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Research progress on delivery systems of ginsenoside Rg3
YANG Fang, JI Yuan-bo, QIU Juan, ZHANG Chen, SUN Yue-xian, LI Jun’

(School of Traditional Chinese Medicine, Yunnan University of Chinese Medicine, Kunming 650500, China)

Abstract: Ginsenoside Rg3 possesses a variety of pharmacological activities. However, ginsenoside Rg3 has
poor water solubility, which limits its full exertion of pharmacological effects. Existing delivery systems can not
only improve the solubility of ginsenoside Rg3 but also leverage the unique advantages of each delivery system,
enabling ginsenoside Rg3 to exert its pharmacological effects more effectively. This review focuses on the impact
of ginsenoside Rg3 delivery systems, summarizes and compares the pharmacodynamics and pharmacokinetics of
ginsenoside Rg3, and highlights the advantages of various delivery systems, provides a basis for the selection of
ginsenoside Rg3 delivery systems, and serves as a cornerstone for the full development of ginsenoside Rg3.
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Figure 1 Chemical structure of ginsenoside Rg3
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Figure 2 Flowchart for preparation of Rg3-loaded hydrogel. Cs: Chitosan; P407: Poloxamer 407; HA: Hyaluronic acid; SDS: Sodium

dodecyl sulfate
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Figure 3 Thin-film hydration method. FPC: Folic acid-poly(2-ethyl-2-oxazoline)-cholesteryl methyl carbonate; PEOz-CHMC: Poly(2-ethyl-

2-oxazoline)-cholesteryl methyl carbonate
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Table 1 Pharmacokinetic parameters in plasma/serum of various delivery system. PEG: Polyethylene glycol; SMEDDS: Self-microemul-

sifying drug delivery system. Note: The unit of AUC_, for reference 16 in the table is %dose-h

Delivery system Dose t,,/h me/pg-mL'1 AUC(H/ug'mL'l-h t./h CL/L-h"-kg" MRT/h Refs.
Rg3-lipo 0.491 3.343 05 0.581 986 34.266 0.174 [14]
Rg3 0.54 2.185 0.382 311 52.081 0.18 [14]
Rg3-lipo 6.28 +1.75 8.95+0.86 47.93 +8.30 0.42+0.14 0.08 +0.02 9.48 +1.89 [15]
Rg3 3.28 +1.79 2.31+0.32 12.32+1.73 0.25+0.00 0.28 £ 0.06 7.57+2.57 [15]
Rg3-lipo Ist 12.85+ 1.7 1213.98 +141.02 13.13+£0.36 [16]

2nd 13.80 = 1.65 1368.12 +120.77 13.50 + 1.08 [16]
Chol-PEG-lipo  1Ist 13.62+1.20 1229.03 £110.72 13.46 +0.57 [16]

2nd 8.08 £ 1.52 511.39 + 50.00 10.00 £ 0.60 [16]
Rg3-SMEDDS 4.882+0.928  26.549+0.526  220.579 +2.063 1.667 + 0.289 1.753 £0.016 8.332+0.424  [17]
Rg3 2.325+0.084 15926+ 1.51 95.039 +2.557 4 4.204 +0.111 7.398+0.332  [17]
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The mass ratio of stearic acid
to glyceryl monooleate is 0.21

Ginsenoside Rg3 accounting for 0.0625
of the total mass of the mixed lipids

The drug and mixed lipids
were melted at 76 °C

Zirconia beads of
the same volume

Primary
emulsion

A 1% (w/v) Tween 80 solution
preheated to the same
temperature

¢_‘

Emulsified with a high-shear
dispersing emulsifier for 2 min

The mixture was ground at

low-temperature solidification

1500 r'min for 4 h at 76 °C, then
transferred to a 4 °C refrigerator for

Figure 4 High-pressure homogenization method

Lactoferrin-
modified
ginsenoside Rg3
nanolipid carriers

Ginsenoside

Rg3-loaded /’\
nanolipid Lactoferrin
carriers v

Electrostatically bound, with
an incubation time of 6 h

Table 2 Tissue pharmacokinetic parameters of various delivery system. NCs-Gel: Nanocrystals-gel; CL: Clearance; MRT: Mean residence

time. Note: The units of C,,_and AUC,, for reference 22 in the table are pg-g" and pg-g™-h, respectively

