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Abstract: Gliomas are the most common primary tumors in the central nervous system. However, the efficacy
of first-line treatments for glioma is hindered by the blood brain barrier (BBB), making it difficult to reach an
effective dose at the tumor site. The volatile oil from traditional Chinese medicine have the advantages of high fat
solubility and ability to penetrate the blood brain barrier, has demonstrated promising inhibitory effects on glioma.
The volatile oil components of traditional Chinese medicine can improve the anti-glioma efficacy by promoting the
entry of chemotherapeutic drugs into the brain, inhibiting the exocytosis of drugs within the brain and synergizing
with chemical drug therapy. However, the stability of volatile oil is poor, nano-formulations including liposomes,
nanoparticles, and self-assembled prodrug delivery systems, can improve their stability and exert the therapeutic
efficacy. As an effective drug for the treatment of glioma, volatile oil from traditional Chinese medicine shows
good prospects for application. This review summarizes the mechanisms of action of volatile oil from traditional

Chinese medicine and their main components against glioma, and the research progress of volatile oil combined
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with chemotherapeutic drugs or designed as nano-drug delivery systems for glioma therapy, with a view to

providing reference for the application of volatile oil from traditional Chinese medicine in the treatment of glioma.

Key words: volatile oil from traditional Chinese medicine; glioma; mechanism of action; co-administration;

nano-formulation
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Table 1 Anti-glioma mechanism of volatile oil from traditional Chinese medicine and their active ingredients
. Experimental
Mechanism Compound Relevant pathway Ref.
model
Induce tumor cell ~ f-Elemene Co6 Up-regulated expression of p53, SASP and caspase-3; down-regulated [7]
apoptosis and cell expression of Lamin B1 and YAP/CDKG6 signaling pathways
cycle arrest Volatile oil of Hejiang us7 Down-regulated expression of Bcl-2/Bax [8]
Bergamot
Allicin us7 Inhibit Bcl-2, activated Bax and MAPK/ERK signaling pathway [9]
Citral A172/U87 Activated caspase-3 and caspase-9; inhibit expression of MRP1 [15]
Carvacrol DBTRG-05 Up-regulated expression of caspase-3 and [Ca”]‘ [16]
f-Asarone U251 Cell cycle arrest in G1 phase; inhibit hnRNP A2/B1 expression [17]
Tea tree oil us7 Cell cycle arrest in GO/G1 phase; up-regulated expression of TNFRI, [18]
RIP and TRADD
Inhibit tumor cell ~MCEO/PALD/EPERI1 us7 Up-regulated expression of PTEN/PI3K/NF«B; inhibit AKT signaling [19]
proliferation pathway
Volatile oil of L. multiflora ~ SF-767 Activated STAT3 signaling pathway [20]
and O. basilicum SF-763 Activated STAT3 and AKT signaling pathway
Perillyl alcohol us7 Inhibit Ras signaling pathway [21]
Curcumol U251/A172 Suppressing FOXD2-As1-mediated EZH2 activation [22]
Inhibit tumor cell ~ Allicin U7 Down-regulated expression of MMP-2 and MMP-9 [23]
invasion and Carvacrol ug7 Inhibit TRPM7, PI3K/Akt, MEK/MAPK signaling pathways; down- [24]
metastasis regulated expression of MMP2; up-regulated expression of p-cofilin
f-Asarone U251 Inhibit EMT expression; down-regulated expression of MMP-9 and [25]
p-STAT3
Ligustilide T98 Down-regulated expression of RhoA [26]
Volatile oil of turmeric SH-SYS5Y - [27]
Induce tumor cell ~ Volatile oil of Acorus Al72 Activate AMPK/mTOR signaling pathways; decrease the activity of p53  [28]
autophagy gramineus
Anti-angiogenesis  a & a/f-Thujone Us87/Cé Down-regulated expression of VEGF and Ang-4 [29]
Volatile oil of Hejiang us7 Inhibit VEGF/FIt-1/KDR protein express [30]
Bergamot
Volatile oil of Ligusticum ug7 Inhibit EGFR/VECF-A signaling pathways [31]

