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H E AR S R AR R (GA) 4ok A, SRR ARSI 5 S b . T % s VAR T s b BR K30 2 Bk , 48 R R 7
I TIR R R & GAM AN, KA XIEATH o LI RAES A £ TR RS M 55 77 sk 3P ) dh Kok i 4T
FAE; R B RGR AN E AN N RAE T GA B E A B 2 R MTT 54 R GA RA A h K A2 (GA A 2 A 125,25,
50,100,200 pmol/L ) 4+ AT % 2@ it HepG2 &9 4 sh 474 7 b I 34 ST 0 3 B R B (ICs) o 45 R 2 P #h Kok P GA 69 XA R AT A3 4%
AEME Ao 21 SR AR BOMOE 3 TH R, R AR R R R L SR A KRk (194.88 £ 23.52) nm, A& T RAH 2569 (2 592.33 £ 207.51) nm; %
WA A 024+ 0.04, FH T RA 2569 0.15 £ 0.03; A K A28 T 3 25 % 24 15.99% 5 78 & v R4 25 49 (1.05 £ 0.01) pg/mL J+ £
(250.00 £ 0.15) pg/mL. #RIFIATERIE L R 27, GAJRAH2H 200 pmol/L 2afe 2 K A5 & F| F LA oA F R BT O RA R
FH AR, B GA 20K ¥ 87520 (P 12.5 pmol/L 2891 ) 44 4a e 75-i% 539 B 2K T R A1 2 B 25 41(P<<0.01) ; GA 2 K 4264 1Cs018 % 86.3
pmol/L A& T /R4 25 649 364.4 pmol/L., 4536 I HFI4F GA 4h ki ; Tl s ka2 N B3 4 s MR 38 R BARSMR AT i & PEIE 3%
SR R K BUR IR A TRk B &y AL S 98 M HepG2 i

Preparation, Characterization and Anti-tumor Activity Study of Glycyrrhetinic Acid Nanoparticles
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ABSTRACT OBJECTIVE: To prepare and characterize glycyrrhetinic acid (GA) nanoparticles, and to evaluate its in vitro
anti-tumor activity. METHODS: Using PVP K30 as carrier, GA nanoparticles were prepared by anti-solvent precipitation and
freeze-drying method. X-ray diffraction, infrared spectrum, differential scanning calorimetry and granularity analysis were used to
characterize the nanoparticles; HPLC method was used to measure the solubility and drug-loading amount of GA in the
nanoparticles. MTT method was used to assay the in vitro inhibition activity of GA raw material and nanoparticles (GA doses were
12.5, 25, 50, 100, 200 pmol/L) on human liver cancer cell HepG2 and calculate its ICs. RESULTS: The characteristic peaks of
X-ray diffraction and infrared absorption of GA disappeared in the nanoparticles and the endothermic peak changed. The particle
size of the nanoparticles was (194.88 + 23.52) nm, which was lower than (2 592.33 +207.51) nm of raw material. The dispersion
index was 0.24 + 0.04, which was higher than 0.15 + 0.03 of raw material. The average drug-loading amount of GA was 15.99%.
Moreover, the solubility of nanoparticles increased from (1.05 +0.01) pg/mL to (250.00 + 0.15) pug/mL. The results of antitumor
test in vitro showed that the cell survival rates in the group of GA raw material 200 pmol/L and GA nanoparticles groups were
significantly lower than that in blank control group, and the cell survival rates of GA nanoparticles groups (except for 12.5 umol/L
group) were significantly lower than that of same dose group of raw material (P<<0.01). ICs of GA nanoparticles was 86.3
pmol/L, which was lower than 364.4 pmol/L of raw material. CONCLUSIONS: GA nanoparticles are prepared successfully; the
prepared nanoparticles have small size and uniform distribution, and the solubility are increased and antitumor activity in vitro are

