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Advances in pharmacological mechanisms of essential oils of traditional Chinese
medicine and their volatile components in regulating blood-brain barrier
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Abstract: The blood brain barrier (BBB), as an important physiological structure in the central nervous system (CNS) to maintain the
homeostasis of the internal environment, has highly selective permeability properties that protect the CNS from harmful substances,
but at the same time, it is also a major obstacle to drug delivery in the brain. Due to the molecular structure, physical and chemical
properties of most chemical drugs, it is difficult for them to cross the BBB to reach the target of brain lesions, resulting in many
challenges in the clinical treatment of neurological diseases. In the practice of traditional Chinese medicine (TCM), TCMs such as
Shichangpu (Acori Tatarinowii Rhizoma), Bingpian (Borneolum Syntheticum) and Shexiang (Moschus), which have the effect of
opening the orifices with aroma, are often used to prevent and treat cerebral diseases with the help of their characteristic of “guiding
the medicine upward”. Modern research has shown that the volatile components of essential oils can accurately regulate the
permeability of the BBB, thus enhancing the distribution of drugs in the brain. Essential oils, as key active components, show obvious
advantages in BBB permeability due to their good lipid solubility and small molecule structure. Based on the theory of “aromatic
opening of the orifices” in TCM, this paper systematically reviewed and summarized the research progress of essential oils and their

volatile components in regulating the permeability of the BBB and investigated the mechanisms of their regulation of P-glycoprotein,
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tight junction proteins, such as Claudin-5, Occludin, zonula occluden-1 (ZO-1) and oxidative stress responses, with a view to providing

new strategies for brain-targeted drug delivery.

Key words: essential oils; blood-brain barrier; permeability; P-glycoprotein; tight junction proteins; oxidative stress response; Acori

Tatarinowii Rhizoma; Borneolum Syntheticum; Moschus
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Fig. 1 Structure of BBB (A) and mechanisms of drug transport across BBB (B)
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Fig.2 Structural formulae of chemical components from common essential oil by regulating BBB permeability
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“1” indicates up-regulation, “|” indicates down-regulation.
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Fig.3 Mechanisms of traditional Chinese medicinal essential oils regulating BBB permeability

AT LA P-gp 31K (1) #1 FERAE 25906 2 15N
FRMH . Huang SE220 F0 R I B-4H -7 Ik 5 7c g 2
ELIR VR 97 A 4 AR 0 K SR RE 2 35 9 = SO AR
Jrie % A2 K, HALH] S FEAC P-gpy 3
& -5 (Claudin-5) « H&HEHA (Occludin) ]
G/ E 1 (zonula occluden-1, ZO-1) FisKTF
Ko Fan FBUHHTURIN, fE/R5 BBB BRI, UK

Fr B EW N PH 123 (Rhodamine 123, Rh123) 7
AL IR B, G R A 5 4] 22 24 24 5 -
la (multidrug resistance gene 1la, MDRIa) mRNA H
P-gp HIERIEA K, HAME 5% K F-«xB(nuclear factor-
kB, NF-«B) {55 @K, Hu SRR FTIESL )15
R e PRI P-gp MIERIAKIGTE BBB A 2 H
Wiz (R1.2) .

F 1 AREIHRZ5iEE* BBB RiE A 22060 & 8 A5

Table 1 Effects of different traditional Chinese medicinal essential oils on BBB permeability and related mechanisms

gl FEMEES A (FhA) Ao % BBBIEEMIEM ikl S

AEERE  oFE - BRI AR A R ip HhiiEit BBB — 19
it Transwell £ k7! — 1111 BBB B P-gp| 82
RYNEYN Bir]idGE 308 ip V1% BBB A iNOS|; MMP-9|; ZO-11; Z0-31 83

KR
JIE R Transwell 41 &7 — W% BBB jliE it Occludint; ZO-11 24
EEIR YN ig W1 BBB A MMP-9);  ZO-11;  Occludin?; 23

