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B OE: BH WEMIIRMYCKIA (dngelica Sinensis Radix essential oil-loaded nanoemulsion, AEO-NE) i# 2§ R 4t H5%f H
HEATRAE AR ENE BRI BRERKARIE RV . 3R 20 0 R O = oA B AR s 1H- R B2 TV (central composite
experiment design-response surface method, CCD-RSM) X4 KFLAL 7 AT ERPLAL . XTPRRFLAFI . Wiz, ¢ AL,
2 HdR %0 (polydispersity index, PDD). MEA. BiE. pH EIHTHRIE. DlkifE. PDI. AMIARAL K Z-BE AR NG & =N
fabr, VR BT PR AL AR E . B AR E DR R RS e . B TR AR 25 AR IE ) AEO-NE T/N BV 0 B e
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B A 2% 10 (OP-10) -TE/K ZEE-7K (225 10.75 11 1 96); FAtib )y firifl AEO-NE #MWESE . 3B . Sz 56, A7
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Construction, characterization and evaluation of Angelica Sinensis Radix
essential oil-loaded nanoemulsion drug delivery system based on concept of
“combination of drugs and adjuvants”

QIU Jing, XU Chun-yi, ZHOU Wei-ling, ZHAO Lin-xian, LI Yan-yan, HU Hui-ling
State Key Laboratory of Southwestern Traditional Chinese Medicine Resources, College of Pharmacy, Chengdu University of
Traditional Chinese Medicine, Chengdu 611137, China

Abstract: Objective To prepare, characterize Angelica Sinensis Radix essential oil (AEO)-loaded nanoemulsion (AEO-NE) and
evaluate on its hair follicle targeted capacity, hair growth promoting effect and stability. Methods The pseudo-ternary phase diagram
method and central composite design-response surface method (CCD-RSM) were used to screen and optimize the prescription of AEO-
NE, respectively. The type, average droplet size, { potential, polydispersion index (PDI), microscopic morphology, viscosity and pH of
AEO-NE were characterized. The centrifugation stability, placement stability and dilution stability of the optimized AEO-NE were
evaluated with particle size, PDI, appearance change and content of Z-ligustilide as indicators. The hair follicle targeted ability of AEO-
NE was investigated by administrating fluorescin-labeled AEO-NE to the back skin of mice in vivo. The promoting effect of AEO-NE
on hair growth was studied in C57BL/6 mice. Results The optimized formula of AEO-NE consisted 2.25% octylphenol
polyoxyethylene ether 10 (OP-10), 0.75% absolute ethanol, 1% AEO and 96% water; The appearance of the optimized AEO-NE was
clear, transparent and slightly blue. The emulsion type is O/W type, the average particle size was (15.95 + 0.33) nm, the PDI was
0.11 £ 0.02, the { potential was (—0.14 £ 0.10) mV, the pH value was 5.89 £ 0.16, and the viscosity was (1.57 = 0.08) mPa-s. The result

of transmission electron microscope showed that AEO-NE was spherical and round, and its size was within 20 nm. AEO-NE had good
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stability in centrifugation and dilution, and was stable at4 “C avoiding light with no significant changes in droplet size and Z-ligustilide

content. AEO-NE showed hair follicle targeted property within 24 h with local skin administration, and had the effect of promoting

hair growth. Conclusion Based on the concept of “combination of drugs and adjuvants”, the AEO-NE with AEO as the only oil phase

was successfully constructed. Its macro- and micro-morphology, related physical and chemical properties met the requirements of

nanoemulsion preparation. With good stability, AEO-NE had certain potential in hair follicle-targeted promoting hair growth.

Key words: Angelica Sinensis Radix essential oil; nanoemulsion; selection of composition; CCD-RSM; characterization; stability

evaluation; hair follicle targeted; hair growth promoting effect

MHRNTEREY) 248 Angelica sinensis (Oliv.)
Diels TR, BARMLYE M. A& EipiE
ERIZHRL FRBEAR SR RAME M AAMEN. 2
VAHE W (Angelica Sinensis Radix essential oil, AEO)
YA FEEMRN 2 —, RN 1%. R
W] AEO BA Z M2 BER, AFEHiafl. Jii. 1
B S 2S1, BRIGZ AL, Ay “ i 262”7, RS
A RIS TR IE B BE S i 1 i & 55 B A
RAFIRTT RO . IRRBEFLRIL, LL 95% CBER i
()85 A 25 R R B N 0.25 g/mL 1) AEO YR AR IA
TR A RUERIE 76.2%160

TR MMTV G0 KRR (wingless-
type MMTYV integration site family, Wnt). ‘HFHEEK
£ H (bone morphogenetic protein, BMP). #hit
Mk B A4 [ 2 (ectodysplasin-A, Eda). Notch
A1 Shh (Sonic hedgehog) -5 EFEM 701k LT
AT, %% T-«B (nuclear factor-
kB, NF-kB) 7K1 F LA A5 5 3@ B ) i 42 22 5%
HE, Wu FEHFERI, AEO MEERI> Z-5
A B E A HIH] NF-«B 15 5 8B I /EH o« SRR
FEFE R ——RZE R IERIE, AEO BA BEMPiR
YER, &8 2.2 T IR IR BE F1-a (tumor necrosis
factor-o, TNF-0). H#Hfi/r%-6 (interleukin-6, IL-
60+ IL-1B SR R K FK-FO-10, 2% |, AEO 1EBG%
it A ik R AR KT LR AT — W 7). SRT, AEO
RNRTESR, HFEERS BAEG. BATE, KiF
PEZRGR A, BRI 7 HAE IR BRI .

