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Abstract: Citrus fruits have garnered increasing attention owing to their prominent position in commerce, and valuable
essential oils can be extracted from the by-products of citrus fruit processing. Citrus fruit essential oils mainly consist of
monoterpenes, sesquiterpenes, and their oxygenated derivatives, along with other components that confer a variety of biological
activities, including antibacterial, anti-inflammatory, antioxidant, and anti-anxiety properties. The essential oils that are extracted
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from citrus fruits thus possess broad prospects for application in the food, healthcare, and cosmetics industries. This paper provides

an overview of the major components, key biological activities, mechanisms of action, and safety of essential oils extracted from

citrus fruits such as sweet orange (Citrus sinensis), mandarin (Citrus reticulata), and lemon (Citrus limon), with the aim of providing

a scientific reference for the practical application of such oils.
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Fig.1 Types, main components and activities of essential oils

extracted from citrus fruits
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Table 1 Comparison of major volatile components of different essential oils extracted from citrus fruits

A i 4 AR 2R (HXTEE/%) RHER BFH LK
d-#7AE M (85.5% )« A AEM (0.9%) . 8- =M -1- B2 (0.8% ) « & HF 81 (0.7% ) « F 482 (0.5% ) . BT (8]
REE (04%) « Bt (03%)
A d-AP#EH (91.6%) « AAEM (1.3%) « %4 (1.0%) . o5t (0.9%) f-&#k (0.1%) .
C. sinensis a- AV (0.1%) « FE (1.4%) . A (02%) . &8 (02%) . 458 (0.4%) . T HH [9]
Essential Oil - (0.1%) « 1B (0.1%) . ZEATE (0.1%) . LEAERE (0.1%)
d-¥AE M (42.8%) « o-Tkt (4.5%) « 3-%H (4.4%) . 548 (4.1%) . EXE (4.0%) . b [10]
FH(3.3%) . FREH (3.2%) . (R) - BALATARSG (2.8%) « £B5(1.2%) « a-6 BBE (1.2%)
d-FPH (92.6%) « p-th et (3.4%) « B-F-t (1.6%) . o- ZH (0.6%) . -
A (03%) « av FHEE (0.1%) RAM 1
gk oa-MAGH (0.9%) « a-&ts (3.5%) « 4-ZFH-1- (1- FATHE) - KK (24%) . 2-M) i
C"lrff:ifd’jm Mk (5.6%) « d-A7#EH (68.5%) « 3-B M (11.3%) « A (1.2%) « a- #6 8% (0.7%) i [12]
Essential Oil d-#PBH (90.7%) « AAEME (2.1%) « -8t (3.9%) « a- B (0.5%) . LEL (9]
KB (0.1%) « FB (02%) « TEAELE (0.1%) « TEEE (0.2%) )
d-A7H (61.8%) « B-Fk (8.1%) « p-issok (10.6%) « B-LX M (1.6%) . 1R (3]
FEt (0.1%) . TEATE (0.6%) . LEAEILEEES (1.2%) "
A - (32%) « f-Tt (9.3%) « d-A7HM (61.8%) « #E b (3.3%) . AFHEES (1.9%) . - 4]
C. limon a-HERME (13%) « A8 (1.1%) . (Z) -3, 7- =932, 6-F 4t (1.9%)
Essential Oil FeAEH (59.1%) « fsilh (52%) . p-fE i (9.7%) . B-4nik 5% (3.6%) .
NEXAMAGK (2.4%) « 3F4FEI2 (3.3%)  AoFBE (2.1%) « f-BAH (1.0%) . &I T [8]
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2 JE
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A LE
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(Z) -A3#28 (13.38%) « B-AHM (0.9%) . KARE HH-D (0.22%) . EAHE (2.11%) -~ ’
‘ B-SEH (104%) o d-AeH (44.0%) « p-#E kb (8.5%) « B-Lni& b M (4.7%) . :
é‘*’ﬁ%‘/‘b B (125%) « o BAHH (17%) . 0-2-% 4 (1.5%) il [21]
. maxima -
Essential Oil ~ 3- %M (2.2%) « #H (5.8%) « B-Fbs (0.8%) « p-AAEM (0.3%) . d-ATHEH (85.3%) . + [22]
BB A M (03%) « APAREE (0.4%) « BAHER (0.5%) . FERATES (0.4%)
p-RAENE (9.4%) . dATHN (52.8%) . ARMAE (11.8%) . a-thihB} (32%) . 7-FE g 23]