Claudin-51

Ky Jefii Transwell 4 & 7 — 1 BBB i M P-gp| 81
N ONL LGRSt ig W#{ BBB jlE Claudin-51 34

KR
W& AN Transwell 41 {550 - W {f BBB i@ E P-gp|; MMP-9| 40
FEREH HHE il N ig W1 BBB #iE eNOS|; NOJ; MDA 84
Rl A IR ip W1 BBB #iE MMP-9|;  ZO-1t; Occludint; 49

Claudin-51



https://zhuanlan.zhihu.com/p/567900096

4882« PED 2025478 B56% B 138 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13
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Gipl FELFES BA ) HheJi % BBBBAE(EH Gk SE R
il ) AT/ B ip (% BBBIEEN — AQP4| 50
LTSN ip (% BBBI@EEM  ROS| 51
E iy E i PR bt in (G BBB@EN  ICAM-1|; VCAM-1]; CD36) 55
PRBCs-HBEC 4ffu & — W% BBBi@EM  Occludin-11; JAM-AT; VE-cadt 56
TERH T&M il YN ig W{i BBB @AM MDA 64
TR /N ip Bk BBB AN — 65
[y g T il EZ Y VPN ig FE% BBBIEEM MDA, SOD? 4!
PN Ll RN ig (G BBB @AM MMP-9); MMP-2|; NOJ; MDA/, 72
SOD?

“17 Fox B, “1” FoR T pRBCs-HBEC-27 AR ZLA0AE- NN BRI ip-ENsvEGT: ig-E B 4R2l; in-ffssn2h; iNOS- S — LA A
s MMP-9-2L i & J 1 F115-9; eNOS-I B —S (LA & ;. NO-—SLA; MDA-I§ —f%; ROS-IEIES; SOD-#AMMBILARGTE: AQP4-
IKIEIEE H-4; ICAM-1-ILiEAIMRIF 3 7-1; VCAM-1-VE AR 2 115 CD36-/MUBEE H 1V JAM-A-EZHi 73 7-A; VE-Cad-
A N A S R A .

“1” indicates up-regulation, “|” indicates down-regulation; pRBCs-HBEC-parasitised red blood cells-human brain endothelial cell; i.p.-intraperitoneal
injection; i.g.-intragastric administration; i.n.-intranasal administration; iNOS-inducible nitric oxide synthase; MMP-9-matrix metalloproteinase-9; eNOS-
endothelial nitric oxide synthase; NO-nitric oxide; MDA-malondialdehyde; ROS-reactive oxygen species; SOD-superoxide dismutase; AQP4-aquaporin-
4; ICAM-1-intercellular adhesion molecules-1; VCAM-1-vascular cell adhesion molecule-1; CD36-platelet glycoprotein IV; JAM-A-junctional adhesion

molecule-A; VE-Cad-vascular endothelial cell cadherin.

®2 TESAFHEEMZYE BBB {ER RALE

Table 2 Effects and mechanisms of different traditional Chinese medicinal essential oils promoting other drugs penetration

