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Abstract: Dietary supplements play a crucial role in providing the human body with phytochemicals that may
be insufficiently represented in the daily diet. The dog rose (Rosa canina L.) exhibits anti-inflammatory,
antioxidant, and antidiabetic properties due to its wide range of biologically active compounds, including
anti-inflammatory galactolipid, vitamin C, phenols, lycopene, lutein, zeaxanthin, and other carotenoids. The
high interest in the potential health benefits of Rosa canina has driven research and the development of
technologies aimed at enhancing the content of biologically active compounds in this plant. It is well known
that the activation of secondary metabolic pathways by elicitors and various stress factors can stimulate the
production of biologically active substances in plants. This study investigates the effect of silver nitrate on
several biochemical parameters of Rosa canina L. under conditions of microclonal propagation. The results
demonstrated that the concentrations of chlorophylls a and b in the leaves of Rosa canina decreased under the
influence of silver nitrate at concentrations of 1, 10, and 50 mg L. The carotenoid content in the plant leaves
remained unchanged under silver nitrate treatment, while the anthocyanin content increased. However, the
levels of polyphenolic compounds and flavonoids decreased in plants exposed to all tested concentrations of
silver nitrate.
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1. INTRODUCTION

The release of silver ions (Ag*) from AgNOs induces significant toxicity in various organisms,
including bacteria, algae, plants, and animals, primarily due to their inhibitory potential (Tripathi et
al.,, 2017). However, the scientific literature addressing the phytotoxicity of silver ions presents
contradictory findings. For instance, silver ions have been shown to improve certain morphological
indices in Cucumis sativus L. (Sharma et al., 2012). Studies on kenaf (Hibiscus sp.) and cotton
(Gossypium hirsutum L.) demonstrated that the presence of AgNO; in the initiation medium
enhanced the formation of shoot buds on hypocotyl explants (Ouma et al., 2004). Conversely, Ag*
has been reported to negatively affect the growth of Oryza sativa L. and Triticum aestivum L. (Vannini
et al., 2014).

Silver ions can impact plant embryogenesis and the development of buds, roots, and shoots,
which are crucial processes for normal organogenesis (Bais et al.,, 2000; Bais et al., 2001). Ag*
influences plant organisms by inhibiting the action of ethylene, a plant hormone involved in
processes such as root hair development, flower wilting, fruit drop, ripening, and senescence. Silver
ions block ethylene binding sites, rendering plants insensitive to this gaseous hormone. The ethylene
receptor, ETR1, has a single ethylene-binding site on the homodimer, with binding mediated by a
single copper ion (Cu*). Replacement of the copper cofactor with silver locks the receptor in a
conformation that inhibits ethylene responses (Rodriguez et al., 1999).

An important property of silver compounds is their antiseptic effect (Ahmad et al., 2020).
One mechanism underlying this effect is the ability of AgNO; to stimulate the production of reactive



oxygen species (ROS) in bacterial cells. ROS cause damage to critical cellular components, including
DNA, proteins, and lipids, ultimately leading to bacterial cell death (Yin et al., 2020).

Rosa canina L. is capable of growing in both temperate and tropical climates; however, it
thrives optimally under temperate conditions characterized by moist, warm summers and mild
winters. The species exhibits notable frost resistance and favors well-drained, moderately fertile soils
with a neutral to slightly acidic pH (Javanmard et al., 2017). Additionally, Rosa canina demonstrates
tolerance to drought conditions. These adaptive characteristics, combined with its beneficial
properties and diverse applications, were the basis for selecting this plant for our research.

2. RESEARCH METHODS

Reagents
All other reagents were received from local suppliers (Ukraine) and they were of analytical
grade.

Cultural conditions and plant material

The influence of different concentrations of silver nitrate on selected biochemical parameters
was investigated in Rosa canina L. plantlets. Dog rose plantlets previously grown in vitro in our
laboratory were used. The explants were cultivated in Murashige-Skoog medium with following
concentrations of silver nitrate: 0 (control), 1, 10, or 50 mg L. (Murashige and Skoog, 1962). Before
the agar adding, the medium was adjusted to pH 5.8 and autoclaved for 30 min at 121°C. The plants
cultivate at a temperature of 25-28°C, 2000 lux illumination and 16 hours of daylight. After three to
four weeks regenerative shoots developed from the axillary buds. These shoots were used for the
determination of the biochemical parameters.