chuanxiong
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(Yes-associated protein, YAP)/4H il J& ¥ & A 4 # ME i%
1 6 (cyclin-dependent kinase 6, CDK6) 17 5 il B 5 T
AN I 5 A i =, AT A s AR . AT T
£ R (25250100 pg-mL™") A K57 2 (90 pmol-L™)
AA U7 48 i T A, HAL#I S F M Bel-2, k-
i Bax, (%1% Bcl-2/Bax tL{EH ¢, b Ky RiEREE
T WO 22 L R A R LR (mitogen activated protein
kinase, MAPK)/4ll fig 41 ¥ 17 2 [ ¥ B§ (extracellular
regulated protein kinase, ERK) i@ #% 2 5 it J87 41 fifd 4
T2, FE RN (36.8 pgrmL) S E ME TR
M (18.4.36.8 pg-mL") & i 7% caspase-3 Al caspase-9,
M5 5 A1T72 40 3 T, (R ik R BAT S 1 (16.9
28.1 pg-mL™) AT A172 4 i 2 241 245 A0 S & 1 111
Fak, M B e o3 96 2 e E) i 24 10 AR, AT
% (200,400,600 pmol-L™") 1 8 i ik ¥ 7% caspase-3 &
A5 5 I 9 At o T

4 o JE B BEL ¥ 5 40 M 0 T %% DR O, 38 I 1 95 A

5 JE A [ (cyclin) A1 CDK K1, FEL ¥ 4 Pt J&) 35 36 F
IHFHMBET . AL E A A2/B1 REFEARR R
REL AR 1R 98 /7, o FoAE K A7 08 R 28 B SR AE
FHB, -4 S Tk (480 pmol-L™) 8 i _F i 40 i & 19 &
{8 H6 1t e B0 41 57 p27, F 8 CDK2. cyclin D A1
cyclin E, {40 fL BELIT 76 G1 3. b Ab, B-4HF ik (120~
480 wmol-L™) i AT Ji i 440 ) 5 53 A% W 4% & 1 A2/BI,
{23k Bel-x fIEFEME BT 32, 5 S U2S1 i 217 #F
FLR I, FH 0.025% %544 i Ak 2 UST 4Hl i, ] i ik P& A%
CDK2. 3 i1 p27 F1 p53 B Rk, 15 5 0T 98 41 L £ GO/
G135 37, JF W00 i 98 38 36 IR 7+ (TNFR-1. RIP-1 Al
TRADD), 53 US7T 4 IR BE, {22k 4t ffa i -1

gk bR gn, R R R IR 2 5 2 Fg
AR R R 2 AT T, i R R A DGR T2 8 [ Bel-2/
Bax ff LUAH, 3% caspase-3 #ll caspase-9 Al 3 1A Al 1 %
MAPK/ERK {5 538 %, 30 8 S8 56 R 7 75 5 41 i 03
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JBZ J5 6 2 B o E G B R LR AE . B AT R,
MR R (16.263 pgmL) K 3 B R A 4R O g
(14.888 pg'mL™). 1,2- 58 JRBE A 440 (15.087 pg'mL™)
RE AT 253 5 2 11 % 20 IR 19 R BB 2L [A (protein tyrosine
phosphatase gene, PTEN). i i it UL B 3- ¥ B (phos-
phatidylinositol 3-kinase, PI3K) 1% #% 3% [Al T xB (nuclear
factor kappa-B, NF-xB) 1 £ ik, [ K & 2 Bl B
(protein kinase B, AKT) &1k, M T #101 il] U87 41l iy 34
FEM Z AR AN WRE I (0.3 mg-mL) 8RS
55 G I S B0E T 3 (signal transducer and acti-
vator of transcription 3, STAT3) I i] SF-767 41 Jfd 1] 3
B, T 7E SF-763 41 i 1, STAT3 Ml AKT i& 15 4 3t 7] 34
TERYEPUTEAE Y, SRR n]E kR A K R AR R
1 (rat sarcoma protein, Ras) {5 5 18 4% 1 1) Ji2 J5 J7d 41 B
WFEPY . FEAREE (20,40 pg-mL ") B E i 10 KB AE G
s RNA (long non-coding RNA, IncRNA) FOXD2-AS1
755 [0 EZH2 i& P, K $5 4100 ) 12 Joia 988 4 i 14 4 % 7% 1R
HY o 5 4 37 U251/TMZ fiif 25 BUAR SR BY, 45 3 K
JE E 5 R EE (20 mg-kg™), 45 R K, FAREAEE N
REAG b A 1) Jl o 9 4 36 0 L 55 7%, B B3R R R
JIFI TMZ fiit 25 PE22 . BE Ak, 1 Tl 4 ™| 4 22k
PR M COLE A A Xy LA 40 1) Jsg I 88 4 i G ) A
PR b FL i R Aoy RE 9% 3 I 1 15 PTEN/PI3K/AKT/
NF«B.STAT3/AKT . Ras %5 {5 5 itfl #% M1 £ Ik IncRNA 3
T 0o IR2 JO Y 4 L M T
1.3 i BB AR R