F34-=H (1.1%) .« 4,8-—F R F 38 — 4 -2- 8 (2.4%) .

LB AR (1.6%)
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Fig.2 Chemical structures of mail volatile components in

essential oils extracted from citrus fruits
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MO EAR B AR S . 2 IR 90 RS, FHEAR 28 SR 5
¥ W xT K W AF B (Escherichia coil). 4 ¥ 47 %j Bk
(Staphylococcus aureus) F1 2 #h & & (Aspergillus
niger) %5 HAG PHIAE FH PN T [R] Ff 28 b A 246 SR s
KR A FIRAIE R (R 2). Flhn, NS EE
B[R H Y EEHE (Penicillium expansum). 75 EH
M (Pencillium chrysogenum) “5E . HFEAS ot
il MR B (Rhizopus stolonifer (Ehrenb.) Vuill.) %% 5]
A 7K SR T 9 P TR EL A Bl B o SIEAGE A a1 %o
AR I (Colletotrichum gloeosporioides) ¥ Hi
% (Rhizopus stolonifer) Z5JEIL R PLETEIED . Hah,
AN [ FRY R A7 24 TR SR i o (] — o i ) 4100 o RO AT
JIT % 5. Manuel 2P Lo 7 B ARS . AT RE . B
MRS, AR o R M. FHEE L
JpeR T 5w AR, 15t ARk oo 2 it w1
FI R R B e, AR e X B 2 B A A AR B AR,
T 780 260 AR W RH LG T 5 A0 3 e B B b 00 o) 7 8 B
PORT BB, MR 2R FE SR B R &
FhEAE A K.
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GV, ORS¢ REAT R ) 58 B R (Fusarium
verticillioide). ¥t MME T (Aspergillus flavus). M
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Fig.3 The mechanism of anti-inflammation of essential oils
extracted from citrus fruits
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Table 2 Antibacterial and antifungal activities and properties of essential oils extracted from citrus fruits

i 4 AR LKA MIC EEEE
WHIFAE (Bacillus cereus ) 1.5+0.3 mgmL"

B et eHEH EHRB (Staphylococcus aureus ) 1+0.3 mgmL" [45]

C. sinensis Z44% 1 (Listeria monocytogenes ) 0.5+0.2 mg-mL™"

Essential Oil

2w ER (Aspergillus niger)

6.67 +2.89 mg-mL "’

