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The impact on parasitic plants is complex and influenced by a combination of
biotic and abiotic factors operating at various spatial and temporal scales. In parasite-
host relationships as biotic factors, we consider the various host plants impact
parasitic plants in varied ways. Our study examined also the correlation between
the bioactive profile of the parasite plant and different environmental conditions.

Our results demonstrated a correlation between the total polyphenols and
antioxidant activity of water-alcohol solutions extracted from the flowers and stems
of Orobanche caryophyllacea (bedstraw broomrape) under varying environmental
conditions and host plants: Galium verum and Galium humifusum.
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Introduction. Exploring natural reservoirs exhibiting different biological
properties remains relevant for contemporary biology, agriculture, and pharma-
ceuticals [1].

The pharmacological characteristics of plants are influenced by abiotic and
biotic factors. This interest in natural components is particularly pronounced in the
context of parasitic plants, which have not been thoroughly investigated [2, 3].

The various host plants, influenced by different abiotic pressures, impact
parasitic plants in varied ways. Our study examined the correlation between the
bioactive profile in the parasite-host relationship and environmental conditions.

The genus Orobanche L. belongs to the family Orobanchaceae Vent., the order
Lamiales Bromhead, and the phylum Angiosperms. The 204 species falling into the
genus Orobanche have a global distribution [4]. Based on the most recent
information, Armenia is home to 18 Orobanche species, among which 6 (O. arpica
Piwow., O. Sanchez & Moreno Mor., O. coerulescens Stephan, O. grenieri F.W.
Schultz, O. javakhetica Piwow., O. Sanchez & Moreno Mor., O. laxissima Uhlich &
Ritzel, O. zajaciorum Piwow.) are newly discovered species for the country [5, 6].
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Orobanche caryophyllacea Sm. (bedstraw broomrape, clove-scented
broomrape) is a Western European Asiatic species [7]. The native distribution of this
species is Europe to Anatolia, the Caucasus, Iran, Pakistan, Xinjiang, and NW Africa

(8] (Fig. 1).

o

Fig. 1. The native distribution
of Orobanche caryophyllacea
(© Copyright 2023 World
Checklist of Vascular Plants).

0. caryophyllacea is a holoparasite that grows primarily in the temperate
biome. Its host plants include species of the genera Galium, Sherardia and Asperula,
all from the family Rubiaceae. In Central Europe, it mostly occurs on G. mollugo L.,
G.verum L., G. boreale L. and G. odoratum (L.) Scop. In Armenia it has been repor-
ted on G. verum, rarely G. humifusum M. Bieb., and G. aparine L. (Fig. 2). Species
inhabit xerothermic rocky grasslands, steppe habitats, subalpine meadows, and the
peripheries of forests and shrubs, typically found at elevations ranging from 800 to
2000 m, with occasional occurrences up to 2400 m above the sea level [5, 7, 9].

Fig. 2. Orobanche caryophyllacea with host plant Galium humifusum.


http://www.wikidata.org/entity/Q1043
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The exploration of O. caryophyllacea’s phytochemical composition is not
comprehensive, and there is limited literature available on the bioactivity of this
species. Polish researchers were the pioneers in detailing the presence of
phenylethanoid glycosides and iridoids, specifically asperuloside and asperulosidic
acid in O. caryophyllacea. These particular compounds have only been verified in
O. caryophyllacea thus far and can function as distinctive chemical markers for
identifying this species in chemotaxonomy [10]. Phenylpropanoid glycosides also
extracted from this species demonstrated radical scavenging activity that exceeds
other Orobanche species by more than 20% [11].

In our study, we focused on assessing the total polyphenols and antioxidant
activity of water-alcohol solutions extracted from the flowers and stems of
Orobanche caryophyllacea Sm. which grew under different environmental
conditions and in the presence of various host plants.

Materials and Methods.

Plant Material. The species O. caryophyllacea with their host plants were
collected from two locations: Zaritap Village, Vayots Dzor Province, host plant
Galium humifusum — located in south Armenia, and Meghradzor Village, Kotayk
Province, host plant Galium verum — located in central Armenia.

The parasitic species were identified by monograph “Holoparasitic Oroban-
chaceae (Cistanche, Diphelypaea, Orobanche, Phelipanche) in Armenia: distribu-
tion, habitats, host range and taxonomic problems” (2019). The voucher specimens
have been stored in the herbarium of the Yerevan State University (ERCB).

Details regarding the collected plant materials, including the host plant,
location, GPS coordinates, geographical features, and etc. are outlined in Tab. 1.