HE@FLIBEAFE, 49K (nanoemulsion, NE)
AL EAAEE /N T 100 nm, K H /M —/ 2
R A BRI-12, NE B 3N wE A v 25
FRREUS, $RE R e S AE R FEDSIE T, 2
PR MR RE8UA . LA, NE A BRI K
Jikigikge yue),  HILRERE/N, B RIS R 4F 071,
AEO 1EASE B ARER B 1253805, MAE &
BA RUFMI RS EM, Xt 2 AEiE T s B
A ERRBEEALS, B& “ZiE—" MM

Ryt

ETHm ABO Rtk Mhom S H NI 7
ST “PiE—7 RN, AR AEO 1A
THAF TR RS 28 R 25 25 B AR FL 370, o FE B A 1 o ik
FTRAE, PN e e e LB R AE KA,
DARBETE R v 11 M0t 55 B2 IR0 A DG ) 7R R A
PEOLFIR AN SOOI o
1 MRS
1.1 @5

VWY KA LN 10 (OP-10). FAk B R 5
A LIEEE (C0-40). A LIS ERRH (RH 40D
1,3-7 —.l%. Labrasol. %2 —f#-400 (PEG-400),
IR Z TR AR AR RiLFLEE-80 (Tween-
80, T80)\ Jo/KZEE. Hih, RRARTIRHEIL 5
BT J5PF T et 1% AR s e, b
HERFERHEARAT; KRR, FR L
SERFG AT XTI 223 AN EE, LS MUST-
22022602, 10mg/mL, 2mL/3, HHESE B Eyal
BERAR; RBP4, BlEEmmAENREERA
Al IRFEIK QYK IR, B PGHR 7R 22 kAR P
ZiHRAR, fits 20220503,
12 NESHE

85-2A RUEL ARSI ML Sy i PEas, H MG
X #EHEE PR /A T ; QUINTIX35-1CN #4402
— BT RF, -2 FIHR 2 EAE A R A R pHs-
3C M pH i, FIACERFEGERB A IR A
Litesizer™ 500 ZY4AKLFE HAAY, b g2 AR IARS
HIRAF]; JEM2100F 24E 5 7 BB (TEMD,
H AR FHA A PR A 7] ; DM6B B2 st . SOPI-
SW0033 BUA DI AL, EER-RAEARA A
Agilent 1260 Y S RGHAHEIEAL, 5 DAD fl#,
F[H Agilent A .
1.3 SKIzh)

6 AR IEE SPF 2% CSTBL/6 /N, A &
(20£2) g, HIHIEHISEI AN BR 2 ml B, S
WS RIIES A SYXK (JI) 2020-030. FT& /)
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BRSE IO IR A FR A FR T (2541 1) CHI 50%~ 60%3E A
FER, B 12 AT/ B, HERVFE H Z-HAR P
RBOKAEY), SEITTFIRHNE MEMESR 1 H. i d B
BN S5 A R Hh R 245K A S A FE RS J
foRE, 974 3R 5. D -
2 FESHR .

2.1 AEO B#I%&

HeQEZiMmRid s, BEReE, S| (hE
24 HL) 2020 AF R A I 5T V2 H SR F K 28R AR T
EIEEL AEO, WWAEIH R TOKIRIRINAL S, T4 C
BECAELER SR GC-MS 43HT AEO HIML 22 R4y,
HA L Z-BEAR N & i, i 80%.

2.2 HYIEHPAKE (AEO-NE) BIF|&

s B RREUAL 77 B () OP-10 FITC/K B8, Wi )14
PHRZIE NN AEO, BEI 19 7R A, FiE
I EBE 7K, TEIE. 800 r/min &4 T3k
#: 30 min, E1f§ AEO-NE.