[46]
HwmE 12] ( Aspergillus flavus ) 8.33 £2.89 mg-mL"
2 E E] ( Aspergillus niger) 6 25 pL-mL™
- FIVERHER (Penicillium sumatrense ) 40 pL-mL" [47]
Frfbin KWAF# ( Escherichia coli) + :
C limon T@ scherichia coli 13.02 £ 0.0 mg-mL
Essential Oil X 5 RAFE (Arcobacter butzleri) >4% (V/V) [48]
AHE %Z@ﬂ # ( Bacillus subtilis ) >12.8 mg-mL"' [49]
MR i K F AR (Mycoplasma pneumoniae) 0.5%
C. bergamia K B FRAR (Mycoplasma fermentans ) 0.06%~1% [50]
Essential Oil
AFLF gk (Mycoplasma hominis ) 0.5%~1%
KIHAFHE ( Escherichia coli) 1500 mg-L" (51]
ES $HFOFHE (Bacillus cereus ) 750 mg-L™'
C. aurantifolia o ) ) 4
Essential Oil ZWHER (Aspergillus niger) 140 uL-mL (52]
Z % H%E (Penicillium chrysogenum ) 100 pL-mL "'
eHEH EHREA (Staphylococcus aureus ) 100 pL-mL "'
AhF ¥ C. maxima n " ) N . s3
Essential Oil AL FI0ATE (Bacillus subtilis ) 100 pL-mL [53]
KnAFH ( Escherichia coli ) 50 uL-mL '
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RAEFE XS T F R CRAE S S, H R R
E N2 G SUR G R e Y. 2 R G R
SEHRE I CIE SE B PUARIE . BN, Mt (Citrus
medica L.) JZ ¥ W 1E IF 2 B (Lipopolysaccharide,
LPS) 53 /N R B0 (RAW264.7) R
B R R Bt 200G M, AR R H0H A0k (Half
Maximal Inhibitory Concentration, ICs,) 4 17.0 mgmL '™,
I — ) (R BPF U ST S A ek R RS i 7 £
41 LPS 5 3 (11 RAW264.7 4H s 4 S5 84 LA K244 P /1N B
i AR e AR P L PR AR . Yang 20T
AR EME, MNE&MH (Citrus japonica) FiT (Citrus
maxima) JZ W2 IR I RE L2 A R PR ER - -
(Tumor Necrosis Factor-a, TNF-a) Fl—% 4% (Nitric
Oxide, NO) /4, X—1EH SR -t H
FEM  d-FTENE S B-20 W0 . D5 RRBE L A DT R AN -
BB VIROS, He ol a-FA i R 30 e 00 5 1 Bt 0
P Kummer 25578 LPS 5 S 1 /0N 55U A 28 B 700 o
W, d-Frasds A 18 1L IR TNF-a 117K DL H s 441
iR 1 40 M e Ak TR 7 ok R HE BT A AE F o Rufino %57 1Y
ST I, AE E A -1 (Interleukin-18, IL-1)
ASDNE 7§ & ey - it S Y S Fri . B ]
M NO 4R 5 %S M —H AR G H (Inducible
Nitric Oxide Synthase, iNOS) fJZRiA, [RIRBHII 5 %
i S A IR (S SIS AL, AT R I H Feht 205 e
FE) I F A5 3 10 /0N B0 P K A0 A SR 51 RS )
KRR SLIR A, AR A SR T
M SOR, X BT R ROR AT RER T d-Ar B0
IR,

RE S L A2 AL AA R 25 b 453493 ) S B 48 1 f
NE, ¥R 2 PSSl g My L. A% R NF-«B
(Nuclear Factor-xB, NF-xB) & — Fl S5 i) 5 5% K 1,
FOBE 22 )3 Bh R A SE R )36 5% . Shen 26 R BLTEHEAE
AT DU o 4] NF-«B {5 5 18 2% /0 30 8 5 il -2
(Cyclooxygenase-2, COX-2) mRNA Fl & [ ) & 15 Al
A% TNF-a. 140/ 2 -18 (nterleukin-18, IL-15)
MEAEANE-6 (Interleukin-6, IL-6) 142K, #Ei%
FEH PR TE M, 32 BOEME R T R S - FATH B
(R) PP MR R 75 R ™ 22 8 S 5 A 2R 1 A
(Mitogen-activated Protein Kinase, MAPK) & —3285C
MESHRFEOZE GRFZMIEA, 1 c-Jun 25
AR (c-Jun N-terminal Kinase, INK). p38 Fl14iJify
AME 5 AT (Extracellular Signal-regulated Kinase,
ERK)D. X —FRAE R RO0E S N e HEAEH, 1l

