidly and 

precisely the value of leaf area (cm2), after a proper calibration of equipment. 

 

 

 

(b) Fluorometry. The light energy absorbed by chlorophyll molecules on leaves 

follows 3 pathways: (i) it is used to produce reduced equivalents (NADPH+H+) and 

metabolic energy (ATP), (ii) it is dissipated as heat or (iii) could be re-emitted as light - 

chlorophyll fluorescence, respectively. All three processes are in competition, thus increasing 

of efficiency of a certain pathway, will determine a reducing of output of the other two ways. 

Through evaluation of chlorophyll fluorescence output it is possible to obtain information on 

the changes in photochemical efficiency and in the dissipation of heat. The measurements of 

chlorophyll fluorescence of Passiflora plants have been performed with the fluorometer Walz 

Pam-2500 on different representative, healthy leaves of a plant (3 leaves/variant). It has been 

calculated the average value Y(II) of each plant, as well as the average value of replicates. 

(c) Porometry. This method is based on the study of the gas diffusion through pores, 

especially through leaf stomata. Plant transpiration being adjusted by the opening and closing 

of stomata, these parameters are essential in many plant research domains. This is a measure 

of plant resistance to the loss of vapors through stomata and it is an indicator of plant 

physiological status. The used equipment is working through the measurement of the 

Fig. 1. A. Working A4 squared sheet of paper used for classical method of leaf area estimation; 

B. Passiflora simple, palmate-partite leaves (herborized and scanned) [ŞESAN, 2015] 

A B 
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necessary time for a leaf to release sufficient water vapors for changing the relative humidity 

in a certain chamber with a standard quantity. It has been used a porometer Delta-T Devices 

AP4 for the measurement of stomatal resistance (s/cm) and stomatal conductance (nmol/m-

2s-1) of Passiflora leaves (Tab. 4).  
Phytochemical investigations. Processing plant material: Fresh plants (leaves, 

sprouts with leaves and flowers) were dried at 50 °C for 24 hrs. and grinded. Each part was 

extracted in ethanol and petroleum ether 70 % (v/v) (Et-OH), in a ratio of 1.5:10 (v/v), for 10 

days, filtered through vacuum filter and the filtrate was stored at 4 °C in dark until use. The 

dry weight (dw) was determined on a moisture analyzer (Radwag).  

Qualitative analysis: The extracts were qualitatively analyzed for different 

phytochemicals, like tannins (FeCl3 test), polysaccharides (Molisch test), glycosides 

(Borntrager test), triterpenoides (Salkowski test), saponins (foam test) and alkaloids (Hager 

test) [OANCEA & al. 2013; SINGH & al. 2012].  

Quantitative analysis: Quantitative analysis consisted in total polyphenolic content 

(determined by Folin-Ciocâlteu method), flavonoids content (assessed using the aluminum 

chloride colorimetric method) [POURMORAD, 2006], and the antioxidant capacity using 

two methods. The first of them which measures the scavenging of the stable radical 2,2-

diphenyl-1-picrylhydrazyl (DPPH), based on the decrease of the DPPH maximal absorbance 

at 516 nm in the presence of extracts [OLLANKETO, 2002; RICE-EVANS, 1996] and the 

second method which assesses the inhibition of 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulphonic acid) (ABTS) cationic radical [KAVITHA & al. 2012].  

Plant extracts preparation. To be tested in cell culture, hydro-alcoholic extracts 

were brought to dryness by evaporation of the solvent, and then were re-dissolved in PBS. 

The obtained extracts were sterilized using Millipore filters with a porosity of 0.22 mm. Dry 

substance for each sample was determined using a thermobalance (Moisture Analyser 

Balance, RADWAG Poland).  

In vitro assays for vegetal material cytotoxicity determination were realized 

using a stabilized line of mouse fibroblast L929 cells (ATCC, cell line, NCTC clone 929) 

provided from the European Collection of Cell Cultures (ECACC). The NCTC cells were 

cultured in Eagle's MEM supplemented with 10% fetal bovine serum (FBS) and antibiotics 

(100 mg/ml penicillin, 100 mg/l streptomycin and 500 mg/l neomycin), maintained at 37 °C 

in a humidified incubator with 5% CO2, for 24 hrs. They were seeded in 24- well plates at a 

cell density of 5x104 cells/ml for 24 hours to allow adherence and then were incubated in the 

presence of different dilutions (1, 10, 50, 100, 150, 250 and 500 µg / ml) of Passiflora extracts 

for 24 hrs., respectively 48 hrs. The cell viability was determined by colorimetric method 

with Neutral Red (NR). After removal of the plant extract from the wells, the solution of the 

NR (50 mg/ml) prepared in MEM medium supplemented with 10 % fetal bovine serum was 

added. After an incubation period of 3hrs at 37 °C in 5% CO2 atmosphere, the NR solution 

was removed and it was added an equal volume of fixative solution. The absorbance of the 

solution in the wells was measured at 540 nm, using a plate reader Mithras LB 940 (Berthold 

Technologies). Results were reported as percent viability depending on the control sample 

(cells incubated without the plant extract) considered as 100 % viability [FOTAKIS, 2006]. 

Cell morphology: The L-929 line cultured in the presence of various dilutions of plant 

extracts for 48 hrs., were fixed in methanol and stained with Giemsa solution for 20 minutes, 

examined under the optical microscope Zeiss Observer D1 20X objective.  
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Statistical analysis. All phytochemical analyses were made in triplicate and the cell 

culture experiments were separated performed in tree replicates. Significant statistical 

differences were considered at p<0.05. 