2.3 Z-%2AWf5 HPLC 2 ENE
231 fiE%kM @it N Desc: Uranus Cis 11
(250 mm X 4.6 mm, 5pum); BN LIE-K (55
45); KM 320 nm; AR 35 Cs ARFRE 1.0
mL/min; R 10 pL.
2.3.2  Z-BEA R IR SR BC ] RS A Z-
B A P IR I AR A Y (10 mg/mL) 100 uL EF 10
mL FREEEH, &P ERIEE R 2R
B, WCH RS B A 100 pg/mL () Z-3E A Py BT
R i A5 T
2.3.3 AEO-NE L fid il il A3 200
uL AEO-NE T 10 mL Erfa gy, 2ehn 5 mL H
A 5 min LS, §HE, BHPRER, £0.22
um FFLIEE R, EUERIEVAE Y AEO-NE #ik,f
pEaRT L
2.3.4 [T EI SIS BT A9KIL (blank
NE, B-NE) &K, %8 “2.3.3” Wi~ J7ikiil#%, B
15 B P 0o B W
235 LEMHER 0K Z-BE A R A
i+ AEO-NE fEiR A, I 0 HR A sk B e 2k
WAHETEA, iR & EikE, SRILE 1, Z-84AN
BE AR ot VA VR RS VR P 1 R U B — B
5K AEO-NE H AR Z-Ba RN EE S &
I TERE o
23.6 LUPERRFEE  RhEECH BT EIRE 75508
1.00. 2.00. 5.00. 10.00. 20.00. 50.00. 100.00 pg/mL

t/min
1 B-NE (A). Z-RAAEENR&E (B) #1 AEO-NE &
(C) B9 HPLC
Fig.1 HPLC of B-NE (A), Z-ligustilide reference substance
(B), and AEO-NE sample (C)

(1) Z-BEAS YR IRV, F% “2.3.17 TU R %
f, BEFE 10 pL, DL Z-BEAS YIS0 R S i B IR
BALFR QO, WEHFNPAER (Y), BEIETFEA
Y=9.704 7 X+2.1582, R*=0.9996, 4&H K Z-Hi
A AEELE 1.00~100.00 pg/mL Z& 1% 5% & BT .

23.7 FEEEHEE HUE-— AEO-NE #5570
FH 022 pum FUFLIERESIERL 5, #% “2.3.17 Wit
ZAF, HEFE 10 uL, EEHFE 6 IR, kBRI
FUIFTHEH RSD H, 455K RSD {4 0.12%,

SR B B R

2.3.8 EEMERE HUFE-—# AEO-NE 6 1, %
“2.3.37 TR J7iE A A ISR, 4% “2.3.17 TR
BREAE, HEFE 10 pL, 0GB Z-8EA
W B EIR M) RSD {H, 5% KL RSD K
1.95%, HikEGMHERILT,

239 fEMIRE  BOHEES] 4 ) AEO-NE, 1%
“2.3.37 WUR 7 AR RIE T, % “2.3.17 TR
EAIE, HAERIZEI 0L 1. 2, 4. 8. 12, 24h
HEFE 10 uL, 0TI AR, TSI AR RSD fH.

SEREW], RSD1H N 0.69%, AEO-NE ffHf sl
£ 24 h e R I

2.3.10 RIS RS R IR 5. 104 20
ng/mL (1) Z-Ba A P BEXT B SR 1 mL T — @R
B-NE #fihd, ANREPAT 3 4, IWiERAIE4
0.22 pm FFLIEREET, EXEEIZ “2.3.17 TR
WEARAFHERE 10 pL, (SRR TS5 ke [l
W28 . 5 SR B INRE [N 3 43 ) 24 (98.66 1 0.33) %+
(96.79+0.24) %. (104.78+0.28) %, RSD {H Nl
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0.33%-+ 0.25%- 0.27%, 1ZJ7iEHERTE R AT,
2.4 HERILEBRGE
241 KJ5imE ALK, LD AEO A
YR FLIG 2 RS ME— AR, AT ARSI &
Wz e KA. Rk, FEFRRATT . s
B A BE, LLEARZY) AEO EAYK
FLH 2 RGN . FETKEHE (O/W) YKL
(i & B B, ARAE SR KR8 (hydrophilic and
lipophilic balance value, HLB) ¥J5#f x& f5 i e 7. 40
714 T80 (HLB fH : 15). OP-10 (HLB 1 : 13.6)+
RH-40 (HLB 14 : 14~16). CO-40 (HLB {f : 14~
16), Ak By FLAGT v H F B H . PEG-400.
Labrasol. 1,3-T . T/KLEE.

KK B RS =B, HEgeki
16 25 R 40 FLAGTI AN B ZLAG T R FR 28 DL R FLAL T S
B R B L (K)o D =JeHIEIZ2H]: 3L
WA SR EL 3 D1 201 1T D11 e

RH-40

2R, FRIRERIMEMER (Smo) 5 AEO L9 -
1. 8:2. 7:3, 6:4 WREIIBES, 1E 800
t/min. (25+1) CZ&M FIERMMAZEEFK, dx
Il 7 07K &, B Origin 2019 20 = o AH B I
SRFL X IR AR . LLO = SR G K L X 35 i AR
INNTERRR, RIS 45 AR A LRI AL RE 7 (i
FITE— & B LU N A K ILINRE /1) e 9N
KILALTT . 5K, DL T80 NFLAITLIE
TERRGIKIL, W 2~4 B, #EAiTA OP-
10, BhAMFINTKOEE, Kn N2 0 1o

242 ESWITE R TATHSRS R, Bl Ky
(X~ A AR SR G R s A T b [/
(1 =+ Smix)» Xo I NEZIHIR 25, PLRIAE (Y1) PDI(Y2),
RS E (Y3 B PFH—{E (overall desirability,
OD) NiFr#a#5, N H Design Expert8.0.6 34K
2 FE 5 KRR RSB SR R T SE6 1
e &R KP. R HE RS RIE 1.

