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Administration routes and therapeutic mechanism characteristics of traditional
Chinese medicine essential oils based on literature analysis
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Abstract: Objective To integrate the correlation between the administration routes of traditional Chinese medicine essential oils and
diseases, as well as their core biomarkers in disease treatment, analyze their pathways and mechanisms of action on the body, and promote
the rational application and innovative development of traditional Chinese medicine essential oils. Methods China National Knowledge
Infrastructure(CNKI), VIP Information(VIP), Wanfang Data, Web of Science were used to analyze the distribution of administration routes
for traditional Chinese herbal essential oils and the types of diseases treated. The correlation between different administration routes and
disease types was examined, along with frequency statistics of biomarkers involved in the therapeutic process. After identifying the most
closely associated biomarkers, their mechanisms of action in disease treatment by traditional Chinese herbal essential oils were analyzed.
Results Among all administration routes, oral administration accounted for 66.23%, inhalation for 21.37%, topical application for 8.18%,
intraperitoneal injection for 3.17%, and intravenous injection for 1.06%. The disease types most strongly associated with oral and inhalation
routes were neurological and psychiatric disorders, while those most associated with topical application were skin diseases and immune-
related conditions. Intraperitoneal injection showed the strongest association with tumor diseases. Among biomarkers appearing more than
10 times, those related to oxidative stress regulation included malondialdehyde (MDA), nitric oxide (NO), and superoxide dismutase
(SOD); those involved in inflammatory response regulation included tumor necrosis factor-o (TNF-0), interleukin-6 (IL-6), IL-1p, and IL-
8; those associated with apoptosis regulation included B-cell lymphoma-2 associated X protein (Bax), B-cell lymphoma-2 (Bcl-2), and

WIS HHA: 2025-10-24

HEEWME: EXAAREEEET FWH (82274119); /44 H SHFAK T I (251111310400 V7] Fg 24 L 258} 24001 78 KL 1 (2024ZYZD15);
WA E AR R (2411113115000 4 H EE 2GR Beda s HEI I H  (2025ZKY006): i FE P EES “X—” flg R}
WL R e S A E s RP I E R (25CY021)

fEE @Y. INEHE, BILOEE, AFHZ5E0HT. E-mail: sunjingyi0531@163.com

*REEE: W=, ML, #u%, NBEPZGIAHE K0T, E-mail: miaomingsan@163.com



* 5194 «

PED 20265E£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

cysteinasparate protease-3 (Caspase-3); and those involved in neural regulation included 5-hydroxytryptamine (5-HT), y-aminobutyric

acid (GABA), norepinephrine (NE), and acetylcholinesterase (AchE). Conclusion Traditional Chinese medicine essential oils enter the

human body through three primary routes: inhalation, transdermal absorption and oral administratio to exert their biological effects. They

can exert effects via by regulating multiple mechanisms such as oxidative stress, neurotransmitter, inflammatory responses, and apoptosis,

demonstrating significant advantages in disease prevention and treatment.

Key words: traditional Chinese medicine; essential oils; biomarker; route of administration; therapeutic mechanism; oxidative stress;

neurotransmitter; cell apoptosis
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Fig.2 Correlation analysis between administration routes of traditional Chinese medicine essential oils and various types of

diseases
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Table 1 Administration routes and types of traditional Chinese medicine essential oils (frequency > 3)
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Table 2 Types of diseases and categories of traditional Chinese medicine essential oils
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Table 3 Types of biomarkers for traditional Chinese medicine essential oils in treatment of diseases
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Table 4 Core association of administration route-disease type-biomarker
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Table S Mechanisms of high-frequency traditional Chinese medicine essential oils in treatment of diseases (frequency > 10)
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ik, FEAK1L-6 mRNA A IR, @45l MR T 5 e RAE A
MR, AEZE CAC AR

