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1 . BH X TIHEEEBENMEREE, WRAA RS RMEEE, 48 LU AN [ BG4k KL (cholesterol lipid
nanoparticles, CLN) I H FEE B 4KHFL (glycyrrhizic acid lipid nanoparticles, GLN), #id @ EFIIIR Y E AR X
(triptolide, Tr) #l#%5#HE A R HERASFH KK (GLN loaded with triptolide, Tr@GLN), #RiF H REER 25 A IR [ i o)
PR AR EARRE R, 55K R SEEFENE )4 Tr@GLN FEE A B 2 0 I AR B 4K ki (CLN loaded
with triptolide; Tr@CLN), ZrilillsE W& ke, £/ HIE% (polydispersity index, PDD. { HifZ. 4B H RAKAR; &
L F B A8E (transmission electron microscope, TEM) #ATRH LA LR & BRESEHIR A NE HepG2 4 A Xt 73 & TR EURS I ;
LR AR RN R, X HF A Tr@GLN 5 Tr@CLN R A H g k. 4558 5 Tr@CLN AL, Tr@GLN 7EHL
£+ PDI. CHifii, M RMEZ i8Sl R LR ENER . Tr@GLN fl Tr@CLN WPkl (115.594+1.23),
(97.28+0.95) nm; ¢ FAZLZM I (—19.63£3.14), (=7.7720.12) mV; Tr B3I E 354 (89.70+0.39) %. (87.39+0.37) %
Tr HAEDHN (22510.01) %. (2.31+£0.00) %; HEEEHEN (8746+0.65) %; HEEBRAEN (13.41£0.09) %.
TEM M3, M TrT@CLN, Tr@GLN 25 iy &) FEAERIR. GLN #i1T HepG2 4ifuxt 25K, 44245 12 d )5,

Tr@GLN X Fir 8 /)N B MR AR FR I ZRIE B 78.9%, BT Tr@CLN MR (42.4%) Al Tr H3MHIZR (18.3%) (P<<0.05),
Tr@GLN 7577 J& I8 A B2 4. Ki-67 &5 9 (recombinant Ki-67 protein, Ki-67) Fikig/, M A KA KK F (vascular endothelial
growth factor, VEGF) RIAW/D, FA4 M8 AE G 10 EREAE A IR M2 RBLE B 5 500 M1 £HY. 4518 #1401 TT@GLN 5
Tr@CLN EA MR, B GLN 12k 544 R+ 3 hn s 40 i 3, Tr@GLN RILH FaRym e, HyumfE
FH R RG-S 30 R 20 M 431 sk e 7 I 26 A (R 2 R A D% W 20 B (AR AL U T A DG, BRI AT A Y GLN J& | T1E
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Study on suitability to construct lipid nanoparticles loaded with triptolide using
glycyrrhizic acid as alternative of cholesterol
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Abstract: Objective In view of the potential health hazards of cholesterol, glycyrrhizic acid was explored to replace cholesterol to
prepare glycyrrhizic acid lipid nanoparticles (GLN) for replacing cholesterol lipid nanoparticles (CLN). GLN loaded with triptolide
(Tr@GLN) were prepared by encapsulating the anti-tumor drug triptolide (Tr), to explore the suitability of glycyrrhizic acid replacing
cholesterol in the preparation of anti-tumor nanocarriers. Methods Tr@GLN and CLN loaded with triptolide (Tr@CLN) were

