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ABSTRACT: AIM To prepare nanostructured lipid carriers for volatile oils from Artemisiae argyi Folium.
METHODS Heated melting-ultrasonic dispersion method was applied to preparing lipid carriers. Taking solid/
liquid lipid ratio, amounts of lipid, emulsifier and volatile oils as influencing factors, and average paticle size as an
evaluation index, the formulation was optimized by orthogonal test. With cineole, camphor and borneol as indices,
GC-MS was adopted in the content determination of volatile oils. RESULTS The optimal formulation was deter-
mined to be 5 : 5 for solid/liquid lipid ratio, 1% , 3% and 0. 5% for amounts of lipid, emulsifier and volatile oils,
respectively. The obtained clear and transparent lipid carriers demonstrated the average particle size of (72.33 +
1.93) nm, PDI of 0. 273 £0.004 5, and Zeta potential of ( —30.59 £1.42) mV, whose in vitro release rate was
lower than that of raw medicine within 120 h, along with a higher stability under 4 °C than that under 25 °C. The
entrapment efficiencies of cineole, camphor and borneol were 87.49% , 86.45% and 92. 12% with the drug load-
ings of 8.25% , 2.00% and 3.38% , respectively. CONCLUSION

carriers for volatile oils from Artemisiae argyi Folium should be stored under 4 “C with the features of sustained-

It is suggested that nanostructured lipid

release and stable physicochemical properties.

KEY WORDS: volatile oils from Artemisiae argyi Folium ; nanostructured lipid carriers; heated melting-ultrasonic

dispersion method ; orthogonal test; GC-MS
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Lévl. et Vant. F)TH0, JEIGIKE GGy,
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AV AR AT R, EiEAA
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TR, MIMSEm 1 28084
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fili b R B —IREA 2 R G0, TEIEMARRR B4R
G| AT — % LI ARRR BT, HATAS R Y 4
H, AEIRRAEL, SAEEEAEZY), Pk
HRARAENE T . I, A SRR A5 S &
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L A PR 75 3 HE 15 min, R EI[EAL, 0.45 pum
LU 8, RIAS

2.1.2 4bJpfse mUsAL Dy BhELARFIIA G U
1880.2 g, FLALKIHEBLOIMENR 0.2 g, [E1AAR
RERR IR H TR 0. 3 g, WRAKNG TR/ 55 IR H b — g
0.1g, IMZEIEKZ 20 mL,

2.1.2.1 FECIAE ARYERTH RN R AR,
VERRE /MR L . MR A, FLAERI R, A
WHEENEWEE R, PR ENFEIR, &
Ly (3Y) IRk, WEAKFEWE L, KBt
H5ERWER2, HEMLES,

Fz1 EZHEKTF
Tab.1 Factors and levels
7K LEs
ATE/ZBRBREE B RBL/% CFLALR/% D&M/ %
7:3 1 1 0.5
2 6:4 2 2 1
3 5:5 3 3 1.5
F2 ARGHTEER
Tab.2 Design and results of tests
. A &/ BJRm/ CELLR/ DR/ kiR,
’ N8I L % % % nm
1 7:3 1 1 0.5 99. 47
2 7:3 2 2 1 100. 1
3 7:3 3 3 1.5 100. 5
4 6:4 1 2 1.5 100. 3
5 6:4 2 3 0.5 81.56
6 6:4 3 1 1 113.8
7 5:5 1 3 1 90. 35
8 5:5 2 1 1.5 111.7
9 5:5 3 2 0.5 79. 07
K, 100. 023 96. 707 108. 323 86. 700 —
K, 98. 553 97.787 93.157 101.417 —
K; 93.707 97. 790 90.803 104. 167 —
R 6.316 1. 083 17.520 17. 467 —
=3 AESW

