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Abstract

Objective: This study aimed to construct ginsenoside Rh2 nanoliposomes and to systematically eval-
uate their physicochemical properties, skin permeability, and freeze-drying conditions, so as to
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provide a scientific basis for the development of a ginsenoside Rh2 transdermal delivery system.
Methods: Ginsenoside Rh2 nanoliposomes were prepared by the homogenization method. Their
physicochemical properties, including morphology, particle size distribution, encapsulation effi-
ciency, and Zeta potential, were characterized using Transmission Electron Microscopy (TEM) and a
laser particle size analyzer. The skin permeability of the nanoliposomes was determined through ex
vivo pig skin permeation experiments and compared with that of the raw drug to evaluate the trans-
dermal delivery effect. Furthermore, the effect of the freeze-drying process on the stability of the
ginsenoside Rh2 nanoliposomes was investigated. Results: The prepared nanoliposomes exhibited a
spherical-like structure with a uniform particle size distribution. The average particle size was 15.6
nm, the PDI was 0.07, the Zeta potential was -16.8 mV, and the encapsulation efficiency reached
66.2%. The ex vivo pig skin permeation experiment showed that the ginsenoside Rh2 nanoliposomes
exhibited excellent transdermal performance, with a penetration percentage of 90.5%, significantly
higher than that of the ginsenoside Rh2 raw material (1.1%). The stability experiment indicated that
rapid freezing with liquid nitrogen (-196°C) was the optimal strategy to protect the structural integ-
rity and encapsulation efficiency of the liposomes, whereas slow freezing led to structural damage
and drug leakage. Conclusion: Ginsenoside Rh2 nanoliposomes represent an efficient skin delivery
system that can significantly enhance the skin permeability of ginsenoside Rh2, demonstrating po-
tential for development in cosmetics and transdermal drug delivery formulations.
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1. 5|8

BEE N AR, Rk a8 H a2 BT[] RIEA N R R KIS E, HERCIRESE
BER M AR SNR OB R (2] GEE0. (BBE. Fadh S I R A MG EM, ETREsIR— &R
F B W A e, PR R AR R3], DR, PR AR RAMPUEE A A BRI U
LT A

NS BHRAET ASE/EYH I —REZEERS, HPASEH R JFTASZENEE, B
BHE. ik PuR. PUE 7S 2 GBI PE[4] [5]. TR, HFEER NS BT Rh2 Aeis i@ #0H|
R &R EOREEE . (EHEREE OGN TSR E RS RIS R 2R, R R
N#EFI[6]. AR1fT, ANSEAF Rh2 HE S TFERK. FBKERNE S, SEOUEREDEZ, LA
HNE R EREER, R RS2~ RN IRV N — R B 25k R4, IR AT
BIEPIRRSE o] B AN %, TR SSG5 29 0% R RSO T e B HH BRI 7. TR A e AL SR K T 1
MR EZ Y, GBI Rl G WP BRSS9 W Rk o i S AVS I . 4oK G B Bl T kAR
AN EEREARR, RS TG Rk 7 0 R R A 52, AN T A 1 24 420 100328 2 WSO 6 [ 7] (8]

HAT, KT ASEH Rh2 YUKAR TR N>, IR TE R kB 3 PRI RO T T 1 R 5
PEVEAS I AERF AT H . B, AR BEMEANS BT Rh2 YUK, FEx5 FLBAL TR B ki i
PEHAT RGN, NP R NS B Rh2 i& % KRG AR ARG, s P =M N . A
RN AASE: (1) BURABIBFER & AS B Rh2 PRI, FHRI B BE . BOLR BEACETF B
SPHATIEAIER . KR A A, Zeta AN SFIAMERT MRAE; (2) 1@ B BRI IE L, W
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ENZRH Rh2 GORIEFIAR RREIENERE, IF5 BT b, PGB BOERACR; (3) PHEA
Al R TR 26 N2 e Rh2 9K I A 45 B2 o ASHIE TOREN T R N2 24 Rh2 38 B IE R G
PR AR BRI RE, HESHHLAEPUREE ™ i P ORI, e pe B PR32 )t S (48T 10 R B AN 5 5 o