Determination of pigments concentration

Preparation of extracts for the determination of pigment content in fresh dog rose leaves was
conducted in accordance with the previously described protocol (Husak et al., 2024). The
concentrations of chlorophyll a and b, carotenoids and anthocyanins in the total extract was
determined by spectrophotometric method using the specific absorption coefficients (Lichtenthaler,
1987). To assayed the anthocyanins content hydrochloric acid was added to the total extracts to a
final concentration of 1%. The anthocyanin concentrations were assayed spectrophotometrically at
530 nm using an absorbtion coefficient of 30 mM*-cm™ (Semchuk et al., 2009, Stambulska and
Lushchak 2013, Husak et al., 2024). The concentrations of pigments were calculated according to the
following formulas (Gitelson et al., 2001).

Determination of polyphenolic compounds

The total content of phenolic compounds were measured by the Folin-Cicalteu reagent
(Geremu et al. 2016). The contents of polyphenolic compounds were assayed spectrophotometrically
at 765 nm (Geremu et al. 2016) and calculated using the formula described previously (Matic et al.
2017). The content of flavonoids were determined colorimetrically at 510 nm as described Shraim
and colleagues (Shraim et al., 2021).

Statistical analysis

The data are presented as meas + S.E.M. Romanowski’s, Dixon’s and Shovene’s tests were
used for identification and rejection of outliers. Statistical analyses were carried out using the
StatOptima software (version 2.5), with ANOVA followed by Dunnett's test. Statistical significance
was set at P<0.05.
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3. RESULTS AND DISCUSSION

Effect of AgNO:s on the pigments concentrations

Our experiment found that chlorophylls a2 and b content under the influence of different
concentrations of silver nitrate was significantly lower compared to the control group. The
chlorophyll a content decreased by 52%, 51% and 30% under the influence 1, 10, and 50 mg L silver
nitrate (Fig. 1a), while the chlorophyll b content decreased by 60%, 67% and 30%, respectively, at
these concentrations compared to the control group (Fig. 1b).
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Figure 1. The content of chlorophyll a (a), chlorophyll b (b) in dog rose leaves, exposed to
different concentrations of AgNOs. Data are presented as means + S.E.M, n = 6-8. *Significantly
different from the control (without AgNOs) group of plants (P <0.05) according to ANOVA followed
by Dunnett's test.

Prior studies have demonstrated the inhibitory effect of silver nanoparticles on two green
algae Chlorella vulgaris B. and Dunaliella tertiolecta B. (Oukarroum et al., 2012). The chlorophylls
content of chlorella at 1 and 10 mg L' AgNPs decreased by 34 and 51% compared to the control,
respectively. Karimi and colleagues (2017) obtained similar results in a study of the physiological
effects of silver nitrate at 10 and 100 mg L' on common wheat Triticum aestivum L. (Karimi et al.,
2017). The decrease in chlorophyll content in plant tissues exposed to silver nitrate may be depended
on various factors, including the disruption of pigment synthesis, pigment degradation, direct



inhibition of enzymatic steps associated with chlorophyll biosynthesis, and changes in the protein
composition of photosynthetic membranes (Prasad et al.,, 1999). Reduction of photosynthetic
pigments in treated AgNOs plants may be suggestive of oxidative stress. Silver ions have
demonstrated the capacity to affect photosynthesis through competitive substitution of Cu* in
plastocyanin (Pc). This interaction is significant bcause it affects the electron carrier function from
cytochrome b6/f to photosystem 1 (PS1) in the photosynthetic electron transport chain (Gross, 1993).
The result of these interactions is the replacement of Cu* by Ag* and its subsequent binding to Pc,
which disrupts or inactivates the photosynthetic electron transport. Ag(I)-substituted Pc
competitively inhibits electron transfer between normal Cu-containing Pc and PS1 (Jansson et al.,
2008).