 

Results and discussion 

 

Importance of Passiflora plants as medicinal and nutraceutical ones is determined 

by the effects on human (patho)physiology and is illustrated in Fig. 2. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
Fig. 2. Main medicinal and nutraceutical importance of Passiflora spp.  

Numbers in square brackets are the numbers from the References Section. 

 

Botanical evaluation. Morpho-anatomical investigations 

 
Leaves (PLATES I-II, Figs. 3-12, Tab. 1). Lamina is simple, palmat-partite (Fig. 1A, 

1B), until 12 cm length, with 5 entire inequally lobes, ovate-lanceolate, acute apex, with serrate 
lamina border and penate nervation. Mediane nervure of leaf lobe (350 m width) presents 
the adaxiale part relatively plane or slightly convex and the abaxiale proeminent semi-circular 

Passiflora 

actions  

by their 

bioactive 
compounds 

ANTI-ANXIETY, ANTIDEPRESSIVE, SEDATIVE, ANTI-SLEEP-DISORDERS  
Anxiety: [4], [6], [7], [11], [12], [15], [16], [17], [19], [25], [26], [34], [36], [40], [41], [42], [43], 

[46], [49],  [50], [54], [62], [63], [64], [66], [68], [73], [80], [81], [82], [86], [87], [90], [91], [97], 

[100], [103], [105], [110], [111], [113], [115], [116], [117], [119], [124], [143], [150]; Anxiety in 

dentary treatment: [53],  [71], [73]; Stress, depression: [11], [60], [68], [110]; Sleep 

disorders: [6], [12], [36], [55], [68], [90], [110], [115], [116], [124], [140] 

    
ANALGESIC for children, adults:  

[11], [12], [60], [66], [103], [110] 

ANTICONVULSIVE, 

ANTISPASMODIC  

[5], [6], [11], [12], [26], [53], [55],  

[89], [98], [117], [119]  

 

ANTIOXIDANT [20], [29], 

[30], [102], [108], [116] 

INHIBITOR OF NARCOTICS 

 (Cannabis, Nicotine, Morphine) & 

ALCOHOL DEPENDENCES  
[3], [6], [12], [39], [44], [45], [66], 

[89], [98], [103], [119] 

ADJUSTING OF CARDIO-VASCULAR 

ABNORMALITIES, HYPOTENSIVE ACTION [6], 

[11], [14], [60], [82], [98], [99], [110], [116], [119], 

[120], [122], [150] 

ANTI-ASTHMA & RESPIRATORY 

DISORDERS [12], [38], [48], [80], 

[97], [98], [110], [119] 

ANTI-CANCER 

[98], [100], [109], [119], 

[127] 

ANTIDIABETIC 

[8], [35], [70], [80],   

 [88], [116], [121] 

ANTIINFLAMATORY, 

ANTIMICROBIAN 
(antifungic, antibacterial) 

[2], [12], [15], [74], [116], 

[117], [150]  

RECOVERY OF SEXUAL  

DISFUNCTIONS, APHRODISIAC 

[6], [39], [40], [47], [98], [110], [119] 
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(Fig. 3). Epidermis (adaxiale and abaxiale) presents isodiametric cells in cross section, with 
the extern tangential wall secondary thickened (3.5 m) and covered with a cuticula (1.20 m) 
with clear cuticulare ridges. Mechanical tissue is an angular collenchyma, consisting in 3-4 
layers adaxially and, respectively, 1-2 layers abaxially. Conducting tissues are represented by 
1-2 conducting bundles of colateral type, disposed in a compact ground parenchyma. Xylem 
belt is adaxially oriented, and the phloem belt is abaxially located. Lamina of the leaf lobe is 
approximately 180-220 m width, with dorsi-ventral structure and hypostomatic. In cross 
sections epidermal cells appear as rectangular, tangentially elongated. Adaxiale (superior) 
epidermis is formatted only by proper epidermal cells (20-30 m width/60-70 m length) (Fig. 
5). Abaxiale epidermis (inferior) is formatted by proper epidermal cells (20-30 m width/30-
40 m length), stomatal cells (17/22 m) and stomatal annexes cells (Fig. 6). Stomata are as 
anomocitic and anisocitic types and they are differentiated only at the level of abaxiale 
epidermis (390 stomates/1 mm2) (Figs. 5, 6). Tector and secretor trichoms are not present on 
the level of both epidermis. Mesophyll is differentiated in palisadic 1-layered tissue, with 
vertically elongated cells (80-90 m), abaxially localized and in lacunous parenchyma 
sphaerical and board cells with small abaxial lacunes (Fig. 4). Calcium oxalate druses (10-15 
m diameter) are frequent in the lamina tissues. They were identified mainly along nervures, 
disposed in uniseriate strand (Figs. 7, 8). 

Petiole (1.5 mm diameter) is circular in sectional view, with adaxial shallow groove 
and monosimetrical structure (Fig. 9). Epidermis presents thick rectangular cells in cross 
section, with thick cuticle. Mechanical tissue consists on 3 or 4 subepidermal layers of 
angular collenchyma. The remaining ground tissue is a parenchyma with thin walled cells. 
Conducting tissues are organized in about 8 collateral bundles of different size. Xylem 
elements are in endarch position and phloem elements forms compact mass on the outer part 
of the xylem. Calcium oxalate druses are abundant in the phloemic and ground parenchyima 
(Fig. 10). 

