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PR 25 £ 5 GA-DTX-NGO/IONP-NPs, =T 4 it 5 # 7k A0 T7 BRA 8 7 F B — & G B 1R 4%
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Preparation and Characterization of Glycyrrhetinic Acid-modified Docetaxel Magnetic Nanoparticles
WANG Shasha, CHEN Jiaqi, WANG Huahua, HUANG Shengnan, JIA Yongyan,ZHU Xiali(School of Pharmacy,
Henan University of TCM, Zhengzhou 450046, China)

ABSTRACT OBIJECTIVE: To prepare Glycyrrhetinic acid-modified docetaxel magnetic nanoparticles (GA-DTX-NGO/IONP-
NPs), and to evaluate its physicochemical properties. METHODS: Magnetic nano graphene oxide (NGO/IONP) was chosen as the
anti-tumor drug carrier, docetaxel (DTX) as the model drug and glycyrrhetinic acid (GA) as the target molecule. Firstly, NGO/
IONP was synthesized by hydrothermal method and GA-CS was synthesized by amidation reaction. Fourier IR spectrometer, DSC
and vibration sample magnetic measuring instrument were used to characterize NGO/IONP and GA-CS. GA-DTX-NGO/IONP-NPs
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were prepared by the ion gelation method. TEM and particle size analyzer were used to observe and determine the morphology,
particle size and Zeta potential of GA-DTX-NGO/IONP-NPs; the ultrafiltration-centrifugation method was used to determine
encapsulation efficiency and drug loading amount; the magnetic properties were investigated by investigating the state with or
without external magnetic field; the photothermal conversion test was carried out with laser irradiation of 808 nm. RESULTS: NGO/
IONP and GA-CS were successfully synthesized, and NGO/IONP exhibited superparamagnetism characteristics. GA-DTX-NGO/
IONP-NPs were spherical under TEM, the particle size was (262.8 +4.23) nm and the Zeta potential was (13.6 £ 1.51) mV. The
encapsulation rate and drug loading amount were (94.29 + 0.50)% and (17.12 £ 0.12) % , respectively. GA-DTX-NGO/IONP-NPs
were black in appearance and evenly dispersed. Under the external magnetic field, the magnetic nanoparticles could move
directionally, showing good magnetic properties. GA-DTX-NGO/IONP-NPs showed a good concentration- and time-dependent
photothermal conversion effect under 808 nm laser irradiation. CONCLUSIONS: GA-DTX-NGO/IONP-NPs are successfully

prepared. This study could provide some theoretical basis for the combined treatment of magnetic heating-chemotherapy for liver

tumors.

KEYWORDS Magnetic nano graphene oxide; Glycyrrhetinic acid; Docetaxel; Magnetic nanoparticles

R e 5 NSl B 0 B R 2 — U, AR
S, — Fiad 3 15 Pk 94 K kL F (Magnetic nanoparticles,
MNPS) % # 1 F 0 1% #4977 1 (Magnetic hyperthermia
therapy, MHT) 52 | Ak Z A58 2% 35 (1) &Y, MHT 38
e iy ML) 5 28 AR 1 3 PT LA iF5 5 MINPS 7 g Jo kL3 407
FER R R TR B 42~46 °C, {H A5 457 5 B OE H 4
2R YK S AL A 3297 (Nano graphene oxide, NGO)
MURE A AV 25 R (A 3R s R A A A
KRG e PESR AL s, ES R I REL I NGO Hr, &0k
TR BHE IS 09 NGO RE R 94 K SR A A 2545 (NGO/
IONP) CAE ARSIk 25 BUARZ 2] T AR

Z VU2 (Docetaxel , DTX) J& T A2 ke 25 hi e
259, BA BRI PR A Bk vE 22
PR il = e A ) R B UER (Glyceyrrhetinic
acid, GA) 2 AZ G i 25 T B v R AR Wy H RE R %) — i
JUY WEE R B, GA HAT RAT AR PR, 4
TG, AWFTE LA DTX S BB 25 ), GA & 1ii 1) 5¢ 2R b
(GA-CS) Jy FELER AN RL, R FH B T BE A ALk il A —F
IFi] Bif 1, & NGO/IONP . DTX 1) 4 14 44 K B (GA-DTX-
NGO/IONP-NPs) , F£- x5 HHEATHAE , o T e i g -1k
ITIRETRIT RIS

