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Abstract: Despite there is great advances in treatment of colorectal cancer in the past decades, but the adverse reaction, drug resistance
and high treatment cost of chemoradiotherapy are still the main limiting factors for the treatment of colorectal cancer. Plant essential
oils with antitumor pharmacological activity have gained much attention in the development of anti-colorectal cancer drugs due to their
low toxicity and wide range of sources. By summarizing and analyzing the relevant literatures, it was found that some plant essential
oils and their active components could effectively prevent and treat colorectal cancer. Their mechanisms involve inhibiting chronic
inflammation, decreasing antioxidant stress, prohibiting cell proliferation, inducing cell apoptosis, blocking cell cycle, restraining

angiogenesis, and improving the structure of gut microflora, and the involved molecular pathways include nuclear factor-kB (NF-«kB)
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signaling pathway, Toll-like receptor 4 (TLR4) signaling pathway, Wnt/B-catenin signaling pathway, epidermal growth factor receptor

(EGFR) signaling pathway, phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway, mitogen-activated protein

kinase (MAPK)/extracellular regulated kinases (ERK) signaling pathway, etc. Mechanisms and molecular pathways of plant essential

oils and their active components in prevention and treatment of colorectal cancer were summarized in this paper, and the limitations of

current research and the possible solutions were further discussed, in order to provide reference for in-depth research, development and

application of plant essential oils in the prevention and treatment of colorectal cancer.
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Fig. 1 Main active components of plant essential oils
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[A-F-0. (tumor necrosis factor-o, TNF-a). y T HE
(interferon-y, IFN-y) 55921 T-HZ R, PG 1g1t%
RIEFAIAE S [RIR, G BE A 2 WA K B v 1 4
TEHEER TS A — %GB (inducible nitric oxide
synthase, iNOS). M4 fLEF-2 (cyclooxygenase-2,
COX-2), #EMATARA M AE VRN B 2k, 7
SEE I L AN DNA 4545, JE RRAR K HL B = 1
o BEETE AU ALY, BRI, A B P
REMIRE 4 (azoxymethane, AOM) /#i] FEHEIR
2% (dextran sulfate sodium, DSS) /R IEEE
AP i s FEE0 P4 (disease activity index, DAL,
FRARAE 28 MU A -4 TL-6+ TNF-a A& S ALY
(myeloperoxidase, MPO) [ 73 UL K2 L IE 5 72 41
CEVZH PR 2 B R B 5 1 A 4 D BRI R
FEUOL, Skt myimit gd /> 1IL-12. IL-1B. TNF-o %%
RAER T, 18 CAC FHIMYBORFE HAL 22 T b
TETEN, A4 R BRI > AOMY/DSS /)N R A 8
. AR DL R MR R AR, 5> COX-2,
iNOS. HEFE AN MU HT)R  (proliferating cell nuclear
antigen, PCNA) HHRIEA K, FFEHISH 6-
ZIHEHUYRA R PR FPUEASIEIER, e
W o/ IL-1B . TNF-a . fE B & & b ¥
(lipidperoxidation, LPO). MPO Fl—% L% (nitric
oxide, NO) &, FEE W MPra B WS
i1kl (superoxide dismutase, SOD). i€ 4H AL
(catalase; CAT). &Mt H Ik (glutathione, GSH) i
PE, R A E NS JF RS I .

%K F-«B (nuclear factor-xB, NF-xB) s&4H i
TG AL 5 SRE A o1 () d o DL o0, e
JEE VI 2 45 W 1 M A i 457 AN e 240 B A A [ B
J5 RIUS1,NF-xB #4807 5 NF-xB 11 & 1 (inhibitor
of NF-kB, IxB) AWML FEME, Itk NF-«B TZ
£ p65 it 2 IkB R Hil e N AR, 0 TR
2 Rl F s l0l, SR, 202yl Bl 2
081, micheliolide!" Ve #1145 iz fee 40 B 1 p6S Al
IkB WAL, ¥/ IL-6. IL-1B. TNF-o LA iNOS.
COX-2 ZERIEAN W, TEPUK K 45 F b 4R
(AR & SN Rk d 7 o & K i Vi i 0 1l
CAC KRS /NEFNEER 52 B KR EL 1)
[/ REE R AOM/DSS #EAUNRAK i & s
AR50, BATHURIET T R B ILAIH] T TNF-o
7 S IkBa BEER{G . NF-«B 1% 5 {3 X 3 DNA 454
TEPE, I HRARAR 28 48 M PR AL AR R L K 40 B 48

