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[Abstract] Objective: To study the protective effect of total flavonoids of lavender on skin photoaging

induced by ultraviolet B (UVB) in mice and to explore its mechanism from the perspective of nuclear factor E,-
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related factor 2 (Nrf2) antioxidant pathway. Method: Eighty-four female KM mice were randomly divided into
seven groups, namely blank group, model group, solvent group, vitamin E (0.013 g-kg"') group, as well as
low-, middle-, and high-dose (0.25, 1.25, 2.50 g-kg") groups of total flavonoids of lavender. The naked skin
on the back of mice was irradiated with UVB for inducing optical damage. Thirty minutes before irradiation, the
skin was coated with the total flavonoids of lavender. After continuous irradiation for one week, the skin
moisture and elasticity on the back of mice were evaluated, and the effects of total flavonoids of lavender on
histopathological changes in mouse skin were investigated by hematoxylin-eosin (HE) and Van Gieson (VG)
staining. The levels of malondialdehyde (MDA ) , superoxide dismutase (SOD) , total antioxidant capacity (T-
AOC) , nitric oxide synthase (NOS) , and glutathione peroxidase (GSH-Px) after skin homogenization were
detected by colorimetry, the inflammatory factors interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) in skin tissue by enzyme-linked immunosorbent assay (ELISA), and the mRNA expression
levels of Nrf2, Kelch-like epichlorohydrin-associated protein 1 (Keapl), BTB-CNC homology 1 (Bachl) ,
heme oxygenase-1 (HO-1), quinone oxidoreductase 1 (NQO1), and glutamate-cysteine ligase catalytic subunit
(GCLC) by real-time polymerase chain reaction (Real-time PCR). Result: Compared with the blank group,
the model group exhibited significantly increased appearance score (P<0.01) , reduced skin moisture and
elasticity (P<0.01), pronounced pathological changes in the skin tissue like epidermal thickening, scabbing,
small abscess, and severe injury, elevated MDA, NOS, IL-1, IL-6 and TNF-« (P<0.05, P<0.01), lowered
SOD, T-AOC, Nrf2, Keapl, NQO1 and GCLC mRNA expression (P<0.05, P<0.01), and up-regulated Bachl
mRNA expression (P<0.01). Compared with the model group, the total flavonoids of lavender at the low,
middle, and high doses all remarkably reduced the appearance score (P<0.01), enhanced the skin moisture and
elasticity (P<0.01), diminished the MDA, NOS, IL-1, IL-6, and TNF-a (P<0.05, P<0.01), increased SOD,
T-AOC, Nrf2, Keapl, NQOI1, HO-1 and GCLC mRNA expression (P<0.05, P<0.01), and down-regulated the
expression of Bachl mRNA (P<0.01). Conclusion: The protective effect of the total flavonoids of lavender
against skin photoaging in mice is significant, which may be related to its activation of Keapl/Nrf2/ARE
signaling pathway, regulation of oxidative stress, and improvement of inflammatory response.
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epichlorohydrin-associated protein 1 (Keapl)/nuclear factor erythroid 2-related factor-2 (Nrf2)/antioxidant

response element (ARE) signaling pathway
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) SOD, MDA, T-AOC, GSH-Px Il NOS 7K ¥ , A J
ELISA ¥l TL-1,TL-6 Al TNF-a i & & .
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Fe P 41 21 25 100 mg, A TRIzol 32 71 3 B iz Ik 41 21 1%
RNA, /i Nanodrop 2000/2000C 43 ¢ Ot B 1 46 i
RNA W& 5 S R W Ao T 1.9~2.1, AT LLIA
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Table1 Primer sequence

