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Abstract: Objective This study investigated the effects of volatile oils from nine Chinese herbal medicines, including Danggui
(Angelicae Sinensis Radix, ASR), Baizhu (Atractylodis Macrocephalae Rhizoma, AMR), Huajiao (Zanthoxyli Pericarpium, ZP),
Ganjiang (Zingiberis Rhizoma, ZR), Xixin (Asari Radix et Rhizoma, ARR), Qianghuo (Notopterygii Rhizoma et Radix, NRR), Guizhi
(Cinnamomi Ramulus, CR), Chuanxiong (Chuanxiong Rhizoma), and Jingjie (Schizonepetae Herba, SH) on the transdermal penetration
efficiency, in vitro anti-inflammatory capacity, and skin cell cytotoxicity of the main components of the Qinjiao (Gentianae
Macrophyllae Radix, GMR)-Duhuo (4ngelicae Pubescentis Radix, APR) drug pair. The objective was to identify Chinese herbal

volatile oil permeation enhancers that offer high penetration efficiency alongside low irritation potential. Methods A multi-component
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content determination method for GMR-APR drug pair extracts was established using seven indicators, including loganic acid, 6'-O-
B-D-glucosylgentiopicroside, columbianetin, swertiamarin, gentiopicroside, sweroside, osthol. Water vapor distillation was used to
extract volatile oils from nine Chinese herbal medicines, including angelica sinensis. The Franz diffusion cell method was employed
to investigate the in vitro penetration effects of 3% Chinese herbal volatile oils on the seven main components of GMR-APR drug pair.
The MTT assay was utilized to evaluate the toxicity of various essential oils on human immortalized epidermal HaCaT cells, while
ELISA experiments were conducted to ascertain the impact of these essential oils as permeation enhancers on the levels of rheumatoid
factor (RF), prostaglandin E2 (PGE2), tumor necrosis factor-a (TNF-a), interleukin-1p (IL-1p), interleukin-6 (IL-6) induced by TNF-
a in fibroblast-like synoviocyte MH7A cells. Results The results showed that the established HPLC method demonstrates excellent
specificity, with all components exhibiting satisfactory linear relationships, precision, repeatability, stability, and sample recovery. ZP
essential oil has been demonstrated to exhibit the strongest osmotic effect on 6’-O-B-D-glucosylgentiopicroside, columbianetin, and
sweroside. The toxic intensity of volatile oil of traditional Chinese medicine on skin cells was as follows: Azone > ASR essential oil >
Chuanxiong Rhizoma essential oil > ZR essential oil > NRR volatile oil > CR volatile oils > ARR volatile oil > SH volatile oil > ZP
essential oil > AMR volatile oil. /n vitro anti-inflammatory results showed that, compared with the TNF-o model group, volatile oil
from ZP significantly reduced levels of the inflammatory factors such as inflammatory factor RF in the cell supernatant, and the
differences were statistically significant (P < 0.01). Conclusion This study demonstrates that ZP essential oil significantly enhances
the skin permeability of active components, such as 6’-O-f-D-glucosylgentiopicroside, in GMR-APR drug combinations. This has the
effect of strengthening the anti-inflammatory effects while having low cytotoxicity. The present study provides experimental evidence
for the development of GMR-APR drug pair transdermal systems using traditional Chinese medicine essential oils as transdermal
permeation enhancers for the treatment of rheumatoid arthritis.

Key words: Chinese medicine volatile oil; Gentianae Macrophyllae Radix-Angelicae Pubescentis Radix herb pair; penetration; anti-
inflammatory; cytotoxicity; loganic acid; 6"-O-B-D-glucosylgentiopicroside; columbianetin; swertiamarin; gentiopicroside; sweroside;
osthol; Angelicae Sinensis Radix; Atractylodis Macrocephalae Rhizoma; Zanthoxyli Pericarpium; Zingiberis Rhizoma; Asari Radix et