Tab.3 Analysis of variance

RIL BV AME ¥r Fid PfH

A 65. 551 2 32.776 28.014 <0.05
B(i2:10) 2.340 2 1.170 1. 000 >0.05
C 542.516 2 271.258  231.844 <0.01
D 529.227 2 264.614  226. 166 <0.01

i Fy05(2,2) =19.00,F; ¢ (2,2) =99.00

I8 2 TR, 2% DR 3R AR Y 52 i P B AR
KHKC>D>A>B, WHK, >K, >Kg, K>
Ky >Kyy, Koy >Ke, > Koy, Kiy > Ky > Ky o #1363
AL, AR BTEE P <0.05, A R EMER I IR
i P>0.05, JTCREMEZm,; A AR E. &
2yt P<0.01, AR EMEZmw, Hik, Siiktir
72

4 AB,C;D,, BIRE/WAERLL S -5, IR H &=
1% , FLAEFIHE 3% , #&MAHE0.5% .
2.1.2.2 AHFEGFE # “2.1.2.17 IR HAhhb
T ATl #8 3 bR BTk (4543 51 20160326-
1. 201603262, 20160326-3) , W% kife . £43H
R Zeta HOAL, GEIRWFR 4, HERATH, RARAH
ZRUIN, S ATIL), Zeta AAIZEXHEI, KUIALTy
FEEA, HFARTE
T4 HFWIELER (n=3)

Tab.4 Results of formulation verification (n =3)

s SR/ nm PDI Zeta Hi 7
20160326-1 73.35 0.280 -30.9
20160326-2 72. 11 0.289 -32.1
20160326-3 74. 48 0. 285 -33.8

x£s 73.31 £1.19 0.285 +£0.005 -32.3+1.46

2.2 #®EwmAsH TN

2.2.1 @iE%&fF HP-5 fajEt: (30 m x0.25 mm X
0.10 pm) ; FHELEEAR, HPE 1.0 mL/min;
PIMETR)E 50 °C, %452 min, 3 °C/min F}& 200 °C,
20 °C/min F} % 280 °C, {545 min; HEFE R B
250 C; Ao a2 280 C 5 Jriai b 25 ¢ 15 HEAE

w1 pl,
2.2.2  FWTCHI
2.2.2.1 AP HERBFCEZ 15 mg,

HF 10 mL &), ECkEMeREZZE,
A, HAE,

2.2.2.2 XPHRSNEWE 53 0IRE B ARG . AR
i, JBiZ)12.50, 2.50, 2.50 mg, #H TS5 mL &
frh, ECRBE M E SR 28, 7Y, ERE
W HEmeuh e, AU RS 1.009.6 .
204.0, 211.2 pg/mL BAER, BUEHEE T 5 mL &
Y, AT mL NFREEWR, IE C B E A 22
B, #5, Hi,

2.2.2.3 MHASEW A% R HBUE R 2 mL,
BT 20 mL HEIEE D, INFRE R 100 pl. Z21H
K3 mL, IECHS mL, %, #7520 min, #E,
W IEC ke, BN S mL A A0 min, & IFIE
Cle2, E4AF 10 mL, #5), BiE,

2.2.2.4 FEOMIREW OR® RIS (g Rk
2 mL, BF20 mL #EMY, # “2.2.2.37 T
Jrikdleg, B,

2.2.3 FEHHE

2.2.3. 1 LjmbEFEge WO IR A EXT IR
HERASEWAS 1 pl, TEASMHEE T o, @
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TR 1o iR, MeoRs . R e ik fR
BA B[R] 4333 4 13. 441 18.575, 19.451 min, 55H
Xof MR YRR I 7 B AL TG Wi, BV i 5
MELAE, LRmIERY .
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B1 &M GCBiER

