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Abstract

The present study aimed to provide a histo-anatomical characterization, to evaluate the polyphenolic profile of the tubers and
aerial parts belonging to Dactylorhiza maculata L. So6. and to test their antioxidant capacity and antibacterial effects.
Polyphenols were analysed by an HPLC-MS method. The antioxidant activity of the extracts was tested by TEAC and EPR
assays. Antibacterial activity was assessed on five bacterial strains. Ethanolic extracts of aerial parts proved to contain mainly
isoquercitrin, quercitrin, ferulic and p-coumaric acid, among the tested compounds. Assays of the biological activity revealed
a significant antioxidant and antibacterial activity especially for the aerial parts. At the same time, the histo-anatomical
features for the main constituents of aerial parts could be established. These results offer a new perspective on D. maculata,
proving it as an important source of bioactive compounds.

Rezumat

Scopul acestui studiu a fost de a realiza o caracterizare histo-anatomica a speciei Dactylorhiza maculata L. So06., dar si de a
evalua profilul polifenolic al tuberculilor si partilor aeriene apartinand speciei, precum si de a le testa potentialul antioxidant
si antimicrobian. Analiza polifenolilor a fost realizata printr-o metodda HPLC-MS. Activitatea antioxidanta a extractelor a fost
realizata prin metodele TEAC si EPR. Activitatea antimicrobiand a fost testata pe cinci tulpini bacteriene. Extractele
etanolice ale partilor aeriene au dovedit in principal prezenta izoquercitrinei, urmata de quercitrind, acid ferulic si acid p-
cumaric, dintre compusii analizati. Analizele activitatii biologice au evidentiat o activitate semnificativd antioxidanta si
antibacteriand, in special pentru partile aeriene. Totodata, a fost stabilitd caracterizarea histo-anatomica a principalilor
constituenti ai partilor aeriene. Aceste rezultate ofera o noua perspectiva asupra speciei D. maculata, dovedind ca este o sursa
importanta de compusi bioactivi.
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Introduction Mediterranean area, throughout all the temperate
areas of the European continent, northern Africa,
eastern, western and northern America, but also south-
western Africa [5, 17, 18, 21]. These species are
known since ancient times for their medicinal uses that
seem to be due to their content in polysaccharides,
fibres, proteins, steroids and flavonoids [8, 9, 22]
but, despite this fact, the scientific data on their
chemical content and potential bioactivities remain
scarce [3, 4,7, 8, 14].

Dactylorhiza maculata L. S006. is a widespread species
throughout the western and northern parts of Europe
[21]. The herbal medicinal product belonging to
this species consists in the powdered tubers, which
are used for the treatment of different disorders such
as inflammatory intestinal pathologies, tuberculosis,

Orchidaceae family represents one of the largest
flowering plants families known worldwide, comprising
over 20,000 species, which belong to more than 800
genera [3, 14]. Among these species, dactylorchids
(species belonging to Dactylorhiza Necker ex Nevski
genus) are a taxonomically important group which
has been intensively studied from the molecular and
morphological point of view [17, 21]. Members of
this group are also known as the “digitate tuber”
clade, as their stem morphology is an important feature
that can help an accurate distinction between these
species and the ones belonging to Orchis L. genus,
which present bulbous tubers [5]. Species belonging
to Dactylorhiza genus are distributed from the
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diarrhoea, cancer or Parkinson’s disease [8]. Other
scientific sources cite their use as aphrodisiacs [8, 14].
The few existing data on the chemical and biological
profile of the species corroborated with the significant
potential of the species makes the study of Dactylorhiza
species an important research subject. In this context,
the present study was undertaken in order to bring
new data on the histo-anatomical features of D.
maculata, but also on its polyphenolic profile and
potential biological activities.