Delivery system t,,/h Cmax/pgmL" AUC,, /ug-mL"-h o/ CL/L-h"-kg" MRT/h Refs.
Rg3-lipo (brain) 38.64 +7.62 8.10 + 1.68 84.06+10.59  0.50+0.00 0.03 £ 0.00 51.71£11.98 [15]
Rg3 (brain) 3.68 +1.40 2.74+0.25 10.23 +£0.99 0.19+0.05 0.34 +0.05 6.34+1.75 [15]
Rg3-SMEDDS (heart) 14.622 +3.722 5.319+0.083 35.529 £ 2.36 3 8.486 + 0.84 7.589+£0.346  [17]
Rg3 (heart) 19.549 +12.738 4.735+0.112 28.362 +£0.768 3 9.641 £2939  8.124+0.654 [17]
Rg3-SMEDDS (liver) 16.087 £ 11.782  20.733+£2.422  135.765+7.389 2.333 +£0.577 2.287+0.524 7312+0.131 [17]
Rg3 (liver) 9.87 £ 6.967 10.132 £ 0.453 80.018 £5.38  2.667 +0.577 4.161+0942  8294+0325 [17]
Rg3-SMEDDS (spleen) 7.415 +£4.294 14.077 £ 0.874 77.227 £ 1.746 3 47490412 6.888+0.095 [17]
Rg3 (spleen) 7.634 + 8.081 5.517 £ 0.099 32.792 +1.835 4 11.031 +1.288  7.207 £ 0.459 [17]
Rg3-SMEDDS (lungs) 2.724 £ 0.421 19.211+2.194  121.923 +7.587 2 3.278 +£0.194 7.24+0.063 [17]
Rg3 (lungs) 11.723 + 11.957 7.246 £ 0.581 58.129+£5.12 4.667+1.155 5.782+0.653  7.308 £0.095 [17]
Rg3-SMEDDS (kidneys)  10.154 + 5.638 33.562£2.858  233.194+4.7 4 1.409 £0.241  8.565+0.139 [17]
Rg3 (kidneys) 9.225+5.87 11.158 +0.774 74205+ 1.151  3.667 £ 0.577 47210501  7.362+0.275 [17]
Rg3-SMEDDS (brain) 4233 +£1.926 5.756 +0.036 39.768 £2.576 3 9.735+£0.537 6.661 £0.138 [17]
Rg3 (brain) 2.197 +£0.524 2.993 +0.349 15.806 + 0.558 3 23.987 £ 1.146 4.7+0.06 [17]
Rg3-NCs-Gel (corneal) 2.37+0.35 38.90 £ 0.99 100.79 + 8.45 0.50 = 0.00 3.10+0.20 [22]
Rg3 (corneal) 6.02 +3.26 12.84 +0.91 62.23 £11.68 0.25 £ 0.00 7.54 +2.68 [22]
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0 JIE [ 2 2 ) () 2 AR AR ALL I, B T — 44 O Rg3-
lipo [ 253 3% R 45, JF F Ik R Gu 2% 80K A2 BE i 1%
EINE . KIL R G AL REE 58 K A2 2 -Rg3-lipo 14T
Ji g R, i HLAE R AR RN R KRB TE N I 2 Fh )
YRR oh A R I A R R e Ak, LR
Je 4t B R B8 AR R U A #0148 B (myeloid-derived
suppressor cells, MDSCs) 3 X E#L [ {E A . Zhu 257
A\ Z 521 Re3 AU IR i, J8 i o #i0 (3) 4
) 1] 4% HORLAE A 88.7 £ 0.99 nm, PDI 4 0.075 + 0.011,
T I C Rg3: ALY (paclitaxel, PTX) 4 20:6:3
)52 B Rg3 G o3 A FI KL 424 66.12 + 0.393 nm, Rg3
R OIBENE LA 3110 LA BE Re3 R AR, 54
43 11 JIE [ % 11 S5 74 #H Eb, Rg3-PTX-lipo i 24 4 19 %
RE 1 RIR P B i 8g 7 F B 238 5% . H Rg3-PTX-lipo £
A4 AT C6 Jie ot 980 20 i 2 B H B SR X e G AR - Xia
S0 F Rg3 A& JIH [ i A PEG @ i 18] 3 i 4 il
1] % ki 4% 4 99.74 + 7.50 nm, PDI 5 0.10 + 0.03, zeta
HILA7 9-29.9 + 0.62 mV [ Rg3 I Ji A4 il — Fih 22 T E 1
BLAE N 96.9 £ 4.5 nm, PDI N 0.15 + 0.02, zeta A7 Ny
-27.8+3.0 mV [F) Rg3 A2 DTX (£ Plifih3§), KN
A B RIFRIEYE, R Re3 A& PEG HfiH [ B
i1l 8% M o Ak, AT DAAE K I 5T A 1 I Y0 A B 1), HLA B
RIS BR FIVE R (3R 1); Ja ] Ll g Rg3 SE3 e
21 L B0 1) R 7 RS R A Ak, AT B2 51 S 3 DTX (1697
RS o Zhang 55710 R Y I8 25 102 (1 3) i £ Rg3
5K H GRS 10 H A5 127, 4% 116.50 £ 0.72 nm,
PDI 4 0.12 + 0.01, zeta HL /. N-26.6 £ 0.6 mV [ 7§ 2
i 41 % Re3 I A, iZ B SR H 1 N 2 2 Re3 # A
W2 AT 7R AR X0 1 2 R, FF HOHORE 5 2 85 75 T
PRI TH o 8 Ik Rg3 AT PR 72 4 B o ok 2 08 1 7 6
BE 32 B 8 1 2 8] @) AE BLAE AR 32 A R i i e 20 21

