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Biological effects and potential applications of UV-B radiation on medicinal plants
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ABSTRACT The accumulation of secondary metabolites is essential for determining the quality of traditional
Chinese medicinal materials. However, as medicinal plants transition from wild growth to artificial cultivation,
issues such as reduced active components and inconsistent quality have emerged. Ultraviolet radiation B (UV-B)
radiation can stimulate the production of endogenous protective substances in plants, thereby influencing the
synthesis of secondary metabolites. Understanding the effects of UV-B on secondary metabolite accumulation of
secondary metabolites in medicinal plants, along with the associated mechanisms, has become a significant research
focus. This review systematically summarized the response strategies of medicinal plants to UV-B radiation,
highliting its effects on the growth, development, physiology, biochemistry, secondary metabolite accumulation, and
stress tolerance induction. Furthermore, the potential applications of UV-B radiation in enhancing secondary
metabolite synthesis and improving plant stress resistance are explored. Current research challenges and limitations
are also discussed, offering insights for future advancements in this field. This review aims to provide a theoretical
foundation for the practical application of UV-B irradiation technology in boosting secondary metabolite content and
stress tolerance in medicinal plants.
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Fig.1 Schematic diagram of the effects of UV-B radiation on
the physiological response and secondary metabolite synthesis
of medicinal plants (color online, red arrow represents
increase, blue arrow represents inhibition)
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Fig.2 Key catalytic enzymes in the biosynthesis pathway of flavonoids in plants (PAL, phenylalanine ammonia lyase; C4H,
cinnamic acid 4-hydroxylase; 4CL, 4-coumarate-CoA ligase; CHS, chalcone synthase; CHI, chalcone-flavanone isomerase; F3H,
flavanone 3-hydroxylase; F3’H, flavanone 3’ -hydroxylase; DFR, dihydroflavonol reductase)
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Table 1 The treatment parameters of UV-B and its effect on the content of secondary metabolites in the study of
medicinal plants

95 Wk TR AL B B/ ] UV-BIESN S 4 124 SCHR

No. Species Plant materials Treatment dose / time UV-B radiation Main results Ref.

parameters

1 EEHE AR WK 8:30-9:00;5d. 1SW - R 25 v B A 2K B E A R S I TR HOSE  [29]
Polygona-  2-year-old 10d.15d.20d.25d ND K144 i1 The content of flavonoids in leaves
tum plants Daily 8:30-9:00; 5d, 540 pW/cm’ and tubers increased with the prolongation of
kingianum 10d,15d,20d,25d radiation time

2 W 2 HE S 6h.12h.24h.36h. 40W STy BT A B A (S 2B [30]
Thlaspi ar- 2-month-old 48 h.60 h 7=290~310 nm M5 FEAIK VG S, OB 2 &2 i g
vense plants 3.26 uyW/cm’.  Total phenols and sinigrin increased first and

9.78 uW/cm’ then decreased with the increase of irradiation
time, and the content of total flavonoids in-
creased gradually

30 AKHE 40 R#ESFHE AR 12:00-13:00 ND HEREGER S, REHFRTEMNERELEE  [6]
Isodon ru- 1 40-day-  10.20.30d Je=308 nm FJt The content of luteolin was increased,
bescens old cutting Daily 12:00-13:00 10 pW/cm’~ and the rosmarinic acid content and accumula-

seedlings 10d,20d,30d 20 pW/em’ tion increased significantly.