B2 5 98 A 0 A 2 RV A e JHoRd SR R E TR I . 3
Ji 4 J& & B (matrix metalloproteinase, MMP) ' [
MMP-2 A MMP-9 f¢ i 1 [ fiff 20 1 41 5 57 08 n o 22
Ji2 I3 988 4 P PP AR 2R T Cail PR LR B, KR &
(< 8 pg-mL™) 57 A d it H UST 40 a1 12 2% /8 7,
VB AL 115 p38 45 5 (138 B 3 14 AT R 9 MMP-2
A MMP-9 [FIEF Ko AP EY (500 pmol- L) J8 1 B
IK MMP-2 . 388 L5 2 15 098 2 A 4100 ok i Ik 32 4 /L 7
THIE 795 M DL K PI3K/AKt A 22 54 J5 5 4k 2R (1 B e
(mitogen-activated protein kinase kinase, MEK)/MAPK
5T B A UST 4H I i A AR 22, b -A A
J#i ¥ 1k (epithelial-mesenchymal transformation, EMT)
& b B A R A D 1) 78 5 2 B 40 i 1Y) 0, EMIT 1)
RURFAE A2 b Bz 4 P sk 2 B 38 2 8] 78 53 A 25 40 386
A58 e 8 44 Jf B % ) R A AR B RN RS TS, Li S
RIN, p-4HE Rk (60 pmol- L) i@ it i E-45%5 & 1 (E-
cadherin) F1 N {3 JE 8 I (vimentin) 7K F, F i EMT
KA, AR MMP-9 Al p-STAT3 23, i) U251
M AR RGT . BEANEE (5 pmol L) I T

W Ras [F Y5 3 K 52 Ji 1% 71 A (ras homolog gene family
member A, RhoA) I TO8 40T #2214k, 25 4%
K (160 mg L") th B A # il SH-SYSY & 1= 28 1%
FHR. DL, 4 i P A A dE I T R MMP-2,
MMP-9 1 RhoA [f]5i%, i PI3K/Akt.MEK/MAPK {5
T B, 30 EMT 2R AR, N 17 40 i) JB2 5 988 4 i 432 28 A
.
1.4 FSMEE0E AN

H W75 5 RN B 8 4 i A6 T ) B AR R
RO, o 253 i RE % 38 1L T T AR TR VR Ak R A
B (adenosine monophosphate-activated protein kinase,
AMPK)/Mj 2L 2 9 7 1A % 2 42 5 1 (mammalian target
of rapamycin, mTOR) 15 518 % 175 5 i i 783 41 i 19 Wi .
B0, £ & (100 pmol L) il id i p53 & 4
K — 25 4 5% AMPK/mTOR {5 5 18 #% 15 5 A172 41
L E R, 7R U251 248 i Hod i s AMPK FE 4K
mTOR i ¥ 75 5 H W, B4k, 5 WA BT 58 1 A172
MIU251 40 MR TR F, R BE 4 R R =
AT 40 B PE T AR 1 1
1.5 mEERK