prepared by ethanol injection method, and the particle size, PDI, { potential, drug entrapment efficiency and drug loading efficiency of
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Tr@GLN and Tr@CLN were measured respectively. The morphology of Tr@GLN and Tr@CLN was photographed by transmission
electron microscope (TEM). The cell uptake of the both in HepG2 hepatocellular carcinoma cells was measured by confocal
microscopy. The subcutaneous tumor-bearing liver cancer mouse model was established, and the in vivo antitumor effects of Tr@GLN
and Tr@CLN were compared. Results Compared with Tr@CLN, the physicochemical properties of Tr@GLN, such as particle size,
PDI, { potential, entrapment efficiency and drug loading efficiency, were not significantly different. The particle sizes of Tr@GLN and
Tr@CLN were (115.59 £+ 1.23), (97.28 £ 0.95) nm;  Potential were (—19.63 = 3.14), (—=7.77 £ 0.12) mV; The entrapment efficiency of
Tr were (89.70 = 0.39)%, (87.39 £ 0.37%)%; The drug loading efficiency of Tr were (2.25 £ 0.01)%, (2.31 + 0.01)%; The entrapment
efficiency of GL was (87.46 + 0.65)%; The drug loading efficiency of GL was (13.41 + 0.09)%. Compared with Tr@CLN, Tr@GLN
showed a more uniform spherical shape by TEM. GLN increased drug uptake by HepG2 hepatoma cells. After 12 d of administration,
the tumor volume inhibition rate of Tr@GLN on tumor-bearing mice reached 78.9%, which was significantly higher than that of
Tr@CLN group (42.4%) and Tr group (18.3%) (P < 0.05). The expression of recombinant Ki-67 protein (Ki-67) and vascular
endothelial growth factor (VEGF) in tumors decreased after Tr@GLN treatment, and tumor-associated macrophages were reinduced
from the tumor M2 phenotype to the M1 phenotype. Conclusion The Tr@GLN prepared in this study has similar physicochemical
properties to Tr@CLN, and the encapsulation of GLN is more beneficial to increase the uptake of tumor cells. Tr@GLN showed
stronger anti-tumor effect, and its anti-tumor effect may be related to inhibiting tumor cell differentiation, reducing tumor neo-

vascularization, and promoting the polarization adjustment of tumor-associated macrophages, indicating that the constructed GLN is

suitable as a nanocarrier, and provides a new idea for the efficient delivery of anti-tumor drugs.
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JRAEARE, T Tr P ALEFI PR s, H % —
T 2 #0ER A RO O B H B IR T 40 oK R
( glycyrrhizic acid lipid nanoparticles loaded with
triptolide, Tr@GLN). J#EIEX Lt %% Tr@GLN 5H
fit] P2 ] FEE A (1) 80 2 Tk Y 2R IR B4 (cholesterrol lipid
nanoparticles loaded with triptolide, Tr@CLN) ¥
PR #RZGTERE . RSN B BE ) AR
AN R B R S R i T NTTE S E R S =X A
JIEL ] B R MR SR AN oKL IR Tr 3B 2534 i B
P, BRI IE TR AL T R L
1 EEHH
1.1 &5

UltiMate 3000 B /5 250 AH (4 1% (HPLC) 1%, 2%
Thermo Fisher 22 #]; DF-101S T4 E IRk
WE it deds, FHEFRPEAESRHA R A F] ;s Litesizer
500 HKHKLEEF ¢ AL AATA, B AR R B
PR R YMNL-1000Y 6 75 i 40 Bkn i pL, 7 3 BA
LR B AR AT s JEM-1230 3% H H 7 S
%, HA JEOL /A #]; TSC SP8 STED MO
R, EE Leica A H] .
1.2 @5

Tr, FiED$1=98%, #t'5 DSTDL003401, f%
R EMHEARARAR; HER, REH>
98%, fit*5 D1213A, KFEERWEAAMRAF; EK
YREERE, b5 AL20002, i URIREZRIEA R
ANFE IHEREE, bS5 C104028, _EigRH T AALAl
B BR A ) ; DMEM 55387 0.25%J# 8% (i
T -4EE RIA, 22 Gibeo A F); AL (FBS),
BUMMZEE AW BOGHLRAELL, Jbni i E B
VIR HRAT; LN, fikal, Ligrkkismm
AR AERAT: BERR, ik, BT /Rt
BHEFRTHUE AT AR HALRKHIE 955
Mradi .
1.3 ZHBEMK RSN

NI HepG2 4. /N H22 i35
H R F i A=t 78T, ICR (institute of
cancer research) /NS, SPF 2, fAJfisE 20~25 g,
BN, T AL AR AEAREGIR A, SHIE
5 SCXK (50) 2019-0010. fAIFE&EME: RN 20~
26 C, N 40%~70% . LI HATR 304 H Bk £
oK, BRCTHEIES . hSse a2k
LW SR AC P UL o Atk E, fIkH#ES 2020DL-
126.