514 ¥ 3 (5-3") K& /op
Nrf2 | if TCTTGGAGTAAGTCGAGAAGTGT 140

N GTTGAAACTGAGCGAAAAAGGC

Keapl |- TCGAAGGCATCCACCCTAAG 135
Fif CTCGAACCACGCTGTCAATCT

Bachl 9 AGAGTGCGGTATTTGCCTACG 190
T iif TCAGTCTGGCCTACGATTCTC

HO-1 |- # CACAGCACTATGTAAAGCGTCT 80
T if GTAGCGGGTATATGCGTGGG

NQO1 |- GAAGACATCATTCAACTACGCC 179
T i GAGATGACTCGGAAGGATACTG

GCLC |- CTATCTGCCCAATTGTTATGGC 120
T CCTCCCGTGTTCTATCATCTAC

GAPDH  [1}f CCAATGTGTCCGTCGTGGATC 149

T GTTGAAGTCGCAGGAGACAA
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Hi /b 3R E R A R S A AIG r AR) d 2  A T
53 W BEAR (P<0.01) , B ik 7K 43 F0 s 1 B & T &
(P<0.05,P<0.01)., W32,
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FERGRAR . E R R R IR AT 4 HE A 2 AL AR
S5 TC AR ) s P A ) R A 4% 4 L3 L 41
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T ARG L v o 9 o 2 A — R R A, e
N T B N o N e s VU R TR 2|
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SR AR DL B S TR i e P e DT A A
4% 240 M 122 Vi A5 g P A 2 AR Oy B AR HR A L 47
BAPrAL. WK 2,3,%3.
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SEH i FH B (P<0.05, P<0.01) , SOD F1 T-AOC (1) 7K
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B1 EREZHEEX UVBBU/NNREBKLRGHBPER

Fig. 1 Protective effect of total flavonoids of lavender on skin light damage of KM mice induced by UVB

F2 EREZEMINRERIVBRGERIES RS EERHEM (3£5,2=12)

Table 2 Effect of lavender total flavonoids on skin appearance damage score, moisture and elasticity of mice (x+s,n=12)

41 51 /g ke SN 53153 K53 1% Wb/ o
2 H 0.13+0.12 22.92+3.83 46.42+2.64
(oS 13.21£1.76% 11.17+1.40% 40.92+0.99%
a3 V3 13.07+1.65 10.83+1.19% 41.33+1.15%
4e/EHE 0.013 8.85+2.54% 13.67+2.67% 42.58+1.24
A B B TR 0.25 5.49+1.71% 14.83+2.89% 42.33+1.07
1.25 3.36+1.21% 22.00+3.30% 46.00+2.62%
2.50 1.79+0.38" 22.08+2.71% 45.42+1.73%

T 528 AL IRV P<0.05,2P<0.01; 518 4 4% > P<0.05,% P<0.01(F 3~6 7).

S i A AR (P<0.05,P<0.01) , GSH-Px A F & # %,
B 25 5 T g it 2 S0 SRRV L, 3 K B G
Fi {15 v L 7 2 41 MDA Al NOS 7K SF- B 5 FAIE (P<
0.05,P<0.01), H A il a2 A MRS (H2EF T

Siit24 7 X ; SOD 1 T-AOC /K - B | J 5 (P<0.05,
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B2 EREBEMIMNAEKALREZLETHIM (HE,*100)

Fig.2 Effect of lavender total flavonoids on skin histopathological changes in mice (HE, x100)

B3 BEBREZEMN/NREKALKFBEZHEHEM (VG,*100)

Fig.3 Effect of lavender total flavonoids on skin histopathological changes in mice (VG,x100)

R3 ERELEWXNMNRERERGHFEANRBARZREERSN (1=12)

Table 3 Analysis of histopathological examination results of protective effect of lavender total flavonoids on skin photoaging in mice (n=12)

973 5 R FE 43
415 /g kg Ridit (%+s)
- + H

= 12 0 0 0.18+0.00
] 0 9 2 0.82+0.11%
a3 L8 0 5 2 0.72+0.18%
HERE 0.013 2 4 0 0.56+0.22%
AR B BER 0.25 3 2 0 0.49+0.21"
1.25 5 2 0 0.43+0.24%
2.50 8 0 0 0.29+0.16"

1 7K S B 58 T+ (P<0.05, P<0.01) 5 5 5781 2 %%
Y4z % E2H 1L-1,1L-6 Fl TNF-a 8 7K - 5 25 A% (P<
0.01) , A< #0508 A% L o &5 %) B 41 9 IL-1, IL-6
A TNF-a (197K - B 2 B K (P<0.05, P<0.01) , Hif

A B AR A 4 21 A TL-1, TL-6 /KA B R 3 5 54

BB ESEGITFE L. WES,

3.4 XF/N U K 4H 41 7 Nrf2, Keapl, Bachl,HO-1,

NQOI1,GCLC mRNA F£EW#m 525 {4 i,
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*4 BERELHEI/NREKAL MDA,SOD, T-AOC, GSH-Px #1 NOS 7k F B Z 0 (i+s,n=8)
Table 4 Effect of lavender total flavonoids on levels of MDA, SOD, T-AOC, GSH-Px and NOS in skin tissue of mice (x+s5,7=8)