eNOS-H L —A WA ATl p-eNOS-BERRAL A — S & miR122-f4/» RNA-122; EMPs-PA FEANIIG0RE ;. vWE- L8 P I AR R F; VEGF-IIL
B RAEKET: RORyt-4E FERHISSINLS2 4 vt: Foxp3- X KHEE A P3; B-EP-B-PIMERL: 6-K-PGFla-6-i-AT5I % Flas TXBy: AR By
AVP-FE IR INEZ: LC3B-I-U/E MG | 255 3B; Beclin-1- AR AtgS-HWEAEXEH 5; cleaved Caspase-3-PI#] GE{L) B fif
HR KA ZAIREA 3; B-catenin-B-EHE A o-myc-H BHAINR M FEHEHER ;. Cyclin DI-4HUAMIEE D1: p-mTOR-BHIRILIH LB E 1H %
FALEA; c-fos-c-Fos JFEER; LC3B-MEMICEN 1 7248 3p; TH-FE T 4008; mTOR-MANMEINRRLEN; PPARy-IL ALYk
HTEYIBIG 244 v; VE-cadherin-ILE M B A5 R EE 1 CD31-M/MR A BZARILRE 2715 a-SMA-a-FH UNLBIEE 15 Snail-Snail Z e 31
FF 1; Vimentin-JE8H; Notch-1-Notch FJJHZE M 15 Slug-Snail ZKEEH MBI F 2; ALD-FEFH; pCREB-BEFEIL cAMP BG4 & B H;
mGURI-AU B AR 1; BAAT2- M E R IERFIZE A 2; Ba- %+ «B I E 1 o; AC-NF-«B-Z A% F-xB; o-7nAChR-0-7 Jf
B LRI 4 CAC-4h H A «

eNOS-endothelial nitric oxide synthase; p-eNOS-phosphorylated endothelial NO synthase; miR122-microRNA-122; EMPs-endothelial microparticles;
vWF-von willebrand factor; VEGF-vascular endothelial growth factor; RORyt-RAR-related orphan receptor gamma t; Foxp3-forkhead box protein P3; B-
EP-B-endorphin; 6-K-PGF1a-6-keto-prostaglandin Flo; TXB,-thromboxane B,; AVP-arginine vasopressin, LC3B-II-microtubule-associated protein 1
light chain 3 beta; Beclin-1-autophagy effector protein; Atg5-autophagy-related 5; cleaved Caspase-3-cleaved/activated cysteine aspartic acid protease 3;
c-myc-myclocytomatosis oncogene; Cyclin D1-Cylin D1; p-mTOR-phosphorylated mammalian target of rapamycin; c-fos-c-Fos proto-oncogene; LC3B-
microtubule-associated protein 1 light chain 3 beta; TH-helper T cell; mTOR-mammalian target of rapamycin; PPARy-peroxisome proliferator-activated
receptor gamma; VE-cadherin-vascular endothelial cadherin; CD31-platelet endothelial cell adhesion molecule-1; a-SMA-a-smooth muscle actin; Snail-
Snail family transcriptional repressor 1; Notch-1-neurogenic locus notch homolog protein 1; Slug-Snail family transcriptional repressor 2; ALD-
aldosterone; pCREB-phosphorylated cAMP response Element-binding protein; mGluR 1-metabotropic glutamate receptor 1; EAAT2-excitatory amino acid
transporter 2; IkBao-inhibitor of nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha; AC-NF-kB-acetylated nuclear factor-
«B; a-7nAChR-a-7 nicotinic acetylcholine receptor; CAC-colitis-associated colorectal cancer.



= 5200 »

PED 20265E£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

AT, (B 3B AMUAR B 45 KA S A7 A B
ZE5E, BIUNAERE AR RAMEROR R, DIRG 1K
3T H 25K T R /N ) o G A PR 5 0 I
o R A T rR AR AP e R G041, T EER SR 253845
H, HESTFIE B EEARN G, B
J R 7 2R AR A E, B S e e
AL BIRER, A BRI 1A % R G i
S IR YT A

AHIF TN STHR AR B ) A B AT Gt
H B = (0 A s E AT H 2R b, 5 5R
BoR, P2 BRI A PR RN . RE
SN AR TS AR R G0 4 A7 T TR $E T
o HZREMEEANA)S, BT MDA NO.
SOD. CAT. GSH-Px. GSH. Nrf2 25484k M i 5t
AR T RIERIEER, Bl 22 R i 220K
Al RE PRI N U2 SOD & TE, R
5/> MDA &, MIMZM DM /R ZH 211 4 ik
P, | B AR A B R AR GSH & &
CAT. SOD. GSH-Px [1)ift, B ik B B EES & B
9 RS AR RS R I AP, ks, B
TR e B AR D U BRZH 2 HYP & 5. SOD
o GSH-Px ¥ 17, A 208 i1 [z Bk N P8 AR IR 7 77
M R AP AR S, A 24K i R 42 LA 28 S
N M TNF-an IL-6. IL-8. IL-4. IL-10. PGE,%%
7B A T, BB, SR RO i PR
KR DR T TNF-a. IL-6. IL-1 mRNA £ik, M
T 02 B IR ) <5 K BRI 2% STEAZ 8 870 AR il
AL I D AR AR R FIIRAE, PRI TNF-o.
IL-B S5 RREA KT, ik S IE VBRI, [R] I A4 41
Wt 7t % B AT 15 R B AT A AR AR 2 0 S S
HaCaT 4Hffi 4 ROS /KF-, PFAK IL-6. TNF-a Fl
NO #RAEDR -, AT B0 A A B 05 B0 48 il 4
S 45497 7T 2 LR TR LA AE AR B B B 2 A R 2
FERURE R AR PR PE T, 52 2 Bel-2. Bax.
Caspase-3+ PI3K. Akt. p-Akt %52 Ff A7 FI{5 5 il
P, A 2R T Y X L R T R A
o AMFTERB, BN AET S HepG2 A
JoE T, HALHIE T TS R4+ Bax. cleaved
PARP }% cleaved Caspase-3 (25 [1RIA, [#K Bel-2
R IR, AN LR GE 8, T SRy mT DA
AT T AS49 fifidE 41 & Bax/Bel-2,
AL it e 20 MR 2K € RE 0B B T I AR R BT
Caspase-9, i 2% Caspase-3, 175 5 Milies 21 i 111