enhanced.
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Slata Bat.) BOER H ¥ (G. glabra L.) 1T 1EEAR AR 22 rh
PRI T R 28 KA I R A 3 0 BRI R A
Y, ZPRAFSTIESE  GA R LA AR T i 2o 75 R i 4
L E4) 8 T 53 Ak L T 240 L] B A o) e R 4 i 2 24
24 DL R A i A g 750 040 75 9o 4 P S5 a8 A8 R e #E0 JHHIR™
R RRIER" 8 g LR B B | R e i e
S 22T Mg A L R AR A A R R ELG I AR 2
M FEPE RN B 9T 30 B, GA A PU 8 B Bt
b7 N A N TN 1 R i = S S e o
SR RIS A, GATE TR )Tz
;T AT T BUOR SR B 6 301 AR 38 €6 50) R SR 3 B 741
B G S 4 i 0 (Bl i b A PR oK T 2%
S EOLAEE R 25 Wy if ke S5 4 i o FH 22 81 T — 2 11
PR

YA AR A 25 R 2 S i 2 — AT A
TG R 2 W ARV R B ) AR S A A B
FFHE R R AR ZG A HED ) ORI TR RAR KN Ny
10~1 000 nm [ [EMA B ARSORE , AT B R 2R B0 70 R &
Wi 24 T, LA A& R R R RS e MR A
RS SRR SR BTARAH LL , 9Kk BT FHIROE 71 4%
b SARGERIRIA L, 9 RRL A AR A P AT VA R
FLA AT G B S8 1) A% 36 SR 5 I AR, KR i L
A /INRSE R0 TSR TR, WK 25 T Hop e
B AT A 8 Aol T B AR 2 24 0 o A RO ) P R 2%
PRI FR AT DL, 0 XV 1 245 ] B 2 DK s AT figp ke L
il 85 R R TR R, A B el 2 M AE AR I R o A (R
R L TR AE R B

YRR RIS T DA 4G SO R TVETE: e R
ks A BB L A, FLrh DU ST Ik
RIS BEER (PVP, 1 PVP K30) —Ffl & TR &
W, SIJCE RS BRI TOK O T2 R HLE R, B A
L S AR R R BSR4, BRI 2515, RIS A
e 5 R S PR R LG P A AR 2k | D — R AR i 3 1A
PRI, ARWF5E LA PVP K30 M2k, SR R B RITIRE- 1%
PR T BT 285 GA 9K AR B X SR AT ST (LM
e ZE N R RGE X L T RAL R S RO %
7 (HPLC) & 40 KA H GA 175 5, R I MTT 343
FE GA G0 BT IRE 16 1 , L3I GA A FH R HEAH
KN TF A2

1 #F
1.1 {28

Zetasizer Nano S90 Y 44 ks B 43 B AX ( FE [E Mal-
vern /A 1) ) 3 D/max-2550 B X 5 48 My A AT S AL (H A
Rigaku 73 F] ) ; DSC-1 7 25 /R 49 4 1 X (Fig - Mettler
Toledo 23 ) ) . Spectrum 400 e H IH-2T SN E 85 (5
PerkinElmer 2% &) ) 5 1200 %I HPLC {% ( 3¢ [# Angilent 2%
) ; FDU-1100 B2 3 VR T 1AL (H A Byela /A ) ; ZH-
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WY-103D FUE IR 37w R IR oA S il v A PR 2
] ) s RHD S025 B Jy 4 ##4% (75 [ IKA 24 7] ) ; HERA-
cell VIOS 1601 B4 itu 3% 35 46 ( 35 [E Thermo Fisher Scien-
tific 28 F] ) ; Synergy Mx %4 22 Ty RE ftFL A G i 43 ( 5€ [+
BioTek A ] ) o

1.2 #Zm5iR#

GA B 25 (M it I R 25 R A IR A w5
20180729, 4li i (HPLC £k ) - =98.5% ]; GA X lf iy
([ & ol 24 ah R BE ST B, L5 2 110723-201413, 46
J£:99.6% ) s PVP K30 (P44 K 1F 25 B R A 5
MTT £ R & (VLR B A R AR A A BR 2 w41t
5 KGA311) ; —H JLEH(DMSO) (41 g 55 77 9 , € [
Thermo Fisher Scientific 23 &) ) ; A 4= 1% (FBS) . 0.25%
JER AR A 7 B R R AT A (100% ) \MEMadf 773
I [ 32 [E Gibeo 23\l 5 RN 2 G 34 R i 4l , 4yt
IRl K R Al .