0.25

0.25

JKAH

JKAH

0.75

0.75

2 FLFITEER O =TT AR E

Fig. 2 Pseudo-ternary phase diagram for selection of emulsifier
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0.25
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Fig. 3 Pseudo-ternary phase diagram for selection of co-emulsifier
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4 KniHiEp i =THaE

Fig. 4 Pseudo-ternary phase diagram for selection of K

#*1 CCD-RSM EZH. KFERLER
Table 1 CCD-RSM experiment factors, levels and results

e X X Yi/nm Y2/%  Y3/% OD
2.00 0.04 1342 1870 0.16 0.29

Ju—

2 3.00 0.40 29.67 2320 1.56 0.55
3 2.00 046 5601.00 1760 175  0.00
4 341  0.25 15.59 11.00 097 0.70
5 1.00  0.10 12.74 2130 038 040
6 3.00 0.10 13.39 19.70 048 042
7 2.00 0.25 15.60 1740 096 0.61
8 0.59 0.25 34.84 1620 097  0.58
9 2.00 0.25 15.13 10.00 095 0.72
10 2.00 0.25 15.80 11.50 092  0.70
11 1.00  0.40 5661.00 1630 159  0.00
12 2.00 0.25 1730 2120 049 0.54
13 2.00 0.25 19.31 21.50 049 0.53

OD=(d1d2***dn)""

X T BUEAANREFIIF E : di= (max— 1)/ (Vmax—Vimin)
T BB IR 2 di= (vi— Ymin)/ (Vmax— Vmin)
2.4.3 BRHA i Design-Expert 8.0.6 #KA4%f
OD {HHHT ZIKAELR MRS, F=26.63, P=0.0005<
0.05, FFEAEAGITEENL, KW F=1.27, P=
0.397>0.05, H#W &4 EIH7FE OD=0.319 43—
0.127 63 X;+3.226 15 X,+0.885 34 XX, —11.114 13
X2o FTESHEREKH, RIEBR P=0.000 2<
0.001, R? N 0916 6, KWK FAEE (P=
0.397>0.05), ULHIRERIALA RAF, TMEL . R
Fril &R, N Design-Expert 8.0.6 #4424l

=4, WK S,

2.4.4  FMATTTM ARYEFIHIRAR A PDI R /)N R
UF, OD AEME KR HIbRIE 25 A RS B, T
BT Kn=3 © 1, ¥R 5 IR G R & 177 1)
RN 0.26, OD {EN 0.715. &MAETH 1%

X
5 X1 R X%t OD EEMP=ZHYNEE (A) R_HE
=%E (B)
Fig.5 3D (A) and 2D (B) curves of effect of X1 and X2 on OD

value

AEO. 2.25% OP-10. 0.75%7F/K LB 96%7K .
245 IuEscEe  feMERAAEAATT, % “2.27 BURTT
EFATHI% 3 it AEO-NE, WllEkife. PDI Hit5
AEO %riE, 45 R 2. AR AL 77 )% 1) AEO-NE
KA/ ot — e R, mZERUDN, REZTT
R R4, EEMERI.

®2 BMASWIFIWER (X+s,n=3)

Table 2
validation (X £ s, n=3)

Experimental results of optimal prescription

LIk Kiff/mm PDI/% &M FHE/% OD fH WE/%
1 15954033 12.0742.95 1 0.68 —4.62
2 16.57£0.08 15.27+1.50 1 0.70 —1.54
3 15.98+0.44 9.97+1.04 1 071 -1.13
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2.5 HERELRAE

2501 FLAIEALE R SRR G R R R
AEO-NE FLiIE B3 T %500 . HU55 & AEO-NE 37T
2 ANEECES, NG B K R F
SEEAME YR A I, W R H T
AEO-NE [ 8Os s . S5 1K, AKE MR
B W5 /2 AEO-NE H (147 HICH B PR Tl v v el o
FHI . BUE & AEO-NE, [AdLdinA—& &K,
45 KW AEO-NE Ref K MR 1T AN A AR AR )
k. %, AEO-NE N O/W BighikH. .

252 Fife. ¢ B REZEARE IEATT
#14¢ AEO-NE 3 ftt, T 25 CH&MH T RAY KK
PCMERLAS . § ALK Z R 8. 45 RWE 6
7N, ABO-NE “F¥ki42 K/NA (15.9540.33) nm,
PDI 4 0.11£0.02, {Hf7A (-0.14£0.10) mV.

1 10 100
A /mm
E6 AEO-NE HKEZHH
Fig. 6 Droplet size distribution of AEO-NE

253 FEMMHMIES &AL AEO-NE SN
T EWL Wz, FFEYUKILIEIRIRE (B
7-c« d). KM TEM X} AEO-NE IO LS HHT %
fiE, HU/b & AEO-NE i T4 M S REBE F, H 2R
T, P 2% ER 71 4% 10 min, FHIEAUN EE 4R
MY, 24 EAE TS, H48ME T TEM R g
ARSI . 458w 7-a. b Fix, AEO-
NE FLi 2 [BIEEE, BEIE, AP, KifRTE 20
nm .