 

Tab. 1. Analyzed Passiflora caerulea leaf parameters 

 Leaf parameters Measurements / size 

Median nervure of leaf lobe 350 m thickness 

Epidermis  - extern wall 3.5 m thickness 

Cuticule 1.2 m thickness 

Leaf lamina 180-220 m thickness 

Cells in adaxiale (superior) epidermis 20-30 m width x 60-70 m length 

Cells in abaxiale (inferior) epidermis 20-40 m width x 40-80 m length 

Stomatal cells 10 m width x 22 m length 

Stomatal index 390 stomata / 1 mm2 

Mesophyll cells  80-90 m length 

Petiole 1.5 mm diameter 

Druses size 15-20 m diameter 
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PLATE I 

  Passiflora caerulea – LAMINA   

  
Fig. 3 Fig. 4 

  
Fig. 5 Fig. 6 

  
Fig. 7 Fig. 8 
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PLATE II 
 

         Passiflora caerulea – PETIOLE 

           

 

 
Fig. 9 

 

 

 

 

 

 

 

 

  

 
Fig. 10 
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Stem (PLATE III, Figs. 1, 11-12, Tab. 2) has a circular outline, irregular-ribbed, 

approximately 2.5-3.0 mm diameter and secondary structure (Fig. 11). Epidermis forms a 

continuous layer of cells, with slightly and uniform, regular thickened walls, covered with 

a thickened cuticule (6-7 m). At the level of ribs some epidermal cells are divided. Cortex 

contains a subepidermal angular collenchyma, more developed at the level of ribs (3-4 

cellular layers) and a cortical meatic (with small empty spaces) parenchyma (4-5 cellular 

layers). The central cylinder is voluminous (approximately 2 mm diameter). Secondary 

vascular tissues form a continuous vascular ring, consisting of an outer layer of secondary 

phloem and an inner layer of secondary xylem (xylem vessels up to 100 m) (Fig. 12). The 

primary xylem is present in the inner part of the secondary xylem cylinder. The secondary 

phloem is accompanied by the packs of sclerenchymatic periphloemic fibres of different 

sizes. At the maturity of the organ, the ground parenchyma of central cylinder suffers a 

disorganization and forms a large pity cave. Calcium oxalate druses are abundant, being 

present in the epidermal cells, in the cortical cells and in the phloemic parenchyma, too 

(Fig. 11). 

 

Tab. 2. Analyzed Passiflora caerulea stem parameters 

 Stem parameter Measurements / Size 

Stem  2.4-3.0 mm diameter 

Central cylinder  2 mm diameter 

Epidermis cells cuticule  6-7 m thickness 

Xylem vessels   10-100 m diameter 

 
The following structural aspects analyzed in our study are important in 

characterization of analyzed Passiflora samples:  

i. Leaf lamina with a dorsi-ventral structure, hipostomatal and with lack of trichoms;  

ii. Stomata  of anomocitic and anizocitic types;  

iii. Leaf petiole with an adaxial large kennel and a mono-symmetrical structure with 

vascular distinct fascicles;  

iv. Irregular-ribbed stem which differentiates a secondary structures with concentric 

xylem and phloem rings, respectively;  

v. Stem presenting collenchyma and sclerenchyma tissues;  

vi. Leaves generating only collenchyma;  

vii. Calcium oxalate crystals present in different cells from the leaf and stem structure 

of the druse type. 

 These aspects can be compared only partially with literature data [PÉREZ-CORTÉZ 

& al. 2005; GARCIA & PÉREZ, 2008; ZERPA & GOMEZ, 2014, DE FARIAS, 2014; 

CHINNIAH & THIAGARAJAN, 2015; WOSCH & al. 2015] because they have studied 

exotical species, non-cultivated in our country. In Romania there were not performed histo-

anatomical studies with taxonomic importance up to the present [TOMA & RUGINĂ, 1998; 

TOMA & TONIUC, 2008; TOMA, personal communication], our investigations being the 

first ones with a significant highlighting to define more accurately the taxa of Passiflora 

genus. 
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   PLATE III 
 

     Passiflora caerulea – STEM 

 
Fig. 11 

 

 
Fig. 12 
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Taxonomical considerations 

 

All morpho-anatomical investigations have been performed in order to complete the 

botanical identification and description of the Passiflora material from Hofigal experimental 

field (Vouchers 404766-404767 are deposited in the Collection of Botanical Garden 

Bucharest). Data on this material is presented in the Tab. 3.  

 
Tab. 3. Botanical identification characters of Passiflora caerulea L.  

[GRINŢESCU, 1955; SCHULTZ, 1968; TUTIN & al. 1968; CERVI, 1997; DEGIGNANI, 2001; 

VANDERPLANK, 2000, 2003; BERNACCI & al. 2003, 2008;ULMAN & MacDOUGAL, 2004; 

VITTA & BERNACCI, 2004; SOUZA & LORENZI, 2005; REGINATTO & al. 2006; REJMÁNEK 

& REJMÁNEKOVÁ, 2009; BLANKESPOOR, 2012; HUTCHINSON, 2012; DE FARIAS, 2014; 

SAHELIAN, 2014; FRANCO, 2014; Wikipedia, accesed 2016].  

Common name: Watch, Passion flower. 

Plant type: Woody climbing plant, with tendrils, growing to a height of 15 m height; glabrous vine. 

Stem: subangular, striate, grooved, stout. 

Leaves: Glabrous leaves, sectate-palmate, with oblong acuminate lobes; 3-, 7- or 9-lobate, generally 

5-palmate-lobed, leaf 5-18 x 6-18 cm, with entire margin. 

Petiole: 1.5-4(5) cm long. 

Petiole glands: 2-4 petiole glands, occasionally 6, stipitate. 