Rhizoma; Notopterygii Rhizoma et Radix; Cinnamomi Ramulus; Chuanxiong Rhizoma; Schizonepetae Herba
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Fig. 2 In vitro Qu-t curve of key components of GMR-APR herb pair with 3% different volatile oils (X + s, n =3)
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Penetration parameters of volatile oil of traditional Chinese medicine for transdermal administration of GMR-APR

herb pair active components (X £ s,n=3)
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BEER C-OLDAE ugEty AR RREE O SRER kTR
YA
- 0214%0.006 0.093+0.004  0.927£0.090 2.812+0.129  2.785+0.085 0.981+£0.075 0.976%0.038
FEIEM 1.12440.002* 0.585+0.002""  3.9354+0.023"* 8.076+0.317"" 19.470+0.610"*  4.033+0.043"* 2.128+0.131"*
R 0.143£0.005  0.162+0.007  1.820%+0.074*  4.056+£0.060"" 8.283+0.198"*  1.346%£0.099  0.656+0.135"*
FZEM 5.17740.152"* 1.32040.091™" 12.4504+0.247"*  1.456+0.060"" 41.16010.093"* 14.31040.349"** 3.67440.051"*"
FIFEM 7.92640.091%** 2.0374+0.010* 20.96040.393"*  9.212+0.236™ 61.010+0.540"* 19.29040.125™* 0.88940.011
E 1.1384£0.036™* 0.126+0.002  5.269+0.065"* 5.995+0.171"" 22.240+0.543"*  4.912+0.022*** 3.491+0.036"*
B 2.087+0.0057" 0.710+£0.015™  1.410+£0.096  0.608+0.009"** 5.159+0.010°  2.393+0.004™" 0.473+0.005™
AARM 4.637£0.236™ 0.37520.009"* 16.7804+0.511"* 7.098+0.117"* 66.9501+2.088"* 17.46040.227"** 2.89640.082"*
JIIEH 7.305£0.091%* 1.5624+0.045"* 12.3704+0.246™*  7.157£0.041"* 47.070+0.514™* 18.800%+1.011"** 5.216+0.170"*
M 025410.004  0.04910.002  0.7324+0.004  4.174+0.124™" 4.28740.052 2.13240.010* 0.98540.019
A 10.30040.250™ 2.065+0.016™"  4.38940.010"* 11.3300.105"" 52.8504+1.295™* 14.660%0.190"* 1.43040.023"*
fag/h
BEER C-OBDME ugEty  CABLEE REE DEER KTE
B R
- 543440027  5.097+0.186 5.013+0.072 178240216  -1.948+0.187 —2.933+0.714 —0.546+0.042
FEIEM 3.95110.004™" —2.285+0.167*" 4.943+0.015  1.392+0219  —0.766+0.099*** —0.830+0.158"" 1.124+0.194***
TRl 5.087+0.063"  6.082£0.000°  4.137+0.062"" 2.068+0.056 2.97740.126"* =3.129+0.934  2.626+0.822"**
FZEM 2.780+£0.138™ 4.067+0.077 —3.578+£0.055" 0.980+0.402"* —4.177+0.155"* —1.872+0.418"  2.445+0.067""
T —1.018+0.082"" 4.133+£0.046"° —0.429+0.019™" —1.3944+0.204"*  1.253+0.079""* —0.761£0770"" —4.081+0.075**
REl 1.533+£0.144™ 3.616+0.037°  0.262+0.034™ 1.72340.083 0.811+£0.046™" —1.188+0.118"™" 2.886+0.008"**
LI 0.01120.034" 5.116+0.008  3.0650.078"** 12.4504+0.255™* —16.630+£0.546™* —0.75440.223"** —8.322+0.010"
FIARM 1.145+0.238™" 3.553+£0.088" 0.140+0.241"" 1.556%0.110 0.265+0.120" —0.202+0.161""  2.040+0.157***
JIEH 0.341+0.045™" =9.645+0.262** 1.420+0.119™" 2.34940.051"**  1.596+0.018" —1.919+0.418"  2.362+0.160***
M 5.336+£0.012  6.0824+0.000° 4.973+0.015  1.624+0.132  —-1.0494+0.178"* 3.003+£0.107  2.147+0.112"*
FEBUE 2.100+0.038™" —2.5574+0.402**  2.690+0.040"" 1.485+0.109 2.106+0.157"* 1.547+£0.212"" 3.055+0.070"*"
ER
TEEH C-OPDME ugEts AR RREE O SEER WRTE
B R R
- 1.000 1.000 1.000 1.000 1.000 1.000 1.000
FENE I 5.252 6.290 4.245 2.872 6.991 4.111 2.180
Rl 0.668 1.742 1.963 1.442 2.974 1372 0.672
T 24.192 14.194 13.430 0.518 14.779 14.587 3.764
T 37.037 21.903 22.611 3.276 21.907 19.664 0.911
A 5318 1.355 5.684 2.132 7.986 5.007 3.577
2 9.752 7.634 1.521 0.216 1.852 2.439 0.485
EIAR M 21.668 4.032 18.101 2.524 24.039 17.798 2.967
JIE i 34.136 16.796 13.344 2.545 16.901 19.164 5.344
YH1F 1t 1.187 0.527 0.790 1.484 1.539 2.173 1.009
TR 48.131 22.204 4735 4.029 18.977 14.944 1.465
“=7 RORAIMNIE R M Z TG 2, Hor, SARMAERMA L. "P<0.05 P<0.01 *P<0.001.
“— indicates GMR-APR herb pair group without adding volatile oil, in which, "P <0.05 *"P<0.01 *P<0.001 vs the group without adding volatile oil.
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X% B 133 BB G L, AEREE A IR I H FEAR
HOEZYS 87 3725 Ve 8
2.5 YHRAEM4SLIE