Table 1
Details regarding the collected plant materials

Parasitic species O. caryophyllacea Hum O. caryophyllacea Ver
Host species Galium humifusum Galium verum
Location Zaritap Village, Vayots Dzor Province| Meghradzor Village, Kotayk Province
GPS coordinates 39°38'06"N 45°30'39"E 40°36'32"N 44°37'16"E
Geographical features South Armenia Central Armenia
Annual precipitation 500 mm 823 mm
Duration of sunshine 2600 h 2200 h
Harvest period May June

The climate in Zaritap Village is dry continental with moderately cold
winters and hot summers. The average air temperature is —16°C in January and
+26°C in August. In general, the annual duration of sunshine in the region is 2600 h.
The annual amount of precipitation is about 500 mm, and it falls mainly in the form
of rain, according to which the maximum is observed in spring. The climate in
Meghradzor Village is mild, moderately hot in summer (average temperature in
July—August: 18°C), moderately cold in winter (average temperature in January —
7°C) and the duration of sunshine is about 2200 h per year. The annual amount of
precipitation is 823 mm [12].

The collected plant material was dried, finely (<1 mm size of particles) ground
using an electric grinder, and stored at 4°C before the extraction procedure.
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Obtaining Extracts. Fresh plant samples were air dried under room conditions
for 14 days. Dried and grindered samples were placed for 24 h on a magnetic stirrer
with 70% ethanol in a ratio of 1:10 for extraction. Once extraction is complete
extracts were filtered using a filter with pore sizes of 0.45 um. All the extracts were
used within 3 h after preparation.

Determination of Antioxidant Activity. The antioxidant activity (AOA) was
determined by potentiometric measurements of change of oxidation-reduction
potential of [Fe(CN)s]*/[Fe(CN)s]* mediatory system caused by pro- and anti-
oxidants in extracts. Briefly, an aliquot of the sample extract (1.0 mL) was transferred
to tubes containing [Fe(CN)s]*>/[Fe(CN)s]* mediatory system (3.0 mL). Then the
mixture was allowed to stand at 45°C for 30 min. The platinum electrode and
reference electrode were used for measurements. The AOA of samples was derived
from the standard curve of ascorbic acid ranging from 10 g/L to 102 g/L [13, 14].

Determination of Total Phenolic Content. The content of total phenols was
determined by spectrophotometry using gallic acid as standard [15, 16]. An aliquot
of the sample extract (1.0 mL) was transferred to tubes containing a Folin-Ciocalteu’s
reagent (0.5 mL, 2.0 N) and distilled water (7.0 mL). After 3 min a sodium carbonate
solution (0.5 mL, 7.5% w/v) was added. The tubes were then allowed to stand at
45°C for 60 min before absorbance at 750 nm was measured. The concentration of
polyphenols in samples was derived from the standard curve of gallic acid ranging
from 10 to 50 wg/mL.

Results and Discussion. Our study demonstrated the correlation between the
total polyphenols and antioxidant activity of water-alcohol solutions extracted from
the flowers and stems of O. caryophyllacea under varying environmental conditions
and in the presence of different host plants: G. verum and G. humifusum.

According to our results, the highest amount of phenolic compounds
was recorded for ethanolic extracts of O. caryophyllacea with the host plant
G. humifusum (Tab. 2).

Table 2

Total phenolic content and antioxidant activity of ethanolic extracts of Orobanche caryophyllacea
with different host plants

Phenolic compounds Antioxidant activity
Ethanolic mg gallic acid per g x10~ g vit C eq. per L+ SD
extracts of dried plant sample (negative values show

+SD prooxidant activity)
O. caryophyllacea Hum flowers 3.76 £ 0.003 —18 +0.004
O. caryophyllacea Hum stems 3.73 +£0.009 -17 £0.012
O. caryophyllacea Ver flowers 1.98 +0.002 48 +0.003
O. caryophyllacea Ver stems 1.47 +0.005 45 +0.009

In contrast, the total phenolic content of ethanolic extract of O. caryo-
phyllacea with host plant G. verum was approximately two times less. This can be
explained by the fact that the host species G. humifusum also contains a high amount
of phenolic compounds what parasite absorbs during infestation.

Phenolic compounds are known for their antioxidant properties. Generally,
higher concentrations of phenolic compounds correlate with higher antioxidant
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activity. However, in this dataset, there seems to be some inconsistency. The
ethanolic extracts of O. caryophyllacea with the host plant G. verum have higher
antioxidant activity despite having lower concentrations of phenolic compounds than
samples of O. caryophyllacea with the host plant G. humifusum. This suggests that
chemicals other than phenolic compounds contribute to the antioxidant activity
observed in these extracts.

It has been established that the pressure of abiotic factors initiates adaptation
processes affecting the growth and development of plants, as well as the physiological
and biochemical restructuring of metabolic processes. Thus, the following pattern is
observed: the greater the amount of precipitation, the higher the content of flavor-
noids. On the other hand, considering the influence of the light factor on the content
of flavonoids, an undoubted dependence on the accumulation of flavonoids was
revealed, one of the physiological functions of which is protection from ultraviolet
radiation. It is obvious that in plants in more illuminated habitats, the total content
of flavonoids is higher than in plants growing in more shaded conditions [17].

Comparing habitat conditions, we can conclude that insolation and annual
precipitation differ for both regions and as a result, in central Armenia, plants receive
more humidity and synthesize more antioxidant compounds. In the southern region,
a high amount of sunshine is a reason for polyphenols' active synthesis. Apparently,
this explains the difference in the bioactivity of samples of the same species growing
in different regions of Armenia.