A G 4T X 5 T A S B PR S . Kim 25
I E A A SR R ORG i BE 0% A R PHLIKT RAW 264.7 21 fitd
INK A1 ERK [0, XA e d-F7ihi. A i iE <5
Y K. HAUMS % -8 (Interleukin-8, IL-8), J& T
A R 1 SR I — MR L R 1, s K I AT 5]
PERLAE L 7] SRE AT RS, AR B AR AR 2
AR, AT IR JE S 8. Borgatti 25 f i 78 % 9,
EL AR SR B SR X e A SO A | TL-8 1205 SR K 4%
HBRIEM, T EMENBM = RS RE Xk
By b ] TL-8 634 B I Sm M ™o B 40 i
¢ & H-1 (Monocyte Chemotactic Protein-1, MCP-1)
MR —MEENBE T, BE%F RS ALY
TR A 5 S S A R, R X R i A S A
Jit, B0 TNF-o 71 IL-6. Plastina 2% % Bl 7% K il 5 s
Chinotto (Citrus myrtifolia) (A R SE) 1 &M A+
MFTERIRE . T ELE M SR 0 LI I S MCP-1 BE A
RIERKIEDURIGNE. HbAk, MG R SERG nE fed
LA 5- RS A B (S-lipoxygenase, 5-LOX) )36 M
KRFEHLPLRIENE. 5-LOX 5 AR N — Fh 2 21,
EEEZSRANGRAARERE, BB A=
W5 55 RIEA 5, TR 2F 28 9 S B 1) % 42 . Hamdan
A0V 0 T A RS [ 5 Al ) R A (Citrus jambhiri Lush.
FI C. pyriformis Hassk) S B A& % 5-LOX B A &1
HHE VE, HICs, 18 43 5 40 pgmL " #1138 pgmlL .
Tsai 25 [RRF 72 ) 26 0, 437 26 Ao e B LA 2 B 10
5-LOX il dE, H ICs (5 0.034% (V/V)o iXFhxs
5-LOX B&E 4| £ E A d-ArB . o-IRIG S
YA K

25 L FTIR , AR L SRS Tl 1 D7 AR L o= A T BT
(R) -7 a- TR IG5 O B PL R IEH, Ht
R EHLH A NF-«B. INK. ERK 255 5l
FEEACAR 2 A0 M DX 7 PR 08, B B T 28 R A O B g 1)
Bl I o
23 FALEN

AP ATH K hiE M4 ( Reactive Oxygen Species,
ROS) (13 FE /™= 4= 5 £ W) & 42375 Bk ROS [ BE ) 2
() P AN~ 787 2 2 s SR A LB SR A0 B B2 5 B 41
W0, K — B Can B ik 5 IR A A R 3 2
2 Guo ZE R INERKE (C. aurantium L), ELHHE
(C. medica var. sarcodactylis Swing.) FIH IL#M (C
Changshan huyou. B. Chang) $& B v B FH 2% 1
PLEALEYE, AT (C maxima) $EELF)HRE LT
ARG B HEREE S, XATRESH TR, A
B LA a- DRI ST SR B
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T A G T PP X e R I B D Lin R T
FFEMEM (C reticulata Blanco cv. Kinokuni). 5
K (C. reticulata Blanco) [H ¥ 4 #5 (C. japonica
Thunb) F1A= B % 51 3% 1) it 45 (C. sinensis Osbeck cv.
Newhall) #2 BORS I ) 5T S8 A0 W& P, A L P 3= 3
MIE B 1,1- SR 2 i B ORE (1,1-Diphenyl-2-
picrylhydrazyl radical 2,2-Diphenyl-1-(2,4,6-trinitrophenyl)
hydrazyl, DPPH) HlI 2,2- B %(- X(-3- £ 5 2K Jf g w
WhR-6-1#lR  (2,2"-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt, ABTS) H 4 1) 58 /7 & 9%,
Ho1Cs, 18 2> % N 15.20 mg-mL ™' A1 0.80 mg-mL ',
XUEIE AT RE S p- WA A A R RO
(¥ & &4 k. Manzur %57 R B4 W VL 52 BT SRS
[ C. sinensis (L.) Osbeck] A& 1E ABTS H H 3k
B (0.55 mg TEAC/mL) RURM T 783 B S kS
M (0.07 mg TEVC/mL), XFpZ 5 IAMEA A AR
B RHRERE M S 2 M. IRIRAE s A - Wbl ol A 55 )
JR e B E . AT BRI ARG XGE R DPPH H H &I
O RS SRR - A DR AR, AR ICs,
543 514 15.056 1 40.147 pg-mL """, b4k, EHHE
(Citrus medica L. var. sarcodactylis (Noot.) Swingle) &
ThARE EHERR ABTS' H HHEAHAIIE T (0,) H
%, I HEARGRM Fe’ B JRAE ™, Xk i
EWPUENIEE EEZBR T TS A1 dATEIE . T
T T A B A B 55 B Ay, X e B B L S 1K E
FEIHRRAET)