Stipules: falciforme; semi-ovate to subreniform, slightly dentate to subentire, 1-2 cm x 0.5-1 cm. 

Peduncle: Slender, fine, 3-7 cm long, solitary. 

Bracts: Broadly ovate bracts; 3 oval large bracts, green pale, 1.5-2.7 x 1-2.3 cm, pale green, entire, 

free. 

Flowers: Blue and pink, white, blue, and blackish purple, (6-)7-9(-10) cm diameter. Hypanthium 

(floral tube) absent or saucer-shaped and inconspicuous, corolla white. Blue and white flowers, up 

to 10 cm diameter. Sepals 5, petaloid, with a gland subapical green, white to pale green, oblong, 2-

3.5 x 1-1.5 cm, petals white inside, green outside, oblong, 2-3.5 x 1.3-1.8 cm, slightly keeled outside, 

keel terminating in a short awn. Calyx tube cup-shaped. Petals (corolla) 5, similar as form and size 

with sepals. Petals white inside and outside, sometimes tinged pink, oblong, 2-4 x 0.8-1.5 cm. 

Corolla disposed in 2 verticils, outer verticil consisting in many filiform apendices (radia), purple or 

blackish purple at the base, white in the middle and blue at the apex. Corona filaments in 4 series, 

outer 2, (0.8)1.5-2.5 cm, usually up to 2 cm long, purple at the base, white in the middle and blue 

towards apex; inner series 0.1-0.2 cm long. Gynophore well developed, 0.8-1 cm high. Stamens 5 

green pale with yellow anthers. Unilocular green ovary, ovoid or subglobous, glabrous. Styles 3, 

reddish, unit at the base, with 3 reniform stigmats. Flowering time: V-X. 

Fruit: ovoid pulpy berry, yellow at maturity; fruiting in greenhouse; fruit brightly orange when ripe, 

(4-)5-7 x 3-4 cm. Green fruit contain cyanhidric acid (0.0118-0.013% HCN. 

Seeds: obcordate or cuneate, 0.5-0.6 x 0.4 cm, coarsely reticulate. 

Place of origin: Brazil, Peru; introduced and spread in Europe at the beginning of XVIIIth century. 

Spread: South America in USA - California, New Zealand, Australia, South Africa. 

Varieties: Passiflora Constance Elliot (The Garden I, 1887: 595) a.o.  

Propagation: Best propagation by cuttings of a reliable source. 

Uses: Ornamental plant, covering fences, walls, kiosks, and to decorate windows. 

Bioactive compounds: Alkaloid passiflorine with therapeutical proprieties. Fruits contain glucose 

and fatty acids; a flavone chrysin, cyanogenic glucoside sulphate tetraphyllin 8-4-sulphate and 

epitetraphyllin B-4-sulphate. 

 

Analyzing plant materials from Hofigal experimental field, we obtained a first 

botanical evaluation, proving that our plants present the botanical characteristics of P. 

caerulea L. (PLATES IV-VI, Figs. 13-29), the oldest citation of Passiflora in the Flora 
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R.P.R. [GRINŢESCU, 1955]. In Passiflora taxonomy, it was a long confusion between P. 

incarnata and P. edulis, the two species being estimated as synonyms by J. HOOKER & al. 

(1843), in Index Kewensis (1895). After long time, DHAWAN & al. (2001) have focused on 

the correct identification of P. incarnata L. and P. edulis Sims. Comparing the recognized 

taxonomical references on Passiflora [GRINŢESCU, 1955; SCHULTZ, 1968; TUTIN  & al. 

1968; CERVI, 1997; DEGINANI, 2001; VANDERPLANK, 2000, 2003; BERNACCI & al. 

2003, 2008; ULMAN & MacDOUGAL, 2004; VITTA & BERNACCI, 2004; SOUZA & 

LORENZI, 2005; REGINATTO & al. 2006; REJMÁNEK & REJMÁNEKOVÁ, 2009; 

BLANKESPOOR, 2012; HUTCHINSON, 2012; DE FARIAS, 2014;  SAHELIAN, 2014; 

FRANCO, 2014 etc.]  We have concluded that our material belongs to P. caerulea L. This 

species has given origin to more hybrids than any other species, because other species from 

sub-genus Passiflora accept its pollen easily [FRANCO, 2014] (Tab. 3). Different authors 

were focused on different taxonomical characters of Passiflora spp.: GARCIA & PÉREZ 

(2008) analyzed the presence of trichoms as scales on adaxiale epidermis and the presence 

of druses in the parenchyma cells in the main vein and in the parenchyma and colenchyma 

of petiole for P. guazumaefolia Juss., ornamentations of adaxiale cuticule on the leaf and 

petiole levels for P. aff. tiliaefolia L.; REJMÁNEK & REJMÁNEKOVA (2009) have been 

focused on the hypanthium (floral tube) to define P. caerulea. VIANA & al. (2010) 

performed morphological investigations on Passiflora spp. organs as: leaves (length, width, 

area), flowers (number), fruit (number, mass, diameter, length), seeds (number, mass, 

length). Their results have showed high inter- and intra-specific morphological variation for 

traits of interest in Passiflora plants; RAPD analyses indicated that there is polymorphism 

within and among accession of the studied species. The indication of the most divergent 

accessions was very important for the Passiflora breeding program, since the information 

will be used for selecting parents for interspecific crosses to produce ornamental hybrids 

[VIANA & al. 2010]. Other authors insisted on leaf constants number of vein-islets, number 

of vein endings, number of stomata/stomatal index [LIM & al. 2012], size of stomata 102.6 

µm, stomatal index 38.2%, number of 22 stomata per cm2, leaf size of 112 cm2 

[SREELAKHAMI & al. 2014] as taxonomical characters for P. edulis Sims. Recently, 

CHINNIAH & THIAGARAJAN (2015), WOSCH & al. (2015) have performed detailed 

studies on the leaf anatomy in order to characterize species of Passiflora. These data presume 

to continue the botanical analysis in the conditions of Romania with a higher number of 

samples in order to evaluate additional identification aspects as: plant phenotypic plasticity, 

hybridization, influence of environmental and technological factors [CARNEVALLI DIAS 

& al. 2010; INGALE & HIVRALE, 2010; IZAGUIRRE & al. 2013; OLIVEIRA & al. 2013; 

CHAGUT & al. 2014 a.o.]. 

