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Preparation and efficacy study of liposomes of madecassoside and ectoin
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'Department of Hygienic Analysis and Detection, *Safety Assessment and Research Center for Drug, Pesticide and
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[Abstract] Objective: To prepare a soothing liposome emulsion using madecassoside (MC) and ectoin (EC) as the primary
ingredients and to evaluate its transdermal absorption. Methods: The optimal ratio of MC and EC that produced anti-inflammatory and
barrier repair activities was determined through cellular assays; MC-EC liposomes were prepared using the thin film hydration. The
particle size, dispersibility coefficient, and Zeta potential were measured using a Malvern particle size analyzer. The morphology was
observed under transmission electron microscope. The contents of MC and EC in the solution were determined by high-performance
liquid chromatography. The encapsulation rate and drug loading capacity were determined by the dialysis method. The transdermal
characteristics of the liposome emulsion were evaluated via the Franz diffusion cell method. Results: The cell experiments determined
that the best anti-inflammatory and barrier-repairing activities were achieved with a MC to EC mass ratio of 1:9. Under these parameters,
the liposome preparation conditions were optimized with a phosphorus - bile ratio of 5 1 and a drug-to-lipid ratio of 12 10. The
encapsulation rate of MC in the liposomes was 51.33%, and the drug loading capacity of MC was 0.35%, the encapsulation rate of EC
was 26.39%, and the drug loading capacity of EC was 1.20%. The liposomes had a particle size of 166.53 nm, the Zeta potential of —
29.63 mV, and the PDI of 0.20. Over a 24 h period, the solution demonstrated a lower cumulative permeability compared with the
aqueous control, without exhibiting an abrupt release; instead, a sustained release effect was observed. Conclusion: The MC and EC
liposome emulsion prepared in this experiment has a high drug load and stable internal particle distribution, and may achieve slow-

release effect on the skin surface and prolong the action time of the effective substance.
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Table 1 Preparation of experimental investigation factors

Level A B
1 31 1:10
2 5:1 1:20
3 7:1 1:30
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Figure 1 Effect of MC and EC on the toxicity of RAW
264.7 cells (n=9)
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The secretion levels of NOCA) and TNF-a(B) in RAW 264.7 cells under LPS stimulation. "P < 0.05, "P < 0.01, and ""P < 0.001(n=9).
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Figure 2 Effects of MC, EC, as well as combined MC and EC(mass ratio 1:9,1:14 and 1:19) on the secretion levels of in-
flammatory factors induced by LPS stimulation in RNW 264.7 cells
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The secretion levels of FLG(A) and AQP-3(B) in HaCaT cells. P < 0.05, "P < 0.01,and “"P < 0.001(n=9).
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Figure 3 Effects of MC, EC, as well as combined MC and EC (mass ratio 1:9,1:14 and 1:19) on the secretion levles of

FLG and AQP-3 in HaCaT cells
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Figure 4 Determination of MC(A) and EC(B) content in solution by HPLC
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(M LEO<B(Z G EL) s L4l & 9 A2B1, BV IH L
501, ZiflgHe 10100 TELARAE T 4% AR T 7k MC &
%N 51.33%  MC 3 2§ & 0.35%  EC L & %
26.39% EC 3 25 & 1.20% (£ 4) . HE 5Tz
BRI 4%E N 166.53 nm, HLA7 N-29.63 mV, PDI 24 0.20.
B T AR AN, AR5 R A% N 150~200 nm, PDI 5
I 0.3 LR, Uk B 1) % HA R o A4k N 38—, RE
B s) . HATLEHE H4>20 mV, 15 Bk (8] )
Bt R 71K, R 5 R A BB ANTE . 6 TEM &
7l & B IR R AR AR . DL R B T2
PUIRTFHE N2 1 MC-EC R A

2.6 PMERAARSME N F IR

W7 Fr7m s MCH+EC 7K 3 R I Joi 44 95 V1 38
7 ek 45 o I T P S T B 0, ZERT T h N, MC+
EC /KRN i o3 R I 9 A AR 380 73 ¥ o i o s 15
2 WIS, KPR A U8 FH AR A5 W TR B A
WA ARIEL ;4 h & 24 h, B BB, (HIR AR
T RARE T BAR T KIS, HJo B SRR,
Ut I AR AIE 52 1) 4 (40 6 JoT A V0 VBURH ZK TS A L B
SRR