Materials and Methods

Chemicals and apparatus: Chlorogenic acid, p-
coumaric acid, caffeic acid, rutin, apigenin, quercetin,
isoquercitrin, quercitrin, hyperoside, kaempferol, fisetin,
myricetol were purchased from Sigma (St. Louis,
USA), ferulic acid, sinapic acid, gentisic acid, gallic
acid, patuletin, luteolin from Roth (Karlsruhe, Germany),
cichoric acid, caftaric acid from Dalton (Toronto,
Canada). HPLC grade methanol, ethanol and all
reagents for spectrophotometric assays were purchased
from Merck (Germany). Reagents for antioxidant
assays were purchased from Sigma-Aldrich (Germany).
All spectrophotometric data were acquired using a
SPECTROstar Nano Microplate Reader with 96-
well plates (BMG Labtech, Ortenberg, Germany).
The tested microorganisms were obtained from the
Food Biotechnology Laboratory, Life Sciences Institute,
University of Agricultural Sciences and Veterinary
Medicine Cluj Napoca, Romania.

Vegetal material. The aerial and underground parts of
D. maculata (Voucher No. 162.5.2.1) were collected
from the spontaneous flora of Cluj County, Romania,
and were identified by the Department of Pharmaceutical
Botany of “Iuliu Hatieganu” University of Medicine
and Pharmacy (Figure 1).

D. maculata: A — aerial parts; B — tubers

Analysis of histo-anatomical features

Microscopic study of the powder: Samples of aerial
parts were dried and ground using a Grindomix
knife mill. The obtained powder was studied with
the Olympus CX31 optical microscope, using as
mounting medium the chloralhydrate 80% (m/V) [19].
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Microscopic study of the histo-anatomical features of
the vegetative organs: Stems were cross-sectioned
using a Nahita 501 manual microtome. Sections
were stained using alum carmine Alfa Aesar” and
malachite green Merck” and studied using an
Olympus CX31 optical microscope equipped with a
digital camera [15, 19].

Analysis of polyphenols

Extraction procedure: Air-dried powdered tubers
and aerial parts of D. maculata were macerated for
48 hours with ethanol 70% (v/v). The samples were
then sonicated for 30 min and filtered through a
0.45 mm membrane filters.

HPLC/MS Analysis: 5 pL of the ethanolic extracts
were analysed using an Agilent Technologies 1100
HPLC Series system. The detection of compounds
was performed using UV and MS methods. The UV
detector was set at 330 nm until 17.5 min, then at
370 nm. The MS system operated using an electro-
spray ion source in negative mode. The separation
was performed on a Zorbax SB-C18 column (100 x
3.0 mm, i.d., 3.5 um particle) with binary gradient
consisting in a mixture of methanol and acetic acid
0.1% (v/v) at a flow rate of 1 mL/min. The elution
started at 5% methanol and ended with 42%
methanol, for the first 35 minutes and then passed
at 42% methanol for the last 3 minutes. The MS
signal was used only for qualitative analysis based
on specific mass spectra of each polyphenol [6, 16].
Determination of Total Phenolic and Flavonoids
content: The total phenolic content was determined
using the Folin-Ciocédlteu method, with some
modifications and the results were expressed as mg
gallic acid equivalents/g dry weight herbal product
(mg GAE/g d.w.) [15]. The total flavonoid content
was quantified using the method described in the
Romanian Pharmacopoeia (10" edition) in the
Cynarae folium monograph and was expressed as
quercetin equivalents/g dry weight vegetal product
(mg QE/g d.w.) [6, 16, 23].