HaCaT 40T 37 ‘C. 5% CO, ¥ s, M
& 10%R - 135 & 100 U/mL 55 R-8 5 = 1
DMEM 5e 4577 5557, FEROMHUE KA, DA
2X 10 ANFLE FE AN T 96 FLAR . S0 43 2H 45 -
TEXA (PBS 2D EHINIRA (% 1%
DMSO (] DMEM =ifliiigedk) . 4ghd (5 3%H
2545 R e AR ) DMEM mibERE 35 5L, 100 pL/
fL), 4h8EWEE 24 he B fERFLAIN 100 pL DMEM
EHEREFRIE S 20 uL MTT TAEWL, &M 4h J52&ik
9%, M 150 uL DMSO. FIEFRIY 570 nm K
AEMETRACRE (4D H, AR E MRS 2.

A~

VG H=(A = A we)/(A w4 211)

D9 PEAl AN 5] o 25 45 i K 3% 20T 1 4 i 7
P, AT TR A 2 # W #) % (median inhibition
concentration, 1Cso) {E AV TEFR, 1Cso (MR,
RO AU M B BRI . 5 R B SLIR R A &K HLE
A, Ptk ZE e, DLEERE R, K
MM 1Cso {A/ 0 ML EUR 1Cso B A Syt &
¥ RO EEYE TR b, X UEBOR, R HAMEE
PERBR/N . SRR ICso {1 WL 3, HUAETE L 3.
SIS R RN, S RO A B E M HE T A A >
U3 > )1 I > 1 22 > I8 T > AR I > A4
FEl > TR > el > BRI, AR, 5
SRR LE, 25385 R0 HaCaT 4 B 1 25 PR AH X
%, B AR R A RS K i 2R 0 AR E 1

1C50=266.852 pgrmL "L s 1Cs50=217.378 pg'mL"!
80 1 80 1 80 1 80 1
%40' ﬂT:%4O' £ 40 1 £ 40 A
= = = =
0 IC50=>5.874 pgmL™! 0 0 o IC5o=167.408 pg'mL"!
0 10 20 30 0 200 400 600 0 200 400 600 0 200 400 600
A/ (ngmL) E AR/ (g mL ) AEAM/(ng'mL) JHFF /(g mL)
80 1 80 1 80 1 80 1
E 40 1 E 40 1 E 40 E 401
0 1C50=123.419 pgmL"! 0 1C50=72.725 pgmL"! 0 1C50=70.647 pgmL"! 0 1C50=70.204 pg-mL"!
0 200 400 600 0 100 200 0 100 200 300 0 100 200 300
Y013 i/ (ug'mL) HER I/ (ug'mL") JEiE T/ (ug-mL™") T2/ (ng'mL )
80 1 80 1
ﬂa‘E 40 1 £ 40 1
S =
0 1C50=68.293 pg'mL! o 1C50=46.082 pg'mL!
0 200 400 0 80 160
JIE i/ (pgmL) L3/ (ugmL)
E3 3%AREIEL M3 HaCaT 4AEAY ICso B (X £5s,n=3)

