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#4F R EN-B F R R L& TCHEE Rk, A TCHX B R mANE ERIPHARRERE TR AR, A E A
AR, AR R ORI e b SRR B SR - B @ s L B ATRAL , SE AT B B AR ST RAEA B AT S AR R, 4R TCH#
Fi B E A TE B A 10~100 pg/mL(r=0.999 5) ; 5 & &4 0.045 pg/mL, 4 FE %4 0.021 pg/mL; 45 58 B A8 2 M | & 2 K36
RSD 3/ T 2% ; AR wl M & H 97.80% ~103.20% (RSD=0.36% ,n=9) . A H & L% % TCH 3 b mNF | mg, &K 97 55
JRERETmg/mL, TR S 33% s EI T L4 T, F3 354 6450% (n=3), 5 FAML(64.92% ) 44 40 332 £ A
0.64% . TCH BF R #h 4 A 15 & 3L iR, AP LA BRI , W AR & LE, R ¥ —, FH 4124 (80.33+2.24)nm, -F
Bl A (—226+1.33)mV. M HFAEETHRELERE R, TCHE RAIREL CBXLFH ORI PHE 10dETHRIF. 4it:
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EEIR R TR B SRR Gtk BN Bk B SR B @R AR TEAL

Optimization of Preparation Technology of Tetracaine Hydrochloride Ethosomes

ZHANG Nan', ZHANG Danshen"*, JING Yongshuai', SU Xiaomei’, ZHANG Jianmei' (1. College of Chemistry
and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China; 2.
Dept. of Pharmacology, Hebei Medical University, Shijiazhuang 050017, China)

ABSTRACT OBJECTIVE: To establish a method for determining the content of tetracaine hydrochloride (TCH) ethosomes, and
to optimize the preparation technology. METHODS: The content of TCH was determined by HPLC. TCH ethosomes were prepared
with injection-ultrasonic method. Using drug-loading amount, egg lecithin concentration and ethanol volume fraction as factor,
encapsulation efficiency as index, central composite design-response surface methodology was used to optimize the prescription
based on the single factor test. The prepared ethosomes were characterized and the stability was evaluated. RESULTS: The linear
range of TCH was 10-100 pg/mL (+=0.999 5); the limit of quantification was 0.045 ug/mL, and detection limit was 0.021 pg/mL.
RSD of precision, stability and repeatability tests were less than 2%. The recoveries ranged 97.80%-103.20% (RSD=0.36% , n=
9). The optimal preparation technology included that the adding amount of TCH control was 1 mg; the concentration of egg
lecithin was 7 mg/mL, and ethanol volume fraction was 33% . Under this technology, the average encapsulation efficiency was
64.50% (n=3), the relative error of which from the predicted value (64.92% ) was 0.64%. TCH ethosome was a clear blue liquid
with a blue opalescence. Its appearance was spherical, its shape was round, smooth, uniform in size; the average particle size was
(80.33+2.24) nm, and the average Zeta potential was ( —22.6 £ 1.33) mV. TCH ethosome was stable during 10 days under 4 °C,
sealed and protected from light. CONCLUSIONS: The optimal preparation process is stable and feasible. Established method is
simple and rapid.

KEYWORDS Tetracaine hydrochloride; Ethosomes; HPLC; Injection-ultrasonic method; Central composite design-response