Essential oils extracted from citrus
essential oils

Essential oils extracted from citrus
essential oils

Antioxidase

Nucleus
mRMA ‘\\wm\u’;ﬂ =
B 4 HiHERTHBMRIERRLIERTTRES RIS FILH
Fig.4 The molecular mechanism of antioxidant activity of
essential oils extracted from citrus fruits
£:S0D, R A IHKALE; GSH-Px, B H kit Atednds;
CAT, it RALAHE; HO-1, itk &8 ; Nif2, H4tERE T
E2 A48 B F 2; Keapl, Kelch HFIRAA AL %XEE 1; ROS,
EHA

BEAL, MR SR SRS I I R AL A P A AT R
RN SESAE Y TR AR LI R S i
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W 9EUE 55 1 B R2AS T A S 3 4 v A Ak
(Superoxide Dismutase, SOD). %8 L5 EF (Catalase,
CAT) At kil Sk ¥l (Glutathione Peroxidase,
GSHPx) [ 1, AT A B0 = 1 B 28 K
PR B, X5 p- i AN B- TR A S Y A K.
Campélo &7 R FE R B, PRSI 1R 7 Bt 1535 32
e/ B B ZH 23 (AR R 2K B H BRI R IE SR R A e
HAK (Glutathione, GSH) 7K, AT et 2 /) BRI
FAC MR B RPER, X5 d-trgds. 05
R ACBESE Y A % 2O R, MEEE
SRS il AT o 4% B 7 E2 AH < [RlF 2 (Nuclear factor
erythroid 2-related factor 2, Nrf2) #5115 5 @ % K 4
Inpisa e Bg ik, imig s Pt LEE L SOD. CAT.
GSH-Px. M4 &K% & (Heme Oxygenase 1, HO-1)
A NADP)H: fig % 1k i& J5i B 1 (NAD(P)H:quinone
oxidoreductase 1, NQO1) ZEHIVE M, X5 d-FrEIH.
FrEmE . AR B- IR SE YA R

HHOG, AAG 2R SR SOk v R OB E A (i d-F7 45
Wiy ATEEEE. RZCAE M) @I B REIERR B AR
HsR P B 1 RO Tk R I P L e
24 FEREH

FERERE R — i WS A Bl VA7 & T IR
P2 EIE B2 BT RO BRAE IR, Rk, SR
MBI IERGINEE . FEI IR R
— 51, R R RN R E R T DL A R IR T
M AR, M A S S SR el DR G4 N\ i o 1 2 R 2% fi
FE SRR (K07 7 |32 B F 505 Fyr ik T BTk
BH L A [ R AG 218 SR SR Vil 8 o R A P 22 B T TR MR
WA RGN R AR EAC SO E U EE R . Gose
SR TR, RN AR H B % S5 2 > AMAT
FEREFN IR IG S, H RN & 5 PR A5 BERE IR 1) &%
REIEMK. Heah, FFERS ML RE % 1 & SEE N R 1)
MR ), X5 H AL S PR RS2l Rk 8
B F . Bt A 6 EC DY AE 2F B2 42 T I S B S v
R R RE W I F AR R, N ot AR I AR R R R
RO AR, RUIE N 2 5 ] G 52 000K I T 20 2%
FOU, SRR S R T R 0 R R d- R R
5, Ji 2 O R R S I i X 3R A AT
IR BRI R 1 2% R G A AT AR X, 6T I8 298