Macroscopic aspects on the Passiflora cultivated in experimental field of Hofigal 

are presented in the PLATES IV – V and Figs. 13-29. 
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PLATE IV 

Passiflora caerulea L. – TAXONOMICAL CHARACTERS 

 
Fig. 13 

 

 
Fig. 19 

 
Fig. 14 

 
Fig. 15 

 

 
Fig. 17 
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PLATE V 

    Passiflora caerulea L. – TAXONOMICAL CHARACTERS 

  

 
Fig. 23 

 
Fig. 21 Fig. 24 

 
Fig. 22 

 
 Fig. 25 
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PLATE VI 

         Passiflora caerulea L. – TAXONOMICAL CHARACTERS 

  
Fig. 26 

 

Fig. 27  

  
Fig. 28 Fig. 29 
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Physiological parameters 

 

In order to determine the morpho-anatomical (leaf length, leaf width, leaf area) and 

physiological (leaf growing rate, photosynthesis intensity / chlorophyll fluorescence and 

stomatal conductance) parameters, Passiflora caerulea plants from experimental plots 

have been monitorized during the whole time of this. 

 Classic method has been used for the estimation of leaf area for many plant species 

by different researchers [LAZAROV, 1965; BOLDOR & al. 1983; MONTGOMERY & al. 

1985; CHANDA & SINGH, 2002; CRISTOFORI & al. 2008; DEMIROY & LANG, 2010; 

PANDAY & SINGH, 2011; AHMED & KHAN, 2011 a.o.]. For Passiflora spp., this method 

for estimation leaf area has been published by REIMBERG & al. (2009), MORGADO & al. 

(2013) a.o.   

Leaf area. Using classic method of leaf area calculation in the formula LA = L x l 

x k (cm2) appear the coefficient k. Average values calculated by us for the coefficient k have 

been 0.53, at 10.06.2015 and 0.47, after 20 days.  Coefficient k, analyzed statistically by the 

test χ2 (Hi/chi square) did not vary for the 3 factors (length, width and area), being the aspect 

which support and argue the specificity of this coefficient for each type of plant. These data 

confirm the literature data published by MOLGADO & al. (2013), which established the 

specificity of coefficient k for Passiflora spp., classifying the values calculated by us (k = 

0.47-0.53) as moderate and sufficient for the characterization of Passiflora plants from the 

point of view of the leaf morphologic parameters length, width, leaf area. 

Analyzing leaf growing rate during 14 days of experiment between the two 

determinations, at 7 and 20 days respectively (Tab. 4.) at Passiflora caerulea, the values were 

4.1 cm2 (calculated by classic method) and 6.1 cm2 (calculated by computational method) in 

14 days. 

 
Tab. 4. Morpho-physiological parameters of Passiflora caerulea leaves from the experimental field 

Hofigal: Leaf area (cm2), Leaf growing rate (cm2), Chlorophyll fluorescence [Y(II)], Stomatal 

conductance (nmol m-2s-1), 2015 

Parameters At  

7 days 

At  

20 days 

Diffe-

rence 

Test t 

(p) 

Leaf length (cm)  6.7 7.8 1.1 0.00*** 

Leaf width (cm)  8.7 9.4 0.7 0.04* 

Leaf area (L x l x k) (cm2)* 30.0 34.1 4.1 0.05* 

Coefficient k 0.53 0.47   

Leaf area (cm2)**  30.0 36.1 6.1  

Leaf growing rate (cm2)*  4.1   

Leaf growing rate (cm2)**  6.1   

Chlorophylle fluorescence [Y(II)]  

(arbitrar unit) 

3341 3046   

Stomatal conductance (nmol m-2 s-1)  554.2   

Yield green plant mass (kg/5 plants/replicate)   0.91667   

Legend: * - classical method; ** - computational method 

 

Intensity of photosynthesis has been estimated by the parameter chlorophyll 

fluorescence. Through evaluation of chlorophyll fluorescence output it is possible to obtain 

information on the changes in photochemical efficiency and in the dissipation of heat 

[MAXWELL & JOHNSON, 2000; PASK & al. 2012]. Measurements on Passiflora caerulea 
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leaves have been showed the following values of chlorophyll fluorescence: 3341 arbitrary 

units, at 10.06.2015 and as 3046 arbitrary units, for the measurements at 22.06.2015. These 

values are quite similar at the both moments (10.06.2015 and 22.06.2015), they have not 

significantly varied. 