Overall, further analysis would be required to understand what influences the
relationship between phenolic compounds and antioxidant activity in these plant
samples. The host plants and environmental factors prevailing in different regions:
the humid zone of central Armenia and the drier zone of southern Armenia, play a
role in the quantity of chemical compounds and determining antioxidant activity of
the investigated species O. caryophyllacea.

Conclusion. In summary, our study reveals the complex interplay between
environmental conditions, host plant species, and the biochemical composition of O.
caryophyllacea extracts.

We found that host plants influence variations in phenolic compounds and
antioxidant activity, with G. verum extracts exhibiting higher antioxidant activity
despite lower phenolic content compared to G. humifusum.

Furthermore, our investigation into environmental factors revealed distinct
patterns in the synthesis of bioactive compounds. Specifically, plants in central
Armenia, characterized by higher humidity, synthesized more antioxidant
compounds, whereas those in southern Armenia, exposed to greater sunlight,
exhibited active synthesis of polyphenols.

These findings underscore the importance of considering both biotic and abiotic
factors in understanding the bioactivity of plant extracts. Further research is warran-
ted to delve deeper into the underlying mechanisms driving the observed variations.
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U. < 2ULUrsgy, U d. mn1nusiy, d.U. e6dNraduy, U. 9. tUuvida3nNrL3udy

OROBANCHE CARYOPHYLLACEA StUUUh LOFOUU2JUDLLE P
U6LUULShd MPNDPLLL YUIUG S6 ANF3UDRS BY.
Gradul UpQudusr,rh MUsSUULLE DS

Uwupnyd pnyubiph ypw wgnbgnipniip jpmd £ pupn phnygpe L
npnyynid £ mupptip mwpuwowuit b dudwbwljuyhtt yuydwbbbipnyd gnpdnn
Jhhuwpwimjub it wiphninhll gnpdnttitiph hwdwnpni pyudp: Uwjuipnyd-ntin
pnyu hnjuhwpuptipnipyniiittpnid dhip npuytiu phnunhy gnpdnbiitin nhunwply
tibip mupptip wmtip pnyubin, npnip muppbp duny & wqnnid dwljupnyd pnyuh
Jpu: <tmwgnunipjud phpugpnid niunidbwuppdtp b owl jhhuwwuohy
unndhih b 2pgwlur dhowuyph wuydwhtiph dhele fuwp:

Utp hbnwugnunipjut wpynmbpbtippn  gnyg wybghtt  wipmwuphb
dhowduyph wwppbip yuydwbtbbpnid b mwpptip mtp pngutipp® Galium verum
. Galium humifusum, wqnbgnipjut mwl wénn Orobanche caryophyllacea
(6pugqupinun dthuwljuyhtt) mbuwyh dwinhlitphg W gnnnibtitphg wgwmywd
spwuyhpunuyghtt  nudwdquidpitiph - wynjhdtbnitiph  gndwph L hwlw-
opuhnuitnuwyhtt wumhynipyul tholt juup:

H. A. 3AKAPSH, A. B. [IOI'OCSH, B. C. TEBOPT'SIH, C. I'. HAHAT'TOJISIH

BUOAKTHBHBIM [TPO®UJIL SKCTPAKTOB
OROBANCHE CARYOPHYLLACEA B 3ABUCMOCTH OT
PACTEHUA-XO3AMHA U YCIIOBUU CPEJIBI OBUTAHUA

Bo3snelictBue Ha pacTeHUs-TIapa3suTbl HOCUT KOMIUIEKCHBIM Xapakrep Hu
ompeJesieTcsl COYeTaHHEeM OMOTHYECKHX M aOHOTHYecKuX (PakTopoB, IEHCTBYIO-
HIMX B Pa3iMYHBIX MPOCTPAHCTBEHHBIX W BPEMEHHBIX YCIOBHUSIX. B OTHOMIEHMSX
NapasuT-X03MH B KadecTBE OHOTHYECKMX (DaKTOPOB MBI paccMaTpUBacM
pas3JIn4HbIE pacTEHUA-X035€Ba, KOTOPbIE II0-Pa3HOMY BIIHSIOT HA paCTeHHUE-TIAPA3HT.
B uccnenoBannu taxxke u3ydanach KOppesiys MeX1y OMOaKTUBHBIM NpoduiieM 1
YCJIOBUSAMM OKPY>KAIOLIEN CPEbI.

Hamm pe3ynbTaThl MpOAEMOHCTPUPOBAIN KOPPESILIUI0 MEXKIY CYyMMOMR
noJ1(EeHOIOB U aHTUOKCHAAHTHONH aKTUBHOCTHIO BOJHO-CIIMPTOBBIX 3KCTPAKTOB,
BBIJICIIEHHBIX M3 IBETKOB W crebieir Orobanche caryophyllacea (zapasuxa
TBO3JIUYHAS) B Pa3IMYHBIX YCJIOBHSIX BHENIHEH Cpellbl W IMOJ BIUSHHEM Pa3HBIX
pactenmii-xo3ses: Galium verum u Galium humifusum.