ZH 5 Flh /g kg MDA/umol- g’ SOD/U+*mg’ T-AOC/mol-L" GSH-Px/U-mg’ NOS/U*mL"!
%5 1.34+2.92 724.96+88.25 3.25+0.76 12.06+2.96 1.83+0.32
[l 1.83+0.63" 590.85+108.07" 2.07+0.27% 11.07+2.04 2.62+0.95%
pray 8 1.88+0.47" 559.61+73.74" 2.01+0.76 10.94+1.89 2.67+0.51%
#fiAHEE 0.013 1.38+0.44" 757.00+185.46> 3.76+0.75Y 13.32+2.81 1.89+0.33%
A H T i 0.25 1.64+0.38 738.96+127.19% 2.96+0.61" 12.76+1.87 2.16+0.42
1.25 1.36+£0.317 730.38+111.09% 3.04+0.68" 12.70+1.95 1.93+0.29%
2.50 1.18+0.28Y 765.64+66.58"Y 3.5240.69" 13.46+1.93% 1.83+0.30"
K5 EBEREZEHNMIDRERRXEABREFRIEKENZE (X+s,1=6)
Table 5 Effect of lavender total flavonoids on expression level of inflammatory cytokines in skin of mice (x+s,1n=6) ng-L”'
21 51 Fl /g kg IL-1 IL-6 TNF-a
2 165.86+4.94 1570.45+51.73 1 514.05+55.96
fEi Y 182.66+9.13% 1707.55+142.11" 1 783.40+186.09%
I 185.74+9.53% 1723.18+127.69" 1 806.05+211.92%
Y EE 0.013 164.49+13.58" 1 548.09+51.04" 1 554.75+70.65
A EE BT 0.25 173.1248.29 1 631.50+£59.66 1 595.80+92.95%
1.25 166.92+9.11% 1 493.68496.39" 1 602.75+107.34%
2.50 159.10+£12.86" 1559.64+55.51% 1 533.05+56.27

PR 25 11 Nrf2, Keapl ,NQO1,GCLC mRNA % ik 1 R L L R R 4L A9 Nref2, Keapl, HO-1,

1 FEAK (P<0.05, P<0.01) , Bachl mRNA ¥ 33k i %
JHE (P<0.01) ,HO-1 mRNA fJFEA F s H2%
SIG i E X SRR A, 4EE B EH M EA

NQOI1, GCLC mRNA A9 2 ik B & Ft & (P<0.05, P<
0.01) , Bachl mRNA 1y % ik & # [% X (P<0.01) .
36,

K6 EREZEMNEBKAZL D Nrf2,Keapl,Bachl,HO-1,NQO1,GCLC mRNA Rk B0 (x+s5,n=8)
Table 6 Effect of lavender total flavonoids on Nrf2,Keapl,Bachl,HO-1,NQO1,GCLC mRNA expression in skin tissue (x+s,n=8)

215 /g kg Nrf2 Keapl Bachl HO-1 NQOI GCLC
S 1.02£0.26 1.17£0.32 1.12+0.48 1.03£0.27 1.08+0.49 1.1140.65
e 0.70+0.10" 0.38+0.60" 421£1.71% 1.40+0.63 0.23+0.15” 0.34+0.19"
ey 0.65+0.13” 0.40+0.52" 1.52+0.96 1.09+0.41 0.05+0.47" 0.36+0.20"
YiEFE 0.013 1.11£0.24Y 1.50+0.22% 1.50+0.70" 1.62+0.47 1.90+0.45% 1.39+0.63"
A B TR 0.25 0.79+0.38 1.09+1.18 0.11=0.14" 3.33+5.39 0.53+0.31 0.79+0.69
1.25 1.00+0.17% 2.91+0.73% 1.88+0.719 2.77+0.56 1.34+0.44Y 0.49+0.13
2.50 1.41£0.22% 3.49+0.87" 2.81+1.03Y 9.10+2.00" 3.05+1.28Y 1.48+0.76%
4 itig JUTBCTE TRy 06 48 1 4o A b i AR Ak 4 5 AR E
LA K, G RARA)ZE B R S N 2R AR TR 7 Eaﬂj““g
R A Az DR 5 A T 3 1 5 A B 1) A ik B 2R AL R R TR I HLACKE 2 AR R
BB o 2019 4F , 56 [ 9 AE P 23 AR 4 1 000 ) nﬁ%ﬁ}iﬁj?“]o I I ROS 7E M4 P A= Ji it 22 503 HLAK

B e B, B TR 8 A8 208 A foe W LAY = bR AE P HE FUVE BR % 22 , S B ROS KA HEAR 4 1k I bt 4 Ak

P AL BROLH O R AN IR G 5 R %%T*MZIKV\]%%—TF@I E T - B IR 2H 21 52 3] 4t
{1, HL A G 0 S B RN R RN RO AL T e 2N G B B A AR T