T8, ARAMF TR, friE RETE R 2
NF-«B p65 [FIA, M- F SO 4 E 7500,
22T I 20 SO AR R A (A% 145 5 SEIL 5-HT
GABA. NE. DA. AChE %5 #0281 35 8 F e A iR 1
AT RINEL R TR 2 PR TR kR
PRSI, e 22366 o7 (1) R Al o2 S EURIR . AR, A
HNT)REREG SEE, P 2R T T I8 R Y R 2 58
RIFVER, WA SR o] i iy 5-HT &
&, [AN K NE M DA KT, “FATfRe e,
AT 502 2 IR % 175 5 [ 1 136561 , 1™ 25 5 i mT il ik
Wr-M R S N S-HT 7KF, s iR &se1,
4 g

KA FLCAF 2GRN S, RGuads
KA 2 m 0, FIST AR AL RO, RIE.
P T ARG AT RO A R A TR I,
ZiRE R EA S DR WAFIGRIK 3 Fies 251812,
HEXIA R A AR 27750 BT 2k
SR mRRETE R S HATE & 1/ N T 1)
WY, LS Tl SRR N 5
7 ML BERE L 5 0% KR AR =N B R, ERS
T RGN O RGO HIRER I
BT A AN, AES 2 R A B AL
N5 G R Rt — e S E M A .

RBFR FIAGEAFAREEFGFR

SE R

[1] Gk—T%, B8R, (R, & ARG R AT
PIERAE FHLEIE Sk (7). R EZGRR 3544, 2025,
56(1): 22-30.

[21 HERE, ASlge. RERE WS P Ry 7E O ML B IR
TR RIEMA R )] 2, 2025, 56(15):
5658-5667.

[81 #RW, FENNLL, A£SCH, &5 55 B YRS M S I T
2R EAE BT [1]. JMART, 2025, 53(8): 1-
4.

[4] 5k/ANE, ZF5E W= BTG PR R A A R
NZGHEAE A R T [ P ESIER, 2024,
40(10): 123-128.

[6] ZE55E, XHH, £, & St ReE DR
YR AT [J]. shBEZit ke, 2023, 44(8):
121-126.

[6] ZhongY, Zheng Q, Hu P Y, et al. Sedative and hypnotic
effects of compound Anshen essential oil inhalation for
insomnia [J]. BMC Complement Altern Med, 2019, 19(1):
306.



PED 20265E£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

* 5201 »

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Rk, AR, W, . IR B R s LT
KR P miR122 FIXMFEM [J]. PR PR 2 4%
&, 2018, 37(6): 12-14.

LA, BRI, B8, & 9 RMRT B KM & LT
KR IMLE N A GAE 588 PIBK/Akt/eNOS ¥ 51
[7]. W EEEEZ, 2022, 33(4): 794-796.

FBELE, [N, T4, 25 SRS H &M
JEKER NO. vWF. EMPs FRiz/KFFm [J]. thFRk#
HAR-HEZG AL, 2020, 22(4): 1153-1158.

TRL, W, LR, . SRR M A &M
JE KB ET-1. PGI2. VEGF Fik/KFRIFM [J]. kAR
DM 24 K, 2018, 34(3): 297-300.