1 ##
11 g

METTLERAE240 #7432 —KF- .DSC 1 STARE
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Eppendorf /A H] ) ; COS-30 A BY FL25 44 (i #R L
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GA JFRG (R DL LRI B A BR 2 v, L5
405310, 4% . >98% ) ; DTX JFURN 2 (i A= Wik
AR E] LS C338774, 40 . >98% ) ; KA A 58
I (P . SR BHE A BR A /] L 15 : JC181213) s N-72
SEBRHAME i (NHS ) L CS (g F Ak A= W RHE A BRA ]
#t5 . RT19U311, RA2017L712) ; N, N- — H 5t HH ik fiz
(DMF) | = RBERR N (R Bom Ak 2% 0 A BR A ] it
3:2010082022,2017112022) 5 1-Z, Jk-3-(3- . HI G JE N
o) Bk W e iR R (EDC-HCI, by Bk TR AR
5] S HF1160624) 5 BB DI S5 H v i 35 2 43
Bréli, K ARk
2 HEEHER
2.1 NGO/IONP K. GA-CSHI& X
2.1.1 NGO/IONP & R IR 6 . FR
HUNGO 20 mg, A Z —FE-— L - (1:19, VIV) IR &
VS 20 mL, 875 (12,500 W, 4% : 40 kHz) 30 min, T
DAL 75 (T4 : 80 W, 451 % : 20 kHz) 5 min, HIKFR
IS R4 0.3 g \FeCls+ 6H,0 0.108 g A F iR b, i
FEVS IR 5], B S (SRR B R E T
200 C il H A FE SN 10 W 2 B85 R, L5 000
r/min B0 AL FE 10 min, JLIE I TCK 2 EEFIIK 20K 5%
Jei Vo VR T B S B €4 [ /& NGO/IONP, LA It A Jit b i
2iEAA
2.1.2 GA-CSHIH R Rk IO A5 i GA-CS.
HLCS 50 mg, % T 1% BE R WK 10 mL H, 4 C R CE o
L e 4. FRELGA 12.5 mg % T DMF 5 mL
o, fin A NHS 4.59 mg. EDC - HCI 7.65 mg J&7 7K ¥ 30
min, VK25 0I5 K G T 22 12 T i 21 CS VT, & I

FPEZG 20204555 314555 1940



RN 6 h, SRJGTE 80 °CF RN 48 h', [ W45 s i
A (50 mL) PSR , T 6 h AZEAERRZ%, L 3 000 r/min
250 5 min J5 775 B3 DU KK O L ke
TL2S T RIASIR 8 €5 8 /R GA-CS.

2.2 NGO/IONP % GA-CS HJFR1E

2.2.1 IRFEME 535K NGO NGO/IONP L) K2 CS .GA .
GA-CS S5HALER A5 (1:100, m/m) , JE R, 2K FH IR ¥
XF R B AE AR A T RAE 5 R L 1 K2,
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Fig 1 IR spectrums of NGO and NGO/IONP
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g R 5E 4 It 21 B v (NHCOCHS ) Fé Tk iz W Wi i, 1 596
em A H IR v (NH. 38 ) 25 i iR s W e . 72 GA 1Y
IR JEEH, 2 947 em ™' 4b H B Av (CHL 3 {1 45 4% 5h W%
Wl . 7E GA-CS W IR 35 &t HHBL7E GA 3% h 2 934
cm ' FICS EiEH 2 881 em ™ Ak Y BR A v (CH, 25 ) 0145 ¥
I 1 662 cm ™ AbBERY (C=0) IR g 345 , 1 563
em ™ AR v (NH. ) 4R 2 W et 55 , I Ak i (1) A
HE MR, 578 GA-CS & e
2.2.2 DSCFHEME X} CS.GA.GA-CS LK GA-CS ¥y #
RAY FE oA 1 D) T DSCHH, IR R 30~
400 °C, 25 R ILIE 3,

