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Extended Abstract

Background and objectives: Ultraviolet (UV) radiation, as a part of the electromagnetic spectrum, has significant
consequences for plant physiology. The increased depletion of the stratospheric ozone layer due to industrial activities has
led to an increase in UV-B radiation reaching the Earth's surface. This radiation acts as an oxidative stressor and, by generating
reactive oxygen species (ROS), damages cellular components such as DNA, proteins, and membrane lipids. In response,
plants employ complex defense mechanisms, including enzymatic (e.g., catalase and peroxidase) and non-enzymatic (e.g.,
phenols and carotenoids) antioxidant systems. Among these, medicinal plants are of particular importance due to their inherent
ability to produce valuable secondary metabolites. Periwinkle (Vinca minor L.), from the Apocynaceae family, is a medicinal
and ornamental plant containing valuable indole alkaloids such as vincamine, known for its modulating effects on cerebral
blood circulation and neuroprotective properties. However, the physiological responses of this plant to UV radiation,
especially considering the variable of radiation pattern (intermittent vs. continuous), have been less studied. This research was
designed and conducted to investigate the effect of different types of UV radiation (UV-A and UV-B) under two patterns of
intermittent and continuous irradiation on the physiological characteristics, antioxidant defense system, and secondary
metabolite content of periwinkle.

Materials and Methods: This research was conducted as a completely randomized design with 7 treatments and 3
replications in the greenhouse of Malayer University (Hamedan, Iran). Periwinkle plantlets, after in vitro culture in MS
medium and rooting, were transferred to pots containing Hoagland's solution. After one week of establishment, they were
exposed to UV radiation treatments for 9 days. The treatments included: control (only fluorescent light), intermittent UV-A,
continuous UV-A, intermittent UV-B, continuous UV-B, intermittent UV-AB, and continuous UV-AB. UV radiation was
applied using 40-watt broadband lamps manufactured by Q-Lab (USA), providing the closest match to the natural solar
spectrum, for 45 minutes in the middle of the 16-hour photoperiod. The intermittent pattern consisted of three 15-minute
periods with 15-minute intervals, and the continuous pattern involved 45 minutes of uninterrupted radiation. At the end of the
treatment period, leaf samples were harvested and immediately frozen in liquid nitrogen. The measured traits included the
activity of antioxidant enzymes (catalase, peroxidase, and ascorbate peroxidase), malondialdehyde (MDA) content,
photosynthetic pigments (chlorophyll a, b, and carotenoids), total phenol, proline, soluble sugars, and fresh and dry root
weight.

Results: The results showed that UV radiation had a significant effect on most of the measured physiological traits. In the
enzymatic defense sector, the highest catalase enzyme activity was observed in the intermittent UV-A treatment (0.44), and
the highest ascorbate peroxidase activity was recorded in the intermittent UV-AB treatment (0.55), both showing a significant
difference from the control. However, guaiacol peroxidase activity was not affected by the treatments. Regarding
photosynthetic pigments, the intermittent UV-B treatment exhibited a powerful photoprotection strategy, marked by a
significant peak in carotenoids (0.93 mg/g) and a sharp decline in chlorophyll b (0.1 mg/g). The continuous UV-B treatment
also showed the highest chlorophyll a (0.85 mg/g) but failed to increase carotenoids significantly. Total phenol content
increased significantly compared to the control only in the intermittent UV-B treatment (28.49 mg GAE/g), identifying it as
the most effective elicitor of the phenylpropanoid pathway. A key and unexpected finding was the significant decrease in
malondialdehyde in all UV treatments compared to the control, indicating the remarkable efficiency of the plant's antioxidant
defense system. Soluble sugar content decreased significantly in the intermittent UV-B treatment, reflecting the consumption
of carbon reserves to supply the energy and carbon skeletons required for the biosynthesis of defensive metabolites. Proline
changes were significant only in the continuous UV-B treatment, showing a decrease compared to the control. Fresh and dry
root weight showed no significant change under any treatment.