1.3 4Hp8

NI 20 HepG2 W [ v BB} 58T it A= B Be 24
AR/ IS
2 HEEZER
2.1 GA#RFIRHI&

K A B FUTVE -8 Ve T8 1 4 4l Kok . R
PVP K30 40 mg, J7K 20 mL fift 375 ff , il BUES E 71 FRHX
GA J5URF 245 50 mg, % T H % 5 mL # , 15 GA-F B,
#H o FEBREKMT B ERFER 20 mL & T #E 11
FEACH, BL3 000 v/min 6+, BEJS 4 GA-HI i ik 2218
A 4R2A R 10 min, 15 GAGPKRIR B . ¥ Bk
TR BE 3 I 0 e 4 2 R 1/3, 28 i T
RIS GA 94K AH7 78 mg.,

2.2 GAYKRIRIFRAE

221 X BTS04 B FREL GA I kL2 . PVP
K30, “2.1730 T firifil GA 40K ki 4% 50 mg, B, i 200 H
o IR R A58 i, B AR A R XS4k
ARAOTHEHSAGIN A S0« Cu-K FR 5T, 47 SR {0 2%, 0/20
LA, R 40 KV, HUIE 150 mA , $793#555# B 8°/min, 4
10.020, FHH VL Bl 3°~40°, 453, GA JFURI 25 7E 5.6°
6.8°.9.8°.13.8°.14.6°,15.1° 17.5° . 19.8°4b H41 47 &5 58 £
S, I LI AR IARTE A AE (ILIE TA) s PVP K30 /L 7E
11.7°,20.4°4b A 1S VRELAT 06, - B PVP K30 L TG
SERIEAEAE (UL 1B) s 75 GA Ak R i ST KIS, GA
FARAE I T 2, AAE 19.7°40 B0 1 AN TR BAT B0, $2R
GA M RE PVP K30 BB T8 B AH (WL 1C) .

222 ZAMEIESHT A RIFRELGA RN  PVP K30,
“2.17I N Frifil GA 9K KL 4% 5 mg, fift T8 BLH-21 ARt
AR . R A i HEYE T 4 000~650 cm ™,
SEEERE A em T HATREL 16 K. 45, GA IR R TE
3434 cm '(FRHL) 2945 cm (WHIKE) (1701 em (R
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Fig1 X-ray diffraction patterns
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1651 em 'CHHL) (1 285 em ™' (UKL ) b A BH (B AR AIF Uik
(UL 2B) 5 I AE GA GOKRLINLLAM GG, GA JEUR 24 1
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2.2.3  ZEARFIREAIINT 23 BIFRIGA J5URL 2 [ PVP

HEZED; 2020 455 31 5 131

K30, “2.17 300 45 1) GA 9K ki 45 3~5 mg, LUAS il H
BRERE IS SR F 25 m A B AR TR . A ) S
T HETE R 30~320 °C, FHL#E 2 10 °C/min, 455,
GA J5URHZ57E 295 °C Ak ] UL BH 52 i g P 0 o 0 ( DL [
3A) ; PVP K30 7E 106 CAbAT 1 -4 58 i W $A4 0 ( L[]
3B) ;s GA G KA U JC BH S 475 ri 0, {HAE 69,187 “CAbAT 2
AN TE H I TRUE R T B AR T i (LI 3C) o
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2.2.4 RIPESMHT A BIFRECGA JFoRHZY 2.1 100 R BT
GA 9KKi45 5 mg, FHIE /KRR IG , (50 F48 K A B A
S S HORE AR o B RRAE ST E 3. A5, GA R
L2 (RS- Yk 4% R (2 592.33 + 207.51) nm, 4 ERIg 5 H
0.15 + 0.03; GA g4 K i (4 F- ¥ ki 42 4 (194.88 + 23.52)
nm, PDI 4 0.24 + 0.04, £ W] GA 5 PVP K30 JE i T 44k
Wi, FORLRE A5 LA 4,
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2.3.1 il slE @I AQ-Ciw(250 mm»4.6 mm, 5
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passing, %
O N 0O
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10 pL,