surface methodology; Encapsulation efficiency; Technology optimization
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2.1 TCHERRKH & A iEHiEiE
2.1.1 FEA-HAEY KEFRI—E &I & OIBEIR |
JIF [ TCH X BE & ¥ T 07K 218 3 mL o, 258, RS
AHUM B LB TR FEds b, PR30 C /AT LA
1 000 r/min AP ; JikE % S HBOUK 7 mL, LA 200 uL/min
(3 BE AR FLAR P, A58 B 44 30 min, P A
(Th%.200 W, J51% . 40 kHz, F [A] ) 4P 5 min, EI#5 TCH
AR 4 A AT B B R [ B R (% ) = PR P
TCH 4 i &/ TCH S BT < 1009%", R [Al]. 455, fd
H47.32% .,
2.1.2 VB EC: ORGEERRE i R I e IR
[ TCH X B, B FAYUB M, i A G5 - 7 BV T
(2:1,V/V)10 mL, RF 58 A0 5 POsUie s 7% & 2 fRE
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B, R BN 36.83% .
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Fig1 HPLC chromatograms
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60.70.80.100 ng/mL MR R . BUAALMEX R
VWA 2.2, 0N s SRR I A2 |, 1 SR TR A, DA
TCH it ¢ (pg/mL, x) AR As AR W TRIFR (v) AL bR
AT E A T, 45 180 D7 F2 2R p=50 120x— 75 639 (r=
0.999 5). 45K, TCH Btk £ 7E 10~ 100 pug/mL il
FEIN PR R RAT
227 ERPRSRMREL  B2.2.675 N TCHI %
W, BB i R, 40 “2.2.1" 00N (i AR 2
ArILIEME L 10 1.3 L3 E PR AR . 25251,
TCH HJ5E 5 FR M 0.045 pg/mL, K FR 47 0.021 pg/mL.
2.28 REEEIE  HUU2.2.67300 F SR R 10,40,
80 pg/mL LM OC R, H“2.2. 1750 T (35 45185331
TR H NI IEREE 6 Uk, iR, 45258, H kS
5 B U TR LA RSD 43 1) 4 1.81% .0.13% , 1.52% (n=
6). B RZeM: e RIS WOROBIRAT , T4 2.3 KAl
“2.2.17 T S A AR E e SR A, S5, H
[i) A 285 J5E g 1T %) RSD 43931 4 1.06% . 0.07% . 1.19%
(n=6) , RIUZHE R R AT
2.29 FEVERE  BC2.2.47 W N AN ER 8T
FIRFHCE 0.2.4.6.8.10,12 hIF“2.2.17 W F {443 4%
A HERE I G, SR g AR, 45 R, 1 TE B RSD N
1.07% (n="7) , R AR T E R T HCE 12 h R
FEPE AT
2.2.10 HEEMEKEE  BC2.1.1750 R il 1) TCH B o 4
i, A6y, e 2.2.47 T vkl g R A VA R, PR
“2.2.17 N G AR REIN R T i 0 T RN b v
GBI EARES TR, B, TR RSD K 1.12% (n=
6), "ML EELERL
2.2.11  JFEEISCRIRES  OREB EIC2.2.37 30 R S [
AR 2 mL, 3943, 43 B 10 mL i s A% R
“2.2.6” 5 TCHI W, 7K A3 5 il s Ao vk
J& (500,300,100 pg/mL) i TCH X B8 S A, 23 3 A
ARG, B E 4, M S AL FE 2 min, $272.2.17 5
T SRR A |, T SR TR BN RE [BDSCR
RN FEL,
F1 MERKERRELER (n=9)
Tab 1 Results of recovery tests (n=9)

AR, ug T, ug TFERIRE, % FHMEFE, % RSD,%
100 10320 103.20

100 102,00 102.00

100 10263 10263

60 5871 9785

60 58.80 98.00 100.93 036
60 58.68 9780

20 2049 10245

2 2037 10185

2 2052 102,60

2.1.12 FESSEE  BC2.1.1755 R £ TCH B
GE B, $292.2.47 00RO ¥ ) £ A6 S T R, TR
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39.62% ~40.41% (n=3),

2.3 HERREERIEER

2.3.1 TCHXfRESHIE R AIVERIITZR DA SRMH G-50
JRE AR ToU o o O B A8 I A €2.2.27 35 R TCH X R 5 78
200 pL (B 130325 ) , DL 3 000 r/min B0 3 min, W4
UEW 5 73 DT SR B G-50 8 B Sl 100 0 S48 in AR
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Fig 2 Elution curve of TCH reference solution
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2.4.1 EEINEEASERE DA TCHXT B INA R R 2
mg . LIEATAYECR 30% JIH R R 4 0.2 mg/mL
75 ][] 247 5 min, % 5 [A) 2 2 O B I ot Wk B (5
6.7.8 mg/mL)XJ AL B K (W52, A AR 31k, TEUL K]
4A. HEAARTHEN, YEE W O NR MR A 7 mg/mL B £
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Fig 4 The influence of different factors on encapsula-