Conclusion: This study demonstrated, for the first time, that the physiological response of periwinkle to UV radiation depends
not only on the type of spectrum but also on the irradiation pattern. Intermittent UV-B, as the most efficient elicitor, achieved
a level of cellular protection by coordinated induction of enzymatic (increased catalase) and non-enzymatic (significant
increase in total phenol and carotenoids) antioxidant defenses, reducing lipid peroxidation even below the control level. This
defensive success was accompanied by the consumption of sugar reserves, highlighting the metabolic cost of these responses.
In contrast, continuous UV-B, by decreasing proline and failing to increase phenols and carotenoids, likely exceeded the
plant's tolerance threshold. From a practical perspective, intermittent UV-B irradiation could be considered as a targeted, non-
chemical strategy to enhance valuable secondary metabolites in the commercial cultivation of this medicinal plant.
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Table 1- Results of variance analysis of the effect of ultraviolet radiation on catalase, ascorbate peroxidase, and guaiacol
peroxidase enzymes in V. minor L.
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Figure 1- Comparison of the average effect of ultraviolet radiation on catalase enzyme activity in V. minor L.
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Figure 2- Comparison of the average effect of ultraviolet radiation on the activity of ascorbate peroxidase enzyme in V. minor L.
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Table 2- Results of analysis of variance of the effect of ultraviolet radiation on chlorophyll a, chlorophyll b, total chlorophyll
..and carotenoids in V. minor L.
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Figure 3- The effect of different ultraviolet radiations on the content of chlorophyll a, b, total and carotenoids in V. minor L.
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Table 3- Results of analysis of variance of the effect of ultraviolet radiation on fresh weight, dry weight and sugar in V. minor L.
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Figure 4- Comparison of the average effect of ultraviolet radiation on the sugar content of treated V. minor L.
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Table 4- Results of variance analysis of the effect of ultraviolet radiation on total phenol, proline and MDA in V. minor L.
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500
450
400
350
300

25

20

15

10

5
0

50 eSS reSeSe
(=) () (=) ()

(=]

b I

A el A pauls B ganls B gaols AB zaol s AB O padl s el

1L g oS 58 a6 yallo 1 Ghkinl b 9553 1 (reiloo dumlio o905 Y JSCb
Figure 7- Comparison chart of the average effect of ultraviolet radiation on MDA in V. minore L.

ghiiie AB Lot ) sl lyysSwl 5 ghite A Lo
Fr 4 bl ) skepled g Shalen (210 g o oaiad L
Sl s (6 pme otdi whiiie UV-B ()] ;0 a5 el il 3

S o ol B0 ol (o 31 aSLs
(21 lag—aly (nl (a5l aaSunl g Ll e 43S
5 p sloles aled 0 (MDA) auaallss syl o xe zals
Blisl a5 slo,les ;o MDA zals .ol ol 4 s il 3
Gl 1 0168 i g0 ylii |y SlownST 5T glis a0 YL

3 oo Jlas pomal (B sloasdl Lol e (i3 al s
e (B g oS o Yoz 9 3850 (LS Fl il S
hiie B Granld e (olds plls nl (53550 j57e S o0
S 8 Glyioms aidlys & 6 5led g plgreas Lo ol o]
SWI jo losg ol cams ioli8l salds 4y Cond o Jxe jebay

LS o« Jud anesja8 aoli8l ool ol oS oo plud clis
5 (Cedlyg IS 50 (SlaaS| Il £o) laassiis 5 iy 955
35 VIS Sl S| 5T slon] b 51 b ol Saben o



AY il 5 53 GISLE Lo yule

e SN SL gy S5l 3 Gy

5y el 4T 3l Sl an slfaus pl Loasl it cpl oS

fw—“’r‘ 4“'(5’1‘9:’ rS g 5 oacls | . . ‘)3
e (18 Sy g b B Job LS Gl o odezy
s .(Zhang and Bjorn, 2009) o,ls S LS 4555 clis
S5l “_gl)fb T A5 Q20 oo LS g dy Gaiod
ol el (o ogds cVais 5 il 1.5 iy (2B 65wl S
sole bl i 5l 5108 a8 wb oo cews el Solol 5l b &