2. RS HH
2.1. {358

BSA323S Hi 7K (5 [F 3£ £ F A 7); PR224ZHE B4 Bt 7 R (VD 8 R AAX S A TR A F]): LC-2030C
R HPLC (7 BB ) A (H A B A ) UV-2600 B8 AMG I 2% (H 4 B A 7)) Litesizer 500 4
T2 A (B 22 2R A 7). FEI Tecnai G2 120KV B H &5 8% (35 [H FEL A #]). SMS-TD12 Hi4H
% R WIS B (H E 42V A %%); FiveEasy Plus B pH i1H(HFR 8 - LR 2SR A R A F)); BIO-DL B
BHEERZ R A F]).

2.2. M8

ANZ 1 Rh2 X S (B R PHE A RR A IR A F], 65 ST05670320, 402 >90%); A Z 1 Rh2
JRRIZj(HES: E20250905, MR RS A R AR FR/ZS R H i =FEdtt5: K23C16D051,
Wi R A7) PEG-60 Sk BERRIH (BT R B A 7). KRG INBEARAILS: 202401032, E#g K2
WHERAT); BHIM-10 REEIRRRESGE S : 20705, HA sakamoto #lli&E4 PR A F]); FUIRMLEREAHEBR BRIt
5 P2358075, i Adamas-beta AF]); 1,2-C. FEHES: P2371105, L Adamas-beta); H L5
20250213, FEHEZGEFARAR): A KEUNERIGERGIRAF); EO/NEEEEE, Fi2 1
H, #RHE 2.5~63.5 kg, ZMEBEFEDRFARAFELE, GHIUES: SCXK(Su)2022-0013); Cis thiltE
(Shim-Pack C18-AQ, HAHEAT]); 0.22 um JERECREER A F); LME(EI%4E, Fisher A ).

AFEEE/K, PBS i, BEER AN, BERRE AN, —KAEMERR, BEER, SAfksh, mhif-20, —
HESTEAN, 3598 o i 2 b i TAE R A A FR A A .

3. A&
3.1. ABBE Rn2 WKEREBIESE

1 rhoxt B R 0 IR/ ZS IR H M = KSR . B HIl-10 SR AEEERR . IR ML ERER R RIS |
12-C 282, AZRH Rh2 {FH, 40CHRBIMAS R, BEEEBOEVIETE, WIRISITCH R
Kis FRECR 1oL AEE K 44.48 g, HH 10 g, 40 CHNFIRFEIR SI1E /KA K /KARBIN R RN 38 Y,
THABTY), B HRTIIE R 2 9000 rpm, SR AREI AR BZE N, BTN 1B E Y 20 min, AR5 74
TR

3.2. ABEH Rh2 YiKERIERIE

3.2.1. IESE$E (Transmission Electron Microscop, TEM)J7STER

P PR T R, KN E T B BB 10 uL A2 21 Rh2 I8 48,
ANCREINT N R, §E 10 min, fEFES 7R 0 . Bl S FHIEARER RIS 2 RiiAR . FHEL 10 pL 1%f%
SRRV T3 b, AT S N 2 mine FHUE AR AR R U, HAEZEI T B T8 20 min. 153K
MeeTEE, BT TEM FUEIFNEAS 2 H Rh2 8RB .

3.2.2. GFE, REDHM Zeta BALNE
KT B0 8 N2 B AT Rh2 R A E R, FHEERMASEH Rh2 55K SBIE SO b

DOI: 10.12677/pi.2026.152009 68 2598


https://doi.org/10.12677/pi.2026.152009

PUE Y

B/ 10 kDa), 7E 4°CLL 4000 r/min 50> 10 min, 775 HARBEEFE P AS BT Rh2, 022 um JEE
i€, HPLC (f1if4: 4 Shim-Pack C18-AQ, 5um, 4.6 x 250 mm C18; WEIAH A /K, Wishtl B NZAE,