2 HESHR
2.1 Tr@GLN F Tr@CLN gY#I&

K B E N % Tr@GLN . Tr@
CLNEO2T, FREL 6 mg H BER IR B FE . 30 mg #53%
YRR LA S 1 mg Tr S8 WA T 2 mL g, 1ER
AHUAH B A P2 5130 A 10 mL ZKAH (47K
R INARERE, N SE RS TR RS b
37 ‘CHHi 400 r/min #i#F 1 he A HUAFER )G,
FH 8 75 308 40 M B AR A K AR 5 miin, R P BHRE 3 s,
(8K 250 ) FH 0.45 pm FFLIEREIERS, B2 AE
FLEH Tr@GLN 1 Tr@CLN ¥ -

2.2 Tr@GLN F1 Tr@CLN RYRAE

221 KifE. ZHEEEE (polydispersity, PDD 5
¢ HAIEE A AR AR BRI TR
AR, R K ¢ R A A i e
kift. PDI M ¢ Hafifl. Z5RER, RACEEAN
215 8] Tr@GLN Ml Tr@CLN ¥ 5L A 3,
JGIE A, E 1AL TA FioR: Hokifeie 2
AR, PN (115.594+1.23). (97.2840.95) nm,
PDI 4354 0.18+0.03. 0.22+0.02, ¥J/NT 0.3,
%M Tr@GLN KARBIAIE . iy, W 1-
IB. 1IB. ¢ HAL/5HN (-19.63+3.14). (=7.77+
0.12)mV, £ Tr@GLN &k 2 87 A — e FEE
(A L, SO T BT 4 KR R AH B SR B — 5 A4
HWER, A BT3GRk R AR e P

222 JEAEHEE 10 pl AT AT AR kY
b, EE 1 min 5K 2 RN NIL SR . B
¥ 3%BEASER AR N 1 B R, e 2
min J& HIEARR B 2 RYEL, RRBUAYET J5 76 TEM
THBHLES, 4R WE 1-1C. IIC. JEid TEM 4
BRI, Tr@CLN 2RMFETEM 2 Z 450 M
Tr@CLN, Tr@GLN 50 5 5035 &) [ B BT,
BHZZ4M, fidbEd.

223 fEfffaEEEE K Tr@CLN. Tr@GLN %
HINET 4 COKFRAT, &Lk 7d MEHRAA, CH
PER, RWE 1 PR, PE AR GE(E
T BB RS R ¢ AL, R HERAE
JIEL T B i T DA B AR B A

2.3 Tr@GLN # Tr@CLN (BHELHAENE
2.3.1 HPLC ot 41t

(1) TP M54 AFM: (il F: A Welch Ultimate
XB-Cis ¥t (250 mmX 4.6 mm, 5pm); JishH 4l
IK-FHEE (54 46); REK 220 nm; AR E
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1 Tr@GLN (I) 1 Tr@CLN (II) BI7: (A)~ #ifE5% (B). TEM X (C, LEBIR A 100 nm)
Fig.1 Appearance (A), particle size distribution (B), TEM morphology (C, scale bar is 100 nm) of Tr@GLN (I) and Tr@CLN

am
£ 1 Tr@GLN 1 Tr@CLN H7FMET2EM (X+s,n=3)

Table 1  Storage stability of Tr@GLN and Tr@CLN
(X£s,n=3)

17 Tr@GLN Tr@CLN

FHld kifRim (EA/mMV KR m o (EA/mV

1 11559+1.23 -19.63+3.14 97.28+0.95 -7.77+0.12
2 117.91+0.17 -26.30+0.67 95.34+0.56 —6.00%+0.79
3 114.44+1.44 -26.87+0.17 96.81+151 -8.43+0.17
4 113.18+0.36 —23.47+0.38 101.07+1.80 —7.63+0.42
5 115.73+2.52 -26.93+0.52 100.48+0.80 —10.53+0.48
6 113.73%+3.90 -26.60+0.67 96.90+0.24 —6.80+0.22
7 11522+1.01 -23.63+1.61 95.11+0.60 —7.40%+0.88

1.0 mL/min; FEif 25 ‘C; #EFEE 10 uL.