2.3.2  VETRMNIA X HE SRS T - RS AR GA X IR
i 50 mg , JH P 25 28 50 mL HHH AR T I
1 mg/mL X B I8 8 A3l V8 VA« 49 1 K 28 PR B
GA J5URN 2 K 40 K i % 30 mg, 7K 5 mL 875 (T % .
300 W, #5i% . 50 Hz) &b 3 20 min Ji5 , A v FIis e,
T 37 CHEIRIR T 5 2L 100 r/min JRF% 12 h, Frig%
WS 30 min J5 , 220.22 pum SFLIERR g, BIAHER A
VW, BN PRI - BUPVP K30 38 i, 3% F R
VS WBC vk &, IS

2.3.3  LJRMEIRE  BUGA X IR AAR (BL2.3.2" 1 F
GA XS RE SR 28 R T S AR A, Jo B 4 50 pg/mlL)
GA G VS VR L P X BRI TR A i, $2°2.3.17
TUT g% A FEREIE e SRkl . 2558, GA XTRE &
e FLA K TE AH ] £ B8 B 1] 4 359 AL i e il | L
PVP K30 X & s A o T4, FEULIET 5.
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2.3.4 ARUEMIZERYZE ] KPR R IC2.3.27 0T GAXTHR
mn A VR T, Y F A R, T AR SRV B 40 1000
500,200,100.50.,10.5 pg/mL ) GA ZR 5 bR I, T&
“2.3.17WUN IS AR E i RIS AR, ARFINAY)
Jo BV B (x, pg/mL) S AL bR 08 T AR () Ay Al s 2
AT S M WA, #5105 J5 72 8 y=12.63x — 57.67 (R°=
0.998 4) . 455, GA K5 I Jox 2 Vi JBE 1) Ze 4 3 [ kg 5~
1 000 pg/mL,

2.3.5 FEMPRSE R BUC2.3.47 00N AR R 50
ng/mL [ GA FRifEOE £ , A e, DAE IR L 3 1,
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10 = 1 433 5346 D B P 2 o
1 pg/mL, EmE M 4 pg/mL.
2.3.6 KBEIRK HEREC2.3.2"0 F GAX IR
W 2 mL, RS E 25 % 10 mL B, 8o B ik i
4200 pg/mL AFRUEE IR, 35 “2.3.17 0K (435 45 i 4k
PRI AE 6 R, 0 W AR, B 5RE  FE . 45 5, GA I
THIFAAYRSD 4 0.32% (n="6) , WU 2 G E BT,
237 BEMIRKE B GA 9K R 6 4y, 2 W%
“2.3.27 TN 7 ik A AR A TR, FE 2.3, 17T R (A
S HEREDN AE 0 SR VTR, Fe bR E I 27k GA
o AR, GATEMRSD N 1.26% (n=06) , A I 1k
HEEVERL

2.3.8 FEMIRE  BGA GRS &, #2327
D i A R R, 0 ) TR R R 0.6.12.24.48
72 h 2.3 17 3 335 S5 AR DN A, 1 sr DA TRT AR
25 GA ISR RSD M 1.17% (n=6) , Ze Wit i v
WTEZ IR TR 72 h N e BT

2.3.9 JFERIMCEIRES  AFEAREC S R GA 9K
W, 9 £y, 43 il CU AT D 120% . 100% 80 % Ji
N GA XF B &, R B2 25 2 10 mL, A5 AH B 7, 75
F“2.3. 17T BRI E | 0 s AR IR
FERISCR . G55 N[ROSR AR Sl A1 28 [T 05032 4303 oy
98.78% .98.89% .98.84% ,RSD #4/NT 1% (n=3) , £ I,
1,