3 4t it

A FE R F 6 S 43 #ivk DA R ol A A0 AR
FEA R, il % 7 MC 5 EC E A 1E M lg ik . @
Tk TE A8 S A5 B ) % 1 oA 1) A SR A TR LG
501, ZiAREE 1010, fEBE S8 AF R i) 5 H A2 € ) MC-EC
HE A4 - MC .3 24 51.33% MC %2 = 0.35% - EC
ALE 2% 26.39% EC #2458 1.20%; FifE N 166.53 nm,
HL07~-29.63 mV, PDI 5 0.20.
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Table 2 Precision results of MC and EC Table 3 Results of recovery rate and accuracy of MC and
Group Actual measured(pg/mL) Mean(pg/mL) RSD(%) EC
MC 358.64 357.54 0.29 Add standard Rate of Mean  RSD
357.21 Group material (ug/mL)  recycling(%) (%) (%)
357.76 MC 40 100.07 100.92 271
357.32 40 98.70
355.82 40 103.98
358.48 50 102.19 107.95 4.76
EC 63.79 63.34 0.52 50 109.57
62.93 50 112.09
63.29 60 100.99 101.26  0.23
63.35 60 101.45
63.35 60 101.33
63.81 EC 48 103.67 101.69  5.20
RSD: relative standard deviation. 48 95.70
48 105.71
st A 9790 R L 0 I 4 AL £ SL58 60 10127 9740 541
J2 5 WORT LA I 0, 25 3 14 A oA B K A 5 R 60 91.40
0125 B AR RUR™ . AR i B o e e 1
2 T 4 VSR A e R ) A A - S0.20 R
IE W2 B £ M LA R SR, T BB A MC A 7 0202

EC 7E B Jik b 5 #8 08 PEAE FH AR B T o 368 5 24 i s 56
KIL, MCATEC ££ 500 pg/mL AN W R A1k, SO N7 177 A, BB As 80 RAF, Ui W A AT 7¢
[ I A7 S A ) 7 22 LPS 5 3 B0 RAW 264.7 4L i) £ A9 B8 A T VR BT 22 80 R e o i R AIT 7 3% B
F4 MC-ECEERFHIELNRLER
Table4 MC - EC liposomes preparation experiment and results

Factor .
ltem A B V% % Y% Yum | omprehensivescore
Group

1 Al Bl 39.80 0.50 27.00 0.62 5.32
2 Al B2 29.11 0.21 21.08 0.49 3.85
3 Al B3 33.17 0.19 23.22 0.29 4.25
4 A2 Bl 51.33 0.35 26.39 1.20 6.78
5 A2 B2 23.78 0.22 24.98 1.40 3.52
6 A2 B3 40.28 0.30 22.67 0.38 5.13
7 A3 Bl 2242 0.88 24.18 0.74 3.56
8 A3 B2 37.19 0.32 26.08 0.74 4.98
9 A3 B3 27.27 0.11 29.89 0.24 3.62
Mean 1 13.427 15.665 - - - = -
Mean 2 15.424 12.354 - - - - -
Mean 3 12.164  12.997 - - - - -
Range 3.259 3.311 - - - - -
Primary and secondary factors - - - A<B - - -
Excellent level - A2 - - - B1 -
Excellent combination - - - A2B1 - - -

Al: phosphorus-bile ratio of 3 1; A2: phosphorus-bile ratio of 5:1; A3: phosphorus-bile ratio of 7:1; B1: drug-to-lipid ratio of 1:10; B2: drug-to-
lipid ratio of 1:20; B3: drug-to-lipid ratio of 1:30. Y,: the encapsulation rate of MC; Y,: the drug loading capacity of EC; Y;: the encapsulation rate of
EC; Y.: the drug loading capacity of MC.
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Figure 5 Particle size(A) and Zeta potential(B) of MC-EC liposomes

The electron microscopy image shows approximately circular MC-
EC liposomes and membrane fragments. Scale bar=100 nm.
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Figure 6 Transmission electron microscopy images of MC
-EC liposomes
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