(2) H RN E KB B koA Welch
Ultimate XB-Cig ¥ (250 mmX4.6 mm, 5 pm); i
AN 0.1% BB A R-FEE (25 1 75); Rl
250 nm; AFRE 1.0 mL/min; k3R 25 C; HEFE
= 10 pl.

2.3.2 AL BN R SR R & B 2 mL
HEET 1 mL Tr@CLN 58 Tr@GLN &4, .
R PR FL, A A IR PR e AR, 1T 0.22 pm
AHLIERE, BPASHE mIE R

3 SR B FRE T X REGS: « H R B T 10 mL
B, HPEVEROESR, 193] 1 mg/mL Tr XF I 5
R AN 2.06 mg/mL H &R R BRI
233 HlEMEEE H “2.3.27 TR R

BRI 2 AR “2.3.17 TR (il Sk
ZERWIE 2. 3 B, AT Tr FOH BRI OR B B[R]
5329 10.77 8.53 min, A G VA RURH S HE Sl I VR
U T T ) A o YAV PRI R R ARG T AT
HELER I TG T

234 LMEXRRFEE HAIH 2327 Wi Tr. HE
Tr
A
M
Tr
B
I
Tr
C
o 5 10 15 20
FifE/mm

2 Tr W& (A). Tr@GLN #& (B) 1 Tr@CLN #f
M (C) B HPLC B

Fig. 2 HPLC of triptolide reference substance (A),
Tr@GLN sample (B) and Tr@CLN sample (C)
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Fig. 3 HPLC of glycyrrhizic acid reference substance (A)
and Tr@GLN sample (B)

PRt R SV, FH B 0 A B A 500, 250+ 125,
62.5. 31.25. 15.625 pg/mL Tr XF I8 SR 1030
515. 257.5. 128.75. 64.375. 32.187 5 pg/mL H#E
i o HE A VA T, 3 0.22 pm BEREE, BERE. DR
JREWRE N AL (XD, WETHBUAIAEE (V), %4
HilbriE e, 1520bRuE 2R FE5 B8 Tr Y=
17 537 X+134 487, r=0.999 0, £&PEyulE 500~
15.625 pg/mL; HHEE Y=5 822.6 X+79 001, r=
0.999 0, Z&MVEH 1030~32.187 5 ug/mL, FHTE
SE B30 [ N % IR S IR AR R R R 4T
235 FEEERI B “2327 Wi N Tr@GLN #l
Tr@CLN B mis il 7 nELLidie: 6 I, A
Tr@GLN Ff i 11 Tr A1 H R 1 A RSD 233l
N 0.51%. 0.58%, Tr@CLN #f 5 Tr firH 5w
W TRIAR () RSD 73 BN 0.48%- 0.63%, WAL 884
W RLT,

23.6 FoEMiie W “2327 TN Tr@GLN Al
Tr@CLN im0 Tl 5 0. 2. 4. 8.
12+ 24 h 3R 4T, THE Tr@GLN F & (1) Tr F
HHERIERARN RSD 43414 0.23%. 0.41%, Tr@
CLN #Eand i Tr A FERIE IR RSD 73714
0.59%- 0.62%, UiEHALESIARAE 24 h NERE .
237 EEMHRE %I “2.3.27 AR Tr@
GLN 1 Tr@CLN # s, P47 6 1, HEFf,
T Tr@GLN FEf R Tr FIH BRI 2R FE )
RSD 738 1.28%- 1.07%, Tr@CLN £ i) Tr
AH BERR R ) RSD 23 5°A 1.23%. 1.04%,
VLB R E ST R AT