I & A
2913 oL S5l b Gl oS ols lis Gdg s il gl
b g 4y Lpisad (il 3 ¢35 a4y (Vo minor L) (81,56
5 (dwgy b glaiie) iuli (55501 4 aSL (UV-B L UV-A)
ol o lasl oslas (le po el aiinly (5 )lo e Hoboas
Sl > S e n el S 5 0 5e Olyiear plaiie B (nanl b
ke 65y oal dlss as el oLE el iy s Sinlen
3 By Jless L plyeas IS B8 o e (l331 (V) 35l wdsg
s () 0l 6588 Sloyikid 5 (ool d (S s sl
(S Pz ol 5l cblix (sl laasdeig IS (slyoe ainiion &
S 53 (MDA) (s (ygemslonaS Ty el (208" > (V)
G e 5575 b ol 08 _elis gy 1l aSST Lo L L
WO o (6 5gis ol 4 pias wlS gad B3l ase
wgad e |y ol (g ol @ SIS slgime Lai Ly asly
S5 5 oels Jlosian 2alS L UV-B &gy 246 ¢ Jlio 5
Jos ali] 5l YWzl o JS i g baadeiss, 5 o cme 2al3dl o
WhHE 5w gl S Wl sl g az8) 5153 0L S5l
@l ol s p)l8 Sl sl o b (el (Sog b (ool oz
oidlp g5 5l il gldiens s 610 po e Sl gaied )l Slag
5 o5 LUV-B alaiie (il 5l eslii ol Sy sy ans_so 43l
&ly plor e 5 Wl )5 5 pnl, S lsieds wlg o dige Do
id SLS 5 o 94) i)l gl glacdslie glyize il
Rl Yool 5 (S5 g (slailals e iS5 (s S
Ol e 6,k e 5l ogl a8 S IS s eslsila e pg)ls GlalS
9 e yiie Su plgredy U 598 pogie (Byme b g
6395 U5 soglel (b o 6,5k oy s p A,k

(8 6,9 sl ol 5l S o) aVais elds o pl aS
ROS casiS gyl slop il 5 Gudsia IS (slooaiss Sbgals
b (soud ygmamlonanSTyy 5l Lisas a5 00,8 Jee sl IS (6,080
254 e |y glanST ol mhas aSh 00,5 (5 5ol i )
SG oy cpl el ools s 5o sels glo Jolw 4l e
L aglge )] jo a8 cul T clis Solel o popio 5l Jle Jlo
slagillsr L 55 allie lp 1) oS 3 Syme S
Sl o oolel ST guslons]

[alls oIS 8 oliee o yieS b dog A il b les o blis 5o
Glo v ovzas L5« UV-Bg UV-A av x by o Giold
OS> e gonl (pl a5 was o Lid 15 g (olo s pae
G5 SIS g 5)98 Gl 50 5h97e A s el sla i
PSER P PYCEINNRIINPTY - ROVSINIL SRR UUC T BN PO JE I 0
ol (Se (Jid OS5 g el SlownST

Ol ial381 (2008) et al Erkan « pbl> asllas gl b gl o
A il g 8L ed (S E0g ese 3 1) ST 8
« (Kargar Khorrami et al., 2013) a_ by g9, Slallas .ads,S
(Costa et al., Q\o)i;L‘;é] «(Mohammady et al., 2020) =,
Mahdavian et ) Jals ¢ (Nouri et al., 2012) Lgw o3, 4w 2002)
55 b Cos JS 8 oliee a5 cul ools oLt 5 (al., 2006
Slyowe Gli8l 5.5 2007) et al Luis ool oo iol3dl ranl)
ol UV-B Gli cas 5)les; olS 5o 1) adgigdld 9 JS7 (J28
5 2> (—dusl aiS 13 (2019) ef al Shayganfar zuls .ois S
aS ols lid 58 pasS 5 45 aw (59, (2021) et al Rastegar
$ S s o liblne S5l g U S5 ol
et al Rezayi Far ;g po—az ;0.c8b uldl B el
S I)sajjﬂ 40 (2020) Vaziri 4 r:.)_'f o, QT o331 (2018)
2 Odan Gbgme pae LaS wles s (A5 il b s
Sa g gl slacalis 4y Yl 5 cl Sglite ;5> aslllas
g0 bgr e A

iy sl gy B b 2l aalllan 5 MDA gl o Llis 55
Hajipour ef ) osle ades,S 5,155 UV-B ez |, o] iolj8l as
<glas (Shayganfar et al., 2019 Rastegar et al., 2021 «wal., 2022
S lalis laeds aSl ( 28L5 G Glaaeds 41, cglay ol oyle
Ol oS s et co (B g L0 p oLl &503
Lol agili slocadglio | 8 oad jsbasas g5l olS
W9 o Pl g ooyl gl 0ol 08 g Sualen gl Jlad