Biological activity assays

Antioxidant Capacity: The antioxidant capacity was
determined by the TEAC (Trolox Equivalent Anti-
oxidant Capacity) assay and by the EPR (Electron
Paramagnetic Resonance) spectroscopy measurements -
Fremy’s salt Equivalents [6, 10-13, 16].
Antibacterial activity: Staphylococcus aureus (ATCC
49444), Bacillus cereus (ATCC 11778), Listeria
monocytogenes (ATCC 19114), Salmonella typhimurium
(ATCC 14028) and Escherichia coli (ATCC 25922)
strains were used for the bioassays. The bacterial
strains were cultured on Muller-Hinton Agar, stored
at 4°C and sub-cultured once a month. The five
bacterial species were cultured overnight at 37°C in
Tryptic Soy Broth (TSB) medium at 37°C. Bacterial
cell suspensions were adjusted with sterile saline to
a concentration of approximately 3 x 10° Colony
Forming Units (CFU)/mL in a final volume of 100
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pL/well. The inoculum was stored at +4°C for
further use. Dilutions of the inoculum were cultured
on solid Muller-Hinton (MH) for bacteria to verify
the absence of contamination and to check the
validity of the inoculum. Determinations of minimum
inhibitory concentrations (MIC) were performed by
a serial dilution technique using 96-well microtitre
plates. Different solvent dilutions of ethanol: methanol
extracts were carried out over the wells containing
100 puL of Tryptic Soy Broth (TSB) and afterwards,
a volume of 10 pL of inoculum was added to all the
wells. The microplates were incubated for 24 - 48 h
at 37°C. The MIC of the samples were detected
following the addition of 20 pL (0.2 mg/mL) of
resazurin solution to each well, and the plates were
incubated 2 h at 37°C. A change from blue to pink
indicates the reduction of resazurin and therefore
bacterial growth. The MIC was defined as the
lowest drug concentration that prevented this colour
change. The minimum bactericidal concentrations
(MBC) were determined by serial sub-cultivation of a
2 uL volume into microtitre plates containing 100 pL
of broth per well and further incubation for 48 h at
37°C. The lowest concentration with no visible
growth was defined as MBC, indicating 99.5%
killing of the original inoculum. Streptomycin (Sigma
P 7794) (0.05 - 3 pg/mL) was used as positive
control. A 10% solution of ethanol: methanol in
water was used as negative control [2, 12, 13].

Results and Discussion

Histo-anatomical analysis: The cross section through
the stem revealed the primary anatomical structure
(Figure 2A), which is divided in three major areas:
epidermis, cortex and stele. Under the polygonal
cells that form the epidermis, the collenchymatic
cortex is found and, after a few layers of parenchymatic
cells, the circular multi-layered schlerenchymatic
cortex appears, being formed of 4-5 layers of cells,
with lignified walls (Figure 2B). In the stele, the
collateral vascular bundles were identified (Figure 2C).
Each vascular bundle is formed by xylem (xylemian
vessels with lignified walls and xylemian parenchymatic
tissue) and phloem (sieve tubes, phloemian
parenchymatic tissue and companion cells). Pith
cells are cylindrical and delineate inside a central
lacuna. This is the first scientific evidence on the
histo-anatomical features of the stems of the
Romanian D. maculata species; different sources
describe the similar anatomy of other species from the

same genus [1] or of the related species (Orchis) [20],
particularly the morphology of the reproductive
organs [5].
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Figure 2.
Microscopic observation of the cross section through
the stem of D. maculata: A — general view (x100);
B, C — structural details (x200)

Micrographic analysis: The powder obtained from
the aerial parts of D. maculata revealed the main
features of vegetative and reproductive organs. The
most important histological components found
were: parts of secretory papillae (Figure 3B), xylem
vessels and potassium oxalate crystals in form of
raphides (Figure 3A). The features of the powder
confirmed the features that were found in the
anatomical structure of the stems.

Figure 3.
Components of the powder of aerial parts of D.
maculata (A, B - 200x)

Total Phenolic and Flavonoids Content: The total
polyphenolic content for D. maculata extracts were
quantified based on the linear equation obtained
from gallic acid standard calibration curve (mg
GAE/g d.w.). The calculation of total flavonoid
content was carried out using the standard curve of
quercetin (mg QE/g d.w.). The highest amounts of
the total polyphenols and flavonoids were determined
in the aerial parts of D. maculata extracts (Table I).