B

22 BRABEERR

221 BWIBEERGHHME BMABLRSR
(self-microemulsifying drug delivery system, SMEDDS)
R 240 < TR LA TR R I8 2L A 7R IR 45 T S F) £
SRR . XM RGAEER TBRUKN, & H3RL
T EK 2 (O/W) IR . 24 SMEDDS £ [
HRE AN NAR 5, £ 15 I8 1358 vh 2 SE i B W O B
TR B8 i BE N /N, A 2% A T A T A I 3 55 ) J
PR R i — B AR . X TR e VA T K IR 245
Yk i, SMEDDS i id 2 F L] 2 2% 4 7+ 3 1 i)
f AR T E, LB s 2 W0 £ AR AT A L 3 5 245
VXl B TE AR BB B, DA il itk B e i i A 551
222 AZEEHRGEWMIABZRZEHMNE AZ

B Rg3 H L a5 ik 5 G810 A B B i A% | HE A S
SEW FLAEAR N I 25 30 24T, RS2 2 50 R 5 .
NZ R Re3 Hil B fig 269 5 L s A EE S i
BIEVE, I Re Pt = FAE W8 T o BRe 7 VR MR
fige kAT ity 1 IR A2 0 R0 P, e T s HG B 7l
PR LGP
223 ASEERBEAMABERZNAZERR
N Z 2 Rg3 R H BAK B KA PR A2 52 L o fpE 4
semd, H T HBA RERAEHE AL, Bi2E
HRAR. Hik, AS B RBEORIEANNAEG, 1B
X B R WA L A TR A, AR R R B L B, KNS
B Rg3 il A A R e, R S AR .
Zhang" " i B 1) 78 K B ) HORL AR
(73.07 £ 0.52) nm, PDI &y (0.118 + 0.01), zeta Hi {i. }y
(-8.98 +0.202) mV ) NS B H Rg3 B I & H W
FL, % H 5L ) Rg3-15 I5 % IE 86 (phosphatidylcholine,
PC) & &N 13.2%, R LT & 5 48.82%. I [H %
I R T NS5 B g R JE 418 (human colorectal
adenocarcinoma cells, Caco-2) %12 9246 5 K R AR P 24
Bt IT, LR R M 5 R A o A B A . AE
Caco-2 liff iz siinrh, NS 2 H Rg3BNEE &Y B M
FLIZE N Caco-2 B Z B MR, BEm THES
M AZ B Rg3. #E— LU LI, i NS 2
Rg3 I /171 % 32 1 7% 2 52 31 P-H 82 (1 (P-glycoprotein,
P-gp). % Zi iy Zj #H 5% & 1 (multidrug resistance-asso-
ciated protein, MRPs) % 7L i Ji ifif 25 25 [ (breast can-
cer resistance protein, BCRP) 3 28 %% iz & A ) JL Al 52
m; MAZ B R #EE G B MANGERZ, 3
%% MRPs 5 BCRP W K #5128 8 (M %, L2 iz &
1 R A R AR O k5« R BRAAR N 25 30 22 it e 45 SR 2
~(ED, SAZ BT RGMHL, AR R HFEE
E ) B AL RS AR T I IR RS R
Z 1A BE MG N N 2 B Rg3 78 K RO T L AF AT L g
JUE it 08 U R o 2HL 2R v B 2 R B, I U FLAE IX
LE 20 ZArh i 3 AT B9, D9 2450 BE i AR T RE 2 21 8
& TR (K 2).
23 RRBERS
231 RRIEERGHIFFE R A i R s 1 75 5
T RET RN G, TEIXAN SR A L 5 B
B HARYIT o BRI A B B A SR KR S5 il AL
VTR B R, AE K RIS RS 1 BT B — Fl
mr T RELSN, KA RN -4b 527 [ FFE
X PP i R R 2 EEAE H  ANURT DA = 259 1R A
B R 25RO R, I REkE G IR P R R G 2
VO AR F R R, [ B AR 2 W AE A Y AR R
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FLE L2 (1) 73 A A5 100
232 ASEERGBERREBXRZZBSME A2
T Rg3 e o ARL AR DR /N FIE A4 b ) 52 i FL 24 280 54 AT
No NS Re3 RAEA PR REER T, v F) H s
A 20 S B PR BN, iR AN S B
Rg3 ¥ % AL T k3 A, 7] sk 20 B¢ 25 W 7E B
LI AT . NS BH Re3 IR I EAAR I R AL
AE ST Re3 B T8I 18 42, 348 AT 38 Jok 3% THI A& 1 B8 1) G
i, 3t — D FE T Re3 795 Kk 1 RE #E & 4, BRARXT O L
JF B S R 2% B R MR G, MU Sk s/ G FH 24 11
HBARRMEMN.
233 ASEERGBRRBERZGHWHNEMAR #
N Z 21 Rg3 il #& W W 5 , Atk Rg3 7K ¥ 1t 22
F10 1) JBE, e R ) 28 AR Rl RO A58 7 4 78 0 R 25 3%
(Al b3 PR IDE & 2 3

