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Effect of Artemisia Qil in the Nanoemulsion as an Oil Excipient and Enhancer on Percutaneous Absorption
of Celastrol

ZHU Congcong!?, YU Qin'?, PAN Huijun'?, CHEN Ya'?, MIAO Xiao®, ZHU Quangang'"(1.Shanghai Skin
Disease Hospital, Shanghai 200443, China; 2.Shanghai Engineering Research Center for Topical Chinese Medicine, Shanghai
200443, China; 3.Innovation Research Institute of Traditional Chinese Medicine, Shanghai University of Traditional Chinese
Medicine, Shanghai 201203, China)

ABSTRACT: OBJECTIVE To explore the effects and mechanism of artemisia oil and its nanoemulsion on transdermal
absorption in vitro of celastrol. METHODS Firstly, the method for determination of celastrol content was established. Then,
the nanoemulsion with artemisia oil as the oil phase was prepared and characterized. Finally, transdermal tests were performed by
improved Franz diffusion cells in order to investigate the effect of different concentrations of artemisia oil and its nanoemulsion
on the transdermal penetration of celastrol. HE staining and differential scanning calorimetry were applied to evaluate the skin
stratum corneum changes. RESULTS The method for determination of celastrol content had a good linear relationship in the
detection range of 1.8-360 pg-mL"~!, and the linear regression equation was Y=16 494X-16 111(+=1.000). The RSDs of precision
and stability were <2%. The average recovery of celastrol was 99.26%, RSD was 1.04%. The average diameter of celastrol
nanoemulsion was (19.93+£0.19)nm, Zeta potential was (17.67£2.78)mV and the polydispersity index was 0.097.
Nanoemulsion(not containing artemisia oil), artemisia oil and its microemulsion could enhance the transdermal permeability of
celastrol and change the skin structure and temperature to different degrees, but the effects varied. Among them, microemulsion
containing artemisia oil was the optimum option to improve the percutaneous absorption of celastrol at a highest level.
CONCLUSION Artemisia oil has a good penetration-promoting effect on celastrol, and its penetration-promoting mechanism
is related to affecting the structure of the skin and changing the thermodynamic properties.

KEYWORDS: celastrol; artemisia oil; nanoemulsion; transdermal absorption
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PRERT, CBURBFR IS, H S 9OREIFRIBA R H
AL B B OO R T3k 5T,

2 B (Artemisia annua LVERIGIRIGITER
JERR ) H 2B, BAGHR | R e SR 2 B
V£, FiE A (artemisia oil, AO)FH Th 27 &5 ZE 1M
1%, WHEABR . W RZEERA, BT A0 5
CS WHABRIEMN, HAWRNGYT SAEMER T
77 LAWK AO 1E 45K FL(nanoemulsion,
NE)MARAEBR, DL CS W25 & a0k 3.,
DIIIIE AO B HAKFLXT CS IRANE Bz 52 KA
BEHLS, R RIREB RN L AR — e ik
1 3. KFSz4

€2695 E U AL (35 E Waters); Eclipse Plus
Cis (Bl HE (S Agilent 23 F]); SY2200-T #7 I
AR (LA RS AR R A R AR, T
I3 2 — WL T BT KT (L R A W 4 R RS
Fl); Nanotrac Wave I1 #{JGK 1Y (Microtrac);
TK-24BL & 9 #0580 (_ LB R R o A
B2 W) ; DSC8000 2 /i 47 i it #4 43 H7 1Y
(PerkinElmer),

CS X B iy (g 22 s A (b BHE A BRA R, it
5. C10881062; #im: 98%); AO[MHILEF( i)
BHEARRAT], 5. XYIY0069; & : 100%];
(it al, BRysiRA ), B ki
X FIABRA R, L5 20170623); HoAliF]44
Yol VL

8 JEAHLE, SPF 4, &, Ml 20~22 g,
W L e SR S A PR ITAE A ], ASHERR R
EAIES S . 20170005046807 ; {5 FH i Al IF 5
SYXK(7/")2018-0040.,
2 RFEEHR
2.1 CS FaillE
2.1.1 a5  Agilent Eclipse Plus Cig 454
(4.6 mmx250 mm, 5 um); FishAH: 0.1%BER K%
W-HEEA3 2 87); Wi : 1 mL-min'; dEffE.
10 pL; R4S . 425 nm; AEVR: 25 °C; FRigHR
=3 000,
212 XPEGAH S KRB CS X R
0.003 6 g, BT 10 mL Bt i, i B it
FEZE, il 360 pg-mL-! CS X M8 LA o

o E AR 242 2022 4F 4 H4 39 545 8 W]