4- Defense priming



AY (VF by 0)lolt) 1P+ Liwal oF o Loy F 090 (LS srcadglio )0 Jupgh alxo

Barbato, R., Frizzo, A., Friso, G., Rigoni, F. &
Giacometti, G. M. (1995). Degradation of the D1 protein of
photosystem-II reaction centre by ultraviolet-B radiation
requires the presence of functional manganese on the donor
side. European Journal of Biochemistry, 227(3), 723-729.

Booij-James, I. S., Dube, S. K., Jansen, M. A.,
Edelman, M. & Mattoo, A. K. (2000). Ultraviolet-B
radiation impacts light-mediated turnover of the photosystem
II reaction center heterodimer in Arabidopsis mutants altered
in phenolic metabolism. Plant Physiology, 124(3), 1275-
1284.

Buege, J. A. & Aust, S. D. (1978). [30] Microsomal lipid
peroxidation. In Methods in Enzymology (Vol. 52, pp. 302-
310). Academic Press.

Chance, B. & Maehly, A. C. (1955). [136] Assay of
catalases and peroxidases. In Methods in Enzymology (Vol.
2, pp. 764-775). Academic Press.

Chen, Y., Li, T., Yang, Q., Zhang, Y., Zou, J., Bian, Z.
& Wen, X. (2019). UVA radiation is beneficial for yield and
quality of indoor cultivated lettuce. Frontiers in Plant
Science, 10, 1563.

Chen, Q., Lu, X., Guo, X., Guo, Q. and Li, D. (2017).
Metabolomics characterization of two Apocynaceae plants,
Catharanthus roseus and Vinca minor, using GC-MS and
LC-MS methods in combination. Molecules, 22(6), 997.

Cockell, C. S. & Horneck, G. (2001). The history of the
UV radiation climate of the earth—Theoretical and space-
based observations. Photochemistry and Photobiology,
73(4), 447-451.

Costa, H., Gallego, S. M. & Tomaro, M. L. (2002).
Effect of UV-B radiation on antioxidant defense system in
sunflower cotyledons. Plant Science, 162(6), 939-945.

Enteshari, Sh., Torkzadeh, M., Manouchehr
Kalantari, Kh. & Ghorbani, M. L. (2005). The effect of
different bands of ultraviolet radiation on pigments content
in Glycine max L. Iranian Journal of Biology, 18(1), 77-84.
(In Persian)

Eraslan, F., Inal, A., Pilbeam, D. J. & Gunes, A. (2008).
Interactive effects of salicylic acid and silicon on oxidative
damage and antioxidant activity in spinach (Spinacia
oleracea L. cv. Matador) grown under boron toxicity and
salinity. Plant Growth Regulation, 55, 207-219.

Erkan, M., Wang, S. Y. & Wang, C. Y. (2008). Effect
of UV treatment on antioxidant capacity, antioxidant enzyme
activity and decay in strawberry fruit. Postharvest Biology
and Technology, 48(2), 163-171.

Ghasemi, R., Talebloo, N., Parsa, P., Saffarian, P.,
Baradaran, S., Zarei, M. & Fatemi, F. (2023). Effects of
UV stress on Shewanella azerbaijanica bioremediation
response. Radiochimica Acta, 111(4), 301-315.

Greenberg, B. M., Wilson, M. 1., Huang, X. D.,
Duxbury, C. L., Gerhardt, K. E. & Gensemer, R. W.
(1996). The effects of ultraviolet-B radiation on higher
plants. In Plants for Environmental Studies (pp. 1-35). CRC
Press.

