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Preparation and Pharmacodynamic Study of Dihydroartemisinin/Cetylamine Coupled Prodrug Self-Assem-
bed Nanoparticles

REN Guolian, WANG Rongrong, JIN Qiuyue, PING Canqgi, WANG Ruili, ZHANG Shuqiu” ( School of Pharmacy,
Shanxi Medical University, Medicinal Basic Research Innovation Center of Chronic Kidney Disease, Ministry of Education, Shanxi Pro-
vincial Key Laboraiory of Drug Synthesis and Novel Pharmaceutical Preparation Technology, Shanxi Engineering Research Center of
Characteristic Drug Development, Taiyuan 030001, China)

ABSTRACT: OBJECTIVE To design and release dihydroartemisinic ( DHA) prodrug with long circulation ability in vivo by the
stimulation of tumor cell microenvironment and improve drug accumulation in tumor site. METHODS DHA was covalently bonded to
cetylamine (C16) carriers via disulfide (—SS —) and carbon-carbon bonds (—CC —) to synthesize two DHA/C16 coupled prodrugs of
DHA-SS-C16 and DHA-CC-C16, which were formulated as self-assembled nanoparticles ( DHA-SS-C16 NPs and DHA-CC-C16 NPs)
by nanoprecipitation method. In vitro cellular studies were performed to assess the NPs’ capacity in inhibiting the proliferation of 4T1
cells. Additionally, the pharmacokinetic behaviors in rats and the anti-tumor activity in 4T1 tumor bearing mice of NPs were also stud-
ied. RESULTS DHA-SS-C16 and DHA-CC-C16 were successfully synthesized. The particle size and Zeta potential of DHA-SS-C16
and DHA-CC-C16 NPs were (115.7 £3.0) and (106.6 +£1.0) nm, ( -34.5£0.4) and ( —=21.3 £0.5 )mV, respectively. The
average encapsulation efficiency and drug loading capacity of the two DHA/C16 coupled prodrugs were greater than 95% and 79%
respectively, demonstrating good stability. NPs could inhibit the proliferation of 4T1 cells and reduce their migration ability. The phar-
macokinetic studies showed that NPs prolonged the average retention time of DHA and enhanced the AUC of DHA to certain extent.
The anti-tumor effect of DHA-SS-C16 NPs was better than that of DHA solution and DHA-CC-C16 NPs. CONCLUSION The self-as-
sembled nano-drug delivery system designed in this paper, which utilizes disulfide bonds as connecting arm for DHA/C16-coupled
prodrug, is capable of prolonging the retention time of drugs in the body, enhancing the accumulation of drugs at the tumor site,

achieving responsive drug release in the tumor microenvironment, and improving anti-tumor effect. Furthermore, it also enhances the
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quality of life of mice. In conclusion, the nano-drug delivery system presents a promising long-acting and intelligent approach in drug

delivery.

KEY WORDS: : dihydroartemisinin; cetylamine; prodrug; self-assembled nanoparticle ; anti-tumor
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Fig.1 Synthesis routes and HR-MS spectra of dihydroartemisinin/cetylamine coupled prodrugs
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Tab.1 Particle size, PDI, zeta potential, EE, and DL of DHA-SS-C16 NPs and DHA-CC-C16 NPs.n =3 ,x +3

Prodrug Size /nm PDI Zeta potential/mV EE/% DL/ %
DHA-SS-C16 115.7 £3.0 0.24 +0.02 -34.5+0.4 96.1+1.2 80.1+1.0
DHA-CC-C16 106.6 1.0 0.14 +0. 03 -21.3+0.5 95.3+0.4 79.4 +0.3
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Fig. 2 Appearance and TEM images of DHA-SS-C16 NPs and DHA-CC-C16 NPs (A, B) ; Changes of particle size distribution, size,
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Formulations

ICs50(48 h)/umol + L= 1C5((72 h)/wmol + L~!

DHA-sol 2.60 +0.22 1.25 £0. 04
DHA-SS-C16 NPs 2.78 £0. 12 1.80 £0. 17
DHA-CC-C16 NPs 3.04 £0. 11 2.09 £0.05
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Fig. 4 Effects of DHA-sol, DHA-SS-C16 NPs, and DHA-CC-C16 NPs on migration ability of 4T1 cells after 24 h incubation( x 100)
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Fig. 5 Mean concentration-time curves of DHA (A) and DHA coupled prodrug (B) in rat plasma after intravenous administration of

DHA-sol , DHA-SS-C16 NPs, and DHA-CC-C16 NPs. n=3,x £

%£3 KR RIS 63 mg DHA - kg # DHA-sol,DHA-SS-C16 NPs 1 DHA-CC-C16 NPs 24 h % i1 % # DHA #1 DHA/C16
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Tab.3 Pharmacokinetic parameters of DHA and DHA/C16 coupled prodrug in plasma of rat after 24 h intravenous administration of
6.3 mg DHA - kg ™' of DHA-sol, DHA-SS-C16 NPs, and DHA-CC-C16 NPs. n=3 % s

DHA of
DHA-sol

DHA of
DHA-SS-C16 NPs

Parameters

DHA-CC-C16 NPs

DHA of DHA-SS-C16 of

DHA-SS-C16 NPs

DHA-CC-C16 of
DHA-CC-C16 NPs

AUCg4/ng - h - L~!
AUCy/ng + h - L-!