213 LEMAE BOEYWRER CS XM
. CS 155 B W ISR R N 25 BRSO (7 20% 67K
Z B PBS), #% “2.1.17 T F (3% & R0 4t
ORI, 4550 BN, CS (iGIREL 7y B ot
PRERTRIZ0R 13.9 min, HARSATHE CS A
E, PRI 1,

25 1 O ﬁ
—— CS XM
HCSEYOR < ’
=5
o . \ -

0 2 4 6 8 10 12 14 16 18
t/min

1 & REAE A
Fig. 1 HPLC chromatograms

2.1.4  FRifEINZ SV GR PR “2.1.27 B
T 360 pg-mL-! CS X 8 5L A RO K
360, 72, 36, 3.6, 1.8 ug-mL™', ZrBHEFE 10 pL,
AR E A . DAEERURAAFR(Y), X)) Ak
br, 2dlbrfEdlige, fEIEARE Y=16 494X-16 111,

r=1.000, FHABELLRURELE 1.8~360 pg-mL'Hf,

LMEXRFR RIS

2.1.5 RIBRFAERREE B 1.8 ygrmL™! CS
XTI, DA LLBIRGRE, 6 “2.1.17 B
TEARA TR, S/N=3 I TR 2N BRET 2004 2 A
B, S/N=10 BHEABEA KRR e E R, 45R
KB A 90 ng-mL!, & & FR A 180 ng'mL-'(n=3).
2.1.6 HWN. HEKE®EERE # “2.127 WF
FEgl e, B RS, 3.6, 36 pg'mL)
) CS ¥R S, 1 d NEELEUERE 6 YlE H N
FEE R, ESIRE 4 d M H MRS, 4558 8R
HN . HIEEE A RSD<2.0%, £ H . HEpk
B R, S5 1,

2.1.7 FEMRE B 36 pg-mL-! CS IR, 7F
0, 2, 4, 6, 8, 12h 73HIE CS WEHIF(n=6), 45
F BN, WA RSD N 0.68%, #W CSAE12h
FOEME R, S5 2.

2.1.8  fnAEEISCRIRES 4300 1) 0 R AR
W AH IR R CS X RESIAW, AT 6 13,
SE VTIN5 &, CS “F3 A iR
4 99.26%, RSD 4 1.04%. Z5H W% 3.
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Tab.1 Investigation of inter-day and intra-day precision

e g/ F [a]

HWN

pg-mL™! T F#{E  SD RSD/%

TR AR EH#9{E  SD RSD/%

1.8 23738 23139 24338 23590 23702 429 1.81
3.6 53702 54397 52854 52534 53372 730 1.36
36 589 637 588 054 590034 590334 589515 879 0.15

23305 23744 23048 23493 23703 24476 23628 447 1.89
52281 52528 54002 53447 54777 53407 53424 845 1.58
599 510 587 870 593 083 591 954 587 764 588 467 591 441 4302 0.73

®2 RENUEE(@=0)
Tab. 2 Stability investigation(n=06)

I} [8]/h W T A FEE SD RSD/%
0 599 510
2 587 870
4 593 083
592 386 4 004 0.68
6 591 954
8 587 764
12 594 135
#z3 WEERELFER
Tab.3 Investigation of sample recovery rate
AR, AR, WS/ Bk, CFEEL RsD/
g Hg Hg % W2 /% %
161.32 140.00 298.22 0.99
164.86 140.00 299.70 0.98
163.57 140.00 301.24 0.99
99.26 1.04
166.32 140.00 310.70 1.01
163.90 140.00 299.17 0.98
168.52 140.00 305.90 0.99

2.2 il A R AE

221 0%, 1%, 3%AO0 () CS-PBS #il45  H il
% 0.5% Tween80 ) PBS V¥, 43 5ll$a Ak J5 E AR EL
ANFEE AO I CS JoK LB, TRAH#& &
0%, 1%,3% AO [ CS-PBS(H: i Z B8 1 20%).,
222 0%, 3%AO0 A CS-NE &% S
Ab Ty kI, RS EARIUL T & CS T AO M
I EE o R R v, I AFLAER OP & 1,2 T i,
FE IR T R R et A s B 1 B A2 T oK
300 rmin ME B FE B EEEW, IAE 0%,
3%AO0 [ CS-NE, HARR A5 & L3 4,