36 slag ol SCSE Gl sz lez 5 3yl oSl
2 y3lin pol B G s5elsd Dlalllas o plidonl slogaly

&bo

Hajipour, Z., Mumivand, H., Shayganfar, A. &
Ebrahimi, A. (2022). Effect of ultraviolet irradiation and
foliar application of some plant growth regulators on biomass
and morphological characteristics of Fenugreek (Trigonella
foenum-graecum L.). Journal of Plant Process and Function,
29(1), 133-154.

Kargar Khorrami, S., Jamei, R. & Hosseini Sarghein,
S. (2013). Changes in physiological and anatomical indices
of okra (Hibiscus esculentus L.) under different bands of
ultraviolet radiation. Plant Biological Sciences, 5(1), 13-26.
(In Persian)

Kataria, S. & Guruprasad, K. N. (2014). Exclusion of
solar UV components improves growth and performance
of Amaranthus tricolor varieties. Scientia Horticulturae,
174, 36-45.

Kumari, R. & Agrawal, S. B. (2010). Supplemental UV-
B induced changes in leaf morphology, physiology and
secondary  metabolites of an Indian  aromatic
plant Cymbopogon citratus (DC) Staph under natural field
conditions. International Journal of Environmental Studies,
67(5), 655-675.

Kumari, R., Singh, S. & Agrawal, S. B. (2009). Effects
of supplemental ultraviolet-B radiation on growth and
physiology of Acorus calamus L. (sweet flag). Acta
Biologica Cracoviensia Series Botanica, 51(2), 19-27.

Leelaprakash, G., Mohan Dass, S. & Sivajothi, V.
(2011). Antioxidant and hepatoprotective activities
of Vernonia  cinerea extract against CCl4 induced
hepatotoxicity in albino rats. International Journal of
Pharmaceutical Sciences Review and Research, 10(2), 30-
34,

Lichtenthaler, H. K. (1987). [34] Chlorophylls and
carotenoids: pigments of photosynthetic biomembranes.
In Methods in Enzymology (Vol. 148, pp. 350-382).
Academic Press.

Luis, J. C., Pérez, R. M. & Valdés, F. G. (2007). UV-B
radiation effects on foliar concentrations of rosmarinic and
carnosic acids in rosemary plants. Food Chemistry, 101(3),
1211-1215.

MacAdam, J. W., Nelson, C. J. & Sharp, R. E. (1992).
Peroxidase activity in the leaf elongation zone of tall fescue:
I. Spatial distribution of ionically bound peroxidase activity
in genotypes differing in length of the elongation zone. Plant
Physiology, 99(3), 872-878.

Maffei, M., Canova, D., Bertea, C. M. & Scannerini, S.
(1999). UV-A effects on photomorphogenesis and essential-
oil  composition  in Mentha  piperita. Journal  of
Photochemistry and Photobiology B: Biology, 52(1-3), 105-
110.

Mahdavian, K., Ghorbanli, M., Manouchehr
Kalantari, Kh. & Mohammadi, Gh. (2006). The effect of
different bands of ultraviolet radiation on physiological and
morphological factors of pepper (Capsicum annuum L.).
Iranian Journal of Biology, 19(1), 43-0. (In Persian)



A¥ e 5 43 oKL Lo yule

e SIS Sglg 50 Gl

McDonald, S., Prenzler, P. D., Antolovich, M. &
Robards, K. (2001). Phenolic content and antioxidant
activity of olive extracts. Food Chemistry, 73(1), 73-84.

Mohammady, W. A., Zarei, H. & Mousavizadeh, S. J.
(2020). Morphological and biochemical responses of basil
plant under ultraviolet radiation-B and deficit irrigation
under greenhouse conditions. Journal of Soil and Plant
Interactions, 11(1), 85-101.

Nouri, M., Pouraimani, R. & Khodaei, M. (2012).
Study the effect of UV-C radiation on chlorophyll and
flavonoids of Coronilla varia L. (Fabaceae). Cell and
Tissue, 3(1), 43-51. (In Persian)

Paul, N. D. & Gwynn-Jones, D. (2003). Ecological roles
of solar UV radiation: towards an integrated
approach. Trends in Ecology & Evolution, 18(1), 48-55.