BEEEBEMAEF: 0-5-15min, 20%-20%-32% B; 24-54-65min, 43%-100%-100% B; 66-75min, 20%-20% B.
FEifR 40°C; JiiEA 1.0 mL/min; A 203 nm; @EFERE 10 uL)MllE NS 285 Rh2 S E; FAA% R
NS 21 Rh2 Bk, HHREERRE 10 567, 4°CEL 14000 r/min £5.0 20 min 580 BiEW, HPLC iz A
SR Rh2 AR, (TERGEE: BH%% = (BAE - HERE)/(AHE) x100%. BEEANS 2
Rh2 JEJRRFE S, A FH O R AT 25°C IR SOBOE NS ABE 90 4% T, D5 HLREFE 40 #ii e Zeta HAAT

Table 1. Composition of ginsenoside Rh2 flexible liposomes

# 1. ASEH Rh2 4KBERIARER

BE 77 Loy HH(g)
FIR/BERR I =1 2
PEG-60 &1L B JFR il 9

KT IRwEAR 2
o h-10 70 R ER e 1.5
EARZNIN g gl 0.02
12-CL 30
ANZBH Rh2 1
LNV 44.48
o 10

3.3. BBERER AR

B By /NG AR Y Ji5 S R BT EIE R bk, RIBS B N AR RIS AR 2R, FHAE B SR KPR T4, JEARIR T
Ky, %M. ZECERITIE9], N Franz 3% BRI AGHATIE R ARG, /KHEE 37°C £0.5°C, HikEE
600 r/min, 3 HCh 5 &R 1) BT FUN 1.77 em?, B2 ARRUA 12.5 mL, BRI A S KIE . 1%
ANZBAF Rh2 JERHERA AN S 24 Rh2 JEFAR I N gEgh i, FFaaikEe . B N HOREE & ae T
G5 24 h, HUERUGH 2.0 mL, P47 3 OREE, IHRE 0.22 pm TALIERB L IE, AR,

3.4. BiESHT

ZEECER[10] [11], MAHW T AR THE AL AR kb A2 21 Rh2 ZRET E.
C xV

S rec (1)

KH 0, (pg/em?)RE NS AT Rh2 TERAL TG KR IR RAUE S & S (em?) AR JeJk B FE T AA(1.77
cm?); C, (ng/mL)fRFE NS 24 Rh2 7 PBS Z2M R EE ;s Viee (mL)fAF PBS 2 #A#4(12.5 mL). it
HONZBF Rh2 RHA R A S 21F Rh2 (B H R AR 2 Fir.

BEILE Y (%)=(Q, xS)/M, x100 2)

AR M, (ng)efftgiih NS 21 Rh2 Fi&.

an
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4. &R
4.1. ABEH Rh2 YKBEREFRIE

4.1.1. pMF TEM F7SWE

NS B Rh2 9K AR RAR B R AL S R R, HW o — sl A Gk, BT S 4 8
IRy LR R BRI QK R, I b o A5 Hah kg DI B IR, 30 kL
P T I 2 i, SXUESE T H R IR T RR R AR (B U T R A KIS A O I O 45 44«

4.1.2. BHE, RNESHR Zeta BALNE

Wz 2 s, ARFFEHIS I ANS 2 Rh2 GOKIEFURF 0 2R 66.2%. s LHU o is,
HoP k424 15.6 nm, PDI A 0.07, REPRAR S —, TR Z 081, Zeta FAIIEHN-16.8 mV,
YaHERR, VLHHBURIA AR R R ), RARREMERYE, RO RAEHE. %L, ZeKiEiR
R T 2R, B RS Y — HAr s, e 82 B kil N 25 € 1 R 4F &4l

Table 2. Determination of encapsulation efficiency, particle size distribution, and Zeta potential of ginsenoside Rh2 nanolip-
osomes

F 2. ASEH R ERERFBHE, RNENHE Zeta BELNE

HERE A 2R (%) RLA%(nm) PDI Zeta (mV)
ANZ B Rh2 90K 8 5 ik 66.2 15.6 0.07 -16.8

4.2. ASEH Rh2 KBEREEEIKSENE

X T NS R Rh2 JFORHS YK IR PR bk ERgiErE. 2SR ER, NS RHEH R JLF
TR B AL, BEMEN S, T AS BT Rh2 99K FiA N B0 7 s rtas. BEmsS,
N2 2AF Rh2 9K AR FAATE 24 h WIIFH8 Qo o 1022 pglem?, PR35 H 40 % N 90.5%, W AR AL,
ks N2 245 Rh2 MHEIBIE M o 778 N e iB i Ay