4 RIELE 34EAMKE 12h.24h.48h, ND IR B ) BRI RSB TR R [46]
*2 Taxus  3-year-old 72h.96 h ND [%fi% The contents of taxanes and flavonoids
cuspidata  plants 9.71 uW/cm’.  increased first and then decreased with irradia-

29.24 yW/cm®  tion time

5 H® VEEAERIFR REK9:00-17:00 40 W HHET CHREREAH AR S ERET 9]
Glycyrrhi-  1-year-old 4N H Jon=313 nm % The contents of liquiritin, ammonium glyc-
za glabra  plants Daily 9:00-17:00 70.93 uW/em®  yrrhizinate and glycyrrhetinic acid increased
L. 4 months significantly

6 = 34 05h1h3h6h. 40W T W H2 = [22]
Tetrastig-  3-year-old 12h 4=280~320 nm  Phenols are increased
ma hems-  plants 10 W/m®
leyanum

7 fAf SEAMTE  2.81 kI/(m*d) — SRR e AR T [47]
Eucommia  S-year-old 3d The content of chlorogenic acid and genipin in-
ulmoides saplings creased
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Lk
i Wb TEYIAA R Ak ) B/ 1] UV-B U S5 1 24h 3Lk
No. Species Plant materials Treatment dose / time UV-B radiation Main results Ref.
parameters
8 it 2.2 kJ/ (m’«d) ND TRI% A TR [21]
Perilla Seedlings A 2:00-5:00;35d ND Increased rosmarinic acid
frutescens Daily 2:00-5:00; 35d 0.05 W/m’
9 ARA 4 g% 7.14kJ/(m’d) - TR AW B 1Y (48]
Ginkgo bi- 4-month-old 1d,3d,5d,7d The content of flavonoids increased significant-
loba plants ly
10 ¥% BERRIEY 20 kI/(m'ed) 30W S O E AR [49]
Scutellaria  Suspension 3d A=290~320 nm  The synthesis of baicalin was significantly im-
baicalensis culture ND proved
1 3AWE 40 min/d ND NS S5 0 5 S B L B ERAE R VB EIEH T [50]
Astragalus  3-month-old 10d =313 nm £ Trradiation significantly induced the pro-
mongholi-  plants 33.5 uW/em® duction of isoflavones, verbascogenin and ver-
cus bascoside
12 WK 3EEAE 40 min/d 30W TR AR A ) 7 B 25 B [51]
Astragalus  3-month-old  10d An=313 nm The content of isoflavones in leaves and roots
mongholi-  plants 33.5 uW/em® of Astragalus membranaceus increased
cus
13 HK 34 KikIE  8h ND BN T BRAR A S S 2, SRV AR [52]
Astragalus  IRIR Aon=313 nm HiEPE R E N The isoflavone yield of
mongholi-  34-day-old 3 W/m’ hairy roots was increased, and the antioxidant
cus hairy roots activity of the extract was significantly in-
creased
14 Hx AT 15 min ND SR A O BN, S G SRR A AR [53]
Morus alba Seedlings ND 2 Flavone synthesis related enzymes in-
1345 uW/cm®  reased, isopentenyl compounds accumulated
15 Afif 2AFEMIME 2hd 36 W My E e g BT R SR [54]
Dictamnus ~ 2-year-old 7d 1=280~320nm &4 LA RFE Phenolic compounds in-
dasycarpus plants 25 uW/em’. creased in stems and decreased in leaves, and
Turcz 50 pW/cm® flavonoids increased or decreased
16 EEHE R 2h.4h.6h.8h.10h ND A RSB IR R IR FHHRRA R R & B [10]
Glechoma  Tissue cul- ND Effectively increase the content of ursolic acid,
longituba  tured seed- 0.15mW/cm’.  oleanolic acid and chlorogenic acid
lings 0.30 mW/cm’+
0.45 mW/cm’
WA VE| VAT 14.11 kI/(m’d) ND 2w R 5] 20 R R S B P ) 2R 0 OGBS B [19]
Angelica si- 1-year-old K 8:30-17:30 /=280~400 nm  FRIE,[ZEEL ISR & =40 The key en-
nensis seedlings 4N H ND zymes encoding the biosynthesis of ferulic acid