L, AT, TERE, F. N K0T B
BALB/c /NRISPIGVER Bt Th17 G idi 2 m
[7. FEMALEHEELE, 2016, 32(2): 137-141.
FEEE, Zigae, R, & 2 K0T B
BALB/c /NP0 7R F et Treg 400 M v 44 T 52 i
[7]. 225 51K, 2015, 31(6): 72-75.

g, TG, B . U FE R MR A D R
FH PGF2a PGE 2. AVP {52 [J]. W2 EEEZA,
2022, 33(3): 530-532.

FR¥Y, 1%, WA, 55 R IHE BT EN KRR A
FERIE o (7). PUERETIT, 2010, 24(25): 2281-2283.
MlRLh, TR, SRAEER, S MR RN A4 B s
HCTI116 AR5 SR AMERINLEIRE AT [9]. 5
PHEESE & 26k, 2023, 18(12): 2386-2390.

JRINIE, AP, TER, & MAEERMN NG ER
Ji HCT-116 AHMUIE5E TR TR [7]. S,
2022, 44(10): 3321-3325.

KWE, BEs, RIEE, . 08 K @S
PI3K/Akt/mTOR 15 5 318 % 52 A\ 25 79 LOVO 2
ML E R ST (9], R EER R 255, 2022, 39(4): 437-
441.

G, VPG, B, % A BT RS S -
UL = B K BAT A LA AU R (0], 3
FREE 25 B4R, 2014, 30(14): 2081-2082.

&, VR, ZBEE, & A EWIERMTE- LY
I R R B c-fos SRIBHIFEM [J]. BUREZ A,
2014, 30(13): 1921-1923.

GRANAL, sRE4e. R A A0 B T R R N 2 A
ST K AR 2 3] {02 Th e K44 SOD. MDA /K
TR (1] R EZESLE, 2013, 33(16): 3916-
3918.

T, 7HS, £/ b, & AEWERMEE NS
SRS APP/PST XU LA /D R LRI R I . i
JR AR IR VB A RN S SR B S [J].
HEE 224K, 2019, 34(1): 80-85.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31

[32]

[33]

[34]

[38]

[36]

e, B, Meh, 5. 08 TR I 4 2% 0%
TR IS B SR SR 22 EEL M A e 448 7 W P 2 g e L AVL
[J]. ZFH5MEHIRE, 2022, 29(2): 101-105.

AN, XBHT, DRI, A E R SR
BB e B 6-23E 2 MiF S e R KR A
W A 50 R TR [J]. 3 7 P 25 K 2% 22 3R, 2017,
19(4): 33-36.

REM, HEZE, W, % £T Nrf2-PPARY 5 5@
SR T 1Ly S R SN = WS 3 T A K P A B s 4
HIORIVE I B L [J]. A R 225 &, 2021, 36(9):
5569-5572.

R, )72, M¥s. #2425
FE B 15 5 N JBF 5 K ML P R 4 B AR 4 K — LA
HRE-—F AL E R [ PEERZAERE, 2012,
32(24): 1937-1940.

sREZHE, X, NN, 25, 3ET Notch/Snail {55 L
FHE R P9 Bz 18T S - AR E AR (9], R
B 5 2422 2 i, 2020, 40(15): 1634-1637.

2R, B, RiFE, & LR MY TGF-p1
SN IBF 5 Bk P B 40 B 1) R 3 A R AP R 9],
[ 5206 5 757 24 &, 2017, 23(22): 160-164.

Mg, EFRE, LH, 5. AR R I E 1
s [J]. RAEE LR &, 2010, 18(9): 845-849.
R, N, HE, 5 RN FIREE E AR TR
WREFEAMEMNR I [J]. REPEZHRE, 2012,
27(9): 2397-2401.

ek, BT, IR, ZE. EEARORE O HIARE K R
o #5428 pCREB K c-fos FiEMEIRI 5 [J]. g
rhE 25247, 2021, 39(2): 194-198.

TR, 2B, BRI 1 AR BB 2R 2
AT 7= R AROK BRI REAT N R AT [J].
AT RN, 2024, 15(18): 109-112.

TG, BN, BUESR, S5 EAK SR IR E R
B T SR BN BRUPRD VB 9T AR FH BT B i R 42 346 o 11
AL [J]. o E A R, 2023, 42(11): 1-6.
XA ML, FREVR, AR, 55 HAISsBA AR
70 % B IR R 25 K R 2 2 1042 B 48 RE IR T K ST 1 52 i
], Wb BEZ R 54R, 2024, 26(6): 14-18.

PR PR, £, % R MEL T AL
TR of v S LA JE K R v /B (30, P9
KR BESERR, 2024, 55(6): 1485-1493.

