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Rose oil isolated from oil-bearing Rosa damascena Mill. as a protector against
ionizing radiation-induced oxidative disorders

Y.D. Karamalakova®, M.K. Adhikari®, N.D. Kovacheva?, V.A. lvanov*, G.D. Nikolova!",
V.G. Gadjeval

1Department of Chemistry and Biochemistry, Medical Faculty, Trakia University, 11 Armeiska Str., 6000 Stara Zagora,
Bulgaria
2Institute for Roses, Medicinal and Aromatic Plants, 49 Osvobozhdenie str., 6100 Kazanlak, Bulgaria
3Institute of Nuclear Medicine and Allied Sciences, Defence Research and Development Organization (DRDO), Brig S.
K. Mazumdar Marg, Delhi-110054, India
“Department of Neurology, Psychiatry and Disaster Medicine, Section of Disaster Medicine, Medical Faculty, Trakia
University, 6000, Stara Zagora, Bulgaria

Received September 28, 2017, Revised November 30, 2018

Essential oils are derived from different natural plant materials such as leaves and flowers. They are commercially
important and have been widely used in cosmetics, household products and medicines because of pharmacologically
active components. Essential oil as antioxidant is able to prevent oxidative processes and to inhibit the oxidation
reaction effect caused by radiation-induced oxygen/nitrogen free radicals. lonizing radiation is a recognized method of
maintaining the quality of aromatic herbs, spices and vegetables for a long time. The present study focused on
identifying the radioprotective efficacy of rose oil against oxidative damage of molecules by ionizing radiation in in

vitro models.
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INTRODUCTION

The available data indicate that the effect of
ionizing radiation leads to changes in biological
systems and to an increase in the level of free
radicals [1, 2]. Consequently, the evaluation of the
pharmacological effect of essential oils after
ultraviolet (UV) and gamma (y) radiation is of
considerable interest because of their supposed
antioxidant and therapeutic effect, as well as the
overall composition. Essential oils as antioxidants
are able to prevent oxidative processes [3] and to
inhibit the oxidation reaction effect caused by
radiation-induced oxygen/nitrogen free radicals [4].
lonizing radiation is a recognized method of
maintaining the quality of aromatic herbs, spices
and vegetables for a long time [5]. Increased
antioxidant activity was observed in oils obtained
from previously irradiated leaves and fruits [6, 7].
In vitro and in vivo systems serve as models for
preliminary observations in assessing
pharmacological activity, changes in chemical
composition and various forms of the spectrum
versus time and T°C [7, 8] oils as protective
antioxidants that can effectively involve radiation-
induced oxidative changes [9, 10]. The Western
European Rose Damascus Mill. (R. damascena) as

* To whom all correspondence should be sent:
E-mail: gnikolova@mf.uni-sz.bg

a plant species of Europe was used in homeopathic
and pharmaceutical preparations [11]. Rose oil was
characterized by antibacterial,
neuropharmacological, anti-inflammatory  and
stable antioxidant action [12-15]. More than 300
components referring to terpenic and non-terpenic
hydrocarbons, glycosides, flavonoids, citronellol,
geraniol, farnesol, alcohols, nerol, linalool and
esters, have been recognized in the oil structure [16,
17]. The present study focused on identifying the
radioprotective efficacy of rose oil against
oxidative damage of molecules by ionizing
radiation in in vitro models.

EXPERIMENTAL

Isolation and characterization of Bulgarian rose
oil

Rose flowers (stage 1V-V) were collected on
May 26, 2009, between 6 and 10 am at a relative
humidity of 86-93% and temperature of 13.5-
14.8°C from 2 plantations located at IREMC,
Kazanlak, Bulgaria. Isolation and characterization
of the main components of rose oil were carried out
using Clevenger water vapor distillation and gas
chromatography (GC) (chromatograms obtained for
the determination of the representative and
distinctive ingredients given in BS ISO 9842-2004),
as described in previous reports [19, 20]. The
quality of the Bulgarian rose oil corresponds to the

14 © 2018 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



Y. D. Karamalakova et al.: Rose oil isolated from oil-bearing Rosa damascena Mill. as a protector against ionizing ...

standard [21] for rose concrete and rose absolute
grown from dry leaves [17].