FulVife B A B SR 2 I -E FLIR (methoxy poly-
ethylene glycol-polylactic acid, mPEG-PLLA) Jt & %)
VE BRI R, 188 3 V5 77 28 R — 1 43 05 B ) ) %
H P # R AR N (142.1 + 8.9) nm, zeta A7 A (8.5
0.4) mV, PDI &y (0.145 = 0.017) [ 513k N\ 2 Rg3
WA R, ZRARK R G MY EL NI 1,
S0 ok S o 12 M TR ) IR A R SR S T PR AN . S5 R
WESZ, N2 2 H Rg3-mPEG-PLLA %24 Ji 52 % fif Jd 4
M A B B N HIE . 7R3N S50 Hh mT g 2,
R NS B Re3 JERZ R R ALAR L, A S 2
H Rg3-mPEG-PLLA %5 24 Jii o (1) 88 5, JH i 98 4 AR
WK B RS fEEHEN, A S 2 Re3-mPEG-
PLLA #HZ R R AR THAS A PEG K 8%, Z 45168 0
EIR TR A (oK, T B oA RO R P B &
G IR AR S 1 ek ST R, AT A 2 P 7E I (R 776
PRI a]; K (1 I 24 98 A0 I ()56 79 5 22 2 24 JI SR R 1 3
5 BB AE MR AL . M2 R A N MR 4l L S
EH T i 78 24 e P A 85 5 R R 1 (pH (B HRAIK), R AR 45 1)
2 RAEARA, ARAE 25 PR R T, e 24 S X iR AR K
A Rl . Li S 5HE R RLAE N 49.44 + 0.15 nm,
PDI 4 0.339 + 0.001 [} y113& V0 4 407-Rg3 BRI 5 2 %
b B B 45 2 1T LLIRR 2 2 LR O B 1, S 2R R
PRFIAR T DB, oS Ab B .
3 EE8BERS
31 E&EBERGERIFIE

HE IR RG2S WM ELZ A RIS IR RGN
Rk, it G B AT et 5 TR, TR —
FhET RGPk R GE . TSR R AL SN, 1 E
E W R F Rk B — TR B PR R B, BT 25 ) R 1
A A R TR ) 2, 0 s e SIS AR s D F 48 ) 44

32 ABSEEHRBESEBERZEHME

NZ 21 Re3 il B K S &E R, 99K & IR A2 A
A BRE v Rg3 IS, 7K B8 fi 110 28 ol B 4 ol 3= 44
R R B 5 R OR, W SRR A R kR
N2 A Rg3 il B 57 A4 /K e i T IR VA, A o Ak 2L e
B 5 IR T Re3 KA PEZE IR 1) A, s TR R AR S S
FN 7K o F 4 o B AL R e e T 24 A A S S g IR W AT
T B, R ST T O 2 A SR, = W R 7 R AR
Rg3 HLAAEH
33 ASEFRBESCRERGENAYERANZF
R