Table 3. Comparison of the permeation effects of ginsenoside Rh2 raw material and nanoliposomes on porcine skin

3. ASEH Rh2 [RRFIAREE RS TEIE RBR LS IERUR X EE

| %an On (ug/cm?) I H 5 (%)
NS BFH Rh2 J&E 10.6 1.1
NS B Rh2 9K I8k 1022 90.5

43. ZFFILEMNASEH Rh2 YKEREN

W 4R, NSRBI R BFAYIMERZ N 11.4~33.7 nm (PDI = 0.073), RFHH AL 190
KRS o R FCA TR IR Z N R S e PR RE IR, A S0 LG TR R S A R S A RIS T 218 A VR I
R SRR, BT T thoE T ARS8 T OB R 38 . TAW(—196 °C) 2 I AR e e KA BE D 4EHF IR
FARRI IR AR, RAS R A0 Zeta AL S ELET ZE (N 66.2% % 2 63.3%)¥ 401 2= R E . HH
K, 1E-40°C Z—~60°C X [A] A S ARG R T BB FRE . BARRI . RS 5 35 2 00
RUERLAT 3T, B 255 R O SR B CRLAR e K IR 150 £8) A1 Zeta FRALIRIZA S, [RIIC0 35 28
KR IR K P 2 48.3%) 0 1ZIN R T K T-OK SR TS I 22 s G2 AR VA VR T 1 ER) 5 MUK i of B o A2 XL 41
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Table 4. Effects of different lyophilization processes on ginsenoside Rh2 nanoliposomes

® 4. NEFFIZENASEHE Rh2 YRR REE M

AFRGFLZ HEAZYE FEl (nm) PDI Zeta HLHZ(mV) A3 #(%)
AN B Rh2 g iR i) 11.4~33.7 0.073 -16.8 mV 66.2
ANZ B Rh2 I #4(—407C) 17.0~236.4 0.21 —-6.8 mV 483
ANZBH Rh2 lRFAE(-50C) 18.1~2661 0.22 -6.3mV 55.6
ANZ B Rh2 BFAR-607TC) 16.3~2235 0.20 -2.8mV 525
AZ B Rh2 Bk (-1967C) 11.7~15.2 nm 0.067 -15.6 mV 63.3

N E PP AN [V VR 26 A 6F N 2 B 1 Rh2 IR TESR 50, ARHE 78R TEM AT 7 RAE(E 1).
SRR, ZME(-196°C) A URIKIFE M (14 1(E) SRR fh(13] 1(A)FETES LR B, B B ok
B —. SRR AR . RIS EAR R E, HORARZ908 15 nm + 5 nm, IXIESE | 204 R %
PEXT G AR SRR SR E . M2 R, #E-40°C (K 1(B)). —50°C (& 1(C)AI—-60C (& 1(D)) F2%
TSR VRIRES, HAWESURAE T BE SR . BARHEE T IR B S BIHOR R, H Wk 3 T
A S FRORL T SRR AN ZE R PHR IR o GAG YA VR I R A T R KRS UK R BB R R o A 5 B 45 4 1) 2 245 1A
AU AIE R SEBEEIEAU 72052, Mgl Kb RES5PHE. ik, TEM 458t —PuEsk, £%T
AR, AR A G YR NS B Rh2 IR TSR R e, R T-40°C 2-60°C 1% M 2%
&4 T2

Figure 1. Morphological diagram by transmission electron microscopy of samples after freeze-thawing at different tempera-
tures. A: Ginsenoside Rh2 liposomes (control); B: Ginsenoside Rh2 liposomes after freeze-thawing at —40°C; C: Ginsenoside
Rh2 liposomes after freeze-thawing at —50°C; D: Ginsenoside Rh2 liposomes after freeze-thawing at —60°C; E: Ginsenoside
Rh2 liposomes after freeze-thawing at —196°C