Table I
The content of total polyphenols and flavonoids in D. maculata extracts
Samples Total phenolic content  Total flavonoids
(mg GAE/g d.w.) (mg QE/g d.w.)
D. maculata tubers 2.76 £0.21 0.46 £ 0.05
D. maculata aerial parts 8.60 £0.79 2.69+0.29

Each value represents the mean + SD (n = 3).
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HPLC/MS Analysis: In the ethanolic extract of D. the described analytical method. The results obtained
maculata aerial parts, isoquercitrin was the compound hereby strongly correlate with the ones obtained in
found in the highest amount (518.6 + 3.7 pg/g d.w.), the case of the quantification of the total poly-
being followed by quercitrin (474.6 + 4.34 pg/g phenolic and flavonoidic contents. To the best of
d.w.). Ferulic acid, p-coumaric acid, caffeic acid our knowledge, this is the first report of a kind that
and kaempferol were also identified, but in lower describes the quantification of certain phenolic
amounts (Table II). The tubers proved to have no compounds in the composition of the species.

detectable amounts of the polyphenols studied in
Table 11
Polyphenolic compounds content in D. maculata extracts (ug/g d.w.)
Polyphenolic compound D. maculata aerial parts  D. maculata tubers

Caffeic acid 16.56 £ 0.12 NF
p-Coumaric acid 69 £0.54 NF
Ferulic acid 51.4+0.45 NF
Isoquercitrin 518.6 +3.7 NF
Quercitrin 474.6 £4.34 NF
Kaempferol 3.6 +0.22 NF

NF - Not found. Each value represents the mean + SD (n = 3).

Antioxidant Activity Assays: The ethanolic extracts These results correlate with the results obtained for
from aerial and underground parts showed different the qualitative and quantitative analysis of poly-
antioxidant capacities by means of TEAC and EPR phenols, which clearly indicate the fact those aerial
assays. The sample that proved to have the most parts, might have an important potential as anti-
significant capacity to reduce the ABTS cationic oxidant agents, related to their important content in
radical is the sample of aerial parts (Table III). polyphenolic compounds.
Table II1
Antioxidant activity results obtained for the tested D. maculata extracts
Samples TEAC (mg TE/g d.w.) EPR (mg FSE/g d.w.)
Dactylorhiza maculata tubers 13.34 £ 079 25.04+0.3
Dactylorhiza maculata aerial parts 40.88+0.73 88.87+0.9

Each value represents the mean + SD (n = 3).

Antibacterial Activity Assays: All tested micro- 0.078 mg/mL and MBC 0.015 mg/mL. The extracts of
organisms were susceptible to the plant extracts D. maculata tubers present an equal antimicrobial
with minimum inhibitory concentration (MIC) activity against S. typhimurium and E. coli with
ranging between 0.0078 - 0.031 mg/mL (Table IV) MIC 0.078 mg/mL and MBC 0.015 mg/mL, but a
and minimum bactericidal concentration (MBC) smaller activity against S. aureus and B. cereus
ranging between 0.015 - 0.062 mg/mL (Table V). with MIC 0.015 mg/mL and MBC 0.031 mg/mL,
These results indicate that the bacterial strains: L. than D. maculata aerial parts extracts. The extracts
monocytogenes, S. typhimurium and E. coli were obtained from the aerial parts showed the strongest
the most sensitive to the aerial parts, with MIC antimicrobial activity.
Table IV
Minimum inhibitory concentration (MIC) of Dactylorhiza maculata extracts
Samples Staphylococcus  Bacillus Listeria Salmonella  Escherichia

aureus cereus  monocytogenes typhimurium coli

Dactylorhiza maculata tubers 0.015 0.015 0.015 0.0078 0.0078

Dactylorhiza maculata aerial parts 0.031 0.031 0.0078 0.0078 0.0078

Standard antibiotic/Streptomycin 0.03 0.015 0.015 0.06 0.12

Each value represents the mean + SD (n = 3).