tion efficiency

2.4.2 TCHXFHE S A LLEE ¥ B9 W AR o i vk )%
i 7 mg/mL . ZBERFR 53 E0CR 30% IR [ s o vk R
0.2 mg/mL 7 15} [8] A 5 min, % 2AN [6] TCH % B84 54 in
AdE(0.5.1.1.5.2,3 .4 mg) WAL 520, 82 AR 3
WL HEWLE 4B, 4B W AT, TCH X BE & A& 1
mg I A0 35 Ze g5 v, ki B TCH X BB b i Ak 315 B
0.5~ 1.5 mg 752tk

243 ZERBUE DIEMUIBEIR R E N T
mg/mL , TCH X &S IIA R R 1 m  JIH [ 52 5 F v
0.2 mg/mL . 4 75 5 7] 4 5 min, % 28 [6] 2 B AR R 43 %L
(20% .25% .30% .35% 40 % ) X fi B A 50, T 5 1k
VE3 YR, TEIL B 4C, R 4C Al 41, 24 Z AR R0 5
30% I bR A5 i, W R L AR B L 25 9% ~
40% AT TG SAAE

2.5 TCHEERERILF TEMRAL

2.5.1 RIGPIT AR 247 IR N R IR A5 R, L
TCH X B AR (X)) VER B ONBEAR B S W (X.) . &
B R (X)) AR it AL (Y) R dEh5, 5173
£ 5 KR, & 5K 2(a=1.732) , iK1
UE S IRt e

2.5.2 FEEIEG MR IR TERERIS, A
HARJIEIR, A W R Y=64.88 — 1.45X, —
0.53X,+0.84X:+1.06.X. X, — 3.16 X, X:+3.93X.X: — 21.65.X,> —
17.8X,2—20.29X:2(R*=0.987 6) ., Z K[ P<<0.000 1,
B R B3, e 335 P=0.226 0>>0.05, 13 B 1% 5 7Y
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ToRMB G, R B A R few e, v T
TCH B 5 A4 T 1220 0 43 b RGN, 5 22 43 b 245 5% L
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Fx2 EE5KF

Tab 2 Factors and levels

*E L]
X,mg X, mg/mL X, %

—=a 0.50 6 25
-1 071 64 2817

0 1 7 32.50

1 1.29 76 36.83

a 15 8 40

*3 REARKBITEER
Tab 3 Test plan design and results
itad Xi,mg X;,mg/mL X, % Y, %
1 -1 -1 -1 44.10
2 1 -1 -1 4338
3 -1 | -1 4012
4 | | -1 4045
5 -1 -1 1 5.1
6 1 -1 1 39.25
7 -1 1 1 46.94
8 | | | 4246
9 ] 0 0 44.18
10 i 0 0 42.64
1 0 —u 0 47.02
12 0 il 0 4749
13 0 0 —a 4549
14 0 0 0 4521
15 0 0 0 63.12
16 0 0 0 62.27
17 0 0 0 65.01
18 0 0 0 64.54
19 0 0 0 64.83
20 0 0 0 65.39
x4 FESHER
Tab 4 Analysis results of variance

R BYET A A s P
] 180748 9 20083 <0.0001
X 997 1 997 0.0627
X 133 1 133 0461 4
X 352 1 352 02418
XX 1.16 1 1.16 04823
XX 10.83 1 10.83 0.054 1
XX 16.74 | 16,74 00218
Xt 847,01 1 84701 <0.0001
X S1.82 1 571282 <0.0001
X 650.81 1 650.81 <0.0001
St 1527 5 305 02260
B 183023 19

2.5.3 WA 43 #T SR FH Design-Expert 8.0.6 B, 2
o T PR A R L TR LI 6. BT 5 R X X X
5 X X5 X AR, HALE AR B TCH X I b
T B B BB NG o S vk B DL e B AR B 34 in
[IEES DNy %Ny &R