LSRRG I AL AN TR, ES AR AR it ) 3 ek
1EH R R PTFE IS AR . R B AFLAR se i, IR
N A AGE R il AT 3 92 v /D BRI B B I DRSS R
R B AR OR, B RS T AR AR
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A ) -2 TR (p-Aminobutyric Acid, GABA)
K GABA 1 Sy SR Hh 1) = T 40 ol A o 568
it 51250 E Y GABA 2k 4i &, A RAmHI &0
FIXeA IR, AR BT BRAR ORI i B m R A,
SR A BORA IR O™, S A1 5 S AH G S ot o )
LR TR BEANUE A 5%, 10 HAX P A4 508 fe 8 1Y
3 GABA, Z % GABA ][, X F 38 AF F A
BT HUERE, JEREF=E PR R E M BOR™ .
Gb, TSRS M B A T ik - 4k - B EIR (The
Hypothalamic-pituitary-adrenal Axis, HPA) #i ] 1)) 8,
it B A7 A0 TR S8 3 2 1 B SR R /K P AR A e
WHAE A B T 4ERR LA AR RS E , AT XTI
LT SO AR B B KL ARG A 7T, A
TAHRG THh AIE S R 2 Pt 2 52 1 s 45 B RELT) B T R T
HIEIETEY, R T, HBOR 5 BRI R 5T
WL -G B/ AE G BRI, R A 2
S R BRI o VE R EEACE ) BT, FIR, B
WEFEARWY, WO EE AT i1 5 AT A it T DL 2 At P I
BEAG Y, X IT A BN B R i R R AR L
S AR DA B g2 T A AR 5 I 0 07 T R L P SR 3 1 Rk
A

FrBRE L —FOR SR FUE R, R AR fR 22 &
GEARBAER, EWRITNER ). B2, %A
W BRI F Rk % R AR e . Ozer 5™ 1T
T T RTEAE WO R 2 R X R PR R, R AT AR
Hi ik AT LUK 25 X A P8 K PRAIR 43.3%, AT 92 PRl
JET 7 A PR o B TR R AT AR i ) BRI 1 P AN 5
HARIGEVEAR G, P KA )2 (Anterior Cingulate
Cortex, ACC) 12 Ju Rl T 47 P8 411 1] 1 e 103 217
T 68 R T I8 I 3 I ACC X 385 11 5 21 4 240 i s 22 (A
FOS #5H (Cellular Proto-oncogene FOS protein, c-Fos)
ik, LARHESR AT ARG RGREYE, RSB
BURBCR. EAERNR, XMERICES ACC
2 B D1 2k NIETEE DI G, 2IX 2852 44
WS U BELIBT IS, v AR it ) L8 25 SR 2 A N R 5 5
XKL L D1 S2ARFEFT B M 1R AL ) vh i
REEVER] . XS R B —DUE I T FT RS I E Z2 i
JIANPEIE T T BV J . KBRS A BRI A T 2
i BB B B UE GABA SZAR Rk /b AN E RS
et PR SEIUARR ORI e T 32 2y S MRy d-Fr
Bl p-IRM . B BRIERSEN S,

LR PTIR,  H AT ARG I R PR R PR
Yo 3 AR A d-Frsda b, HAR P B RO BIE 7T EL R
NGRS S B VR R G ST TN S L S
PR RGE P A S S ST AR R AR T

MG R SORE A E N AR 29 B ATV, T TR
AR RS Bk AR R AR T AR AR T
3 HHIBARIHEHNREM

ARG SR SR I R 02 B AR s e 7 45 52 950
B 22 4 I RBUR N 1 PR FLAE ot A0 2 2 T )
T BRI L — o HB AR SR S A 5 (R 8
A REH RIEETEVE S, BFOLEIE. BUm A
PESE, X PR 7 AR SR R A B e PR
fad F P . REARS S IR SRS Tl R VB AE B 32 R IAE LA
NI TT T