W R CBEN R o I, TP R A BPUESN s SRS, SRR BE AN SR T, B
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SOD, CAT, GSH-Px % f# ¥ 41 M % 52 #1 1" .
SOD, GSH-Px {ifi ¥ 7K °F- 5 MDA & A % AH 5% 1,
SOD, GSH-Px ¥ 1 19 = 1% i) 2 S e 1 ML AR 3 B 4
F o 3 BE 7, T MDA 7K P 1 = A% ST 422 14 s b
THUEZ B H A R ARSI
B0, HE A L EE I AR 0% 3 (I MDA, NOS 1 7%
i, JF 7 SOD, GSH-Px fil T-AOC 13 J1 , M ifii Bj 47
/N IR 05

SHMR A W R Y R 2 5 3R I R =
4 B B8 J G G LK AR T BRI TL-6 02 R
211 PN R R e INA B 7/ K= SR Tk e s R A B U .
St (1 48 RE B IV B VAR OC1 24 27 B 5 A 2k
Aok R 22 R, AT % S LG B AR PN Y 2 2 i
P TL-1 F1 TNF-o B — 8 505 A i 1) 7= 2, T %
PEAE IR, 400405 41 23, 4k i fin 2 S RE S T, AR SR
F 9% & PR, 3 AK R B TR A 4% 0 3 AR IL-1, IL-6,
TNF-o 55 4l R AE P 19 2635, AT AT L] UVB
U5 19 B2 IR 90

FEPL R WG PR R A R ) J7 T, A R 5 B
A EBRAAE . 16 BT A A AR 2 P A AL K
o N2 {5 5 KR A O A, Kelch FEFR R AT
JHe A & 26 H 1 (Keapl)/Nrf2/5it & Ak I b 7614 (ARE)
15 45 T8 [ 2 di B 0 B SAL AL I TG B LR A Y
e TR A 36 Tl R T 4R T 2R 1/ T 20 L By AR DR 4
ook ¥ E AR . fEAEEUIRAE T, Keapl B o ] £
Nrf2, 7617 R #8210 3 0194E K Nrf2 5 Keapl 25 & i
TRl Nrf2 JCIE IR A 4B P R AT A SR i 45 R
FEAN LT, 22 S HE— 2D Bl Ay % UL R Bach1 5E
AAFTE T A, 5 Maf i 5 0/ (MAREs) 45 &,
MG B —Fp 5 R AR ARE, 5 80T liF 52 Ho 45
14 Bt S8 Ak 0 T 1% 2% 38 2 B R A SRR T
i, Keapl 5 Nrf2 & A= (K 5, Nref2 iF A 40 M 5
5 MAREs 45 & il 5 R AR, 5 R IF 454 ARE, i
i A R s S NV E =SV L AN AR
A A -1(HO-1) , Bt %A L8 J5 5 1(NQO) 1 Ml % &4
1% 21 e 22 2 3 42 6 i AL 7 3 (GCLC) 4%, A UL fE %
KA UV X 21 2T 248 M 1 A0 Ak 453 495, i ke 3] B 47 1
FHP A SIS W o 3R B, B RE R O o 3
Jh B Nrf2,Keapl,HO-1,NQO1,GCLC mRNA f¥ &
ik, B# (% Bachl mRNA [ 335, kMl UVB %5 T 19
B R

A 5T R 58 A0 67 A B GF KM /s BUTF 38 0
Jok 38 3k PR HIROUR 5% K s BT R 45 B SR B A 4 /N
BRAMI B2 NI 5k, REZ HEREMUV ZE K

JoR A58 497 iR T 5 R R K 43 R M B R AIG L DA K
MDA ,NOS ¥ . J} % , SOD, T-AOC W it [FA A% , IL-1,
IL-6 fil TNF-a i % F+ 7 ,Nrf2,Keapl ,HO-1,NQO1,
GCLC mRNA /9 % ik 8] & P& Ik , Bachl mRNA i %
IR TR, WY RO A A5 )N BRURE R AL ) .
AR B S PTG IO 5 A 2 R G g R /N B
JER KRS DR Pk 453 005 % B 4, O B AT — 52 By 7]
BN FR LS 56 T FH 3 R 6 i R 2 R LT
A s 0 2 S AR N e Y N SRR
AACTEIS 45 m AR W iE o, R RS RIEM
R AR A 4 1 IR 7 260k, T st ok 2 g o a8 Ak 7= 1 1
HERR 90 ] AR L R o

ARSI 2% SR 3 Y R A R R A A% T P I
SRS T 1/ B OGO A, X /N B ik 2
LEA YR B, HAE RS AT e 5 T
Keap1/Nrf2/ARE 15 5 18 B , W % R 4 S, 37 &
AR GAVASEE TEEE

(R3] AXRAEAEATH B .
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