BT, R, BER, % BIERMN GRS S
2 1 LI R K BRI M Y M i 2 2R TR /KR 1)
s [J]. AR 22, 2022, 37(12): 7045-7049.
B, RE, SEE, 5. AR TEHUR 05T 28 A AR
T 5 W S BRAR R B AG I R R AR LA (D]
R B2 2452491, 2022, 40(10): 77-81.



« 5202 « PED 20265E£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13
[37] X%, MRJE, MRRZ, % JET STAT3 {5 SRR 1L SEHANR TR0 [J]. Rk, 2024, 46(7): 2365-2370.

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

ORI IR 3 CAC /N AR ROASERIBLE] (1],
2, 2024, 39(1): 173-179.

FRTT, FORA, TLHE. FETIE A fik gL
WAL R (7). PEEZ TR E, 2022,
53(9): 1262-1269.

Hedigan F, Sheridan H, Sasse A. Benefit of inhalation
aromatherapy as a complementary treatment for stress and
anxiety in a clinical setting-A systematic review [J].
Complement Ther Clin Pract, 2023, 52: 101750.
Shahinfar S, Maibach H. In vitro percutaneous penetration
test overview [J]. Front Pharmacol, 2023, 14: 1102433.[
TN, SEAPE, M, S PRSI AL R R
3 YA 8 0L i 7 5 s A 1 24 B 2 LR B ST E SR (0],
FREZY, 2025, 56(13): 4875-4889.

Sanchez-Vidafia D 1, Po K K, Fung T K, et al. Lavender
essential oil ameliorates depression-like behavior and
increases neurogenesis and dendritic complexity in rats [J].
Neurosci Lett, 2019, 701: 180-192.

WeH, SRAE, FRUNYE, S LBCRGMNE R D R
AN RALEIBE T (3] BIAER BB AR B
hiZ, 2024, 38(3): 185-188.

XE, 8, kG, & | RER XA LB S
FHUN RSB R RTHER 1] RBIEESR
53K, 2018, 30(5): 856-862.

LR, BRrton, A, S DUl L2k A
Hxb D-FAEBUN R IR RIS (3],
ek, 2021, 30(2): 162-169.

FeIRMg, MRS, SR, AF. AR AR IR S 1R
WA 28 SRR A FIALEIRT 7T (3] T PE b BE 25 K2
224, 2019, 22(1): 1-5.

TRARME, R0, BAckE, & B TMSAHE SRR
UEWF FURT RS I 22 A £ FEOE FO A FI LA [0]. RAR™
Y L5 91 K, 2024, 36(2): 336-347.

BULEE, LS, ST, AE. AR e e 4

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

Niu Q L, Sun H, Liu C, et al. Croton tiglium essential oil
compounds have anti-proliferative and pro-apoptotic
effects in A549 lung cancer cell lines [J]. PLoS One, 2020,
15(5): e0231437.

RI, BRE, LK, 5. AT AR >
b Rt B A B AR (0] SR, 2013, 36(5):
756-759.

Cui X L, XuY]J, Zhu HY, et al. Long noncoding RNA
NONHSAG045500 regulates serotonin transporter to
ameliorate depressive-like behavior via the cAMP-PKA—
CREB signaling pathway in a model of perinatal
depression [J]. J Matern Fetal Neonatal Med, 2023, 36(1):
2183468.

Perucca E, White H S, Bialer M. New GABA-targeting
therapies for the treatment of seizures and epilepsy: II.
treatments in clinical development [J]. CNS Drugs, 2023,
37(9): 781-795.

Dicks L M T. Our mental health is determined by an
intrinsic interplay between the central nervous system,
enteric nerves, and gut microbiota [J]. Int J Mol Sci, 2024,
25(1): 38.

I, HIRE, B30, 55 dARERS & ik
RN EIR V55 R K R BhIRAE B 78 (0], o E 3
REE2F4E, 2022, 32(21): 39-45.

Zhou Z D, Yi L X, Wang D Q, et al. Role of dopamine in
the pathophysiology of Parkinson’s disease [J]. Trans/
Neurodegener, 2023, 12(1): 44.

LT, KGN, FAE, S5 ROREOR b 1 )
7=, _Lif# % BDNF/proBDNF 25 i35 KR 26 540
AR [J]. TFTABERIRSEZAR, 2023, 44(11): 1248-1254.
Ouyang PY, Kang D L, You W J, et al. Pogostemon cablin
essential oil affects anxiety- and depressive-like behaviors
and the gut microbiota in chronic unpredictable mild stress
model rats [J]. Front Nutr, 2024, 11: 1303002.

[T &y4E]


https://doi.org/10.3389/fphar.2023.1102433