A 6 2R SRS i o 1) O 2 R R0 0 A B M R 2
T HE AR A E KRG, Rl 5-H
AN IR R (5-Methoxypsoralen, 5-MOP) Fl 8- H
3t Hb B flg & (8-Methoxypsoralen, 8-MOP)™, X
S AL 5 W AE 32 B PR AP 2R (Ultraviolet A, UVA)
NS I 2> i, AN AR D B AR A, AR I
Z =Nk B ™ N R W A O i S A
¥ (Microphthalmia-associated Transcription Factor,
MITF) 2 ¥ B O R TE i R B BB, B REAR
HE% Z BRI (Tyrosinase, TYR). B & RAH K HE A -1
(Tyrosinase-related protein-1, TRP-1) 5% T 2 R Tl A
& H -2 (Tyrosinase-related protein-2, TRP-2) %5 B {4
FAERMIRIE, it B E R m AR ik
B, TR A R RS YT DLl I R IR TR (Cyclic
Adenosine Monophosphate, cAMP)/ £ [13# A (Protein
Kinase A, PKA). /I BEILEE -3- #§ (Phosphatidylin-
ositol-3-kinase, PI3K) / & 1 ¥ B¢ B (Protein Kinase B,
Akt). Wnt/B-iEFF K 1 (B-catenin) LA K2 MAPK 15 5 i
BEORAR = MITF (9235, AT R %32 = TYR. TRP-1.
TRP-2 %5 8 3 A g 1 R B K-, Rt RERAE
X Bk gy P AL AN S TR AR
EMEAMEIFEORICE, EEREFERKENE
(¥ B2 fik e 50 40 B €5 98 Y . Forbes 5% DU [ B
(100 250 fi1 625 mgkg ') HJ 8-MOP [ IR Z5 T/ iR
KL, fEZd UVA BUN G, #:5Z 8-MOP AL EE ) /) i
FI 2 R AR O A T BURAE R, JF HHAE
ToEBEAT 8-MOP W BB N &t 2% L7+, #héh, UVA
TP 3 AR IZ IR (DNA) S0 ifs, ki
FHUDNA XUEEWT . XAPIr R it — B 5l kKA EH
H2AX BRIk, TR p-H2AX, [HI p-H2AX #l A
DNA 5145 A& Z Wb EW7 . BRI, 440
UVA T £ id 8-MOP & 2 j5, H p-H2AX/H2AX 7K 1
BETHE, BBIRGIAN 7.2 £, XL 8-MOP
#5951 UVA X B IR 410 DNA 0 E ], A
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0T R kg B RS . —SeF IR R B, B UVA BOE
R E TR RUEM AL S, TR ERLEH
FIH ARG M4 (Reactive Oxygen Species, ROS), IX 4k
ROS eSS AR A0 M A% . AP A 0 B A X B
By, SIURLLIM. AKWHEEBRAEIR . Bh4h, 5-MOP &4
i B FFEE e, BRRSIE SR, E ML A B
BU, ST HBMERMS DR T A

[ Y )
\_A
() s-MoP. 8-MoP

@
v
() s-Mop. 8-MOP

5 5-MOP #1 8-MOP & i#t 2 f8 25 2 B AT 883 R B9 53 F ML I
Fig.5 Possible molecular mechanism involved in melanogenesis
caused by 5-MOP and 8-MOP

7E: 5-MOP, 5 # /M B ; 8-MOP, ¥ R L 4MF M5 %
UVA, KE¥9M4%; o-MSH, o- L Z &k mieistd; MCIR, Z
& & RIRE ZAR-1; cAMP, 3IRH B ; CREB, cAMP " 5 7T
A& G MITF, (JREFHAKEREF; TYR, BABRE;
TRP-1, B RABAIX & E-1; TRP-2, BEABRMBAAXEES -2;
PI3K, BEASBLALES-3-354B% ; Akt, & %5 B ; PIP3, A5HLIL
B85 Z BEER; GSK-3, BrEAALAE R -E-Bi L Bl ; f-catenin, - £ IR E;
PKA, && A,