Carotenoid content in leaves of Roza canina L. was not statistically different between the
control and experimental groups under the influence of different concentrations of silver nitrate (Fig.
2a). Previous research has shown that Solanum tuberosum plants exposed to 2 mg L' AgNPs exhibited
a significant increasing in the carotenoids content, and no difference was observed when treated
with AgNO:s. A significant decrease in carotenoid content was observed at higher concentrations (10
mg L and 20 mg L) in both the AgNOs and AgNPs treatments (Bagherzadeh et al., 2015). The
investigation of the molecular effects of silver nanoparticles on rice seedlings showed that the
carotenoid content was not significantly changed after exposure to 0.2 mg L' AgNPs but
significantly decreased after exposure to 0.5 and 1 mg L' AgNPs (Nair et al., 2014).
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Figure 2. The content of carotenoids (a) and anthocyanins (b) in dog rose leaves exposed
to different concentrations of AgNOs. Data are presented as means + S.E.M, n = 6-8. *Significantly
different from the control (without AgNOs) group of plants (P <0.05) according to ANOVA followed
by Dunnett's test.




As depicted in Fig. 2b, the anthocyanin content in explants of dog rose treated 50 mg L-!
AgNOs was 45% higher compared to the control value (Fig. 2b). Previous research has indicated a
significantly increased anthocyanins accumulation in Arabidopsis seedlings exposed to silver
nanoparticles (Syu et al., 2014). In the study of the biochemical properties of basil Ocimum basilicum
L., the concentration of anthocyanins increased under the influence of silver nitrate (40 ppm and 80
ppm) (Nejatzadeh-Barandozi, 2014). Research suggests that anthocyanins mitigate the stress
response by scavenging free radicals and limiting the movement of H20: in plant cells.

Effect of AgNO:s on the content of Polyphenols and Flavonoids

Our results demonstrated that the polyphenols and flavonoids content in the leaves of Rosa
canina L. was reduced under different concentrations of silver nitrate compared to the control (Fig.
3a). 'The polyphenol content demonstrated a marked decrease, with a 76% reduction observed in
the presence of 1 mg L silver nitrate, an 81% reduction seen in the presence of 10 mg L silver
nitrate, and a 54% reduction evident in the presence of 50 mg L silver nitrate.

The results showed that the content of flavonoids in the experimental groups under the
influence of different concentrations of silver nitrate decreased compared to the control group (Fig.
3b). The results of this study demonstrated that the application of 1 mg L, 10 mg L' and 50 mg L
silver nitrate reduced the flavonoid content by 61%, 49% and 44% respectively compared to the
control group.

20 1 00 O1 010 W50 3

£
. T

2 15 T
(O]
[eT0]
£
= 10 A
B k
C
(]
<
S 5 - *
o - K
a

0

4,0 A 00 01 010 m50 b
IE 32 . T
2 i
o
o 214 T k
E *
&
2 16 - .
c +
S
& 08 -
=

0,0

Figure 3. The content of polyphenols (a) and flavonoids (b) in dog rose leaves exposed to
different concentrations of AgNOs. Data are presented as means + S.E.M, n = 6-8. *Significantly
different from the control (without AgNOs) group of plants (P <0.05) according to ANOVA followed
by Dunnett's test.



In contrast, in Ocimum basilicum L., an increase in polyphenol content was observed with
rising levels of silver nitrate (Nejatzadeh-Barandozi et al., 2014). This phenomenon can be attributed
to the polymerization of phenols in plant tissues, catalyzed by enzymes such as peroxidase, which
chelates silver (Heredia et al., 2009; Elzaawely et al., 2007). Consequently, the presence of high
concentrations of silver nitrate leads to an accumulation of phenols due to the toxic effects of silver
on plant cells.

Furthermore, research by Tahoori et al. (2019) revealed that the application of silver nitrate
at concentrations of 0, 2, 4, 8, and 10 mg L resulted in increased flavonoid content in Glycyrrhiza
glabra L., with the most pronounced effects observed at concentrations of 8 and 10 mg L. It is well-
established that exposure of plant materials to elevated concentrations of heavy metals induces the
production of secondary metabolites and antioxidant compounds, including flavonoids (Diaz et al.,
2001).

Flavonoids, in particular, have been shown to provide non-enzymatic protection through
their antioxidant properties. These compounds contribute to the stability of the cell wall and act as
a physical barrier, mitigating the detrimental effects of heavy metals on plant cells (Diaz et al., 2001).