£4 T FEW®KEAOCSNEWE &4 4

Tab. 4 Contents of components in AO CS-NE with
different concentrations
P> =N
IR A '/ %
0%A0 CS-NE 3%A0 CS-NE

AO 0 3

N B R R 5 2

A4k oP 22.5 22.5

1,2 N 22.5 22.5

K 50 50

CS 0.01 0.01

223 FME RABOCKRARAKI 3%A0 CS-NE
BORIAR . AL, RS ST o s v WA A MU
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A, SR ERT 3%A0 [ CS-NE RifEh/h, N
(19.93+0.19)nm, Fifed42), BIESG, 204
PEFEH N 0.097+0.025 . Zeta L7 M (17.67+2.78)mV
AL 2,

10
9

M/ %
S = NWHAUVA I

0.1 1 10 100 1000 10000
RifR/mm

B2 3%AO0 CS-NE K& 4 K &4 K
Fig. 2 Particle size distribution and electron microscope
image of 3% AO CS-NE

2.3 B EWIBGAL

BRI R R, LR T HSURRR G .
W & 20% B PBS(pH=7.4), /3 LS 0%,
1%, 3%AO0 [ CS-PBS &% 0%, 3%AO0 ) CS-NE
% 0.5 mL, BREIFIEAT 4 0, S YO
HEELA MR, SRIGAE(37+1)°C, 300 rmin~' &4 T
ATE R, 51, 2, 4, 6, 8, 10, 12, 24h
B 0.4 mL B2, [FIRFAAFE 0.4 mL HTHEEIO,
B BRE SR AE 10 000 r-min~ ' 454 T .0y 5 min, B
OJFIREIEW, TR, #F0 AR
TARH 28 Je BB B On:

n—1
0,=(CV+>.CV)/ 4
i=1

Her Gy 95 n WHURE AR 25 e 1, G256
iUCHURE KU 25 e, v g e Wi Y R ]
(8 mL), Vi ZMAEARL0.4 mL), A4 E4 HibAY

rhEIPLA R 252 2022 4F 4 145 39 4645 8 1




FFR(1.766 cm?). DAL T FR N 48 2 BARS 5
O XTBITE] ¢ EEL, X B T4tk g, ok
B EIEEZLNRPR do/de, BRREBIEER
Js(ng-em>h™"), EHZST ¢ WAC S BII Tg(h),
BB AU A LI 2005 15 o 3 5 0 B 1535 R A
Hemifs. 45REKW, 5 0% AO CS-PBS 414flLt,
1% AO CS-PBS 5 3% AO CS-PBS ML CS
BRI, HBEE AO WREEHIR, CSRABiER
RN, R, HBAESEN. 5 0% AO
CS-NE 4L, AO 1E R KFLIMATE REfEHE CS
B RRR, WD EE, (ARRASB EE R B
AR, A5 ULIE 3 RNk 5,
25+ 0%A0CS-PBS
= 1%A0 CS-PBS
- — 3%AO0 CS-PBS

-+ 0%AO0 CS-NE
- 3%A0 CS-NE

[\S]
(=]

—
W

ZEE S E/pg-em?
s
T

()
T

t/h
B3 CS# AO X NE fEFl T ¥ B 5% i & (n=4)

Fig. 3 Cumulative permeability curve of CS under the
action of AO and NE (n=4)

2.4 AO BHLHIHE

Fie A AT e a0 AH ] AR s, B A5 1)
INERTTHR B R & F Franz 780t b, 4351 H & 0%,
1%,3%A0 [ CS-PBS L} 5% 0%,3%A0 [ CS-NE
AbEE 12 he BN BZIRJG AR LS 253555, HL—35F
DTN 4% BEE IR EAT HE Je o i0br, W55 —4
I3 B IR T80 °CUKFR iR 1 h, TR TN
T4 24 h, SRIEHE R RV /IN R, B B Bz R
mn AT, 23l DSC hZk, %8 AO X
K Bk B2 A AT O B R . R R R
10 °C-min”', JN#GE R 30~250 °C,
24.1 HE @458 5 0% A0 CS-PBS 41k,
1% AO CS-PBS 5 3% AO CS-PBS HEJfF1EFR

#=5 AORF CSHWEBEANNFSH
Tab. 5 Kinetic parameters of AO-promoted CS penetration

BRI Z SN AK . R 4EHESIIREL L [
BRAsRI% ., 5 0% AO CS-NE 4L, 3% AO
CS-NE HAFFEfMZ IS, H B ik as i 4k
BLE A G 25 WL 4,

% &;;f:‘*l )
0% AO CS-NE

B4 /NE RS HE %247 4 B (200x)