2.3.8  IOFEEIBRCRIREE B 6 e Tr AH B

IR & & 1) Tr@GLN ¥4 500 uL, ZmlinA Tr Xt
PSRV (1 mg/mL) 500 pL, H 8EER X SR
(2.06 mg/mL) 500 uL, Fifi f5 iR E B A 2B, it 0.22
pm FFLIEME . AT 6 £, BEFE, A Tr ATH R
(T I ARE ISR 23 50 100.07% 99.43%, RSD
R 1.84%. 1.50%, RIIZI7VERINCR R 4T,

L6 4 Sl E Tr & &1 Tr@CLN ¥R % 500
ul, 23 AN Tr o B AR (1 mg/mL) 500 pL,
BE iR EE A AR, i 0.22 um FLIERE. “PAT
6 1, HEFE, THEAS Tr PP INFE IS EE R 99.48%,
RSD / 1.83%, RIIZITIEFWE RLF.
239 BAEFMEAEMNE 2 mL B EES 5
F 1 mL Tr@GLN H Tr@CLN £ 5 Em T, .
AR, AR H & B RE A e A, 1T 0.22 pm
AHLIENE, A SRCRARNERE S H RS T &
&2, WEAXSiEaR Mg E.

A3 = wo/

LGB = Wol/(W1+ W)
Wo MG RAK RS IR A 25 & B, w RN,
Wa R IR 9K B AR R A A R

A3 Tr@GLN Al Tr@CLN 1 Tr ()3 %
A (89.7010.39) %. (87.39+0.37) %, #HZ
BN (2.254£0.01)%-. (2.31£0.01)%; Tr@GLN
I H SRR EE RN (87.4610.65) %, WZGEN
(13.41£0.09) %.
2.4 Tr@GLN 1 Tr@CLN BEIMERITRER

239 3 mL Tr@CLN. Tr@GLN B E Ti%E
Mras GEREART 27l 35000 o, KENTESIRA
F) 30 mL &A 0.1%3KLALEE 80 MIMEmRh42 rhil
(PBS, pH7.4) 1, JAAFEIR, 37 C. 100 r/min 5%
E R 208F 0.5, 1. 2. 3. 4. 6. 8. 12, 24
h B 1 mL BT8O 5T, FFb 78 AH AR AR PR R
5o M 2 mL HEE S Fr ORI 5L, e A
A s, o 0.22 um HHLIEMR, R HPLC Mi1S Tr
s, FHHHEERENER., SR 0E 4 Fir, Tr@
GLN Fl Tr@CLN #[#E 8 h Wik FIMfl, ERBHCR
I3 AN 52.92%. 73.38%. Tr@GLN 1 Tr 7€ 24h 4
BBV Tr@CLN Z21%, 15 B H B A N AR AR
JIEL [T B m T AR i o A B AR E , B — B R REAE R
2.5 Tr@GLN #1 Tr@CLN 7 HepG2 “HEEIRENEE
NER

ZRER Tr L9, AW IR A e B e &
H.& 6 (coumarin 6, C6) {EARIELY), %I “2.17
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B4 Tr@CLN F Tr@GLN HIRIMEZHIE R
Fig. 4 In vitro release of Tr@CLN and Tr@GLN

e C6

C6@CLN

C6@GLN

Hoechest
FIRET C6. C6@CLN. C6@GLN (C6 REKE N 100 ng'mL™") 75 4 h 5 HepG2 LHAIEEVIER (EER
FERNAHRIELMEEL Co, LLFIRA 25 pm)
Fig. 5 Uptake of HepG2 cells with free fluorescent probes C6, C6@CLN and C6@GLN (mass concentration of C6 was 100

ng-mL™) after incubation for 4 h (blue fluorescence is nuclear staining, green fluorescence is C6 absorbed into cells, scale bar

El5 R
AR E,

is 25 pm)