1. HFREAREE NEAMEESEBERIEESTE. A: ASEH Rh2 BERIEFTE); B: 40C T AMASER Rh2
BERR; C: —50CTRBMASEE Rh2 iEFRA; D: -60CTEMASEE RR2 BERF; E: -196C NEMASEE
Rh2 BERiF

5. g
AWFFRIIR B R0 4 T NS B4 Rh2 KBS, FEHB MR . s E b G T T8
RE AT 7 BRG0P0 . FALRITLERLRIR, & Ik S vk IR A R B KR 454, YRR

4 15.6nm, PDI A 0.07, Zeta A N—-16.8mV, WHFEIL 66.2%. IXLLBIGIRR I, AR KT
il % L 2REN 5, e RAY—. 28ttt R H B &R ERARe 19K g ik, NHEAE &S
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P Ri%i% RGBT RS Rl . Horh, B PDI A ZENHE R K Zeta BIALIE A TR T %4k R
BA REFrEissetE, AN RAERE, AT ORUFILLE i A7 AR R A i pe 4 2

ANZ A Rh2 AE—Fp B B2 iU B 238 1miE s, HIGRB A ZIR T2 FER. 8K
PESE T R B I PR ZE[12] [13]. AHFFE A N K AR Rk R4, MIh iR 71X —si. 2k
W RBELRI GRS ANEH, AS 21 Rh2 PUKIEFRALE 24 h W Qn A 2] 1022 pg/em?, FEiTH 75
ik 90.5%; T, HIERZREDL E 3R 008 1.1%. X — 83 ML 90 f)IESE T 99K AR
JRARAE AR 3 2P 40 B WSO THI ) SRR R RE . AR RIALHI AT e & 2 7 T . 5%, 15.6 nm R /INRARAE
B 52 5 7738 A L2 I A M (R BR[14] [15]; FLIR, T AR BB AR XU 53 2 25 40 5 R Ik 44t ok s R v 2
AV, PEE RGP SENLE G 2R 259 5 Bk A AR [16]s SR, BT M -E i/ 28 H
T = RS TR RE S I SRR S, T HIm A 12— S EENGE R K S ER AR E, LR
BT AMENBIE .

AT H L T VR T2 R R I . 45 RBIRTE H, AR IR 2 o e HE TR AR AR e ME IR %
BN R . WA(—196°C) S yA 17k e s R FR BE b AERE IR I AR 0 JSL 0B e 1, R RS JORIAR | Zeta HRAT S fds 26
IR RAEREZELN . FHR, 1E-40°CE—60°C X [H] N FIZZZAHEN 51 K& 1 =B BT e, RIkL
153 A B 0K IR 57 5 4R CREAR e R IBIET 150 135) LA R A 26 () R IE TE I o 375 S5) P % PRl 4 B WL b
SRR SRR VRIORE A LT B SR SRR NG P, 1T SO VR BORE A U R EF T SR L 2R
BRIZGEM . ZIR AR T UK RIS ZE R BRI R 22 UK 8 5 g BRAR XU 5y J2 G5 i i 7 A
ARG, SEZYIMER[17]. Bk, ABFFRIESE, EET L%, MEASEA R 2RI ASEH
Rh2 JIig J5 4 45 140 5 2 1 R0 B3 S0 1) S 0 S s o

6. &g

R LRTIR, AR E T — RO NS B Rh2 GOKRAR IR ARG A B A R AR
(15.6nm). 73438 —(PDI=0.07). FaiE ML (Zeta AL =—16.8 mV) A A3 26 151(66.2%) (1 sl BEELEL)
B, EREFERWET AS B Rh2 S EKSERI, M5 24 h &5 E 5 FMNERZAN 1.1% KR T
£ 90.5%. [FBS, WFAHE T RESGEAF R AT TEMRERA. Fik, ASEH Rh2 9eKER 4
ER—MER. BB RR, AFERSTER KR R AR E o B4 B RSO 4 At
TR ORI, TEThREME M A 248 R o 24 1) 55 A0 R B K (I 0 0 A R AN

SE K
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