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Abstract: Objective Oleic acid (OA) was modified onto the hydroxypropyl chitosan (HPCS) molecular chain through grafting
reaction to synthesize the HPCS/OA polymer carrier. Cannabidiol nanomicelles (CBD-HPCS/OA-NMs) were prepared and their anti-
tumor activities were studied. Methods Taking particle size, polydispersity index (PDI), and Zeta potential as evaluation indicators,

the preparation method of blank nanomicelles of HPCS/OA was screened by single-factor experiments. Its structure was characterized
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by nuclear magnetic resonance hydrogen spectroscopy ('H-NMR) and fourier transform infrared spectroscopy (FT-IR), and its critical
micelle concentration (CMC) was determined. CBD-HPCS/OA-NMs was prepared by dialysis method, and its key physicochemical
properties such as particle size, PDI, Zeta potential, encapsulation efficiency, drug loading and solubility were determined. The
morphology was observed by transmission electron microscope (TEM). The in vitro stability and drug release of micelles in simulated
physiological and cell culture environments were evaluated. The biological safety was investigated through hemolytic experiments.
The inhibitory effect of CBD-HPCS/OA-NMs on the SKOV3 ovarian cancer cells was evaluated by the CCK-8 method. The uptake
of CBD-HPCS/OA-NMs by SKOV3 cells was analyzed by fluorescence microscopy. The effect of CBD-HPCS/OA-NMs on the
migration ability of SKOV3 cells was investigated through cell scratch assay, and its anti-tumor effect was preliminarily clarified.
Results The HPCS/OA polymer carrier was successfully synthesized. The optimal prescription process is as follows: OA dosage
0.6 mL, reaction time 6 h, and reaction temperature 60 ‘C.The CMC of HPCS/OA blank nanomicelles prepared under this condition
was 0.010 2 mg-mL ™. The CBD-HPCS/OA-NMs showed a regular spherical shape under TEM. The particle size, PDI and Zeta
potential were (194.80 + 1.2) nm, 0.27 + 0.01 and (39.13 + 3.46) mV, respectively. The encapsulation efficiency was (72.85 + 0.37) %,
and the drug loading was (29.14 + 0.21) %. Its solubility in water is 290 pg-mL"!, which is 743 times higher than that of free CBD.
Stability test results showed that CBD-HPCS/OA-NMs had no significant change in particle size after 168 h storage in simulated
physiological and cell culture environment (P > 0.05), indicating good stability of micelles. The hemolytic test results indicated that
CBD-HPCS/OA-NMs had a relatively low hemolysis rate and good biocompatibility. The CCK-8 results showed that the blank
nanomicelles of HPCS/OA had no cytotoxicity. The median inhibitory concentration (ICs0) of CBD-HPCS/OA-NMs on SKOV3 cells
was 8.51 ug'mL™! after 24 h of administration. Fluorescence microscopy observation confirmed that the uptake efficiency of CBD-
HPCS/OA-NMs by SKOV3 cells was significantly stronger than that of free CBD. The cell scratch assay indicated that the inhibitory
effect of CBD-HPCS/OA-NMs on the migration of SKOV3 cells was significantly better than that of free CBD (P < 0.05). Conclusion
The CBD-HPCS/OA-NMs prepared in this study can effectively improve the water solubility and stability of CBD, and has both good
biological safety and in vitro anti-tumor activity.
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HPCS/OA ZFHAKIRH, HLHI CMC. Fift.
PDI fil Zeta FHLA7 485 1) 5200 o

241 JRMRBEFEE  [EE RBINE] 6h, OA H=
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(IR, SEIGSE BRINE 1 Fis. St 40 Tt
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[B) PRI AH B R AR B, gk ot Jie AR B TR i 5 A
SEFEAEAERRY, YR BHREEN 60 CHRERIAR RN
SrEUERET Zeta FUALIIAENHE K, IEES CMC
49 0.020 4 mg-mL™!, FifEAy (149.004+2.56) nm,
PDI 4 0.2740.03, Zeta H1£7 59 (40.56+1.60) mV,
BHRF R AR Ry, Kk, &R NEE RN