254 pHEKFE  MNMRIEW Bk pH {EN 5
A, SEIRME, BEIRGS Z5 R B E T R,
SN B SRR pH, PR, AHOCHH R pH SIS A] B
i J AR B pH EI200, g Lab 77 AT 2% 3 it
AEO-NE, WA pH iF T =l a4 il e pH 1H,
AT 3 IR MESS R, &ILALTT AEO-NEpH Ay
5.8940.16 (n=3), & ek 24 il 771 55 8 14 1) 22
Ko B IHRAN IR AR R T R U N E
SRR A 5 JC R RUE T 3 A R R TR,

7 AEO-NE #J TEM A7 (100 nm, a; 50 nm, b) F1
BIFRS (¢, d)
Fig. 7 AEO-NE’s TEM micro-morphology (100 nm scale, a;

50 nm scale, b) and macro-morphology (c, d)

Peo tbAh, BUNRIREEA R T HIFEE R,
AL T AT % 3 it AEO-NE, [ jiek%
FEEVHT IR FIE KR E, AT 3 IR AR
T, A TTHISH AEO-NE (IR (1.57+
0.08) mPa's (n=3), J& TRE R, & T KR
wWen.
255 #mAEKAOHEE BEMALLTTHE 3 #
AEO-NE, Ff#% “2.3.3” T R 5 i 2 Ll i i
2 0.22 pm FFLIEREIE JE BUSEIE UM EE St
% “23.17 UM ISR, 105k Z-BE A iR
TR, IPEFE T Z-BE RN S 2. SRR,
AEO-NE ##j &L\ Z-BEA N IE 1T 4(0.69£0.01)%.
K FHEEE S 02, B—E & AEO-NE T 10 000
IEE.LE Y, L 10 000 r/min B0 (BORREN
9.2 cm) 20 min, HUJER LG R FEERARS, &
HPLC #0ill Z-8a A W ls & &, i At Eas .,
5K, ABO-NE HIEEFN (99.2840.44) %.
A4 =(Ciota— Ciree)/ Cotal
Cuott NI Z-BEAR MBS &, Cree NUEHH Z-BEA MG
HE
2.6 FREMITEMN
2.6.1 BEOfEM HUEE AEO-NE 7305F 6000,
8000 10000 r/min (B.LF42H 6.2cm) AT T E
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0 20 min, I E B0 HTEINWEAR . RIAR K
PDI 224k, £33 3 fizs, AEO-NE #£ 6000+
8000, 10 000 r/min 05 RLARA KA WAL,
PDI SRHFAE 30% LA, HANUA REE. &Y.
Wz BIR, RPER R THESARERR, £
B O FEE M RAT

#* 3 TRIBLERZEHT AEO-NE B/LEIEHRIAEF PDI
T (Xts,n=3)

Table3 Changes of AEO-NE in particle size and PDI before

and after centrifugation at different rotational speeds
(Xts,n=3)

B0/ (r-min ) $i 4% /mm PDI
0 16.031£0.14 0.121 7£0.019 8
6000 16.02£0.25 0.097 0£0.017 3
8000 15.96+0.23 0.093 0£0.020 7
10 000 16.03£0.05 0.1753£0.044 2

2.6.2 MREfRENE  HZETEACK AEO-NE 735l # f
50 100. 200. 1000 1%, W %Z AEO-NE #f% Al 5 4t
MR &5 TR, %L 5500 B f5 , AEO-NE
EEEEWIR, £PEESE Bl TUESEAR
EIMR, R\ E I R

2.6.3 JHERENE K AEO-NE % TRita % B2 0
b, rRIFE 4. 25, 60 CE&METHE 3 MH, M
SR I e b A e Z-BE AR N B 2 B AR 1S
#l. AEO-NE fE 60 C2%M N AFRE, KAEDZE.
WA SEAFREIER, M4, 25 CHM T gefps
THIEW.

WK 4 Fizn, AEO-NE 1E 4 C4&4 P E e
MR, WAELEES, £ 25 CHEHETRZR
FHM (P<0.001); 2 FRERAM T, PDIERER
TE30%LAN; 4 C. ®EOLKMF T, AEO-NE 32
WG Z-BEAR NS BN L) 2.5%, T 25 C.