254 W TZME K H Design-expert 8.0.6 # 4
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Fig5 Response surface plots and contour map of vari-
ous factors affecting encapsulation efficiency
32N Fe A T2 TCH X B S in A 0.98 mg, 85 v B
JIg T VR S 6.99 mg/mL, £ AR 751 32.67 % ; 4
A 64.92% o A T R IRIEERAE RS R T
SR AR B TCH X RE S I AR 1 mg, B HE D
WENE Bl 7 mg/mL, SRR BCN 33 %
255 WIFIREE #2547 F R T T4 H &
TCH BEAR , AT #E 3R . 5 HR BIR | 3 KI5 T 15 B
A 5 Ky 64.62% L 64.52% L 64.37% , - HI{H N
64.50% , 5 FINH (64.92% ) AR X 254 0.64 % , 327
Ziil g TERE AT,
2.6 R ITZETH TCHEERIERI R
2.6.1 SMLTEAT  TCH BE B N GA 3 2Lt s il
WA, 5 SRR E 3K
2.6.2 KA ArIIEL “2.5.47 5 R 45 59 TCH B FAE
i, BT 10 mL S KA R 50 4% , IR SORLEEAY
SN ERAR TR o 255 P 3RiAR h (80.33 £2.24)
nm, 258 R ECH 0.145 + 0.03, ki 2 IE A4 H A3k
P R SR ELA Y (—22.6 £ 1.33)mV, HEILE 6,
2.6.3 B BHHEEET AL, TCH B AR S0k BR
L IEAFFE Ot KN — S aa s TEWEI T,
2.7 RUIZFH TCHEREHSIAEMXIE
F542.5.47 1 N el b T2 4 TCH ik, BUGE
T4 CORF 3 EROEIRAE , 05 55 0.5 .10 RS
AR I AL B R HRAE 3R PEILR 5, MR
5 AJHI, TCH BE R Rk 3R 3ok & AR B AR 4k,
$2/R TCH BEFTIARAE 4 °C bt H 4% B 1 IR EE i & 10 d
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Fig 6 Particle size and surface zeta potential distribu-
tion

BE7 TCHERRER)ESBEE (%20 000)
Fig 7 TEM image of TCH ethosome (%20 000)

#®5 TCHEZRGHMPREMERER(n=3)
Tab 5 Results of preliminary stability of TCH etho-
somes (n=3)

i EXH 2N R 1s), %
49 0 A BT A5 e 06.72£152
5 R AT A5 i 65312090
10 FAT AT A5 e 66.17£1.81
3 iTig

AHF5E R HPLC #2005 T TCH B )54+ TCH 1)
T TR R RN R ek R AR
ORI FFAER , H AR A Pt

B FE D % T SO A A N - R R A
PR )28 R R, ARSI LA R R AR, X TCH %
SR B 28 T AT T . AR R PR, W A
T ) 28 R PAFTE A ML RIS AN TE T 1ol Ak A 7= 5
K FH A -8 75 45 TCH B AR 1 40 8 2 ot s, LA
VEfRI . 7 i v

HHFFEIN R, 5 0 TCH Bl iR B R R RIR £,
QAR W IR MR B B TCH X B8 S in AR | AR
A3H R I IA] BEFER ] B R AR, AT AR
TG Hh & B S R ) 2, TCH B (A B 25 =
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i, 3 i TCH 5 5 8 75 I ) o 4, ST 3 i TCH 1

JoMARL AR o K43 A AN X 5 TR i S T R 5

min, A AF5E & B, IE RS A A AT DUSE s Bk B s

XUy F )2 B, B2 B BRI S E HES o ARBF ST K

B, A T7 I A 5 I [ AT 2 5 TCH B o (4 £

B (H MR T 1 2 U AR 3 AT BB PR

VA 5 F18 JEL 1 52 T 3 S o AR B ) AN X R e 1, AT 5|

EC I 3L | 255 385 AR 1 i, [R] 1HG 32 458 L ] 5t J5 i ik

J£°4 0.2 mg/mL.

25 BRI AP RAR R R L T 2240 T3 TCH X B
A 1 mg, 358 GRBE R B e ¥ 7 mg/mL, £ 1%
TR BR 33% 5 V- ¥4 34 58 64.50% o Ak e 1%
TCH B BiA il & 1 20A85E I AT, Il & il Jr v
AR PRPE,
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