MG B A = TR C6 Al C6@CLN, KA

GLN #] LIS HepG2 40 B 28 250 AL, It

H HepG2 4 HIFHM T C6@CLN, XnfgE

JH e 240 B JE % T LA H BERR S AR AR OB,

2.6 Tr@GLN # Tr@CLN BUAR$FINEE AR
EOGH 55 A8 K 1) H22 41 0.25% 18 8 1 v

7145155 C6@CLN. C6@GLN. ¥ HepG2
YHMILL 1X 105 /N /AL % B e Ah B0 I R 4
BRI R IRl . F AR S, KRR
AN A S Co EIRE (100 ng/mL) [1)ijf
B C6. C6@CLN. C6@GLN i I3 i fif 15 77 %
T 37 CE:FFFME 4h )5, FLEEFE, HY PBS
Ve 2 IR. TN 4%% S HEE[E 2 15 min, H74 PBS
el 2 %, FRINN Hoechst 33342 44l ffi#% 10 min,
F PBS iU E N 1B 2 6K, R ot
T/E B8 HepG2 4l Xt C6@GLN I HEHU 1
Mo S5 5 Fiw, C6 B, C6/GLLNP

C6 Merge

B JE B, I PBS WEMk 2 Y BB S M N
1X1074~/mL, B 100 pL F/NRE FHeft. 24
A E] 100 mm?® 4GB, G/ NERBENL N 6 4,
e TAEREERK (D). Tr@GLN. Tr@CLN.
WEES Try VRS HELRR . e Tr+HUie s H g, Horp
Tr 4525780 0.35 mg/kg, HHERAZFEN 2.38
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mg/kg. B 2 REGH 1 IR, HZ 9 RIMNER =M
R AR, 55 12 RALFE/N RO, A AR = R
SRR, o3 4% A ot S MR AR DL A A 2R

Vi=D>L/2

R =W — W)/ W
L AN R KBS, D AMBEREES, VORI, we
H w4 AR R K R ZEL R 2546 7 2B 1 g ot

K ¢ K565 B bE RS A 2R , P<<0.05 A2
FEAGIE .

SRR 2 Fon, HXTRAE LG, RS Tr 4.
W B H EERA L U ES Tr-H i B H B R A A e e A AR
BIA A FFREE ks, H098 2 008 18.26%
56.80%- 49.70%, VLB Tr 5H HERHA —E Mt
JRE TV o S T+ Ui 25 H B R 4G iR P i 4
FEHZERT Tr@CLN 4, X gt T HER A
R IR A D s 2 AW A LA sl g 3 A if A
A B R S A5 28 Tr 5 H SRR SR R AR
F#H Tr () Tr@CLN 4.

®2 RTTHIEREN TR E R AR

Table 2 Changes in tumor volume of subcutaneous hepatocellular carcinoma mice in each group during treatment

Jir B AR AR/ mm®
A5
0d 2d 4d 6d 8d 10d 12d
Xof & 96.03+30.56 132.46+23.24 188.98+53.86 264.26+63.41 693.02+225.57 1 019.08+480.42 1327.92+413.33
T Tr 148.87+24.54 209.47+54.38 300.35+80.43 332.55+189.68 539.61+187.04 732.58+332.79 1081.274+508.05
T R 174.20+48.83 171.29+106.95 165.62+47.63 161.46+78.78 276.70+98.08 501.08+124.52 656.84+206.97
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Fig.6 In vitro tumor tissue diagram of subcutaneous tumor-

bearing hepatoma mice
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Table 4 Body weight changes of subcutaneous tumor-bearing hepatoma mice in each group during treatment
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Fig. 7 HE staining and immunohistochemical staining of Ki-67 and VEGF in tumor tissues of mice (scale bar is 100 pm)
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Fig. 8 Immunofluorescence staining for CD206 and CD86 in tumor tissues of mice (scale bar is 100 pm)
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Fig. 9 HE staining of heart, liver, spleen, lung, and kidney of mice in each group (scale bar is 100 pm)
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