Daily 8:30-17:30

4 mouths

and flavonoids were up-regulated, and the con-
tents of ferulic acid and flavonoids were in-

creased
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No. Species Plant materials Treatment dose / time UV-B radiation Main results Ref.
parameters
18 k¥ 2AEAEMERR 180 J/(mPed) 30W A NG F A 5 E I [27]
Schisandra 2-year-old 30d A=313 nm Increased lignans and phenolics

chinensis ~ plants 10 pW/em®

19 0% RIGIER lh 40W HJAEAEIT H PAL\CAHACL & PE VR /MR [44]
Chrysan-  Postharvest 2,,:=305 nm PIFRAEIAE N RSB EERS
themum inflorescence 400 pW/cm® The activities of PAL, C4H and 4CL, the con-
morifolium tents of UV-absorbing substances and carot-
Ramat. enoids in chrysanthemum inflorescence were

significantly increased

20 HAiE KIGAER 2h 40W HRIERTR NHERR SIS H ML EM SR [55]
Prunella Postharvest A, =305 nm HAFFREMIRTE The contents of rosmarin-
vulgaris L. inflorescence 120 uW/em® ic acid, caffeic acid, danshen glycosides and

hyperoside were improved to varying degrees

3  ZUAFEN AR UV-BEIZAEEYR
5= 2B FHLH)

TR, REAF IR UV-BXHEYAEK KRG
M RkE H a3 2, H2 T ERE RS T
A Fr it — IR AN BN . A B HOR Pk & e
RSB AT FEIGIS 7RG S, ok 1 FRATTR
UV-BAaSI B A B RE . 9, HekEz
(1) 2% AR A v ot 1 4 B R 4 de novo M TAE 258
B, an 295 B8 #H (Bupleurum chinense)™" . #
1 &Y L K f# (Platycodon grandiflorus)™ . ¥ £
(Astragalus mongholicus) %5 . A= FE[K 4751 It &
1, A BT IRNR I 25 - s Ve oy AR &
BOEAE, PR € AR 245 F ) R R R AL
BT FIERE o 24 P AL 8 DR A0 Dy &% 288 368 DR R 1)
$E 5 MR T EER AU B Dh Re iR B A
ol , SR AR A R IR 2H B o B AR T 1
AaDof ¥ 5 K1 X R#HT T %58, It 172K 0%
B TE 7R B R UL UV-B AR S 26 1 R IR e
7 o RCEE S By 4 BE R 2H B0 S e T W A RR
(Apocynum venetum) ] UV-B J 24K, K P12 4 #k
HAELE 6 N AVUVRS JEIR, 108 J5 8tk — B it s &
Aii k)& UVRS FE R Dh e S {1k 1 54t

2 IR 4 e v Ji ok i 7 R L e s R S R
FAk KT FARE ) = B2 SR i AN [R] B P4 85 38

SR, DAAE G TR AE Wi 8 A G R 2 B (1 () BT
FRRZHEPEDBIUNER, XE—EREE LR
il 7 FRATTRE 245 FH R 4 A 5 e o )97 D R I A AR
P A BOBEI RGN . TR, MRS
. EEA. RS IR H 28,
X ELHG AR FI BT 2] - H A AE UV-B 5558 5 R 1)
oy Fu R LEIRME T TR, 2 UV-BAE S,
EEXT 2 IHURIH 2 57 s A i R, Hogmig
B 2 /% (CHS . CHI. DFR I ANS) 125 3% i (CHS
CHI.DFR F1 ANS) [ 2E W45 RO BB 72 04 3 ik 122
I R ) A, T A e R R RN 288 T A
EEAAFTINT, UV-B 85316 5 5 10 s 4L
FURE, HROSAERG. AR 20 A A 4%
FIRE Wi 25 (00 R0 5 T8 D R O 1) 2 TR 5 o ) 0
FIARIERE G, T ERED G RO,
KA & -4, 11- )% & BB (Amorpha-4, 11-diene
synthase, ADS) FI 4 fitd 5, 25 P450 1 i 11 5 I 2 1/
FRALEE CYPT1AV 2 2k A Je #H 5¢ WRKY #% 5% [H
FIRIEEEZE LR £E5 DR LKA UV-
BARHTIEFH, 8IS i S 2 oy A s S 2R
B AR A OG0 7 AN g MBS R 25 N ESRTRL T
HohgE /I CHI. C4H R UGT79B6 55 6 AR it
PRI BRI LRI LR, Zhe R H &
20 2R 2 22 50 R B, UV-B R 5 45 4 s Ab
HEF 5 KRR & BN B S =R RIE T