#4 A ELIEET AEO-NE i E 3 NARIE. PDI R Z-RANBEEETW (X£s,n=3)
Table 4 Changes of particle size, PDI and relative content of Z-ligustilide of AEO-NE after three months (X £ S, n =3)

i $if%/mm PDI/% Z-EEAR N ERAE R B /%
4°C 25°C 4°C 25°C 4°C 25°C
0 17.06%0.10 16.5740.07 9.77+2.31 9.03+0.35 100.00%0.00 100.00%0.00
90 16.7640.32 18.3240.12" 11.40£3.40 10.63+3.27 97.5240.08 25.6940.16

SRR 0d thi: ™ P<<0.001; S5[FEEA] 4 ‘CLHLi: #P<<0.001

“*P <0.001 vs 0 d at the same temperature; ##P < 0.001 vs 4 “C at the same time

BENCAT N, S5 BN  Z- AN R TR
1K 75%. %% F, AEO-NE 7£ 4 ‘C. #CE&MF NiE
FeE e R AT
2.7 ERHEMAR

PLJ B 21 R R i 46 8 6 hR it i AEO-NE
A AEO, FEEWEL 100 uL x3kF C57BL/6 /N
B EX K (2emX2em), SAT425 12, 24h
JE K /NRALSE, R ZIX Fe R, @D (W),
10 um) JE B TRGEHMEE (552nm, X20) F L.
WKl 8-c. d Fizn, AEO %4%j 12h, 253 BT AL
FRR L E, 52 24 h Jan] WS B 29k N\ R Ik B
FeJZE, AHARTERN . Wikl 8-av b fizR, AEO-NE
Y 12, 24 h G, BIREEWA OGO, A
AEO-NE BEIN B RS 2 DL 2%
HOALIN S et o, L] AEO-NE B —E H B
ElEAR
2.8 AEO-NE MU{AA{RHE X E KAKFEHR
2.8.1 JERE AN AR RN BOE A I
TR QOFRZIN 4 em?=2 cm X2 cm) {HHARE

av b-AEO-NE #:%; 12, 24h c. d-AEO 43%j 12. 24h
a, b-administration of AEO-NE for 12, 24 h ¢, d-administration of
AEO for 12,24 h
8 EFEHEIMEEITMN
Fig. 8 Evaluation of AEO-NE hair follicular targeting

property
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&, BUEEMEEIRETHETAL, 3~4min 55
EHRARBRIFHRAKTEBETF, EDUEX KN
AR TS ENE W E TN e i =g S
282 FWIH Y 24 A CS5TBLI6 /NRBEL
Iy NXTIEZ (B-NE). AEO-NE 4H.. FH:XT 4L (2%
KiEH/R) J AEO 2, f4l 6 K. itk 24h )5,
FER BRI G, FWCEKIE SRR /N R
WEX R E, FFE MR X eeETE, Bl
FErh . BRI 2R A AR B KR TS A 2 X T T
T E 8T, BHEIZGZ, BRI 100 pL, FK 1
W, ES:21 ds
283 ANREEREKEHAFN THZAHE 21
RME /N OB AE B AR, FENEX A A AR AL
REUH AR SR, EBORE NIRRT WS
M, BE'RERAREESICNEBREKE, BCF
B, KRGy 24h G, FNR&RE, Ao, B
B B CHIARZ) 2 em X 2 em), 10%48 2R B b [
S, AIEEIEYIE, W HE Jeth. 75 B
TMEYF, W S A B EA KN, ¥
JRELD A B TR BB (X200 %) X BT
THEI T

gk s P, SXTE4AMHEL, AEO-NE K&
PEHMEZ (20K /) A/NRERKE. BEEE
IR ZER (P<<0.05. 0.01), AEO #HEICEEM
225, A INES . AEO-NE 41/ R BT
&K (P<0.01), HEEST AEO 4 (P<0.01),
VLA PR FLIE 25 R A R T AEO (1530 Bz kit .
W 9 B, -4/ B4 24 X 3 R Ik 4% 2 4 LI i
PR WL B R AN IR, AEO-NE ZH /N B AT LK
BEEHEWML, 4%, AEO-NE o] LR E M hnmd+
KK MRNERERE, BAMRH C57BL/6 /NI E
RAEKIIVER, HICH SR s .

® 5 C57BL/6 MNERIEELKE. ERZEENESER
(X£s,n=06)

Table 5 New born hair length and follicle density of
C57BL/6 mice (X £S,n=6)

A5 BAEBEKE/mm  BEZEE/(Dmm?)

Xof e 6.45+0.88 59.15+8.38
AEO-NE 8.0940.33* 115.834+2.21"
[HER GRS 9.174+0.45™ 94.114+12.05"
AEO 7.68+0.51 80.37+17.81%

x4t *P<0.05 P<0.01; 55 AEO-NE 4lLt#: #P<0.01
“P<0.05 ""P<0.01 vs control group; P < 0.01 vs AEO-NE group

R
El9 C57BL/6 /MR B RRALRRIES

Fig. 9 Skin histopathology of C57BL/6 mice
3 Wig

i A R A2, A AR AN, AL
PEFS R R P B0m 75 AN225)0 iR & T B AR W
AN Z K, DATRER R I AN B TS B o e W4, B
A R AR, (HIBEPmEEIMEER,
MITAT RE 2 AR E A O EE R, SR E
JEFFWALSERY, Va7 BRI 25 LS B N 3
B Tl IE R 25 OKRUEHUR RHATAEYD . 41
HES 25 CETR e RIS N R« BT 2% IR B2 i
R AERCT, Bk et KA Rk A
RS S5 P R AAE, BRI 7 R o T %2
VYRR RIIRE R, RIREGY) A RO AR IR AR
TR IR TT SURAZ B2 0. BERAERN], BRAMCHS
W ARG RO DA T S i
A R R A KR RS, SRR RAMEY)
SRR R IAEVR ST A 7 T B — € 77 .