4. CONCLUSIONS

The results demonstrated that exposure to 1-50 mg L' AgNO; reduced the levels of
chlorophylls a and b in the leaves of Rosa canina L. cultivated in vitro. In contrast, the carotenoid
content in the leaves remained unaffected by silver nitrate treatment. Notably, cultivation on a
medium containing 50 mg L1 AgNO; resulted in an increased anthocyanin content compared to the
control, indicating that silver nitrate may induce mild oxidative stress. This finding suggests that
AgNO; potentially exerts phytotoxic effects, as reflected by a decrease in polyphenol and flavonoid
levels.
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BIIAVB HITPATY CPIb/AA HA BIOXIMIUHI ITOKA3HNKHM ROSA CANINA L.

Bikrop I'ycak, Yaana Kiapuniipka, I0ais Capuyk, ¥Yasna CramOyabcbKa

XKypnar IHpuxapnamcoiozo yrisepcumemy imeni Bacurs Cmegparuxa. biorozis, 11 (2024), C.57-C.65.

AHoTaris:

JieTnaHi 400aBKM BidirpaloTh BaXKAUBY poAb y 3abesIedeHHi opraHisMy A0AvHM (QiToXiMiuHMMU
pedoBMHaMM, sAKi MOXYThL OyTM HeAOCTaTHLO IpeACTaBAeHi B IIOBCIKAEHHOMY palliOHi XapdyyBaHH:.
MIumnmuyaa 3BuyaitHa Rosa canina L. HOposBAs€ TpoTM3allaAbHi, aHTMOKCUMAAHTHI Ta aHTKHOiaOeTmyHi
BAACTUBOCTI 3aBASJKM IIMPOKOMY CHEKTpy OiOAOTYHO aKTMBHMX CIIOAYK, TaKMX SAK IIPOTHU3aNlaAbHUI
radakroaimig, Bitamin C, peHOAM, AiKOIIiH, AIOTEIH, 3eaKCAaHTMH Ta iHIII KapoTnHOIAN. Bucokmii inTepec 4o
IIOTEHIIfHO KOPMCHMUX BAACTMBOCTE} IIUIIIMHU CTUMYAIO€ IIpOBeJeHH:s JAOCAiAXKeHb Ta pPO3POOKY
TeXHO/OTiii, CIIpsIMOBaHMX Ha ITiABUIIIEHHs BMicTy 0i0AOTiYHO aKTMBHMX CIIOAYK Y Lill pocanHi. Sk BigzoMo,
aKTUBallisl BTOPMHHUX MeTabOAiuHMX MIAAXIB edicuTopaMl Ta Pi3HUMMM CTPECOBMMI UMHHMKAMM MOXKYTb
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iHIIIOBaTU B pOCAVHI YTBOPeHHA 6i0A0TiYHO aKTUBHUX PedoBUH. Y IIiif poOOTi 40CAiAK€HO BIIAMB HiTpaTy
cpibaa Ha Aeski GioXiMiuHI IOKa3HMKM IIMIIMNMHM 3BM4ariHoi (Rosa canina L.) 3a yMOB MiKpOKAOHaABHOTO
poaMHO>KeHH:I. [lokasaHo, [0 KOHIeHTpauisa XA0podiai a4 i b y AMCTKaX IIMIINNMHM 3HMIKyBasdacs 3a Ail
HiTpary cpibaa B koHnenrpauisx 1, 10 i 50 mr/a. 3a aii HiTpaty cpifaa BMiCT KQpOTUHOIAIB Y AMCTKaX POCAUHU
He 3MiHIOBaBCs, a BMICT aHTOIliaHiB 3pocTas. BmicT moaideHOABHNX CITOAYK i (pAaBOHOIAIB 3HMKYBaBCsS B
pocamnHax, 110 3a3HaAM BIIAMBY HiTpaTy cpibaa 3a Bcix 0OOpaHMX KOHIIEHTpaIliii.

Karo4dosi caoBa: MiKpOKJAOHa/AbHe PO3MHOXeHH:A, Rosa canina L., mitpaT cpibaa, pocamHHi HirMeHTH,
noaidpeHoan.