B TR IR A SRR AL ST 5 R I BUR I 50 F
PEAL,  AHATG 2 S SR I I8 B AR A, XSS R
[FIFE AR . B, ZFRITERRH d- A8
I C 0k 2 U FEIE SE LA SUgHER Y, AT R Sl R B
PE R R G U R SRS I B 2 M BRI, H
A 1 B LA AT SR P RE R B AR L, 1T S K R
fiE, X HFFEREE. 5-MOP &4 5 k<", Bhah,
Y BRI, W d-RT IR AIAT AR I, AE RS I
T RE ol RN R R . R d-FT T
NAE A RAPERI BRI, RSN\ B 78 w7 &
(0] d- A7 A7 o] B R B H B " . Ramos 25 5
RIZE 30 d ANFFFIE (25 mgkg ' Al 75 mgkg ) [
M d- ¥ da R SRR 22 B 1 /KR AR VE L 4t B
TERFEAN R A S T IR A A8, R d-Ar i
A it EL4E R EOTAR I R0 o A T DU 2 0 ok e 1 it
ZH 1 (Aldehyde Dehydrogenase 1 Family Member Al,
ALDHIAD) [iEtE, IAMGEWRAAE, SRR
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RIS R B 9, ] REd e/ 1 N S BRa Ak
B AR K SR ZE B RE 1N, R, BRI IR S PR
FIFTEREMI N . BE4h, Souza ZUBF LW, FRE
WHERRIS 5 mg-mL ™" (AP S 0T 550 HepG2 JIF 41 i 457
P ANgH g 7 B, AT 55 )5 M DNA 45475 . [RIR
FHEE RS 427 S Ul COX-2. TNF-a (I4E /%, M
5IR R AE R R

ZE L RTIR, AR S8 AR SIS il R 2 M oy AR AE
EAEMREME RN, W BRI UL, RIE
NL A R AR R S . R, FEAE AR AR 2SR
SR, NAaFEE e, Be K. SRE
Feilh. [HAERMRZ, M SR 155 M R
R FE AR, TEAR T 22 477 5 1 30 BRI A3 430
I, HEE R R ER, NHAD RS, H
FHAR 2 i S5 A0 1 S B 4L T T R PR, RSk, RifnsE
o AH A 28 S SR Tl KA R B AR EEE I R A AL
A A B D 22 A R e ek il AR R M XU, 3
RN FER.

4 ZitERE

Fr A SR SR ST T DAL 3R 2% 22 1R A 2 21 R 22 b
AW RSO BE i R 2GR A it U BIE 7T A
AERIR RGUR G T MR A SO i 1) AL oy e
HAEPUEM . PUR . DURM TR & S 7 ) A BRI
ELNE7S% W B iR e oy AL} TP S Ty ok N €3 G e
LA BREN LA o

JE MR IR SRS W FE B 1 R kR, A
AL LAR S R EURE 705 170 H BT AR 2R SR Sps
WE 2> 74 AL T A axtin, el A8 H b A4
FIANAE P PR AEAR T T, 756 Bh 22 2 22 BOR AN 70 706 2
e AR AR AR T TR A S AL
Sah Al PEHURIER T RN, R ST AR AL
SRIOTT AR AT A R, LA i il (10 S 1A i
Btk HAT, X TR R SR R BT L 2
b T B IRN, XTI E RS
PE R SACHILE T EUIAS A, ARORBIINSE R G LS,
B DR HAE T AN 2GR 22 B o RIS, A A 2R R 2
FEMEDIREE R bty B e R AL BR TS5 N B
—EME S, k- PIPR S AL, R Tk ST
WK

ZrEPTIR, MRER R SR MAE N — R KRR Th
fE 2 FF H ARG 22 4 (AR PR B U, AN DUAE 22 Rt
FOH B A, HAE 2 U LA B A
J R
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