Ju bk B2 98 A F--x L ( B-cell lymphoma-extra large, Bcl-
xL). BiRE4HEsRE-2 (B cell lymphoma-2, Bcl-2)-.
2H M FLICE #f 40| 2 H Ccellular FLICE-like
inhibitory protein, cFLIP). Ifil%& W & 4K K+
(vascular endothelial growth factor, VEGF). %54
J&E HME-9 (matrix metalloproteinase-9, MMP-9).
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kB/AEFPESET LA 1 (programmed death ligand 1,

PD-L1) {55 I8 HAT R,
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WM TE R SR A M BB Ak, fESE g b R AH
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U0 AR 5@, N IBD (¥ 18 AR IRk
JiRg K 22, W EN, RRIk A R e A R i
TLR4 i SEAE A5 v 45 B 20 ) NF-«B A5 5
S MR BEIE R A 3 (signal transducer and
activator of transcription 3, STAT3) &k, FFKAAE
AR, MTIF=AX CAC TR R, XU
T i B | E R4 R ) TLR4 {5 Sifek, Ff
ik 41 B A5 5 I 75 B E§  ( extracellular signal-
regulated kinase, ERK). STAT3 F NF-«xB p65 g
WK, T ER AN RIS AN B2, I B A
FHICAE 58 K7 IR P4 . BeAk, %W FEIE PR 1AL
ST R A T R A BN RE, R IO I
HVE A% 32 AR B B IR R Dy RE AN BRAFAE G2,
HAEWA B th oA, 2RiiG CAC AR %4
259 o
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0 E 200 0 B T AR ) 5 e AR A A
o AR 82 DA S 7 A i 45 B e
HCT116 £ RKO 434 5E R4 . 52 HE R il b 32 2
FE ST Co-thujone. 1,8-FAR s FIAR NG ) k2 B i
Caco-2. HT-29 #1 HCT116 401 H A MAMHisb i 1k
F, TR IR S5 1 b R 4B S D38 je st N
SEIMAEAR SN Caco-2 4HAEIAE K B W3
PEFRO, 75 77 FLIFE 25 BV LoVo 4 i o
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ZUFE T H AR DNA 84045, DARIE A M
77 2 45 e 40 PR PR S AR PR T AR 2R D
1,2- - F 2k (dimethylhydrazine, DMH) 5 3 [1)45
A& 55 &k (aberrant crypt focus, ACF) #(&,
HEAT PCNA G5 2 A0 Gu t8 J 30L L Re 0% PR (R R 58 2R IS
DX 458 558 5 T X 3k T 40 BT 22 90 R84 R 250280 A
T AOM 53 (1 BRI TR, 64T 9%
A A TN R R G A 8 [ ALK R 4 PR 3 B A 10 4
Ki67 [I3RIEKF2), Origanum onites LA 1% 25 .
[ CT26 Al HT-29 4HAA ATER, (RIS 4 A s
55 W H IR 25 m] 40 /N B CT26 2 AR AR B0,
IR B R AR T 45 B e SW480 4 , T M52
PN HAS N AR, SR 2, [RINE A
P SEES O SR B D T2 e ) R AR 2B

Wt 15 5155 5 e & 4 M G GE AN 740 Z5 )
AHIRB2, H S P0G Bl ik v] 3 B-EM B (B-
catenin) U FIIZAR R\ 153 Wnt FUFHEIE R 3% 3%,
20k T (12 it 245 17 2 P 2 ek 34 R L B AR T il 132330,
DSS /et R SE IR I 55 B-catenin AL
AL R G bR 1) S BUSEA R A, T RO vt
REE AN B-catenin IIXFh 2k, BH R # |
B p53 Ji, IR0/ 200 B P i A e 2R 3 A
Tk TR B34 o R T A R V8 0 B0 ) DHA 5
1) Wnt/B-catenin {5 5 BB H0E, Jk/> ACF #i&,
X 25 B A A B R A TR AT,
ERETIA 03 Z2AMEHEPTEREY, W5 H XY
ApcM N R 25l BRI TIFIAE T, KL o-3 24
0 HE 7 B2 AT 35 3 BRAIG B-catenin f2 3L R E(R AE K K7
c-myc ik, FEMmANHIAHIIEGETE J1. Wb NR I
T8 AT . 6-Z Wy iEid R i Wnt/B-catenin it R 1A,
[F) B 8 I eI 41 JE ] p53 3RIE,  HHh 45 e 41 A
HFE TR,