il S A 2 ot 9 o B BR AR AIE 2 —, He e A R
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PSRN 245 PR S5 R I . iR kS IR 7 R T 4% 4 1T A
R R SR IA B R 3R . A2 BRI IR I A R AR KA
“F (vascular endothelial growth factor, VEGF) Al [fil %& 4=
&% (angiopoietin, Ang) & {iE 33 H7 Il & A= Bl ¥ X B 15
5, HAEIR TR N i FE R IE™ . a-MIAAEH (300 pg-mL™)
Al a/p-MIFATR (200 pg-mL™") 7] I L B AK UST A1 C6 41
Mo 1Y) VEGF 1 Ang-4 /K ¥, & ¥ $0 i 98 15 A= i A
AP, Han SR BLE T F 45 KM (25 mg-kg') 78
U7 e 4 B, BAT 2 2 PR 7 Y, L) e ik
/b VEGF F H. %24 1 (fms-like tyrosine kinase 1, Flt-1)+
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HET N R K AE KR T2 4K (epidermal growth factor
receptor, EGFR) fll VEGF-A 3 ik, M ifi #l il US7 4H fitd
I AR B I R] T, 245 45 R e i 1 4% VEGF
Je Fo5Z AR CEGFR Rl Ang BRI, 101 i1l 37 1L 8 28 B, o503
Jifvgeg X S5 i AR, DR T IR TR B LA A R A T SR
2 hAE L EMC AT AR BB
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FH G =5 41 1L 557 P B 40 PR o T R 5 0 1 T i 1) A 38 o
B, e 7E BELRS A 5400 S5 34 N 00 P %) D B 4 PR 1) T AT
23k ik B R A R S, DA G 5% BBB 138 12 14 DA
TEEATT NI R AR 2 R B, PHEE A
(P-glycoprotein, P-gp) J& T ATP 4 & & %12 T 1 Kk,
AL BR 40 B R T, A2 T R R 245 0 £ E R A, fe
ZiWEE AN At PR AT A AR P 24 9 3 B A iR 7 A it
2y, o 2535 4 BRI E P-gp A 1Y R 24 40 24 A LA
w2 SR 4K S 2 W IR 9T K TR 22 2 251047
51 Hp 2 R RSy B 51 25 B AT RS A
2, T HEAG 2535 1k BBB ¥ 24 W) B 252 2 0 R
il P-gp AT REHR = A TT 245 W18 i P9 B AR, AT 4 5
MR 1E T . Shuai Z57E C6 Jie 5 988 J5 Ay A6 5 b o 1,
¥ A m] e R U %% R -5 (claudin-5)
M1& 8 (occludin) £ ik, {3 TMZ i% it BBB, 18
I 4] P-gp & 1 I0 TMZ 78 % A1 iR s 2E . Wu
AL A PRI 98 R B, TMZ A0 )1 4% 2 e & 45 24
B S 35 P01 e 2B K, LS5 3 R R R R AE AR O, A A
MU 70 28 B 1155 22 Jih ] 3@ 3o 410 ) P-gp R 1 3R,
R HE TMZ 15 B 532 | 48 98 TMZ 78 J Ak 988 oh ik B, A
T 32 v J5 8 A Y6 7 R SR . Wang S54SR B B- 4
ik« 7B A 4 R0 AN 5% A B, T8 PRI P-gp . £ 2 it
LR 1 B FRIA, AR HE TMZ 33 1o 41 i 5 [7) i 80K Ji g
S R PR TR 24 1, AT 3 58 TMZ 36897 R 983 (1 1 P
WEIC R B, B4 o 2535 R S5 9T Bk A B
AR BCRRVE o B~ A I A2 MR R & R vh 32 B
Y% 4y, B i 1T BBB A3 &% iR 22 24 i 24 1 fig
7J. Zhang 259 1t 4k 4 BBB A K IR, - M 75 4 L
HETMZiEid BBBHIEE /1. NSRRI, TMZ 5
BRI T i . S o B TR A K, A B RN, B
i} 52 M BT, 3 95 24 B B R BRI /EF « Feng 2505
£ UST/GSLC R 4 & b &% B, TMZ i p-#8 2 i Bk A
YEIT O IR SR TR AN PR A 22 AT TMZ, R
PR 2 B LA O RO R AR . A, p-HE A s A
PR B g 7 AE R B X U251 F1U8T 4 i it
ke, HAERVLH S N AKT/ERK {5 5@ %, %5

caspase-3 VI E| 2 5 ADP MR A1, 1 H B WA <&
M beclinel 5 %P, F LI 4% (isofuranodiene, IFD)
e I 5 R R SR B — R A5 24 54 . Brunetti
SR T 58 R IR, 5 HLM TFD Bk TMZ A LE, TFD Al
TMZ B3R 97 BA 3 1 240 B 75 1, B IFD fl TMZ
XF e ) AR K AR B B [ELE B BLE T R S R
JEANM DNA 547540 9% . IR BT 4E R PE 2 1 PP &2 o
S T T T AR o 8 2 B B 1 -1 O R e B A1)
SR EY), EAFE W ATS 77 T B A B R
TR . -2l 2 TF 5 TMZ 15E H 6 I 25 B AIG 1X &6 i
JEbR BN, B — 2500 7 BRI B RCR, B
T [E 0 1

w2445 B Rk 24 96 97 AN R 3 5T AN R A
124 1) 7] B R0 4 B 25 BIE 36 B A 1005 i s % 2 it
Z50E i i o e FR I B VR 9T 1B A . TR 25 HE R
S A 167 IR SR AE R AL AR 2.
3 PEIE L HIATT ML BRI KBTI R