Irradiation

Experimental samples (in a de-aerated capillary)
were exposed to UV-B (UV-vis Transilluminator-
4000, Bulgaria; 290-320 nm; two lamps; 220V ~ 50
Hz; microwave power 7.70VA; for 2 h rate;
humidity- 40 %) and to ®°Co radiation at doses of
2.5, 5, 10, 20, 30, 50 Gy using y- chamber Gamma
Cell 5000 (dose rate of 1.4 Gy/h, Board of
Radiation and Isotope Technology, India).
Dosimetry was carried out using Baldwin Farmer’s
secondary dosimeter and Fricke’s chemical method
and all the radiation safety measures were strictly
followed during experimentation.

Electron donation potential estimation assay

The electron donation potential of UV and y-
irradiated samples and oil alone, was determined by
the Oyaizu [22] method. A range of concentrations
(1 - 500 pg/ml) before and after gamma irradiation
(25 Gy) was firstly tested to determine the
concentration at which oil exhibited maximal
donation potential. Further, this concentration (50
ug/ml) was UV and y- irradiated with doses ranging
from 5 Gy to 50 Gy and the electron potential was
determined both immediately and 24 h post
irradiation. The reaction mixture was left for 10
min at room temperature and the absorbance was
measured at 700 nm. An increased absorbance of
the reaction mixture indicates increased reducing
power:

% |nthItI0n = [(ODcontrol - OD{es[) /ODcontrol] X 100

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical-
scavenging activity

Radical scavenging activity of vy-irradiated
samples and oil alone against the stable DPPH
radical was determined according to Cuendet et al.
[23]. Briefly, 1.0 ml of DPPH (100 uM) was added
to 500 ul of different volume concentrations of the
studied samples. Mixtures were incubated in the
dark for 10 min and their absorbance at 517 nm was
measured. Quercetin was used as a positive control.
The percentage of DPPH radicals scavenged was
calculated according to the equation:

% |nhibiti0n = (Acon[ro| - Atest) /Acontrol x 100

2,2-Azinobis (3-ethylbenzothiazoline—6—sulfonic
acid) (ABTS™) radical-scavenging assay

ABTS'* radical scavenging assay of y- irradiated
samples and oil alone was performed according to
Re et al. [24] with slight modifications. The
reaction mixtures were incubated at 24°C for 30

min and the intensity of chromogen was measured
at 734 nm. Antiradical activity of the examined
sample was presented as the percentage of ABTS™
radical scavenging and calculated according to the
equation:

% Inhibition = (Acontrol — Avtest ) /Acontrol X 10
Nitric oxide (NO") ion scavenging assay

The NO potential of y-irradiated samples and
oil alone samples (0.1-250 pg/ml) was determined
according to the method described by Shirwaikar et
al. [25]. The scavenging potential was evaluated as
the decrease in percent absorbance of the
chromogen formed by diazotisation of nitrite with
sulfanilamide and subsequent coupling with
naphthyl ethylenediamine recorded at 546 nm.

Protection of membrane against radiation
damage (membrane protection index)

Soya lecithin and cholesterol (1:1 molar ratio)
were suspended in an appropriate amount of
chloroform. A thin film was developed by complete
evaporation of chloroform in a rotary evaporator
(Buchi, Newcastle, USA) at 40°C. The film was
subjected to hydration in (0.1 M, pH 7.4) PBS and
was incubated in a water bath (40°C) for 4 h. The
stock solution was diluted with PBS to the final
concentration in terms of phospholipid content, cf.
Lasic&Papahadjopoulous [26]. Different treated oil
samples, liposome only (untreated), radiation only
(2.5Gy), liposome + rose oil and liposome + rose
0il+2.5 Gy were evaluated for the levels of
malondialdehyde, the final product of membrane
degeneration. A radiation dose of 2.5 Gy at a dose
rate ofl.4 kGy/h was used and after exposure the
samples were immediately incubated for 1 h at
37°C. 10 % TCA and 0.5% thiobarbituric acid, 1:1
ratio and 0.025 M NaOH were added. The mixture
was heated in a water bath (80°C) for 1 h and
absorbance was measured at 535 nm [27].