Stomatal conductance. This physiological parameter [MONTEITH & al. 1988; 

DEWAR 2002; PASK & al. 2012] for Passiflora was determined through porometric method, 

with a porometer Delta-T Devices AP4, based on gas diffusion through pores, especially 

through leaf stomata. Plant transpiration being adjusted by the opening and closing of stomata, 

using of these parameters is essential in many plant research domains. This is a measure of plant 

resistance to the loss of vapors through stomata and it is an indicator of plant physiological 

status. The equipment is working through the evaluation of the necessary time for a leaf to 

release sufficient water vapors for changing the relative humidity in a certain chamber with a 

fixed/standard quantity. Our determinations (Tab. 4.) showed values of 554.2 m-2s-1, which have 

been compared with PASK & al. (2012) results obtained for irrigated wheat. After these data, 

the normal values for this parameter in the wheat irrigated crop, in the conditions of Mexico, 

are 300-700 nmol m-2s-1, and values between v 80-300 nmol m-2s-1 show a reduced stress action 

on the plants [PASK & al. 2012]. As a conclusion, our data, the value of 554.2 nmol m-2s-1 is 

normal, belonging to the value interval 300-700 nmol m-2s-1. 

The parameter green mass production/yield (leaves, shoots, stems) determined at 

the end of our experiment has been estimated of 0.91667 kg/5plants replicate (Tab. 5). 

As a conclusion for this research group, our investigations have given us data for 

characterization of some physiological parameters (Tab. 5), as leaf area, leaf growing rate, 

coefficient k, chlorophyll fluorescence, stomatal conductance. Comparing with the literature 

[MOLGADO & al. 2013], coefficient k = 0.47 – 0.53 can be evaluated as moderate and 

sufficient for Passiflora plants specific characterization.  

It has been estimate the chlorophyll fluorescence for Passiflora leaves over 3000 au 

(3046 – 3341 au). Photosynthetic mechanisms respond very quickly to most of the stress that 

plants encounter [TOTH & al. 2007; GAMA & al. 2011; STRIBET & GOVINDJEE, 2011; 

IZAGUIRRE & al. 2013; CHAGUT & al. 2014 a.o.]. Characteristics of gas exchange 

photosynthetic pigment determination and chlorophyll α fluorescence have been widely 

tested in many plant species as a parameter for the plant developments and for possible use 

in breeding programs to improve plant stress tolerance [GAMA & al. 2013]. 

Our data on stomatal conductance (554.2 nmol m-2s-1), compared with the literature 

[PASK & al. 2012] have showed normal value, between 300 and 700 nmol m-2s-1, for this 

parameter in an irrigated crop, as Passiflora is under the greenhouse conditions in Hofigal 

experimental field. All the physiological data are newly for the botanical and horticultural 

Romanian literature. 

  

Phytochemical investigations 

  

Qualitative analyses. After performing the qualitative methods we obtained the 

results shown in Tab. 5. Phytochemical screening showed that glycosides were detected in 

both studied plant extracts of Passiflora caerulea. In turn, tannins and alkaloids could not be 

detected. We observed that the alcoholic extracts contained more bioactive compounds than 

petroleum ether extracts, and saponins were detected only in ethanolic extracts. In the 

ethanolic extract of Passiflora caerulea leaves, saponins, glycosides and triterpenoids were 

detected, while the petroleum ether extract contained only glucosides and polysaccharides. 
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Tab. 5. Qualitative bioactive compounds from the extracts of Passiflora caerulea  

(PE – petroleum ether extract; Et-OH – ethanol extract)  

Phytoconstituents PE Et-OH 

Glycosides + + 

Triterpenoids - + 

Polysaccharides + - 

Saponins - ++ 

Tannins - - 

Alkaloids - - 

 

 Quantitative analyses. Quantitative data showed that high amount of total 

polyphenols (expressed in mg gallic acid/ g dw) and flavonoids (expressed as mg quercitine/ 

g dw) were found in ethanolic extracts of Passiflora leaves. The highest value determined in 

Passiflora leaves ethanolic extract was 15.46 mg GA/g dw. Similar results were also obtained 

for flavonoids content, the maxim value being 12.82 mg Q/g dw (Fig. 30). 

 

 
 

Fig. 30. The content of total phenols (determined by the Folin – Ciocâlteu) and flavonoids for ethanol 

(Pf - EtOH) and petroleum ether extracts of Passiflora caerulea leaves (Pf - EP) 

  

 Antioxidant capacity evaluation. Data obtained by the DPPH method shows that 

ethanol extract of Passiflora caerulea leaves had the largest content of free radical DPPH, 

with a concentration IC50 value of 54.01 µg/ml, similar to the standard BHT (57.16 µg/ml) 

(Fig. 31).  
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Fig. 31. Antiradical activity of Passiflora caerulea extracts measured by DPPH method 

 
 Similar results were obtained for the antioxidant capacity of plant extracts studied 

through inhibition of the radical ABTS assay. In this regard, Passiflora ethanol extract of 

leaves showed the highest antioxidant activity (79.77 ± 6.76 µmol TE / GMU) (Tab. 6). 

 
Tab. 6. The antioxidant activity of the ethanolic and petroleum ether extracts of  

Passiflora caerulea leaves, determined by ABTS and DPPH methods 

Analyzed extract 
Trolox content  

(µmol/g dw) 
DPPH test 

IC50 (µg/mL) 

Passiflora caerulea leaves – ethanol 70% 79.77 ± 6.76 54.01 

Passiflora caerulea leaves – petroleum ether 51.47 ± 4.69 289.16 

BHT - 57.16 

  

 Cell viability determination by Neutral Red method (NR). 