Fig.3 ICso values of 3% different volatile oils on HaCaT cells (X £+ s, n=3)

R"3 FNEDHIZEL MR HaCaT MAFMLER
Table 3 Toxicity results of volatile oil of different

traditional Chinese medicines on HaCaT cells

(B leo/f 1Cs0 s/ (B ICSO/, ICs0 s/
(ugmL™")  1Cs0 s (ngmL™")  1Cs0 mm
e 5.874 1.000 |#EHEH 72725 12381
HARM  266.852 45429 |FEiGM 70.647  12.027
ekt 217.378  37.007 |FZEH 70204 11.952
TFM 167.408  28.500 || )W 68.293  11.626
Em 123.419 0 21011 | AW 46.082 7.845

2.6 AEHELMXT TNF-015 58 MH7A AR
RAEE FHIFZ M

WX B AN, R T 10% 0625 i 1)
DMEM EifisEFadkd, T 37 C. 5% CO, #5754
I E 24h. SLEGr NS FI4 (DMEM b 77
H). TNF-o #8520 (20 ng/mL TNF-o VW)« F Ji-
PIEZ5A 4 (10ng/mL R & 2530 = J0- S + A
A2 CHON 3%%U0 D 28 J0-J00E +F8 M4 CmA
3% A FEIF AR R . T 24 h J5 I FIEH, R
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Fl ELISA 7546l RF. PGE2. TNF-a. IL-1p il IL-
6 KV ¥ 3%+ RF. PGE2. TNF-o. IL-1p il IL-
6 MK AR LR 4. BERLZH S IR Tk P s (4
BEFE(P<0.01), RSB BLINEEE . 28 3%
ANRIZE FU-HE -+ A TS , 2 AL RRE 7K
P40 2 PR (P<<0.01), HANRIE K3 B4 7 F A7
TEZE 5. A0 RE FINUR e Rt > 407 > Ja i

> 1S > AR ] PGE2 MRFr 4 )15 >
Fei i > A7 > 3 > 2 T ] TNF-o i
Fe 2R )V > TR > HAso > 220 > Jaid
] TL-1B MBUFY A E AR > A il > JR) 7l > 40 3
T > AR S0 TL-6 55 9 FE A > ) 1= 3 > 5]
TE > > . SRE S R, RI-
R+ TERUAE i A0S S DR (R AR SR Fo

x4 FEHELMIT TNF-o FSH MHTA REEREREFREEN (X£s,n=6)
Table 4 Effects of different volatile oils on levels of inflammatory factors in MH7A cells induced by TNF-a (X £ S, 7= 6)

2 RF/(U-L™" PGE2/(ng'L™") TNF-o/(ng'L™") IL-1B/(ng'L7h) IL-6/(ng'L™")
FH 4.6581+0.491 13.3721+1.481 33.022+4.186 4.24740.527 0.78540.109
iRt 7.146+£0.712™" 25.504+4.677" 58.357+9.059"" 6.552+0.600™" 1.938+0.174™
Z - E 5.79740.449% 16.408 +3.156 44.598 £5.503# 5.5381+0.419* 1.44010.247%%

ZR - + %UBR

Ze U-JlE -+ AERh
TIP3
Ze U-JlE -+ HE
ZIL-HE + F R
ZIL-HE + 1=
Ze U-JE 3R i
Ze IU-HE + A0S
ZRJT-M0E + 24
Z L0 + JEiE

5.96210.455%
4.817+0.369%
5.478+0.397%
5.351+0.176%
5.338+0.198%
5.28610.192%
5.71940.520%
5.1181+0.246
5.746+0.366"
5.2344+0.313*

17.271+4.275%
16.622+1.564%
15.420+1.479%
17.03942.796
16.307+4.027%
14.30242.233%
14.798+1.956%
17.797+1.569%
16.035+2.337%
14.50742.107*

42.289+4.955%
36.350+3.166"
39.891+4.647%
39.888+3.854%
41.92117.824%
36.061+2.027%
43.923+5.175%
43.455+7.331%
43.94619.035%
40.850+4.979*

4.770£0.519%
4.677+0.399%
5.084+0.635%
4.700£0.665%
4.967£0.360%
5.177+0.481%
4.735+0.332%
4.898+0.810%
5.049+0.469*
5.14240.510*