Ro 2558, GA MR ER Ay

F1 MELRKRREER(n=3)
Tab 1 Results of recovery tests(n=3)

GokkifibeE g CHEmg WAE,mg WEEmg MR @ THEEE,% RSD, %
1496 239 191 428 98.95 98.78 0.79
1497 239 1.9 427 97.92

14.93 239 191 429 99.48

14.95 239 241 478 99.17 98.89 049
1492 239 239 474 98.33

14.96 239 241 478 99.17

14.94 239 288 524 98.96 98.84 0.88

14.95 239 287 5.20 9791
14.93 239 289 527 99.65

24 BRENNE

I GA JEURHZ FI GA G Kb 4538 1, $4642.3.27 T
5 Bl 5 BRI, PR 2.3 17T (538 A R AR 4y
M iC s AR . DAARER R 15 GA & IR A
i B < VS A FE (pg/mL ) =V et A AR AR o BRI
SEATINE 3K o 45, GA JFURE 24 78 K v i v i
(1.05 £ 0.01) pg/mL; il 544 KK S5, GA BY ¥ fit
(250.00 £ 0.15) pg/mL, $E/R QK RLXT GA 38 1 RCR
A .
25 HAEMNE

K5 FRE GA 93K kE 5 mg, 3434y, T H B 5 mL, #2
“2.3.27 U A R IR A T A B 2,317 0
R LSRR, SR bR R
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iR R AR (%) =moye/m ¢ x100% (X,
M s o 50 R TS GA FI GA G4 KR G I 1) ™, &%
A, 30 GA 9K KLY 28245 12 43 91 o8 16.01% . 15.92%
16.03% , F-¥9#8 245 7 15.99% (RSD=0.06% ,n=3) ,
2.6 GA GRALEI RSN BRI i R 5

FHIMTT HEE o ¥ HepG2 47 T MEMo 52
AR (RIS 109% FBS . 1% 4 %5 £ IR S W1
MEMadfi 558, N & 955  faae B2 k. gt
Je A BRI B AN, 4% 1.0x10°4~/mL L 100 pL/AL
R 2 96 FLARH , BT 5% CO,.37 CH M5 7544 b 1
F% 24 W), B SR 5L N 0.5%FBS 1 MEM ok 35 3,
PEE LI, A BB AL 53R 25 TR R (DMSO) Filh 24
2H (GA JFBHZY K AU KL IR 2 FE 3 3l 3408 12.5,25,50
100,200 pmol/L , Lk GA T ; 7l it 1% B 5 %5 A UL 2 1iij #H
T2 R B i 255 ) , R 3R L. W3 b
T, 25 0 BB 2 A %5 0.19% DMSO ) MEMo5¢ 4 1%
FRHE 100 pL, #4525 25 UM AH N 2599 ) MEMoSE 4215
FRHE100uL, B T 5% CO..37 CHUNNLIE 4 h 35 95 24
h; [ 4L A MTT IR 50 uL, F 37 CHFE 4 h; 35
FIEWR, &L A DMSO 150 pL, 37 ClERIEY
#a L 500 t/min JR4E 5 min J5 , SR 22 D REGLFLARAS I
AT 490 nm KA &AL 2 B (OD) (. FiRi
B 3. LA AN HRAL N 1009% , THE 4 A7 %
AFIE (% ) = (45 259 41X OD /25 (A X} B4
¥JODME) %100 % , Hit 52 Bk 22 (1Cs)

¥ H] GraphPad Prism 5 84 X 548 #4758 11537 -
THE TR DL x + 5 Fom, R I0] AR A5 . P<<0.05
hZEFAGITEE L SRR, 5 X A T,
GA JFURE25 200 umol/L 41 Fl GA 49Ky 45751 1 20 1 41 i
TG R B BT, H GA 9Kk 4 (B 12.5 pmol/L 41
Hh) BT R R GA TR 25 2H (P<<0.01) ; GA J5URHZY
Ko 40 K60 i TCo0 {53 5914 364.4.86.3 wmol/L, i & 42 i
HIA2H5 . GAJTRLZY K 4 KRR HepG2 4 il i) 41 il
VEFR DL 2, Wi i il i 26 DL IET 6.