R A K KT 524k (epidermal growth factor
receptor, EGFR) 155 ¥ 5T i Jed 20 it () 33 5 A A7
TEERHE, 45 E W KA AR ) 3 EE R ) [
Tz—, WREEWEDTEIAE 12 EERRE,
BRI, RO e 3 L 1 22 W 1 2 B IR I
i %% N AN Z5 g WiDr, HT-29. CaCo2 P& HT-
29 4 S MRS AR ZH 2 ) EGFR R34 i 3
B RTJR A AR K R T R I R R, e bt
EGFR L REATIRAB FUR L, F2 08 fis i o e st
EGFR pY 1045 {7 s K A WERRAL, 19 I07Z 2OE R
PEMTTSEI EGFR 72 RALBEARI0L, 431X Hedi R

Bn AR B A RS M) EGFR SEFI T, AR AR S255
RIRFCRF N 45 i 4 25 14 Al EGFR SRk i 35 2
PR FEAH R AE o
23 FRMERET

P32 P33 4 b R A JH T S 1G5 Ok 2
i, mAFBEEREAIRA. PRI, 2R
TR I S FE Y 1 e i i 0 2 AR R 1 o T
WARKRKIERYIRTAEN, FERI &
R 1K) K 4 2 B R H K fi# B ( cysteinyl aspartate
specific proteinase, Caspase) ZX A Bel-2 Kk H
BRI AT H R BRI T8 EH Bel-2 %
Bt X 25 (Bcl-2-associated X protein, Bax) KiA.
TWHPUATE A Bel-2 £i&, HIN Caspase-9 5
W WM - B R & B ( poly-ADP-ribose
polymerase, PARP) 5 HZLAR, 534 17w 40 il
-4, Origanum onites LK1 k55 45 Ve 40 fL 1T 7%
T T ML T AH SR TS P AR B0 e B
KPR T- 2 A Bel-2 F1 Bel-xL RiIA. it Caspase-3
S, 1E 45 e 40 B A B0 R pS3 AN 14 %A (reactive
oxygen species; ROS) T2 R A4 1218 21421,
Ji R S 7 A N ROS AR 2L F i 2R AR,
IR 40 B N A SR A, T R TR RS
FARRS BRE M4, PRIAEREIST, DK vH i J g 4 14011
TRES g A ) s, W B T2 S 10— RS
R, BFELRRARB B AL ROS L5
Bax/Bcl-2 {H A & Caspase KRR 2 K BRI
HIRAZBE R 5B (poly ADP ribose polymerase ,
PARP) HEHRIL Fif4E.

WAL, A A — o R DA Tl R R T T3
T AR S i I S 45 e 0 R N R S SRR
SEHL, R EAFERERRVLEE-3-BE (phosphoinositide
3-kinase, PI3K) /&5 % B (protein kinase B, Akt)-
22 R 354 & B (mitogen-activated protein
kinase, MAPK) /2 ffl 71715 85 1 0 (extracellular
regulated kinases, ERK) F1 p38 225 J5iiH b 2R K
1 (p38 mitogen-activated protein kinase, p38 MAPK)
SETERk. WRETIIEIS FRIC Akt BERRIL KT
JA 2l N iiF Bel-2.Bax 1 Caspase-3 /S T-REFA,
2 A R AT a3 5 e A L TR R, 5 LA
PB3K/AKY/MH A28 M HE R HEH (mammalian
target of rapamycin, mTOR) {5 5@ 70T HIRIAH
JRUSI, R RE 1-1 Bax/Bel-2 {H. 5345 Al
MRS, EEEZESERITR, ZETES Akt BERLL
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KPP p38 MAPK VAL A S0, D-FriG s it &4
i3 A S 7 tH R A OGP T SR, AT
ML 70 A B 8 PR Akt R 514 R BERSE 3B 25
I BERR A ACT0, F pUL HEE N2 1
Fei /52, B-2-himachalen-6-ol S3IE S H1#] ERK F
Akt FEEBERML, FITTRETHKERRE, fEn=
AT REIELL % MAPK/ERK Al PI3K/Akt {55 i 2
fih A R T o B~ B8 e i B g 4 2R rh PIBK A Akt
EEBER AL, SRR TR T 2R R AR A 3K -C
(cytochrome-C, Cyto-C) FEJi, i& Caspase-9. i
T Al & — 2850 8 T2 g AR B4, P T RE 8 [T
PI3K/AKkt 18 6 7 (G s i 1t BRAI 4G i e 20 A=
IR A 115 S P T2,
2.4 [RiF4REEEHA