through BBB
R FEERS O BR G A% W BBBEBMER  (RERENEAN ik S
FEWRE o L8 p- Transwell 4% — i BBB @AM BRI 20-1} 20
A0 ik i R 4 —  1#4)nBBBEEM BRI P-gp] 2
A AR ig 3400 BBBIEEH: g P-gp|; ZO-1|; Claudin-5|; 22
Occludin|
Ik BEAABR. N RBEREKR ig 30N BBBjEEH: g P-gp/; Claudin-5; Occludin| 21
HWE A MDCK-MDRL 41l —  1NBBBIEEM, Bl MAEHT Claudin-5}; ZO-1} 25
NIEAEEL 2Rtk
MDCK-MDR1 A —  i%)nBBBEEM AU P-gp| 26
A
SR TRl A 2 i Transwell 4R —  1%)nBBBEEH BRI P-gp|; ZO-1}; Claudin-5); 29
Occludin|
MDCK-MDR1 411 —  1%)nBBBEEH BRE — 3
A
Transwell MRS, 2 —  {RFZ4iYEE BBB  FEEAAVKEN Z0-1}; Occludin} 30
JRIBRALN R
Kk e Transwell 4R —  {[E#HEMETBBB  CGKRK fkfsffi% — 38
MBI 20 A2
R BIGRTURL
GL26L e FRMALNR  ig  Hln BBB @AM I Occludin}; Claudin-5| 36
Transwell 41 ffu 5! — %) BBBiEE BRER)5E Z0-1] 20
Transwell WMEERL, 5 v H4jn BBB @AM HEA eNOS|; NO| 85
HrmRERN R
B8 e Transwell 41 i & — 10 BBB @M EuTIE 3N — 4
MDCK-MDR1 4/t —  %)nBBBEHEH T TI| 43
]

Transwell 28 &7 — 141 BBBi@iEM: EZUTILE — 42



https://www.medchemexpress.cn/gene/361.html
https://baike.baidu.com/item/%E8%8A%8D%E8%8D%AF%E8%8B%B7/2535101
https://baike.baidu.com/item/%E6%AF%9B%E8%95%8A%E8%8A%B1%E7%B3%96%E8%8B%B7/9805796

FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13 - 4883 -

£2 (&)
Bl FEERS R (A BUTR *f BBB @A 1 Uity AL BEH
K 3l ke TR R ig {2t #54i%1L BBB EV%S MMP-9); MMP-2| 45
LR SUE Transwell ZURREEL, FL05 0 ia #n BBB @i RS 7R} — 61
HRNR
i R B0 B R /N B in 10 BBB iliE M ok - 62

A7 For B, C)7 FoR T iv-BIKAEE s la-BIIKTEST: TI-EEERER A

“1” indicates up-regulation, “|” indicates down-regulation; iv-intravenous injection; ia-intra-arterial injection; TJ-tight junction protein.

22 PATETEZBXEARIE

BBB P A JE A BRI o 4 A/
IR 2 e b B RN HLAAR P38 5 A A B i 2
(P BB, b Rl T RN P Rl 4 st s A 400 i 5% [ i
U S, R R (tight junction
protein, TJ) Z—FEEAREAY), TEMHUINLE N
B A )T BORcHE )iz B S P 2E, B OR R PR
TARME S T FK 5 [ R XA 2 R G40 i 55 4
FRISOL, i B 2 RN A o A B e 1 R R T T,
XS EAT S BBB Bl N EHE. A
RFEMERE M2 Claudin-5. Occludin. ZO-1087-89,

Wu 25200 78 2 BH UK F AT o202 Bk A 1 3% BBB
I, VEREFREEZRIL, HHLES —#F ]
CLBE B SR M5 5@ s, PR E R A
Z0O-1 MRIEA K. BAMARE FUR I, 1=k
MIEEA NG VRSB Ay 31 RS TR
i Claudin-5 F1 ZO-1 MI5K1A, 40 BBB @& M,
ML 2 23 BBB H 2455 12 1% LR A7),

Dong Z:B4F|H L-Je i D-JEMi A& R iR
b T 73 A R 0 fok P 2 K SRR R LA
SEREIN, iR B E B A YRR, RN
I IR/ N P AR FE TR, v I I P R AR K R
TR, #85% Claudin-5 [3Ri%, JfkEE BBB 152
AFESE . Li 253070 K BRI Bk AR AL R B0, B PTG
%7 i ZO-1. Occludin. Claudin-5 [{£&ik, M
MR D20, W4 BBB AR, i@ s iE i
GRS B AT RE S B A I . BEA IR %
SR, AT S A R MR R X T R B B SR
(1) 5 M 2 T 3R o X B A S TOOLLE /I BRI L8 P e
M (brain-derived endothelial cells.3, bEnd.3) %
F=1 BBB SRR I, V) E MBE 14525 0.5h )5,
bEnd.3 40/ Occludin. ZO-1 & A X IEEEIL: 45
24§ 1h J5 Occludin, ZO-1 FEARIEE LT 45245 8h
J& Occludin. ZO-1 HHARIA =K E BN HRA KT,
Yin S5O IR BLER BKIE UK A G, RSB PR AR