020101-9



WA A SE S T2 % 2025,43:020101

BE 5 A5 AE T AL AN 2 R OR B PUAFAE SRR
ABC ¥ia 8 A Al Refie it 178 SR I 0 B rp 2R ) Tl
(RIRE TN o 38 H T R AR e s 4L A 2 R AT
FARW, UV-BA | HEMEBERAB I, #H
Oy BRI 1) BB VR 5 PUAAL TR & A 5%, b
RN B A W) 5 K S i (0 B R AR 423 UV-
B UM Jm 2 B B T I B AR AL
AR 40 0 R, UV-B BESHROE T KR 1E4S
BRIV ) B R A/ B R A 2 1, ALk
JEURR S 8 B B AT AT REMEAL T R AAR P Y
A, T =R IR R G R e BE T ATP AR
NG e A DB S A D ) A R T RER . AL
I AR 2R 2 #7R UV-B JET 5 25 FHAE Y A
N B 735 I 5 I 2% B S L EES, E TH B B
U 8 B AR 3k 245 P AR v A2 R 2 B A 2 R )
& BB HEAT 4%, DA 25 R E N Tk
BB AR R LAY W) 5 RS B2 B L
HESh R =R A A BRI B AR A A
Ko

4 UVBESHAEHHAEVESHIHNEBE
A

41 UV-BSHMIBUETFHARSRENRE ™
MR

BT, 2 AR 0] DURAR UV-B IR
X 245 FH R A A A R 3 R AN R S . I G ]
T AEAEP T, ATRES P e
W EFERIER, S EP AN 2 0 AR A & 1T
FEAE SIS, 5, Zhu SR Zheng SR IE T
th, UV-B5BEEHITHG AR, ReefiKEL
(Catharanthus roseus) F1 M| Wk 28 4 W) Bk . 4R A
(Ginkgo biloba) W 15 [ 21 R 475 A 18 DA S T 57 AR
(Mahonia bealei) W AE W) B30 v i 28 A6 & WD 0 &5
AR LR, SR, BCR A UV-B BRI b 2
W, 5K A B AR AR R S R A,
£ UV-B 585 2 Ja 8 I w5 Ab 2, B Al 3R T+ =5
(Tetrastigma hemsleyanum) " Wy 2 %) Ji 1) JiT &=
oI

A, FEYR S UV-BECE R, A
AE 8% 0 245 FH R AP0 A AR 7 0 R AR 3R R 4% I 1) 1
TAYER . 4, Wang SE0RE 2R F 8 B R (Methyl

jasmonate , MeJA) F1 UV-B X & H, Hll¥L 7 F1 =
(Salvia miltiorrhiza) EAIRWR TP A B, I
LA P b R 2 0T P2 AR O A ) 3- 5
S3- FEE K WA B a & R B§ (3-hydroxy-3-
methylglutaryl-CoA reductase , SmHMGR ) il 7 - %
% R & H B (Geranylgeranyl diphosphate
synthase , SmGGPPS) & [K| (1) 1A 15 %5 Wip [7) 1 15 4
o S 4h, AEXF 7 5t 0 A U5 7K 4 & (Salicylic
acid, SAOACELE, LA IR tERISIE ] 1T 74
TR TRE BT, XA RS T
X UV-B il (17 52 58 /15" . Pandey 55 7 7E £t
Xt % Rg (Psoralea corylifolia L) [/ #F 58 H K B,
B (Co) LU BRI TE DT N, 535t
PR R o S AL 0 . SOD A4 bk H Ak -S-#4 R i 1)
WEPERG 0, HET A RO AR T UV-B P i B
ROS fI MDA & %, i HA£ 5 & M UV-B k& 4L
P2 Ja, *ME TR E-E SR BT R IE G N i 1
B . TEfR (Mn) F1 UV-B Bt & 4 3 T, W 4
(Vaccinium corymbosum) W46 T 2 Ay 2 & 1 50 3%
LT