3/ S YN S FNIE PN b X RN EAL )
FI R B T SRR TN, AR Tl R T 20 &
#BA, HE DR, ERSEMEL, gk B
$8 9 R SN A A 3 o B B A 52 R B 2 245
BEN BRI R BEMERD,  Hefgt iR Tk — o s
% CBEE S BN Ot LSS ML ETTE (B
BB AEIREE) 2 334, “2tdG —7 Zrp
2yt R AR T B — KR, Ry
01750 DX 3 T A 2 R R ) SRS R AE, (RE R AL I 2 R
Gi bR/ BRI . AEO BE & B i A AEAR KV /)
ayp, RAREBEER, RN —MAA R
BB ISR IR TR, EQURFLIE L RSt
W HE 78 AR SREME IR IZET, 7R AT T “ 24
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WG —" RN Ak, HET TSI g5 R
fai b7y e m AR A 85 RE, AL AEO
NYKFLIE L RGME— AR, 65 B k4 24 A8 =)
HAEAE AEO-NE, LUESEEEIZY) AEO s
PE, KRS T B3, KRIEREBRAEKEM. &
S e i I B DR R SR s BR800
r/min, FEFEHTEICN 30 min, B LY = oHH BVETR IR
AR FLAETT AL BRI RS LS Ko U
e Rt FE R B, Lh AEO SAilAH, & FH FLA6F
T80 5 & BhFL AT — & Jii 2 L2 A T A BRIE &
gk, TIRESIREA K. RH-40 £ = o B
KT OP-10, {HSZE &I LL RH-40 NFLALF] . &
ARMEER SHAHREL AN 64 B, AEEEK
gk LA OP-10 AFLH]. RA KGR 5
MR ELLN 6 L 4 B, BEIERANIKIL, IR EH &
WA FLATF N OP-10,

ZYWI R ST S s 7 R ik R, — R
1 INER S 5 1E N B SRR ASCR R B il IR AR 4
F W, AEO-NE K2V, FIT AEO #F N IKIRZ
RIFZIEAEN . 25805 WHTUESE, AEO-NE % AEO
WINERKE. BEEENIERHME, RE NE G5
T AEO Wy ki, KIEEBREKMLIIE. 20
G EE R, k%525 AEO-NE 7£ 24 h JEH
H— e BRI, AR T RS HE R 5
PERIBEAG . 28 b, GORILTE B ZEA DS IR I 7
R EE —Eh 5. BRI T & T bk
Y525 1) AEO-NE, &7~ 7 HAERE VAT BRAH
SR TT, AR RIS B RIS I3 R B S 1 R
IR N ANPPAN A it — D T

FBAR FAVHEHFEFARGEA TR

SE R

[1] HEZg [S]. —#&F. 2020: 139.

[2] LiXC,WuXT, HuangL. Correlation between antioxidant
activities and phenolic contents of Radix Angelicae
Sinensis (Danggui) [J]. Molecules, 2009, 14(12): 5349-
5361.

[3] LiSY, YuY, Li S P. Identification of antioxidants in
essential oil of Radix Angelicae Sinensis using HPLC
coupled with DAD-MS and ABTS-based assay [J]. J Agric
Food Chem, 2007, 55(9): 3358-3362.

[4] Chao W W, Hong Y H, Chen M L, ef al. Inhibitory effects
of Angelica sinensis ethyl acetate extract and major
compounds on NF-kappaB trans-activation activity and
LPS-induced inflammation [J]. J Ethnopharmacol, 2010,

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

129(2): 244-249.

Gong W X, Zhou Y Z, Gong W L, et al. Coniferyl ferulate
exerts antidepressant effect via inhibiting the activation of
NMDAR-CaMKII-MAPKs and mitochondrial apoptotic
pathways [J]. J Ethnopharmacol, 2020, 251: 112533.
PHG. LIRS RAE IR RS (7], PEEZGHTAT,
1995(1): 28.

Gregoriou S, Papafragkaki D, Kontochristopoulos G, et al.
Cytokines and other mediators in alopecia areata [J].
Mediators Inflamm, 2010, 2010: 928030.

Wu Z W, Uchi H, Morino-Koga S, et al. Z-ligustilide
ameliorated ultraviolet B-induced oxidative stress and
inflammatory cytokine production in human keratinocytes
through upregulation of Nrf2/HO-1 and suppression of
NF-«B pathway [J]. Exp Dermatol, 2015, 24(9): 703-708.
LiJ, Hua Y L, Ji P, et al. Effects of volatile oils of Angelica
sinensis on an acute inflammation rat model [J]. Pharm
Biol, 2016, 54(9): 1881-1890.