Fig. 4 Pathological section of HE in mouse skin
tissue(200x)

2.4.2 DSCHE 0%, 1%, 3% AO CS-PBS f#H
AR IR FEFIKS A3 MR M 93,70, 88.15, 85.84 °CHll
118.12, 59.55, 48.63 J-g’!; 0%, 3% AO CS-NS
1% FF A2 I BE FIAS 23 IR IRy 92.45, 84.84 °CHI
19.29, 56.99 J-g7'. i AO K LA AO £} NE i
AESE AT REALG A7 SBT3 AR AR T BE S, (R (A AR 5
FEWD, fREBE D Re AR AR, AT
gEHLILIE 5 FIER 6.

10
. 0%A0 CS-PBS
8584 °C 1%A0 CS-PBS
3%A0 CS-PBS
sl —— 0%AO CS-NE
z 84.84 C 3%A0 CS-NE
i
®
0
-5 I I
30 130 230

BE/IC
BEl5 AREAZEAS/DEFEH LK DSC #iE B
Fig. 5 DSC thermograms of mouse back skin in different
treatment groups

215 O-t it r BB R R (Js)/ug-om*h! HF ¥ ( Tiag)/h HB R
0% AO CS-PBS 0=0.091 0¢-0.250 6 0.957 0.091 0+0.0075 5.5242.32 -
1% AO CS-PBS 0=0.290 3¢+0.591 2 0.992 0.290 3+0.0630" 2.23+1.29 3.2
3% AO CS-PBS 0=0.683 1+-0.747 1 0.999 0.683 1+0.0430% 1.75+0.19" 7.5
0% AO CS-NE 0=0.81891.953 6 0.997 0.818 9+0.1222% 2.34+0.37 9.0
3% AO CS-NE 0=0.938 7t-2.051 3 0.997 0.938 7+0.0418% 1.88+0.15Y 10.3

. 5 0% A0 CS-PBS Mk, VP<0.05, 2P<0.01, ¥P<0.001,

Note: Compared with 0% AO CS-PBS group, "P<0.05, 2P<0.01, »P<0.001.

rf E IR 22 2022 4F 4 45 39 4846 8 1
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Tab. 6 Thermodynamic parameters of each sample

FE i ABAR IR /°C P mW Se-g !
0% AO CS-PBS 93.70 -0.2974 118.12
1% AO CS-PBS 88.15 ~0.0367 59.55
3% AO CS-PBS 85.84 7.9413 48.63
0% AO CS-NE 92.45 3.1271 19.29
3% AO CS-NE 84.84 3.5545 56.99

3 g

T B ATt 259 26 R ooy £ 2B
HARBWUH G2 R A TUZ K GAER . 5 R kA
Jie0 ) Al A AR FH sl {2 A R A DG {2
BRFPRE L, MRRNE IMAL 3 I i T &%
1233 FNR YT AU D5 FL R 28 Bz 45 25 1 R 5
S . HATCHGE 25 B R K 2 25 LT
7% s (11 % i - ARE I O 5 A IS 1) 211 LT
MR RIMUOSE TR 2T IS E B SR )
SRELATSRUE) . BEMEARA AR 8L, (RB R 3SR 1
R, HERLTIAER e HS 35 .

TEABG T, AR AO X CS Y48 A
BEMMRBIER, HE—EEEN, ZRBEHR
KNS AO WIERE ., Horr, 3% AO 2L
B, IR 3% A0 1E Rl &
NE. I BRHEE . 3% AO CS-NE>0% AO
CS-NE>3% AO CS-PBS >1% AO CS-PBS; H HE
K DSC 455 7R 40 b T ER 219 NE A1 AO,3% AO
CS-NE Xt Bz FR &5 AL aL B Wk, ) S0 S22 AH AR I
Beflko MR, H4if) NE 1 AO A fiE# CS
75 Fz W 4R T ABLLL 3%04 AO SRy iiiAH 45 1% 3%
AO CS-NE J&, {2 1EHH By

ARG AO ANUE R —Fhid 153, [ B
YE2R NE AR —#85, 2% T NE BIHOREs 1),
498 T CS-NE myziEtE, [IE, b 7 HAbAS 5
VIR EIa I, ARERTET CS-NE [y 4t SR
AO TEREMR, HABEH RS S CS 2534
M i — %55,
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