Pourakbar, L. & Abedzadeh, M. (2014). Effect of UV-
B and UV-C radiation on antioxidant enzymes activity in
lemon balm (Melissa officinalis L.) and the role of salicylic
acid in alleviating UV-induced stress. Iranian Journal of
Plant Biology, 6(20), 23-34. (In Persian)

Rady, M. R, Gierczik, K., Ibrahem, M. M., Matter, M.
A. & Galiba, G. (2021). Anticancer compounds production
in Catharanthus roseus by methyl jasmonate and UV-B
elicitation. South African Journal of Botany, 142, 34-41.

Rao, M. V., Paliyath, G. & Ormrod, D. P. (1996).
Ultraviolet-B-and ozone-induced biochemical changes in
antioxidant  enzymes  of Arabidopsis  thaliana. Plant
Physiology, 110(1), 125-136.

Rashidi Ravari, M., Nasibi, F. & Manouchehr
Kalantari, Kh. (2003). Investigation of physiological and
morphological changes in some growth parameters of
rapeseed seedlings under UV-A, UV-B and UV-C radiation
bands. Pajouhesh & Sazandegi, 16(3), 97-103. (In Persian)

Rastegar, M., Mumivand, H., Shayganfar, A. &
Rezaeinejad, A. (2021). The effect of ultraviolet radiation
on growth, morphology and phenology of three cultivars
of Centaurea cyanus. (In Persian)

Rezaei, A., Eisa Beiglou, E. & Pashazadeh, M. (2015).
Investigating the sedative and pre-anesthetic effects of polar,
semi-polar and non-polar fractions of periwinkle (Vinca
minor) extract compared to midazolam in rats. Comparative
Pathobiology, 11(4), 1447-1452. (In Persian)

Rezayi Far, Z., Fallahi, S. & Gholinezhad, E. (2018).
The effect of drought stress and ultraviolet (UV-C) on

enzymatic and non-enzymatic antioxidant defense system in
three varieties of wheat (Triticum aestivum L.). Journal of
Plant Process and Function, 7(24), 155-170. (In Persian)

Sarghein, S. H., Carapetian, J. & Khara, J. (2011). The
effects of UV radiation on some structural and ultrastructural
parameters in pepper (Capsicum longum A. DC.). Turkish
Journal of Biology, 35(1), 69-77.

Scandalios, J. G. (1993). Oxygen stress and superoxide
dismutases. Plant Physiology, 101(1), 7-12.

Searles, P. S., Flint, S. D. & Caldwell, M. M. (2001). A
meta-analysis of plant field studies simulating stratospheric
ozone depletion. Oecologia, 127, 1-10.

Shayganfar, A., Azizi Arani, M. & Rasouli, M. (2019).
Investigating the effect of different levels of ultraviolet
radiation along with the application of antioxidant
compounds on the physiological characteristics of Thymus
daenensis. In Proceedings of the 11th Iranian Horticultural
Science Congress, Urmia, Iran. (In Persian)

Takshak, S. & Agrawal, S. B. (2014). Secondary
metabolites and phenylpropanoid pathway enzymes as
influenced under supplemental ultraviolet-B radiation
in Withania somnifera Dunal, an indigenous medicinal
plant. Journal of Photochemistry and Photobiology B:
Biology, 140, 332-343.

Tezuka, T., Hotta, T. & Watanabe, 1. (1993). Growth
promotion of tomato and radish plants by solar UV
radiation reaching the Earth's surface. Journal of
Photochemistry and Photobiology B: Biology, 19(1), 61-66.

Vas, A. & Gulyas, B. (2005). Eburnamine derivatives and
the brain. Medicinal Research Reviews, 25(6), 737-757.

Vaziri, A. (2020). Applications of UV-B lighting to
increase phenolic accumulation of Aloe vera L. plants.
Journal of Plant Process and Function, 9(1), 411-421. (In
Persian)

Zhang, W. J. & Bjorn, L. O. (2009). The effect of
ultraviolet radiation on the accumulation of medicinal
compounds in plants. Fitoterapia, 80(4), 207-218.

Zhang, Y., Kaiser, E., Zhang, Y., Zou, J., Bian, Z.,
Yang, Q. & Li, T. (2020). UVA radiation promotes tomato
growth through morphological adaptation leading to
increased  light interception.  Environmental and
Experimental Botany, 176, 104073.