f£ UV-B 5 HAROGIRIB G A 7 1, WF iR
WY, UV-A %55 7] Lk 42 UV-B B K 1 7 1 520,
PR YA AR . AT UV-A REBE IS NG
GRS E LR R CER SN G Cn 2k
B NERAUNF THENAIED S, e
WK B, XRZAFERA UV-AMTUV-B G
AbF 7 20, AT I Py N v i ) R A DAY
D) TR N | B TR A Nl =l i e s B
(Photosynthetically active radiation, PAR) [A] £ ¢ %
A AR R AR A B R AL A I R . E Y
SN LG T AL BE X S AE E 8 (Medicago sativa L.)
UV-BHitE e gk AT THR5T, 45K, Kl
JETALEE B, Hort g RS L ROG AR 1
B, PUAARETE AR R 7R, XA
GEfR 1 UV-B X 18 P )8t o 7k NE
AR AR R BT R AR T 2%
R {sf H PAR XJ 24 FHAE P b 47 TiLAL 32, 1 5 P a3k AT
UV-B 4, it —k, 7Ef2st AR R
(IR, 30 BE A DR B AR 4 B AN 52 52 A B M /)

it UV-B &5 5 H A 84 DR 1 92 5 A2 i ] 35 1]
YER T 25, a3k 1 o e AR AR = & e
AFEm I BARTLERI S, B AT EOR TS 2TEm T .
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O X 28 A -7 f4) ik [RDA HIARAT RT REfie S AL % g
BMEES T HE, JISEZROLE R
] AR R AR . 00, A PAR A0 B g A8 1Y
SRR A AR I RCR, MR AACE P P I & B
FAEReEAEAY . ShAh,  MHM BN o BEAL D
RES ORI B DAL, BAR KRB PUEATS

PESG 58 DL RS E M s n, - 1M SR T HE X UV-
BT 32 1% (EAREERNRE, AFRPEE R
T Z A S S B Sl A A R R DL, X
525 R & RIS K 2R R I B R AW
A2, m AR AU M A R (B 3D

1 1
1 1
1 1
! vA :
' - =@ ® Antioxidant enzyme
: E Y v Secondary :
| MeJA. SA. PpaR Synergistic activity increased . 1
| Cr. Mn s o ) metabolites are |
effec ncrease in
: E> Z> increased :
1 osmoregulatory : . 1
h v Stress resistance is |
h substances |
' ) enhanced |
h ® Improved photosynthesis |
1 1
1

3 UV-B 5 HARBEAL PR 065 24 FAE Y A B[R] 52

Fig.3 The synergistic effects of UV-B and other physical and chemical factors on medicinal plants

4.2  UV-BiEStAIBIE a0 i 1t

A XOE N AE R YIS T — M ia s, X H
A IE i 2215 DR m B BT —
%, KH UV-B IR G DL AR P77 s AH < i) Bt
o, ZEWFRNRAN) 2. FIRIEFR, UV-B
ot Ak 3 T LA 073 AR 00T Folk 38 FRT IS 52t o Bl A,
HEE LT UV-B BBET, T4 FHE R B AL
WV PR DL S B 2R A B & B, a3k T B SR AE A 1)
BE P, TR A TR R S R IR
TN, B FEAT CEucommia ulmoides Oliv.) flt 1 fi&
B FER B, UV-B YA RENS 2 25 46 AL A 2E AR IR
FOIIE R B G A A B AR, TR PR
ROS il MDA & &, DLt 2 7 AL 1) Bt KR
EARE

BRItz A, KRR UV-B ik 22 52 00 K%
PE, X H b BEWR T UV-B O R A 0 B AR
FAYSY, A0 58 L 30 s 3 A A2 95 A AL ) A 2 v A
YIa & %77, 3k AR R A A AR O .
Meyer 258 T UV-B $2& @ bt 1 1 AH ST 72
f7 AR E I UV-B A B T84 sm st e /g,
I B i FEUCRR E A DA LB B A S S
(A R, B A B T SA R SR Fi R (Jasmonic
acid, JA)SFIM ARG T M7, RS BR(CH F