Fig. 3 GC chromatograms of various constituents

2.2.3.2 ZMERRBE $E “2.2.2.27 WUFE
A5 A ke kS 1 009.6, 504.8, 252.4. 126.2.
63.10, 31.55 pg/mL, F%f§ 204.0, 102.0, 51.00,
25.50, 12.75. 6.375 wg/mL, J&fii 211.2, 105.6,
52.80, 26.40, 13.20, 6.600 wg/mL ({5t B8 5,
FE“2.2.17 TEAREAME R, LIRS AR
AR Z LGNS (V) , X HE Sl S W B S A Al A
(X) PEAFERMERIE, 4500 S, AT M FEs
EREINET T Y8 T
x5 BEMNABMEXER

Tab.5 Linear relationships of various constituents

s EIEpe R AEEE/
(mgemL ")
ek Y=0.003 6X +0.005 82 0.999 9 5.000 ~1 009. 6
g Y =0.003 56X +0.002 19 0.999 9 4.5109 ~204.0
Je i Y=0.003 81X +0.002 8 0.999 9 4.4101~211.2

2.2.3.3  FfRARINER K E fm R A X A O
WO HFRE, 6 “2.2.17 WEAREAMTFE,
S/N =3 bR, S/N =10 JgxE bR, W54
K BRI e A I FR 2 ) O 1,500, 1.236
1.102 5 pg/mL, % m B4 54 5.000, 4.510 9,
4.410 pg/mL,

2.2.3.4 MR BOYIRESSW, 78 (2.2, 17
WEGEFAFT 1 d NEZINE S R, HEH NS
By HELMES d, T H RS, 9K, Rl
K BEM . el H A TR ER RSD 23 5] g 0.31%
0.43% . 0.44% , H [a]I& i F2 RSD 4351 % 0. 83% |
0.64% . 1.20% , RUNZITERHEZ RIf.
2.2.3.5  EwEMERKE WEREE (S
20160327-1) i&Edw, % “2.2.2.37 TR iEFEAT
Hil % 6 MR AT, 7F 2.2 17 BT
Mg, DRGSR . i B C IR U T AR
[ RSD 4351/ 0.81% . 1.57% . 2.08% , FWHi%
INEEENERY
2.2.3.6  fiERICREE R RIS FUIR B
2 mL, T 20 mL g, KEEMAM. . &
P FEXT ISR, AT 3 My, R 42.2.2.37 T
FHRIEMER SR, 2.2, 17 T A E R
TE o AR, MRS . R L IR R R
Ak 97.90% . 98.17% . 97.33% , RSD 43 5l A
3.37% . 2.25% . 0.86% ,
2.2.4  FE&EARENE WU S 20160406-6
20160406-7 . 20160406-8 g kiR, # “2.2.2.3”
TR Ikl s b im i, 78 2.2 17 BEpg st
NE, HREAE, 4PRILE6,

x6 BHARBENELSER (n=3)
Tab. 6 Results of content determination of various constit-

uents (n=3)

Eiime FEIRS /% g/ % T i/ %
20160406-6 15. 96 2.65 5.90
20160406-7 16. 04 3.65 5.95
20160406-8 17.01 3.67 5.92

xXES 16.34 £0. 58 3.32 +0.58 5.92 £0. 025

2.3 B A FIEMN
2.3.1 HMNUL. BifR K Zeta Hif 145 3 HEIG Ak

&, #t5k 20160327-1 , 20160327-2, 20160327-3,
S IR SRS, WHROER, TERDET AR, R
AV EAT T IR RN, Kife e Zeta FAAIDLER 7, W]
R A —, R

KT BREBERER Zeta BAL (n=3)

Tab.7 Particle sizes and Zeta potentials of lipid carriers

(n=3)

Elim=2 SR AR/ nm PDI Zeta HL{v;/mV
20160327-1 72.18 0.278 -29.8
20160327-2 70. 47 0.273 -30.4
20160327-3 74.34 0.269 -32.5

xts 72.33£1.93 0.273 £0.004 5 -30.59 +1.42
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2.3.2 QEREHGE"  H& 3 MIERERE, WERPIIETE AL, FFARA “2.2.3.27 TR Ar i il 26