Occludin 1 Claudin-5 RiXHEEHIIE I BBB fiHiE
P, 12h J5 Occludin F1 Claudin-5 fI3RIE X 2RI T,

g b, F 2k ] 0UE] T BBB liE M
HELPI ST, 8 I ek B I A DG R 1 R A
155 BBB @&V 7RI EH S NI LA,
V368 3t 8 o B B A DG B 1 3RAA LAYk S BBB i
M, H ARG AT Re I 52 I ) S5 A PR 2R R
2.3 HIF—|WE (nitric oxide, NO) 7KF

NO =& H—% % &8 (nitricoxide synthase,
NOS) F=AE B —Fh 5 Vst « ¥ 5K <Ak, Hid NOS
A 3 MEAL. 3A NOS (inducible nitric oxide
synthase, iNOS) . WA NOS (endothelial nitric
oxide synthase, eNOS) FlIf£ juAH NOSP!21, K&
WFFEUESE, NO /& BBB A HI<HE[H &, BBB Mk
5 NOS i FEFREML & NO JEHAH K31, Jiang
LR T AT TR RE A AR 2 R E
S5 REB W I BT o W3 PR B8 47 15 K B
eNOS KA % (malondialdehyde, MDA) 7K°F,
FEH R T NO ByTbaE, AL S i il
il SE A SR A B2 NOS 12 K. Long S0
FORIN, UK Py -2 %58 - I o A w3 o T A i 2H 2 ik
AiE - VIE N A KB 1/eNOS/NO {5 5
H, B9 BBB M, 2 m LI NN ZH 2 rb s 2
() Er e, 3T e i s of P R a5 /) SR B A 2 1)
RE, I 7K e 5 A o 2EL 2R 453475
2.4 RSTEALRMR R

AU N2 TS MRS (reactive oxygen
species, ROS) . &M% (reactive nitrogen species,
RNS) 5408 A B A 0 AR B BT, TR
PEPUEA RGN v 2 (2 ff ROS/RNS 774, M
Gl R BN R, FETINE S RGP K
A T RS RS BRI B B L —, B 5 2 B
B2 o AL RO FE 2 A i 6 )R R
(matrix metalloproteinases, MMPs) #7 ¥, MMPs
TR B A WMERE T ZO-1. Occludin #1 Claudin-
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5 % BBB T EEEEACE AWM, T
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3+ MMP-10) HERY 5 d 1 B R b AR I 3
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9 PR AR I 1 K BRI KO B R, R
[ BBB i#i%E 4. Abbasloo 251 FH 4R A%
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Al Claudin-5 7K1, MM FEAKA54% /5 BBB ifiZ %
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(5 HAR A . Wang ZEUOVE I PR A SREGHRTT T B A
fiix; BBB 520 A HALH, A 50 % 30 B 2 e ik
N MMP-9 /51 TJ AR, M BBB
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3 FiE5RE

ACHREL T 2R i R HAE R VYR £ BBB
T T TH AR SO0 R, g T N
R P-gp AMHEDNRE. AT REEEARE AR
I H NO 7K ok 55 280 A B R 8 S5 I A2 1 1
BBB #iEYE, B 15 IIRTT N B T T
LB BB, AR N BBB JRYT AR MR
PRALRL MBI AKYE . FAb, A L) R i —
HIRNWF T -
3.1 HHEHREELMERS 00 BBB @iE 4]
MERESHEMRIERAEX