1.06140.068
0.94210.102%
1.076 +0.105%
1.164%0.173%
1.08040.049%
0.951+0.111%
1.01140.093%
1.11540.242%
1.02240.119%
1.1314+0.124%

P4t "P<0.01; SHEAALLE: *P<0.05 *P<0.01.
P <0.01 vs blank group; *P <0.05 #P<<0.01 vs model group.
3 g

RA 2—MHMRMEME. REMEE S REtxE
o, FELLIE I SOE ARFIER. SR TDDS 452 %
JU-MIEZ50EYT RA AT BASe il B I TE RS A R
S, AH R R A A 52 H e AL S A I o
0 L AR TR B 2R, R 3 R MRS ) = 2 g
Ral281, o 2445 R E I S AR B R BAT RAEFEiE
RR, Ve . WIS s e 2545 R 1) i3
FeARBAE R TR M R v b 2548 R 2. AR,
T 24 4 R AR T iR M TR 2 4 R R R
() R R AN B s MG, PR, ASBIF ST 9 P v
yEATHIETT o AL T B SCHR A S5 AN R T 24535 A Y
SEEUNIA) . SRS, RIAEHL. 4H-E S TEiE )
MR EE E T HAMAM . BT & ZREFEA,
HAE R B e AR IRAME R, ABFFER A T
SCHRFRE F & 245 R A i i B L 2 R A HEAT $R
N Ja B % BE B A (LB AR SCRA B R G194 A
HIFE R MR E R S

RO B i 38 SR F T PR 92 B2 A8 77 Y
1% R SCRCRBY, AT TR 5 RO R J0E 2

YRR FEI 452 . HT 20 HR2 R, 456
(REZGH) 2025 FR—EFRZILSMEDTF RS E
DE FEFR 3 BAH G SCHRARE, O IR e i
RT3 AR E R A 7 Pl It o 1 N & B 23
SEIVEN AR . 45 R BRI 254 R IS % o
(1) SRRV S B v T Z LB 20 A, R AEARE
T2 AT DL 3R R 6/-O-B-D-Hl & Bl B e I 4% 7
Ty 1) SR AR TR, R W L0 28 JU-0 250 i
BAERER. NE BN HAGBRGEE, AT —
WU T Jsn tag 2 ER FERBESH . 85 R IR
FERMIEZ A EEIHE ST Jo 5 ER A, H
hag B B, R W AEMUE SN 28 J0-J00E 25 00
PRy BA B R e iE R .

BT iR MR B2, HREBIENS
B RAHBAE B IR, AW 7T 1 N K AE A A1 5 4
Jil, EP HaCaT A, TFHAS R A M AR E .
S5 RRIR, 3% AN R 255 A R A I B A 4 B2 A
TR, R 245 R B S AR A R
RO IR R R A PR B M o T 4 A B A Vi S 4 e
(fibroblast-like synovial cells, FLS) 5% B4 5E AL
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#& RA H)FEEREARFAERY, W 7R A PR IE
7 AT RRAG FLS Va1, Z2f RA HIREEEFEDY, itk
ASZIGE ] RA W IR A 4E 4 2, B MH7A 3847
9. RF. PGE2 & RA Ik RiZ W FHEHRBY,
IL-6. TNF-o f¢ IL-1B #& RA W EH ZZH) S0E M AR
BB, AERFLRAE, @it ELISA SEIs il i
S G _EiE W RF. PGE2. TNF-a. IL-1. IL-
6 MIZKFrszm, &5 B R T TNF-o 844,
AR R I B PR 2 R 1K, B —E Pt
RAEF . A eHE & im R 534 P RF. IL-1B
5K, R HAE IV R A 0 i N 7 TR B AT W A
.

25 L RTIR, AR U R RSN B 1505 S
HaCaT 4HH 85256 A &% ELISA 256l %€ TNF-o
753 MHTA G RRE R 1 7K~F, A INAEHUE K&
WK 513 B J - 250 RIS U e A, K
JRANREETE N, HARSMTRAEHEGR, I0UE 716
FERE R RIMEB R AE R A, NEETT
R HE T2 JU -0 2400 1) B R R A T S X
TN RA $R4E 7 Z IR
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