W 2G4 ROAE IR R T T T ) 2 A, (HHA
Tt P AR AR 2 A R O B ) T L AE R 2 A3 Y R
M, BEE BRI W5, 90K 7 5 3R 5 ik
TR BRI AR TR R RT R o 38 I HE A S R o
KA GNKL | B AR 24366 24 3 G0 RN 40 K 4 S5 40
KRGS G BA B, 7T LASE AR e TR AT EE [ 1%, JF
SRR,
3.1 BERRANKEAF

JIE 5T 40 K AR B B A 0T B L S AE AN IR
BBB Hij £/ T K 245 4 346 325 20 ki 2H 2355 Kk S5 e . B4,
28 W0 AR A2 1 1 R JoiT 499 K 28844 WT R S 1% 45 5 BBB Bl
Ji%i JH 988 57 & (blood-brain tumor barrier, BBTB) I /=3
IR RS2 AR, S IR S B 1 i SR, 2 I R 2 ik ik &
g A K ) 75
311 EZBRERAE AR 1 EUIR R K
H R TE IRy T J2 4550 s B4 i AL 25 1 i i X
53 )2 G5 T AT DS A A [ Ak, DL 5 H A B AR
SE 11, $& I 9T I R RO, R T O A R A LA
IR & T 2R & MG 5 R A 259015 U A1 ik

Table 2 Anti-glioma mechanism of volatile oil from traditional Chinese medicine combined with chemotherapeutic drugs. TMZ: Temo-

zolomide; IFD: Isofuranodiene

Combined drug

Relevant pathway Ref.

TMZ: volatile oil of Ligusticum
chuanxiong
TMZ: volatile oil of Styrax/Musk  Inhibit P-gp and MDR lexpress

Down-regulated expression of P-gp, claudin-5 and occludin

[10,11]

[12]

TMZ: -asarone Down-regulated expression of P-gp, MDR1, GFAP, NRP-1, NSE markers for glioma expression  [12,48,53]

TMZ: p-elemene Inhibit the proliferation of GSLC [50]

Gefitinib: f-elemene Inhibit AKT/ERK signaling pathways; induce caspase-3 and PARP cleavage, up-regulated [51]
expression of becline 1 protein

TMZ: IFD Induce ROS-dependent DNA damage [52]
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HIR . Detoni FE7R FH I 7K AL V5 ) 26 AEABORS I g
JRAR, A7 805 T AR AR AR E 1, R A SRR R
B, 424 I J0 A% L Ui 25 T8 ABURS Tk BE J2 35 PRI GL-15 48
FTEPE, 5 S A RE T
3.1.2 KEWMBERAE  KIGHNE P2 AR o 2% i
1B 2R K 1 3R A Y BB AR A0 G, T % 3 8 11 I
BN R 2 P, DAk D R A 2 R Rt IR o AR ) 4%
N, KAWL M TG, IS AMERA T h. &
R O R B ILAT A G U KA BA R T AR, R LR A
BEOR T 725 1) A7 L I 44 i JF 6 T 7K 1k &85 5 o i, A IR
JR AR S T AR Y . (AR T 4 B A R AR
HEA .

Kang %5 R F ¥ i 7K 4k 1%, %5 T DSPE-PEG2000
oy 5 DL A I A R17217 /) BB e B B AR L4t 1) 2
i S A2 B (docetaxel, DTX) 1§ ¥4 ig i /& (RI-LP-M-
DTX). B2 WA 75 4 155 254 vl LAk % BBB )18
FVE, DR kR A 25 33 XK Y, 5 R17217 B
[ 1 1 5 7 DTX 5T UST 4 A ik I8 18 358 [X 35 1Y) %5 i
FNESHL, A2 33E 25 WA i 9 R L, U8 7 Ji o7 i 96 R B A
R 24 200 S0 45 B 2 L, RI-LP-M-DTX ZH 470 98 24 R
H, B A AR KL R A K 1.6 15, BB RUT
PR RO . K AE IS PR RE S R H B B A5 2
T, A B PR %) v T 3 M R B N, R R R S
PE RS 18 I8 AL IR 730
3.1.3 FEMKBERE (A YKREMARE LA FI
RAERMARL Th BE IR0 34 T 4 132 I, 8 T v g 4 i s
(7 A 9K 258, B R S PR U B0 R A7 B 20 2R
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