 Test results showed a higher values of cell viability for concentrations between 1-

150 µg/ml Passiflora caerulea extracts, that did not inhibited cells growth at 24 hrs 

respectively 48 hrs, the cell viability being greater than 80% (98.3%, 97.86%, 94.26% and 

respectively 93.10%, compared to the control culture (considered 100%) (Fig. 32). After 48 

hrs, we observed a slight decrease in the cell proliferation, but all values were maintained 

above 80% at the mentioned concentrations. Extract concentrations between 250 and 500 

µg/ml affected the normal development of culture and had a toxic effect on individual cells. 

It was observed a significant inhibition on the cell viability, less than 70%, at 24 hrs and 48 

hrs, respectively (Fig. 32). 
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Fig. 32. The effect of Passiflora caerulea extracts on the culture of fibroblasts (NCTC clone 929), 

after 24 hrs respectively 48 hrs after cultivation, determined by Neutral Red method 

 
 The results obtained by Neutral Red method showed that Passiflora caerulea extract 

concentrations between 1 and 150 µg/ml did not inhibit cells growth at 24 hrs and 48 hrs, 

respectively, cells viability being greater than 80%. We also observed a slight decrease in 

cell viability at 48 hrs. At concentrations of 250 and 500 μg/ml, P. caerulea extract 

determined a decrease of cell viability after 24 hrs and 48 hrs, respectively. 

 

Cell morphology analysis through light microscopy.  

Our results indicated that the influence of different concentrations of Passiflora 

extracts on the NCTC cells morphology depend on the concentration. At extract 

concentrations between 1 and 150 µg/ml there are not an important changes in the cells 

morphology and density. Cells had a normal aspect, with 2-3 cytoplasmatic extensions, 

monochrome cytoplasm and very few rounded cells were observed (Fig. 33.B). At the 

concentration of 250 µg/ml it was observed an obvious decrease in cell density and the cells 

showed an altered morphology (Fig. 33.C). At the concentration of 500 µg/ml, P. caerulea 

extracts had a toxic effect, determined cells membranes integrity alteration and affecting the 

normal development of cell culture (Fig. 33.D). 

In summary, our results have proved that: (i) The highest concentration in 

polyphenols and flavonoids was recovered in the ethanolic extracts of P. caerulea; (ii) A 

correlation between the polyphenols/flavonoids content of P. caerulea extracts and their 

antioxidant activity was observed. The highest values of antioxidant activity were calculated 

for the ethanolic plant extracts; (iii) The NR method showed a good biocompatibility of P. 

caerulea extracts in NCTC cell line, up to 10-150 µg/ml concentration, sustained by a normal 

cell morphology. At concentrations higher than 250 µg/ml, the plant extract become 

cytotoxic, altering the cell membrane structure, the cells viability and proliferation. 
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                      A. Control (NCTC)                                              B. Extract of P. caerulea, 100 µg/ml 

 

            

         C. Extract of P. caerulea, 250 µg/ml                             D. Extract of P. caerulea, 500 µg/ml 
 

Fig. 33. Effect of P. caerulea extracts on culture of fibroblasts NCTC at concentrations of 100, 250 

and 500 µg/ml after 48 hrs of cultivation (Giemsa stain, 20X objective) 
 

 These data allowed us to select the optimal range of non-cytotoxic concentrations 
of the Passiflora extracts (less than 250 µg/ml) that will be use in further experiments. 

 
Conclusions 

 
 Our complex investigation, morpho-anatomical, physiological, taxonomical and 
phytochemical on Passiflora nutraceutical plants from Hofigal experimental field, lead us to 
the following conclusions: 

1. Structural aspects analyzed are important in characterization of P. caerulea 
samples: (i) Leaf lamina with a dorsi-ventral structure, hipostomatal and with lack of 
trichoms; (ii) Stomates of anomocitic and anizocitic types; (iii) Leaf petiole with an adaxial 
large kennel and a monosimetrical structure with vascular distinct fascicles; (iv) Irregular-
ribbed stem which differentiates a secondary structures with concentric xylem and phloem 
rings, respectively; (v) Stem presenting collenchyma and sclerenchyma tissues; (vi) Leaves 
generating only collenchyma; (vii) Calcium oxalate crystals present in different cells from 
the leaf and stem structure of the druse type. In Romania, present histo-anatomical studies 
with taxonomic importance are the first ones with a significant highlighting to define more 
accurately the taxa of Passiflora genus. We will continue the botanical analysis, investigating 
a higher number of samples in order to evaluate additional identification aspects as: plant 
phenotypic plasticity, hybridization, influence of environmental and technological factors. 
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2. From taxonomical point of view, plant materials sampled for these studies from 
S.C. Hofigal Export-Import S.A. have been analyzed, obtaining a botanical evaluation that 
these plants belong taxonomical to Passiflora caerulea L., in concordance with the data of 
the monographers of Passiflora genus in the world: VANDERPLANK (2000) and ULMAN 
and MacDOUGAL (2004). 
 3. Physiological aspects determined in this approach have given us data for 
characterization of some parameters, as: (i) Coefficient k = 0.47-0.53, evaluated as moderate 
and sufficient for Passiflora plants specific characterization; (ii) Leaf area varied between 
30 cm2 and 34.1 (calculated by classic method), respectively 36.1 cm2 (computational 
method); (iii) Leaf growing rate varied between 4.1 cm2, approximately 0.29 
cm2/experimental day (classic method) and 6.1 cm2, approximately 0.43 cm2/day 