Table V
Minimum bactericidal concentration (MBC) of Dactylorhiza maculata extracts
Samples Staphylococcus  Bacillus Listeria Salmonella  Escherichia
aureus cereus  monocytogenes typhimurium coli
Dactylorhiza maculata tubers 0.031 0.031 0.031 0.015 0.015
Dactylorhiza maculata aerial parts 0.062 0.062 0.015 0.015 0.015
Standard antibiotic/Streptomycin 0.06 0.03 0.03 0.12 0.24

Each value represents the mean + SD (n = 3).
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Conclusions

The microscopic analysis allowed the identification of
histological features and the anatomical structures
of the stems. The polyphenolics content of the
species brought important data on the polyphenolic
profile of the aerial parts of the species.
Isoquercitrin, quercitrin, ferulic and p-coumaric
acid were identified and quantified. Antibacterial
and antioxidant activities proved important results
for the aerial parts, which correlate to the poly-
phenolic content.

Together, all these results represent important
criteria for the identification and characterization of
the species. Furthermore, this study brings new
perspectives for further investigation of the bio-
active compounds of D. maculata species.

Acknowledgement

The authors acknowledge funding from the
Romanian - EEA Research Programme operated by
the MECS-ANCSI PO under the EEA Financial
Mechanism 2009 - 2014 and project contract
number 2SEE/2014.

References

1. Aybeke M., Sezik E., Olgun G., Vegetative
anatomy of some Ophrys, Orchis and Dactylorhiza
(Orchidaceae) taxa in Trakya region of Turkey.
Flora: Morphol. Distrib. Funct. Ecol. Plants, 2010;
205(2): 73-89.

2.  Bild W., Ciobica A., Padurariu M., Bild V., The
interdependence of the reactive species of oxygen,
nitrogen, and carbon J. Physiol. Biochem., 2013;
69(1): 147-154.

3. Dalar A.,, Guo Y., Esim N., Bengu A.S., Konczak
I., Health attributes of an endemic orchid from
Eastern Anatolia, Dactylorhiza chuhensis Renz&Taub. -
In vitro investigations. J. Herb. Med., 2015; 5(2):
77-85.

4. Dalar A., Konczak I., Botanicals from Eastern
Anatolia Region of Turkey: Antioxidant capacity
and phenolic constituents of endemic herbal
medicines. J. Herb. Med., 2012; 2(4): 126-135.

5.  Gamarra R., Galan P., Pedersen H.£., Ortafez E.,
Sanz E. Seed micromorphology in Dactylorhiza
Necker ex Nevski (Orchidaceae) and allied genera.
Turk. J. Botany, 2015; 39(2): 298-309.

6. lelciu 1., Vlase L., Frédérich M., Hanganu D.,
Piltinean R., Cieckiewicz E., Olah N.K., Gheldiu
AM., Crisan G., Polyphenolic profile and biological
activities of the leaves and aerial parts of Echinocystis
lobata (Michx.) Torr. et A. Gray (Cucurbitaceae).
Farmacia, 2017; 65(2): 179-183.

7. Jahromi H.K., Jashni H.K., Sameni H., Abedi H.A.,
Jahromi Z.K, Kherameh Z.K., The effect of
aqueous extract of Dactylorhiza Maculate root on
the concentration of hypothalamic-pituitary-thyroid
axis hormones in adult female rats. Psychol. Chall.
Curr. Res., 2016; 5(5(S)): 248-252.

841

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kashani H.H., Faraji Z., Nikzad H., Parivar K.,
Sharrif M.M., Mikzad M., The effect of aqueous
extract of Salep prepared from root-tubers of
Dactylorhiza maculate (Orchidaceae) on the testes
and sexual hormones of immature male mice. J.
Med. Plants. Res., 2012; 6(24): 4102-4106.