Yang S50 O3IF] F G 22 W55 5 /0N B/ 41 i 7
98 IV SR UL 55 4851 R i 11 ) /N Jsg ol 4 L v A4 1
IR, WFFE R IAS IR 1 X 1R 450 0 o 1 e U0 o) 1 4
i/ 25-6 Cinterleukin-6, IL-6) Fl IL-1B 43k A%
mRNA 7K, BEMHE N R A IS . P2 i

TG R /N 5T A R K ) S I, TR A
N My RBLEGE Mo R AL, My BN 4 s R
AR RN R 7, B3R BBB (5 EM:, 5F BBB
WENE, ARHFWIHEAN K. T My BN
JR A B U P AR BT AR AR T, JERETCRE S fR 1 BBB
A5t AIM4ESF BBB Dyfgse B LI, I H/MiZ
JRAHMIRT DAZE My AT My ORI . Hidk
T8, A7 BRI o2 S IO i i PR VAR A5 A
3 IR R, AR LA 2 2l R4 ROS
P, 4] NF-xB HIBERR AL, PAFEAR NOD #32 1&F4
WA 3 JOAEIMERE S, BT R fE 2
KF IL-18 5 TL-18 (150, (R % K ¥ IL-10 5
IL-4 F 70, I 4T 28 6 30 OR4P ik oh I 7 E V452 47
AR RI0OS), i fii sk L PRV 45495 3L 55 BBB JHiE 1
ThimAHIR006, (R, W] BRI 24 K il BBB
EVE R ETAE S ] My N5 4R AL ,
PR KA IR ARG, SN BT A AR My
R K.
32 EABHERMEREEMEM S BBB BiE
MR mEEA X

JERE I S T R R o B A AR 125 Y B
A, NI TR CHGIERI REGS 11T BBB i@iE . H
B A A B LT AT LU R BBB IEE MR ThRL,
N E R ETAT LA I BBB @& ER3-2427, {H15E
E ), BN BRE L L 261F T AR 642 7 BBB i
BN, BETTOEHE G A R 2200, X — IR R
1, ORES H RS PR AR IS BBB JEIE MY
TV AR SR TR —3. H B SR 2 2 AR
Ir RS IR G, T S P R AR e B — R
o LR, ARRBIE T AT Bt — 2D AR T IR R AR e 1 4
N, S HIE R £ TR BBB @& 7
JEBLI 22 53 S I AEN LA o
33 RREBARBREERAPLHRBMREZELYE
F5 AT BBB BEHHERLAAR

ARICERR TR BRI )N E RS R
UK B ARG KT, TR
20 M NN BTN 5 =5 N N R 52 i DS
FERER> X BBB EIEVE IR, SR S5
AR L B B N e 24, HoAh R T 28 2577 30 ip 851
Hoige EARILAFNORTAY [ 5 IRBERh 2 T R PIKHKL
(chitosan-neurotoxin-nanoparticles, CS-NT-NP) i
NRG L EE—R G im G2, ip hARTK
i BBB JTIPERIEENT . S5 5RKW], CS-NT-N L
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SR | im 45 25 B SIS VR FE R AE 120 min
ISk B0, CS-NT-NP ip ZH7E 180 min I iA %=
U U] CS-NT-NP &4 25 IR L (46.91
ng/g) MR T im 452540 (38.45 pg/g) Mlip 4424
4 (36.51 pg/g) - BIRIX 3 Fhéh 25 2 AR ] AP &
BBB [fi@i%E 1, {H/2 CS-NT-NP £ 54255 T ip
Al im 2524, HAR SO ARG SR, R0 AR . FH
T, SANG AR S AR A E A EE K
PR, AR 2ok S AR KV 5r 4T BBB i@
37 M S [ A SR AR 5034 T M R 2R Tl B s 4 247
HHHTY B, EE2HIRRBNAZ IR .
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