S B ] A S s e 2 o 2 R i A
AR R R R, A0 i SRS A R e RS A
X Ry 7 EE A . Cyclin D1 F1 Cyclin Bl
AE RN Gi/S B Go/M A% 411 S R 1 [A]
T, Hod FaknT 3 340 M AR R L dE i AR RS,
e IEE A M A A AR SOST) . A s R P4, /A
% TR0, 6-22PT), micheliolidel V% 7 i 4) ik
40 CyclinD1 FEHFIE, 5IRE MRl G HIFH
fire AL EE HCT116 A1 LoVo 4Hife)5, Cyclin Bl
BEHERIEKTFK, SRR SHTE Gy BB,
IR AR M T SWago A S , SR PT LG4
F1 Annexin FITC/PT XX 4L A6 M 40 Ho F S AN 2%,
SRR G g 2 . S Wb, Hs TR
I AT I LE AR A S 7] B AN [A) A S 40 |
HT-29 43 77, AT G MAR 53 B & L X
AZ 75 T 4 3 G JHBE , I 51 R B 5 1R 48 i 17
T, R EAEE N IR ) e 0 iR AT A 1 S B
A AR 73 b, R I RERE 5 3 45 e 4E . Gy
HABH 7 A1 720521, B-2-himachalen-6-ol B84 (i€ 341 iy
JSAA R p21 BIRIE, FHIEZS e Gy
IR S JHEAR, T A e 4 A B3
2.5 HISIMERHE

I A R ik 25 i tes ARG R DL SR B
228, R e r, VEGF fEH AR 1O
YEAIBS, G IR b, B3 VEGF B/ 233 7 o L
BERBPURENS B E R M A e e T A R, (HH
A% o, HOH B 258 2050, FEYRS kIR
2o BARAOHE TR, IR P E A 254
R AEBRNBEEE. AR, &5 DIl

PR TR ARS o R % LA A 1) AR D% 1 T X R 45
Fe 4l VEGF 8RS, FHil 5k A s 48
{4 Chuman umbilical vein endothelial cells, HUVECs)
R HIE TR 77, R H B A R 1P
B AT, 6-22 My i i PR ARG W e A 23 b I
W B AE KR F A (vascular endothelial growth factor A,
VEGFA). {2154 i Z-1 (angiopoietin-1, Ang-1)+
BT 42 A K Rl (fibroblast growth factor, FGF)
A K534 K F--15 (growth differentiation factor-15,
GDF-15) W3 BERAM I B A2 B, k2 45 i I ged A
KB, R [ G5 5 5 11 25 I e A % R 21 4 41 i
(cancer-associated fibroblasts, CAFs) 3] IL-6 Fll
VEGF fef {2t HUVECs M TR REE ST, 1 8L
IR REREAHIX AT B CAF 175 3 [ g i /& i 2R L0,

WA SCEMIRRTAE AT PR %
PE. OB MOR A ThEE, 24 mIT ik seR
(1) — o 2 2 EL (6], Feng 2102117 M ¥i% I Ak 38 24 25 5
HEERS AR T S5 s 4 HUVECSs (144
HMERE R, R I AR PR AT HUVECs %
P, 85 L& HUVECs #11f) VEGFA ERARIE, JF
T I 3G it A PN R TR ) VE-45 3 B %R (VE-
cadherin) F1 5 40 BB 58 55, 75 5 Bled 1f 35 45 440 A H A
H ATAEIRE I S F i 1 1 o0 75 5 e g I A T AT
o, BAETT R 2 A S AL .
2.6 KEBEREFLEN

45 H Wy SR )l o R 2R RN 3 A A AE B3
S, BRI A5 AR B IR RO B G I3, 3
W AR B ARAT R K R A R B
A I EUE AU, S DNA i BE5R S0
JRANAEKAT S, (EdkEh e A R R4, T AR
FHARUY) Clnfa BE e 071 B HiFEAE . M3g5H
RV MORBR RS . G MRS, WK%
95 NP, X 45 B e B A R iR 1
FHtes-001, B 5T R I, R FEARG I S e
% O35 25 B s ) R R A 4 8 B AR T B
U 7 B 203 AOM/DSS /I BRE A IR o Al
B ZHFEME. MU= T R ER R AR T B AN T IR SRk
5, 3RS fR /N BR 45 1 9 ek D IR A= U0, T
BEERGTIID ApeMiv /NGRS RIECE . SE 9R i7 RE
o B 23 i 18 JORE A B, IR NAIE 75 LA FIATL A,
RINILREOE BTG/ R IE BOR & W Ao ge A2 5H
SCIFARFNARMERR R =5, 140 25 A8 T An g 5 £ 1 o
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Fig. 2 Signal path diagram of plant essential oils and their active components against colorectal cancer
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AN ] 5 BOKF I P AL 8 70 A 24 B i A28 22 S 169710,
SN PN =) N e 7 O | O 1 €2
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