5505k 20160418-1 ., 20160418-2, 20160418-3
KR IR A 2 mL, & T 500 Da @S NE
F1 8 000 r/min B> 20 min, Y £E g K ki, %
22,23 ST B RN, 2217
L S Lo I DA IR /i =N -9 TN 9 [N

WU TR JE, BT R, AR N K =
CHAR  Jo0% , mtaAEt, AR R -

REa
L

TR L + S 73U A B + I

GRS, WG (PEZI R

x 100% ,

xS ERUuGEBHEXMHBHE (n=3)

Tab.8 Entrapment efficiencies and drug loadings of lipid carriers (n =3)

. HES G T M
N /% BEGL/% /% BT/ % /% HLG/%
20160418-1 90. 49 7.68 87.38 1.83 95. 83 3.21
20160418-2 84.78 7. 94 82.78 1. 88 89. 38 3.17
20160418-3 87.19 9.13 89.20 2.29 91.16 3.76
X+s 87.49 +2.87 8.25+0.77 86.45 +3.31 2.00 £0.25 92.12 +3.33 3.38 £0.33
2.4 ARIMEGEEBETE SR pH 7. 4 BEREL R 0
U+ 10% ZEAE A BRI B XA I 4t 58
8 000 Da HYEHI4E, 43 HIHCA 2.0 mL i 5 4k & BB
(L5 20160423 ) F1 10. 70 mg ¥ K, W FH i % 20 )
Wriede X = A BTN, K5 BB B30 mL F 0% 50 100 130
e N - . /h
100 mL ZE AR, BB HTASRE AL, SER O, ’
PHlEEE (37 £0.5)°C, %53 180 t/min, T 0.5, B2 RSMNERE L

1,2,4,6,8,12 24 36, 48, 60, 72, 120 h
WkE 2 mL, JEAPSERE BTN, 5 mL EC kA
WA, 0.45 pm RUFLUEART U, 02 Rl Rs o
R, LA RN R AR bR, BRBURE R I AR,
rlkeihZ, S5RILIE 2, dilEWIg, e Ak
FEER LU EUR 2518, B RERUE Jy 61.12% , T
JEORLZY O 72. 46% , RIAHAAZRAEH.

2.5 PR PURBER 3 HE, BT
TR, BEOETCEAE 4, 25 C& 3 A,
550, 7, 15, 30, 60, 90 KU, KadlPkife, PDI,

Fig.2 Curves for in vitro release rates

Zeta B, QUEPRMBZ R, S5RWE 9. ik
L, fE4CH, 30 d FrasdE b ol ARk, 130 d
Ja PRI A PDL ISR R, AR BighiE . &%
WO AR PR SEAT I fE25 CF, %48
PRAEAEIINE, 7E 90 d IRk fe s R F] 2. 42 4%,
Zeta HOL 28 XTEI /N F 16.3 mV, A B FF 2
23.87% , RAHORRLC &/ EHHIR, Mk, IF
PR BGE G TE 4 CT MR

R MPREMZHRER
Tab.9 Results of preliminary stability tests

E/C mE/d - FHRIAR/nm PDI Zeta Wi/ mV  AldE/% WL/ % HERS /% 1R/ % Je i/ %
4 0 60. 79 0.285 -33.7 87.88 8.87 15.58 3.54 6.22
7 61.83 0.287 -32.7 83.56 8.42 14.71 3.47 5.55
15 63. 86 0.291 -31.3 82.98 8.30 13. 60 3.14 5.41
30 67.32 0.297 -30.6 80.25 7.81 11.99 2.83 5.02
60 70. 98 0.309 -25.6 75.76 7.02 10. 18 2.07 4.44
90 80. 25 0.324 -23.2 63.23 6. 08 8. 66 1.98 3.81
25 62.33 0.281 -32.9 98. 05 8.88 15. 60 3.23 6. 88
7 63.10 0.299 -32.7 83.34 6.95 11.96 3.13 6. 86
15 67.58 0. 340 -25.7 75.17 6.01 10. 24 2.83 5.45
30 70. 24 0. 405 -21.4 62.55 5.85 9.95 2.57 4.73
60 90. 33 0.492 -19.1 38.75 3.71 6.16 1.77 4.33
90 150. 80 0.535 -16.3 23.87 2.56 5.11 1.26 3.27
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3 R (4] B, LW, BN, . 1, S-HARRIM AR AR