Fu R H, Hran H J, Chu C L, et al. Lipopolysaccharide-
stimulated activation of murine DC2.4 cells is attenuated
by n-butylidenephthalide through suppression of the NF-
kB pathway [J]. Biotechnol Lett, 2011, 33(5): 903-910.
McClements D J. Emulsion design to improve the delivery
of functional lipophilic components [J]. Annu Rev Food Sci
Technol, 2010, 1: 241-269.

McClements D J. Edible nanoemulsions: Fabrication,
properties, and functional performance [J]. Soft Matter,
2011, 7(6): 2297-2316.

Shakeel F, Faisal M S. Nanoemulsion: A promising tool for
solubility and dissolution enhancement of celecoxib [J].
Pharm Dev Technol, 2010, 15(1): 53-56.

Lima T S, Silva M F S, Nunes X P, et al. Cineole-
containing nanoemulsion: Development, stability, and
antibacterial activity [J]. Chem Phys Lipids, 2021, 239:
105113.

Zeng F Y, Wang D D, Tian Y, et al. Nanoemulsion for
improving the oral bioavailability of hesperetin:
Formulation optimization and absorption mechanism [J]. J
Pharm Sci, 2021, 110(6): 2555-2561.

Abd E, Benson H A E, Roberts M S, et al. Minoxidil skin
delivery from nanoemulsion formulations containing
eucalyptol or oleic acid: Enhanced diffusivity and
follicular targeting [J]. Pharmaceutics, 2018, 10(1): 19.
Grampurohit N, Ravikumar P, Mallya R. Microemulsions
for topical use-A review [J]. Indian J Pharm Educ Res,
2011, 45(1): 100-107.

B, Gk, BURE, & 4. T ERERIMIEE
Wi /E R [0]. HkZs, 2016, 38(9): 1923-1929.



- 1792 - PER 202338 B54% B 6 Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

[19] Blaak J, Staib P. The relation of pH and skin cleansing [J]. 69.

Curr Probl Dermatol, 2018, 54: 132-142. [28] YoonJI, Al-Reza S M, Kang S C. Hair growth promoting

[20] Lambers H, Piessens S, Bloem A, et al. Natural skin effect of Zizyphus jujuba essential oil [J]. Food Chem
surface pH is on average below 5, which is beneficial for Toxicol, 2010, 48(5): 1350-1354.
its resident flora [J]. Int J Cosmet Sci, 2006, 28(5): 359- [29] OhJY,Park M A, Kim Y C. Peppermint oil promotes hair
370. growth without toxic signs [J]. Toxicol Res, 2014, 30(4):

[21] Ahmad K, Win T, Jaffri ] M, et al. Palm olein emulsion: A 297-304.
novel vehicle for topical drug delivery of betamethasone [30] LeeBH, LeeJ S, KimY C. Hair growth-promoting effects
17-valerate [J]. AAPS PharmSciTech, 2018, 19(1): 371- of lavender oil in C57BL/6 mice [J]. Toxicol Res, 2016,
383. 32(2): 103-108.

[22] Adil A, Godwin M. The effectiveness of treatments for [31] Zhang Y, Chen S S, Qu F Z, et al. In vivo and in vitro
androgenetic alopecia: A systematic review and meta- evaluation of hair growth potential of Cacumen Platycladi,
analysis [J]. J Am Acad Dermatol, 2017, 77(1): 136-141. and GC-MS analysis of the active constituents of volatile

[23] 3K, “3KT7 T S AR ke By e 7= ot e e 4] 72 [J]. R oil [J]. J Ethnopharmacol, 2019, 238: 111835.
1t i, 2020(11): 28-31. [32] Desai P, Patlolla R R, Singh M. Interaction of nanoparticles

[24] Skulj A Z, Poljsak N, Glavaé N K, et al. Herbal and cell-penetrating peptides with skin for transdermal
preparations for the treatment of hair loss [J]. Arch drug delivery [J]. Mol Membr Biol, 2010, 27(7): 247-259.
Dermatol Res, 2020, 312(6): 395-406. [33] Hwa C, Bauer E A, Cohen D E. Skin biology [J]. Dermatol

[25] Hunt N, McHale S. The psychological impact of alopecia Ther, 2011, 24(5): 464-470.

[J]. BMJ, 2005, 331(7522): 951-953. [34] Miinch S, Wohlrab J, Neubert R H H. Dermal and

[26] Blumeyer A, Tosti A, Messenger A, et al. Evidence-based transdermal delivery of pharmaceutically relevant
(S3) guideline for the treatment of androgenetic alopecia macromolecules [J]. Eur J Pharm Biopharm, 2017, 119:
in women and in men [J]. J Ger Soc Dermatol, 2011, 235-242.
9(Suppl 6): S1-S57. [35] Verma D D, Verma S, Blume G, et al. Particle size of

[27] Meidan V M, Touitou E. Treatments for androgenetic liposomes influences dermal delivery of substances into

alopecia and alopecia areata [J]. Drugs, 2001, 61(1): 53-

skin [J]. Int J Pharm, 2003, 258(1/2): 141-151.
[Frtesmit  FRALRE]