Statistical analysis

Statistical analysis was performed with
Statistica 6.1, StaSoft Inc., and results were
expressed as means =+ standard error (SE).
Statistical significance was determined by Student’s
t-test. Value of p < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

lonizing radiation (IR) induces oxidative
disturbances by the accumulation of reactive
oxygen species (ROS) as singlet oxygen (*O.),
nitrogen oxide (NO°), hydrogen peroxide (H.0,),
macromolecular degradation and lipid peroxidation
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[28, 29]. Oxidation of lipids and other vital
macromolecules leads to persistent oxidative
disturbances and obstruction of intracellular
processes. Therefore, in order to protect biological
macromolecules from free radicals of ionizing
radiation, it is necessary to shield them by an
effective radiation-protective agent.

Thus, the oils of the bearing plants and plant
extracts were evaluated for stable antioxidant
activity in vitro and in vivo, scavenging of ROS /
RNS and radiation protection property [30-32].
Donation potential is usually associated with the
presence of reducing agents that exert an
antioxidant effect by breaking down the radical
chains by donating a hydrogen atom [33]. The
maximum reduction ability for non-irradiated oil
(Fig. 1a) and 2.5 Gy samples (Fig. 1b) with respect
to the Fe® complex was observed at a
concentration of 50 pug / ml. Two hours after UV
irradiation, the oil samples showed a greater
donation potential compared to non-irradiated oil
(0.664 + 0.016 vs. 0.472 £+ 0.005). R. damascena
displayed a good restoring ability to the complex of
Fe3* after UV in both treatment groups up to 5Gy

(Fig. 1).
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Fig. 1. Electron donation potential estimation of 50
ug/ml oil alone/ after 2.5Gy irradiation (a) /after UV and
y-irradiation (immediately and 24 h post irradiation, (b)).

Donation potential of the oil was tested at
different time intervals, immediately and 24 h after
treatment. Therefore, the results of this study
clearly indicate that the samples after irradiation
showed a significant reduction in the donor
potential in comparison with non-irradiated oil and
with those that were measured immediately after
irradiation, but with the same dependence.
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Radiation exposure increases the load of iron in the
cellular environment and leads to hemolysis [34]. It
can be assumed that the reduction of Fe3* to the less
dangerous Fe?* is a possible mode of action of R.
damascena, which showed antioxidant protection to
overcome oxidative disorders caused by radiation
in vivo.

The efficiency of DPPH scavenging activity of
R. damascena, non-irradiated and vy-irradiated (2.5
Gy) oail is shown in Fig. 2. The maximum DPPH -
scavenging activity of 2.5 Gy oil (74.4 = 0.97%)
was detected at 50 pg / ml compared to non-
irradiated oil (63.4 + 1.12%, 500 pg / ml). In two
ranges of increasing concentrations, namely 2.5 to
25 ug / ml and 50 to 500 pug / ml, a statistically
insignificant increase in the DPPH scavenging
activity was observed in both non-irradiated oil and
y-irradiated samples.
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Fig. 2. Determination of DPPH radical scavenging
activity of y-irradiated (2.5 Gy) and oil alone. Quercetin
was used as a standard.
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For the same concentration ranges, an
insignificant increase in DPPH activity of the y-
irradiated sample was also observed in comparison
with the non-irradiated oil. It should be noted that
irradiated and non-irradiated oil in all studied
concentrations demonstrates a statistically higher
ability of DPPH scavenging compared to quercetin
used as a positive control. The efficacy in the
scavenging abilities of the stable DPPH radicals of
geraniol [35] and citronellol and the good inhibitory
effect on UV irradiation [36] are consistent with
our results. A significant reduction in the radical
scavenging ability of oil at higher doses (> 5 Gy) of
IR irradiation can be explained by the significant
structural changes of some constituents in the form
of geraniol, citronellol and eugenol, which probably
determined its antioxidant activity.