TE S5 W5 % S 4 K 25 b DG R 2R ) 4 1k R I Wi K B A 38 1o B M S R R VR I D). T I 2
[ A b 2 7 22 .
EEMIARIEERRIRIE AL, Lprkatie oy S e
ARG e o AR RE B 5 5 25 W) B R 1 3 FIEFI[T]. HM 222240 (E22AR), 2015, 50(2):
BN FEZ ", ARSI BT A [ 1A g 2 2R i 301-304.
H“}EH@E’ %)‘J{T\ 60 °C , E&jﬁj’%ﬁ&fﬂg 65 C., [ 6] Pardeike J], Hommoss A, Miller R H. Lipid nanoparticles
?L’ﬂfjﬂj E’\Jﬁ?@ﬁ*ﬁﬁéﬂﬁiﬁjﬁ% ﬂ@ , {E%{Eﬂgj (SLN, NLC) in cosmetic and pharmaceutical dermal products
TR Zeta ML, (R TINELGE. ALRT I Do, 30, 36002) s 01
VB S SIS FIE& Vb 188 1F KR A TULA . fif [7] 9%[3 1A, ‘Iﬁ:ﬁ{i&'&, Bz, 5. PS99S4 AR
SRR > wE LI, B AR IAL T I AL BRITIRINE B BFFE (1], o 2523
0] DATE RO 2% P BORa e B A B, s o g 2016, 41(17): 3232-3238.
/"\'JE; E‘%‘ﬂgf"ﬁ%?ﬂﬁ@%% Zdﬁ-%%ﬁ%%%% . [8] Michele T, Francesca D, Otto C. Preparation of solid lipid nan-
#H%ﬁ Z‘%%ﬁfﬁﬁ_ﬁ%7k,l~i , %ﬁﬁ%%ﬁ&ﬁ_ﬁ oparticles by a solvent emulsification-diffusion technique [ J .
Wh BBl ke ‘ b Int J Pharm, 2003, 257(1-2) ; 153-160.
%‘m’ ?ffiy‘%*ﬁ%ﬁﬁ*@’ T R N T T
AETERIIE™ o PR RO R S R[], R
A 14 25 3 25 SR R i Y SR HOCERBIERT) | 2014, 48(2) : 224227
‘Uﬁu%ﬁ%ﬁfﬂz, ﬂﬂ@*ﬁfi\ ﬁﬁ%/[}‘]{“ %%% [10]  Westesena K, Bunjesa H, Kochb M H J. Physicochemical char-
Zﬁﬂiﬁj‘ﬂﬂhﬁl& R ﬁ?}/ﬁﬁl&%o Z'—‘Q;yﬁ%}ﬂ?ﬁ%ﬁ‘j‘ﬁg acterization of lipid nanoparticles and evaluation of their drug
?i , {E%%%%%?{‘E@%ﬁ%%?ﬁﬁ%f@ﬁ%%, —\I%— loading capacity and sustained release potential[ J]. J Control
S o B T . SRR T 25 B Release, 1997, 48(2-3) ; 223-236.
BECEEONMELR, FERETE, & (1] WEEIE R L. e ARIEME 20, 2015 46 1~
GRRL; LA IR, IR T e 4 [, dbsr: REBEZRHEIITHE, 2015 371,
ﬁ%tﬂ%%%% , 1@?)‘]“%25%%%7@5@0 [12] You J, Cui F D, Han X, et al. Study of the preparation of sus-
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