H I3 AT, CS 5 GA R 45 H AN 1R W #1544
I, GA-CS Wy PR 5 Wy vh B — 8 LRI AR AR . T
GA-CS 5 GA-CS VIR & Wi IE 52 4 AN, 5 CS M
Fe A r el AR, 3XUE R GA-CS BN & A% -
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2934 2881
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2 h, ISR, RIGEEE NHFER FEIET, K TPP /K
VT (1 mg/mL) B2 IABROF , EE ARk 6
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BRAAIA)
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2.4.1 KK ME  FRECDTX 2.01 mg, I B
R EZAE 2 mL, 155 W 1.005 mg/mL Y DTXE”
B B R I A VR T, i P AR R, T T vk By
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FR AR R A28 KR i v . DA B R 25 ot
FEGEATRIZ, 4 BB | 3 2 AR 5 8 T 200~500
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Fig5 UV-visible absorption spectrums
H 14 5 AT 1, DTX B9 fe R 1K 230 nm, 25 1
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FETC T, SO PRI K 230 nm.,

242 ik EE (1)L RH L N HE W
“2.4.1730F DTX V28 W38 f , i HH s ol A B il o it
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W, IF T 230 nm iR AN I e H OGRS . DA DTX T vk
JFE R AR AR (x, pg/mL) OGRS AALAR () 4 T4k 1B
9, 15 DTX 4 [81 15 J5 #2 4 y=0.025x — 0.043 2 (R*=
0.999 1), ZEREFEM, DTX FE 5.02~40.2 pg/mL Jfi 7 ¥
JEVE RN DGR RAF . (2) HoAh 5 i 5 5% ¥ IR 2015
A L 24 ML) DU ) MR o A TR 9 B R MR
FERI AL, 451 R E e (0.2.4.6.8.12
h)  H & R IRE B RSD 43 90 o 0.81% (n=6) . 1.04%
(n=6).0.62% (n=06) ; fiK . H" .17 (6.20.40 pg/mL)3 >
Jo £ YR 5 1P B R [ 4 53 301 R 99.67 % . 99.90%
99.89% ,RSD 453114 0.16% .0.09% .0.04% (n=3),
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25.1 JEAME RS HEEILIEITIE . W
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mL, 28 SIK E 252 5 mL, IR A5, 6 24 FH 0 i 54
W SR B R e 0, 57 TR S T S f e B S
B R ILE 6.

K6 AT UL, 28 140 K kL FI GA-DTX-NGO/
IONP-NPs {45 RAF , RiAR 294 200 nm. 525 140
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AR YR B TEAN AR N A1, 283 RN AT RBJE B 480K
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B2k (262.8 + 4.2) nm, Zeta HL i Jy (13.6 + 1.5)
mV, HE7.E 8 UL, 7S 144 K KL Fl GA-DTX-NGO/
TONP-NPs [RiA5 A A3 A ¥ 53 5]

2.5.3 IR KB EME RO e
GA-DTX-NGO/IONP-NPs [ 4 B R FIzk 25 5 . K 2% W
B “2.3” 3 F GA-DTX-NGO/IONP-NPs 0.2 mL, Jill i &
PR L 0.5 h, AR5 AR TR B 25 22 5 mL, SR 58 4h- 1]
UL 435656 BE AT 230 nm I8 4 A3 R 15 R O 5 R
“2.4.2(1)" TR DTX [0l 4 75 B33 i h DTX R
HLACHN W e KEBIREL“2.3" 35 F GA-DTX-NGO/IONP-
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R 25 28 5 mL, [A] T 230 nm K AR 5 5 T W 6 RE
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JTHE, ICN W io ANKORE TR B H AR Hk i I 1 AR
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(%)= [(Ws— W)W :]x100% ; 8255 (%)= [(W s —
W)l (W o+ W )] 100% o 255, DTX 1 6 & %4
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Fig 9 Appearance of GA-DTX-NGO/IONP-NPs with
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