R2 GARMZARMKHIIT HepG2 LBAERIIMNHI1E B
Tab 2 Inhibitory effect of GA and its nanoparticles
on HepG2 cells

it MR, % || A MFIEE, %
SRR 100 GAUVKKIILS pmol/LAL 9435+ 115°
GAJERIZS12.5 wmol/L 9548850 GAZPRALDS pmol/LA] 7338£1.197
GAJFKIZ)25 wmol/LA] 9731£1.03 GAZARHRLS0 wmol/LA] 8853018
GAJEEHZE 50 pmol/L4L 100.89+134 GAYPKHE 100 pmol/L4L 4036+089°
GAJERIZE100 pmol/L4L 94.86£3.79 GAYPRAL200 pmol/LA 991 +0.88"
GAJEERZ200 pmol/L4L 80.01 262"

TE 525 I BRI EE, © P<0.01; 5 GA JFURHZG 40 e ds, "P<
0.01

Note: vs. blank control group, ™ * P<<0.01; vs. GC raw material
group,”P<<0.01
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Fig 6 Inhibitory curves of GA and its nanoparticles
on HepG2 cells(n=3)

3 itig

TN K Ji& o 2 ik R GE i ESE AR 1 10
(4 S B AT 1] o R, IR B9 I PR IR 7 LRI T7
LIRS BT ARG ST, TR AR T R
JRIRTT h A TS A AR B B AT ki A7 24
P it R A DR R BE S 3w v G ] AN EE A e
IJ_—T[lBIO

GAEWIEYEZ A Nz  AH il Tz S WL
AR A T e 2 AL R, A2 31 7 — 2 R BRAG. hyksE
GA 75 fi B AN A= R BE , S H S RS “E A 5770 26
B E N A7 30T T 2207 TR B RIS, 6 IRy
7R YA AR R 27 A R O™ R FLIR -k O IR IL IR Y
(PLGA) {3k IR BRBEE ™ i ST TR0 A ER 1] A
JIR TN KR 155 o 2 PE B AN AL ] o 2o A T 5 BEAR,
FEMER PR E i IR 02D (AN 5 A LA fie
S BRAFUER T ALK GA A AL PVPAE
o —Bh G KR R TS Y, BA I R A PR
P, AZ 5 ARG, R HAT I R B A= A A
Je— P BAR AN AR E ™ R, AW ST 1B ]
(1 PVP K30 Rk btk

590 SO I i e TR 38 Sk AR RES R AT L, S
FIVCHE R B A RACAE AR R A D0 AT, TR I ik AT i
IR B R TS PR R A L4, e —Fh i
(25 W AN KL 28 TR SRS SR DU A A
LO, PSRN T Ve VR TR A AL BEAR B DUORIE ] 5
ARSI I3 AT 5350 L] 5 GA ZRRL I 2
filt b AR ] X ST 1 LA 24
R OREEE 73BT A5 5 10k I AR AN AR A T AT s SR
HPLC LN 5E T GA JFURFZY 55 40 KR (138 A 2, 5[] i
ME T 9KHRL A GA Y205 ; [R]I, SR I MTT 3% He A%
T GA JFURL 28 5 90 KRk A 48 i HepG2 248 it 4 5
AR

5N AW I GA 98 KR GA 9 X T4k
A7 555 R A 0 RN 2L /MRl W WA 0 P 2R R R e A 2 Bl
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A5 GKRE R AR R (194.88 + 23.52) nm, fIK T U2 (1)

(2 592.33 £207.51) nm;PDI }70.24 + 0.04, & TR 2511

0.15 + 0.03; QAL V-3 20 2 1y 15.99% , Vs ik s vl it

B25159(1.05 £0.01) pg/mL F}%(250.00 + 0.15) pg/mL.

PG IR 36 45 SR /R, GA JEUREZY 200 umol/L 26 il

GA K ki 4877 41 (12.5.25 .50 ,100, 200 wmol/L) f9 41
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