857.59 +103.74
228. 65 +49. 66

6 196.56 +1 388. 80
6 248.25 +1 393.57

MRT/h 0.29 +0.03 1.67 +0.24
CL/L-h~"-kg~! 6.84 £0.76 1.06 +0.29
V/L - kg ! 2.27£0.19 1.39 +£0.55
t1/h 0.23 +0.01 0.9+0.13

18 206. 48 +4 435.52
18 673.1 +4 439. 04

76 981.85 +20 199. 58
77 020. 37 +20 190. 81

5175.46 +3 849.09
5 346. 44 +3 766. 41

0.34 £0.03 1.32+£0.29 0.35 +0. 11
0.36 £0.1 0.21 +£0. 06 3.96 +3.01
0.12 £0.03 1.77 1. 18 0.16 0. 06
0.23 +£0.02 0.52 £0.07 0.26 +0. 13

3.7 MNERBAHGRFEFRR

AT {8 /N U #8 k£ 44 DHA-sol, DHA-SS-C16
NPs I DHA-CC-C16 NPs Ji5 , SR AR FR A4 F0 95 A
K- (H&E) Yot 5 IR 6, A B K L b Hp4k
(BT 2 S S U R NN O 3 L 7 NS R i |
(1244.82 £237.62) mm’ , HiAth 3 £ fRa A K W 48 T
AEFEER K 21, 3B 25 B DHA-sol, DHA-SS-C16 NPs
Fil DHA-CC-C16 NPs [i 8 {& 1 4% 51 o (759.21 =+
174.17) (516.6 +148.84) F1(893. 13 +98.945 79) mm’ .
2 i DHA/C16 {HEXETZG NPs 4/ UM AR K 2
B B B, HL DA R B R % 2 ) DHA/C16 1)
XA 24 NPs 4111 iy 7R B EG DA B B hy 32 422 8 1Y)
DHA/C16 {REEETZ NPs 21 b8 /R BN, B e
BOR XS 84 (B 6A) o A2 IF iR 15255 8
d, &4/ R 5 s 2 JE B B A1k, B NPs X/

2360 -

Chin Pharm J, 2024 December, Vol. 59 No. 24

R BN (E 6B) . AL HEE YL a2
RULE 6C, i & 6C AT N AR HEER K 41 F1 DHA-sol 4
B/NERZE 45 I8, B /NI R, G, 52
] 241 0 S5 bR HE 5 AN BH I, b 98 4 e %8 4 O3 A
DHA/C16 B HT 25 NPs 26 /)8 50 B AT I L 6
It AU A D P ik 2 245045, H DHA-SS-C16 NPs
b3 /)N BRI R 40 A IR S ] R

IRZERFH] 2 B DHA/C16 {HEkHi 24 NPs if
7 21T 350 g (AR FECEE /DN e 2B 1 TR TR, (R N
PR VR TR , 302 B TR il 45 19 NPs SRR AE
ST, JRIUE T NPs R A7 FS e M, i - AE EPR fE
MITFEASEMRENER . HEE N, —Hik
HIAFTESE DHA-SS-C16 NPs HA 5 i 3 FAH XA
HI IR LR 25 & RN B TT , #2755 1 DHA (R3RY7 4
B, BA VTR R i PR AN EL

rfE 25 2 2024 4F 12 A 59 55 24 1)




e —v— Saline A
—a— DHA-sol
12001 —e— DHA-CC-C16 NPs
. —4+— DHA-SS-C16 NPs
£ 1000+
£
3
g 800
)
g
o 600
<]
5
= 400
200
o &

DHA-CC-C16 NPs

DHA-SS-C16 NPs

WA AP (HE) e (C) B f, n=6,x%s

Body weight/g

6 ATl #7958 /N BB ¥ Fk i 57 DHA-sol \DHA-SS-C16 NPs #7 DHA-CC-C16 NPs )& fiff # 1K

—v— Saline

—a— DHA-sol

—e— DHA-CC-C16 NPs
—a— DHA-SS-C16 NPs

251

R(A) VRRE(B) fof B 48

Fig. 6 Changes of tumor volume (A), body weight (B), and HE staining( C) of different tissue sections of 4T1 tumor-bearing mice
treated with DHA-sol, DHA-SS-C16 NPs, and DHA-CC-C16 NPs at 10 mg DHA - kg ™' via tail vein. n=6,x +s
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