(computational method); (iv) Chlorophyll fluorescence was evaluated over 3000 arbitrary 
units (3046–3341); (v) Stomatal conductance (554.2 nmol m-2s-1), with a normal value 
(554.2 nmol m-2s-1), between 300 and 700 nmol m-2s-1, in an irrigated crop, as Passiflora is 
under the greenhouse conditions in Hofigal Company; (vi) Yield green plant mass (kg/5 
plants/replicate) has reached in our experiment to an average value of 0.91667 kg/5 plants. 
All these results are new for the Romanian botanical literature. 
 4. Referring to the phytochemical approach, the influence of the extraction 
medium on the content of some active principles was analyzed and (i) the highest 
concentration in polyphenols and flavonoids was recovered in the ethanolic extracts of 
Passiflora; (ii) a correlation between the polyphenols/flavonoids content of P. caerulea 
extracts and their antioxidant activity was observed, the highest values of antioxidant activity 
being calculated for the ethanolic plant extracts; (iii) The NR method showed a good 
biocompatibility of P. caerulea extracts in NCTC cell line, up to 10-150 µg/ml concentration, 
sustained by a normal cell morphology. At concentrations higher than 250 µg/ml, the plant 
extract become cytotoxic, altering the cell membrane structure, the cells viability and 
proliferation. All these data are new for the Romanian phytochemical literature and allowed 
us to select the optimal range of non-cytotoxic concentrations of the Passiflora extracts (less 
than 250 µg/ml) that will be use in further experiments.  
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Explanation of plates and figures 
 

Fig. 1. A. Working A4 squared sheet of paper/page used for classical method of leaf area estimation; 
1.B. Passiflora caerulea simple, palmat-partite leaves (herborized and scanned) (Şesan, 2015) 
Fig. 2. Main medicinal and nutraceutical importance of Passiflora spp. 
PLATE I (photo: Anca Sârbu) – Passiflora caerulea – LAMINA 
Cross section through median zone of the leaf segment, colorants Iodine Green and Carmine Alum (Fig. 3) 
Cross section through the median zone of leaf segment, with evidence of epidermis and mesophyll, 
colorants iodine green and Carmine alum (Fig. 4) 
Adaxiale epidermis (superior) in apical image (Fig. 5) 
Abaxiale epidermis (inferior) in apical image (Fig. 6) 
Abaxiale epidermis in apical image, with evidence of calcium oxalate crystals (polarized light) (Fig. 7) 
Abaxiale epidermis in apical image, with evidence of calcium oxalate crystals (polarized light) (Fig. 8) 
PLATE II (photo: Anca Sârbu) – Passiflora caerulea – PETIOLE 
Cross section through petiole, colorants Iodine Green and Carmine Alum (Fig. 9) 
Cross section through petiole, colorants Iodine Green and Carmine Alum (Fig. 10) 
PLATE III (photo: Anca Sârbu) – Passiflora caerulea – STEM 
Cross section through stem, colorants Iodine Green and Carmine Alum (Fig. 11) 
Cross section through stem, with evidence of epidermis, cortex and of central cylinder elements, 
colorants Iodine Green and Carmine Alum (Fig. 12) 
PLATE IV (photo: Tatiana Eugenia Şesan, 30.04.2015) – Passiflora caerulea – TAXONOMIC 
CHARACTERS 
General aspect of the Passiflora caerulea vine in the experimental field of Hofigal (climbing vine, 
flowers, floral calyx, 5-diveded lobate leaves) (Fig. 13) 
Passiflora stipules and tendrils (Fig. 14-15) 
Passiflora stipule (Fig. 17) 
Passiflora stipule and 2 nectary glands at the petiole base (Fig. 18) 
Passiflora tendrils (Fig. 16, 19, 20) 
PLATE V (photo: Tatiana Eugenia Şesan, 30.04.2015) – Passiflora caerulea – TAXONOMIC CHARACTERS 

Passiflora caerulea flowering in the greenhouse at experimental field of Hofigal (climbing vine, 
flowers, floral calyx, 5-diveded lobate leaves) (Fig. 21) 
Passiflora caerulea flower, 5-lobed leaf, tendrils (Fig. 22) 
Passiflora caerulea white flowers,  corolla white; sepals 5, white to pale,  calyx tube cup-shaped, petals 
5, similar as form and size with sepals; petals white inside and outside, corona (petals) disposed in 2 
verticils, extern verticil consisting in many filiform appendices (radia), purple at the base, in the middle 
white and blue at the apex, corona filaments in 4 series, outer 2, purple at the base, then white and blue 
towards apex, gynophore well developed; stamens 5, unilocular ovary, styles 3, reddish (Fig. 23 – 25) 
PLATE VI (photo: Tatiana Eugenia Şesan) – Passiflora caerulea – TAXONOMIC CHARACTERS 
Passiflora caerulea floral buds in the experimental field of Hofigal (26.07.2016) (Fig. 26) 
Passiflora caerulea at the phenofase of green fruits (16.10.2012) (Fig. 27) 
Passiflora caerulea at the phenofase of orange fruits at the ripe status: 07.09.2016, left (Fig. 28); 
26.07.2016, right (Fig. 29) 
Fig. 30. The content of total phenols (determined by the Folin – Ciocâlteu method) and flavonoids for 
ethanol (Pf - EtOH) and petroleum ether extracts of Passiflora caerulea leaves (Pf -EP) 
Fig. 31. Antiradical activity of extracts of Passiflora caerulea measured by DPPH method 
Fig. 32. The effect of Passiflora caerulea extracts on the culture of fibroblasts (NCTC clone 929), after 
24 hrs. respectively 48 hrs. after cultivation, determined by neutral red method  
Fig. 33. Effect of Passiflora caerulea extracts on culture of fibroblasts NCTC at concentrations of 100, 
250 and 500 mg/ml after 48 hrs. of cultivation (Giemsa stain, 20X objective)  
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