Kavoos S., Hossein K.J., Allah S.K., Zahra K.J.,
Zahra K.K., Mahdiyar M., The effect of the aqueous
extract of Orchid roots on the serum concentration
of progesterone and luteinizing hormone in adult
female rats. Pars. J. Med. Sci., 2015; 13(1): 21-26.
Mocan A., Crisan G., Vlase L., Ivanescu B., Badarau
A.S., Arsene A.L., Phytochemical investigations on
four Galium species (Rubiaceae) from Romania.
Farmacia, 2016; 64(1): 95-99.

Mocan A., Schafberg M., Crisan G., Rohn S,
Determination of lignans and phenolic components of
Schisandra chinensis (Turcz.) Baill. using HPLC-
ESI-ToF-MS and HPLC-online TEAC: Contribution
of individual components to overall antioxidant
activity and comparison with traditional antioxidant
assays. J. Funct. Foods, 2016; 24: 579-954.

Mocan A., Vodnar D.C., Vlase L., Crisan O., Gheldiu
A.M., Crisan G., Phytochemical characterization of
Veronica officinalis L., V. teucrium L. and V. orchidea
Crantz from Romania and their antioxidant and
antimicrobial properties. Int. J. Mol. Sci., 2015;
16(9): 21109-21127.

Mocan A., Zengin G., Simirgiotis M., Schafberg
M., Mollica A., Vodnar D.C., Crisan G., Rohn S.,
Functional constituents of wild and cultivated Goji (L.
barbarum L.) leaves: phytochemical characterization,
biological profile, and computational studies. J.
Enzyme. Inhib. Med. Chem.,2017; 32(1): 153-168.
Musharof Hossain M., Therapeutic orchids: Traditional
uses and recent advances - An overview. Fitoterapia,
2011; 82(2): 102-140.

Piltinean R., Crisan G., Balica G., lelciu I,
Stefinesu C., Tamas M., Histo-anatomical researches
on the vegetative organs of five Romanian Fumaria
species. Farmacia, 2015; 63(2): 262-266.

Piltinean R., Mocan A., Vlase L., Gheldiu A.M.,
Crisan G., lelciu 1., Vostinaru O. Crisan O.,
Evaluation of polyphenolic content, antioxidant and
diuretic activities of six Fumaria species. Molecules,
2017;22(4): 1-14.

Pillon Y., Fay M.F., Shipunov A.B., Chase M.W.,
Species diversity versus phylogenetic diversity: A
practical study in the taxonomically difficult genus
Dactylorhiza (Orchidaceae). Biol Conserv., 2006;
129(1): 4-13.

Radak B.D., Rat M.M., Anackov G.T., Morphological
variability of populations of Dactylorhiza maculata
(L.) So6 and D. majalis (Reichenb.) P.F. Hunt et
Summerhayes (Orchidales, Orchidaceae) from
Stara Planina Mountain (Serbia). Zb. Matice. Srpza.
Prir. Nauk., 2012; 665(122): 33-44.

Rus L.M., Ielciu 1., Piltinean R., Vlase L.,
Stefanescu C., Crisan G., Morphological and histo-
anatomical study of Bryonia alba L. (Cucurbitaceae).
Not. Bot. Horti. Agrobot., 2015; 43(1): 47-52.
Sgarbi E., Del Prete C., Histo-anatomical observations
on some Orchis species (Orchidaceae) from eastern



FARMACIA, 2017, Vol. 65, 6

Mediteranean. Flora Mediteranea, 2005; 15(1): 22. Tekingen K.K., Giiner A., Chemical composition

321-329. and physicochemical properties of tubera salep
21. Shipunov A., Efimov P., “Northern tetraploids” produced from some Orchidaceae species. Food

clarified: A study of Dactylorchids (Dactylorhiza, Chem., 2010; 121(2): 468-471.

Orchidaceae) from North European Russia. Flora: 23. *** Romanian Pharmacopoeia, 10" ed. Editura

Morphol. Distrib. Funct. Ecol. Plants, 2015; 2(15): Medicala: Bucuresti, Romania, 2005; 334-335

40-45.

842