RARPBEK . Kk, 3&EXHEYHE N UV-B 7l {E
R BUR R — M AT B A, W
RN, SRS UV-B 24 A K= 4 41
s, 755 S EOCE MG, 35 A& K
BAFIRGE, Fol RSN,

Y AEHA UV-B e it f2vh, 2 5 Bh DNA
RGP R 4H R B I SE R B AR 4 L B
B EIEAZ o X B R MAB AL 22 X FE ) 24 AR 1)
E/UR G TRatach A S NI Ne 13 =AU RSN X WA BB ERZ
IERREFT. Rk, WHHEPDEEAT UV-B 8 5 105 554
W, BEME D 25 4 5E 245 B AE A I A e DR 1 ) i
2,

gi Pk, RAGEHEMUV-BIAN TR, 6%
ORI PRI S, EmMBRESES, it
R Ty, B SRR B L. X
SR, R UV-BEES S T 258 A= 3T, 8%
30T R A T 1 A R s R B A B 0 7 AR AR
s (B4, REMFICHZ R HRE T UV-
B % 565 % R WP g 1 DA R B0 P I AR T O T 2K
N, AR, XT3 A R AR AR UV-B 1)
JSEATL ) 7 THT T A 3 R P R SR AR X — )
EMARE RSN, XTE—ERE LIRS T UV-B4R
SFETE 24 PR A2 7= DL R S s A ) P A 1 %
NiFH .
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The principle of UV-B enhancing the stress resistance of medicinal plants
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Fig.4 The principle of UV-B enhancing the stress resistance of medicinal plants

5 (o)REARREE

R HER, AT A uv-
B {5 5 1% Tl 1% LA KSR S ATL I A R 2 8 HUAS
TRFVRE . RAWT UV-B X 25 R 7= 4 1
SR e FLL, A BTN TRRIEE S, Eid
R R P R BE N1, S o “ & MR 7
T A e T . BB T D S T —
(IR, (B AE 24 FAEY) 32 B UV-B 48 55 i B 2 4R
(1) A A 2 5T 9 T T, AT TR I 125 22 ik A il 1R 1)
SR ) S B

BUV-BRRG S Em S, HlmAres
Wiz Ak, X EBE TR 2 AP AR 2 7 L R SE
AL E 2O 2 RGO AL, i 5 O DUR E
NSRBI %alh R T EPR T S NE 2
T UV-B GHEY G #4150 52 m L, i e
ISR AL AR XS B = . O T HERE UV-B A AL RCR e
% B8 U R SR AR P R AR DAL, R ia ) R 2
XFSRIe e BTG, R R LR HEA I R BT
A AR T UV-BEE ST SR SR, K553
Bi N1 2 (828 HARF M oe, X2 %A
(24 FI R U V=B Ab B S5 W M1 SR 1 5 PR i 42 56
o METET UV-B FidF BT, K2 KA T
R, SR, e JE N I R A7 R A R R G
Ji 0 25 AR R AR AR AR = AR R, H
BT MG AR A . AXTHR A LSS 3T UV-B BT A 510 J= 58
ARG S5 F %, 8 UV-BAS 5165 JBOK
DL XA . KRB AOAEAGH = A 10 4
o B EEE . HhAh, UV-BIE 520802 LA
— PR A ) 7 AT RN S, B H
il AT UVRS 2 AR REE /) 3 UV-B N, fH 72 HoAh
A REAFEN UV-B IR Z R T RIRE . REN

IR ML 7R UV-B X 25 TRV I WL, 2 o8
LRI, 4 BRI SRR T
AU 73 T, ) 7 3 2240 1 UV-B 3 RE AL AR
Br g, DAESRIETH rh 2568 I P A A 72 20
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