The ABTS analysis is excellent for determining
the total antioxidant activity of hydrogen-donating
antioxidants (scavenging aqueous-phase radicals)
and chain breaking antioxidants (scavenging lipid-
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peroxyl radicals) [37]. The present study used an
improved ABTS™ decolorization assay [24], which
is applicable to lipophilic and hydrophilic
antioxidants. In the range of 10-500 pg/ml, both y-
irradiated and non-irradiated oil samples (Fig. 3)
demonstrated an increase in scavenging abilities
towards ABTS™ in a concentration-dependent
manner. As indicated at 500 pg/ml, the ABTS™
scavenging ability percentage was 70.36 + 1.91%
for non-irradiated oil and 72.38 & 1.08% for 2.5 Gy
samples. Only at 25 pg/ml and 50 pg/ ml was a
statistically significant increase in ABTS™ activity
of 2.5 Gy oil compared to non-irradiated oil. With
the exception of 500 pg/ml, all other oils alone and
2.5 Gy irradiated concentrations showed better
ABTS"™ scavenging activity than the standard.
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Fig. 3. ABTS radical scavenging potential of y-
irradiated (2.5 Gy) and oil alone in concentration range
(1-500 pg/ml).

Nitric oxide (NO") is an important messenger in
a variety of normal physiological processes. In
addition to its physiological actions, the overload of
NOe can lead to cell damage by changing the
function of the protein by nitrosylation, promote
glutamate exutotoxicity, inhibit mitochondrial
respiratory complexes, participate in fragmentation
of organelles and mobilize zinc from internal stores
[38]. Oxidative stress induced by IR generates NO*
and plays a critical role in the initiation and
progression of oxidative damage [39], the function
and dysfunction of the nervous system, [38]. The
scavenging ability of NO- (Fig. 4) increases with an
increase in the concentration of 2.5 Gy and samples
with non-irradiated oil. At 250 pg/ml maximum
NO- scavenging activities were 34.07+ 1.1% and
32.2 +£3.01%, respectively.

In in vitro non-irradiated oil samples and
ionizing radiation samples, NO* production was
markedly reduced, indicating that the oil contains
hydrophilic antioxidants that have NO" scavenging
ability. In addition, for each test concentration of
2.5 Gy of oil, a higher scavenging activity was
shown compared to non-irradiated oil, suggesting
that additional structures are involved in reducing
NO" levels. Pathologically, NO- radicals reacted

with O,™ anion to peroxynitrite (ONOQO™) and led to
serious toxic reactions with proteins and lipids [40,
41]. In view of the fact that R. damascene exhibits a
pronounced scavenging activity against NOe, as
before/after IR makes the oil a potential
antioxidant, it can be wused in IR-induced
pathological situations associated with excessive
production of NOe<[41]. Moreover, y-irradiation
induces changes in fatty acids of membrane
phospholipids forming unstable and highly reactive
peroxy radicals that decompose into alcohols,
ketones and malondialdehyde [42]. The artificial
membrane system (liposomes) was used to assess
the ability of rose oil to protect the lipids of

2 B Rose oil S Rose oil + 2.5 Gy Radiation
-T1]
g 20 - l
=
5 I
g2 15 R
wn
)
]
|
3 210
z 2

5 -
= g ¥§
= X
z L.k §

0.10250.5125 5 10 25 50 100 250
concentration (pg/ml)

Fig. 4. Nitric oxide scavenging potential of y-
irradiated (2.5 Gy) and oil alone in the concentration
range (0.1 — 250 pg/ml).

liposomes against lipid peroxidation 2.5 Gy (dose
rate = 1.24 KGy / h). The most effective dose for
inhibition of peroxidation in the tested liposome
system was 100 pg/ml. Rose oil exhibited
significantly higher membrane protection at 150
pg/ml (0.062 £ 1.04%; p<0.05). Maximal activity
of 25 Gy was at 100-150 pl/ml (Fig. 5). The
samples with 2.5 Gy indicated two times higher
anti-lipid peroxidation, compared to oil alone. It
might be assumed that the higher membrane
protection of the 2.5Gy samples was due to
chelation of transition metal ions [43] by filling the
aqua-coordination sites of the hydrophilic rose oil
substances exhibiting radical scavenging abilities,
which indirectly demonstrated protective properties
and possible reduction of pathophysiological
consequences [44]. Good ability of geraniol to
inhibit  lipid peroxidation in egg-liposomal
suspension is in agreement with our reported results
[35].
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Fig.5. Analysis of the membrane-protecting ability of
non-irradiated and y- irradiated (2.5 Gy) rose oil utilizing
an artificial membrane system (liposome). A significant
(p < 0.05) decrease in the formation of malondialdehyde
(MDA) with increasing concentration of y- irradiated oil
(50 — 150 pg/ml) was recorded. Effect of different
concentrations of non-irradiated and vy- irradiated (2.5
Gy) rose oil on radiation (1.24KGy/h)- mediated lipid
peroxidation evaluated in erythrocytes. Each experiment
was performed in triplicate. The lipid peroxidation
activity is expressed as hanomoles of MDA formed.