Zhang™? 3% A\ T BE v 6 8 Rg3 il & ki 42 A
157.30 + 0.46 nm, PDI 4 0.16 + 0.02, HL{7 A -16.33 +
0.06 mV 44K &, F LATHIE VDU 407 JHI& VD 4 188 Al
RV 934 9 L5, K At oK b ) RS A R Sk, R T
Rg3 449K il 458 J5 R 4% AT EL AL KN 5 402K it L — B
IR I K a7 %2 Rg3 9HK 5 1 Je 1R IR SR W WA 26 8y 2 o
Reg3 9K i 58 i T LA RE A Ay 537 B N 1) 2 o £ i
FEVE (R 2). Tang %5 E S ik 78 5 2y §05 8 Re3 il
HORIAE 4 90.19 £ 0.55 nm, PDI A 0.140 + 0.029 [ fig J#
A, 12 5 J5E A4 1) 2 3 OP 8 IR W Rg3 A DSPE-mPEG 2000
B RGBS 30 120.15, F 38 I 3 258 5% 8 MK i o A itk N
IKEEIRE, foJa 1 g IR, R IE /N B S VR T A
B BE 15 I R SR o 45 SR - VR AR VR AT 2 3 S K 254
TERR R I A B I I], B R 22 APk, 5 A i
B RIFEIT AR
4 NMESRE

Ik RGN R R, AR
AN F DB AL 2 M R, IR E Ik R A RE A4
O RIEZ, AR ERRBFLIFIME. A
2 K R il % AN [F) 3832 R G5 J5 AU e 7K i P 2
() 10) R, L 24 20 A2 8 A7 R KR -

i LRTR, NS B R B I% RS F B
Ry B L AP B0 AE Rg3 (25 3802447 5 BR TR« B Al
FL 352 2 4t 3 B A AR AR 4 B L A8 T R AR AR
P 0 Re3 TEAR N I 2530 2247 R, BT 78 7 R AE L2
VP A0 R K BT AR A 3 Rk R
LRI 3 B T ok, 3E T 58 Re3 2580 @il X A
[ % R G R EH S MRAH, BT ARFRB%E RS
2t N2 2 5 (E5), R RS KB I% 1% R4
FERIEYE PSRN EREER ) B S AR, X
KR Rg3 VA7 R B 35 005 18 26 AR 40 I o 5 B E A
fihe Rg3 i 5 A R0 S 1% R 40 40 I 3 B2 s P B o A
F, T 5 0 DA A s B B A B e P, I8 R T 4% Re3
[RRE TR, 3 N 5 i R TR TR T TR T RTIE B . LR A,
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Hydrogel delivery system:

Composite delivery system:

Enhance antibacterial,
antioxidant, and skin Q
repair capabilities

Gle(1-2ple—0 Ge12pke—C

205yRe3

2WR-Re3

4 Ginsenoside Rg3 has strong hydrophobicity

improve transdermal absorption
efficiency, enhance drug retention
at the wound site, and give full
play to its anti-inflammatory

effect '

Liposome delivery
system

Rg3 replaces cholesterol,
mimics human cell
membranes, stabilizes (the
delivery system) and evades

phagocytic clearance;
enhance anti-tumor and anti-
cancer activities, and
improve targeting ability

Lipophilic drug: Rg3 @
Hydrophilic head
Hydrophobic tail

Micelle delivery system

Lipophilic drug: Rg3 +
Hydrophilic head ?
Hydrophobic tail

Enhance anti-tumor effects and
reduce the toxicity of combined drugs

Figure 5 Differences in pharmacodynamics and pharmacokinetics of ginsenoside Rg3 in different delivery systems
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4i E B RS S R AR, SR AL A, T B
o AR AP A R, 3K D 1 R 25400 0 1 3o R 1R
o7 —MFBL. RBEGEERGEIWEMSEH, A
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Rg3 AN[FIEI% R Gt 24 s AN 25 3l 2 02 e itk — D IT K
AN Rg3 M oTiR, 7E B FERE b, &0 o HoAt g 7K 1 24
Wik R AR IR SF
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1%, HARZGE 5 Z MRk YRR [ A o fe v
X JEE < pH A8 2% A R ™ T, LA A 2 I B Bt
REESE, AR R HMFLIEIE RGN RERE
TV 7R A0 B 2 A R, 3 4 RS 73 T R RIS M TE
%, B g T I, 3 K ORBIE TN B G B ST 1A 1)
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