CONCLUSION

Rose oil after irradiation showed a significant
reduction in the donor potential in comparison with
non-irradiated oil and with those that were
measured immediately after irradiation, but with the
same dependence. Moreover, irradiated and non-
irradiated oil in all studied concentrations
demonstrates a statistically higher ability of DPPH
compared to quercetin used as a positive control.
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PO30BO MACJIO, U30JIUMPAHO OT MACJIOJTAMHATA Rosa damascena
MILL. KATO 3AIIUTHO CPEACTBO CPEIY PAJJUALITMOHHO
NNPEAM3BUKAHU OKCUIAATHUBHU HAPYIIIEHUA

.. KapaManaKOBal, M. K. AILXHKapI/I?’, H. . Kosauesa®, B. A. Usanos*, T. . Hukososa®”, B. T.
Iamkesat

Kameopa "Xumus u 6uoxumusn”, Meduyuncku gpaxynmem, Tpaxuticku ynusepcumem, ya. Apmeiicka 11, 6000 Cmapa
3acopa, bvreapus
2 Uucmumym no posama, meduyuncku u apomamuy pacmenus, yi. Oceobocoenue 49, 6100 Kasannvk, Bvreapus
8 Uncmumym no siopena meduyuna u npupoonu nayku, Opaanuszayus 3a usciedéane u pazeumue na omopanama
(DRDO), bpuz C. K. Macymoap Mape, Jenxu-110054, Huous
4 Kameopa no nesponoaus, ncuxuampus u MBEC, Cexyus no MEC, Meduyuncku ¢axyamem, Tpaxuticku ynueepcumem,
ya. Apmeticka 11, 6000 Cmapa 3azopa, bvieapus

IMocTenuna va 28 centemBpu, 2017 1.; kopurupana Ha 30 HoemBpH, 2017 T.
(Pesrome)

ECGHHI/I&J’IHH Macjia C€ M3BJIMYAT OT PA3JIMYHU MPUPOAHU PACTUTCIIHU MaTCpUaIN KAaTO JIMCTAa U IBETOBE. Te ca
BAXXHU OT THPIroBCKaA I'JICIHA TOYKA W CC€ MU3MOJI3BAT IIUPOKO B KO3BMETHKATA, JOMAKUHCKUTE NMPOAYKTHU U JICKapCTBaTa
nopaau (bapMaKOJ'IOFI/I‘IHO aKTUBHUTE CHU KoMmoHeHTH. Kato AHTUOKCHUAAHTH CCCHIHWAJIHUTC Macjia Morar Jmaa
IpeAOTBPATAT OKUCIWUTCIHU IMPOUECH W Aa HNOATHCHAT BJIMAHHUCTO Ha OKHCIIUTCIHATA pCaKlusd, MpCAU3BHKaHa OT
paaAnaninOHHO-UHAYIIUPAaHU CBO6OZ[HI/I paduKaJIn Ha KHCHOpO,I[/aSOT. ﬁOHHSHpaH.[aTa paaunanuysa € Mnpu3Hat METod 3a
3alla3dBaHe Ka4Y€CTBOTO Ha apOMaTHU 6I/IJ'II(I/I, MNOANIPAaBKHW MW 3CJICHUYYHUU 3a ABJITO0 BpPEMC. L[eJ'ITa Ha HaACTOAIIOTO
n3cjcaBaHe € Ja C€ I/I,I[GHTI/I(bI/IL[I/Ipa paauo3aliyTHaTa e(i)eKTI/IBHOCT Ha PO30BOTO MACJO CpCIly OKCUAATUBHU
HApyHICHUSA HAa MOJICKYJIUTEC, AbJIKAIU CC HA fIOHHSHpaHIOTO JIbUYCHUCEC, C U3II0JI3BAHC Ha in vitro MOACIIN.
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