1 RENEEX HPCS/OA ZEEPRIRRAFM (X £s, n=3)
Table 1 Effect of reaction temperature on HPCS/OA blank nanomicelles (X s, n=3)

SN i L °C CMC/(mg mL™) HifE/nm PDI Zeta HLAL/mV
40 0.016 3 171.80+2.51 0.36+0.02 16.52+1.70
50 0.0321 154.50+2.52 0.35+0.01 23.59+1.30
60 0.020 4 149.00+2.56 0.2740.03 40.56+1.60
70 0.0125 162.60+2.47 0.3240.01 35.82+1.20
80 0.0430 179.80+2.45 0.3540.02 16.45+1.80
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Table 2 Effect of reaction time on HPCS/OA blank nanomicelles ( X £s, n=3)

& RIATE)%F HPCS/OA ZEBEYKIIRAEM (X X5, n=3)

SN [E)/h CMC/(mg mL™1) HifEInm PDI Zeta HLAZ/mV
4 0.0314 175.00+2.47 0.34+0.03 29.174+1.30
5 0.0253 162.50+2.42 0.15+0.01 29.22+1.60
6 0.021 6 161.20+2.41 0.13+0.02 36.55+1.20
7 0.0325 207.00+2.46 0.18+0.03 36.22+1.40
8 0.043 6 225.50+2.49 0.20+0.02 34.50+1.30

&3 OAIRKEN HPCS/OA ZAKEIRMZM (X £s, n=3)
Table 3 Effect of OA dosing rate on HPCS/OA blank nanomicelles ( X *s, n=3)

OA kL& /mL CMC/(mg mL™) iz /inm PDI Zeta HLA7/mV
0.40 0.0317 263.20+2.58 0.26+0.02 14.04+1.70
0.50 0.023 6 168.50+2.52 0.24+0.02 27.99+1.50
0.60 0.015 4 132.20+2.54 0.15+0.03 39.01+1.40
0.70 0.0728 160.20+2.56 0.33+0.03 27.59+1.20
0.80 0.080 5 253.50+2.57 0.37+0.01 25.49+1.60
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Fig.1 FI-IR spectra of HPCS/OA
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MR B Ak, 5-NHy B8 C-2 DUKARIE ) C-1.
C-3 b1 H 5200 88 23 MK nfe, idt— D4
INRAE T WG RN, UEB] HPCS/OA RE&H) T Ak
e o
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10 mL # 2K, ENEHRO; FREL S mg CBD #
T 10 mL oK ZEEH, BIEROQ. KiEHRQ%E
WA OT, HiHE 6h, IR SERER ZEN
45 (G BEAEXT 2> F R 8X 103~1.4X10%) 1, #
aliKFENT 1d, VKIBHEE S (450 W 40 kHz) 15 min,
28 0.45 um FAFLIEMEERL, WEIETR, HIfS CBD-
HPCS/OA-NMs , JE W it — & K T 14 CBD-
HPCS/OA-NMs ¥} £ .

2.7 CBD SEMNEEREMT

2.7.1 WSS H A RS REUE & CBD W
T, RS FERE N 1 mgmL!, BIfE
PORIGRTE RS

272 BRSOV HI & 4 ks B R X
HPCS/OA = YK H 5 CBD-HPCS/OA-NMs #}
K 1mg BT 10mL 24, A 1 mL 4i7KEEE
G e 2, B2 A 90K a0 i i
CBD-HPCS/OA-NMs s fh 7K

273 i KA Athena C13(250 mm X 4.6 mm,
Sum) il AN ZHE-0.1%FER (80 1 20);

R 210 nm, A3 30 °C, ARFARTE 1.0 mL-min !,
HEFE R 20 L.

274 LJEMEEE 4 HE CBD X RS fif 25 R0
HPCS/OA 7 HAKIRH AR . & HIEH]. CBD-
HPCS/OA-NMs HER S AEW, %R S g 25 25
HATFRE, {E CBD MJREIKEA 20 pg'mL'. #
M2 0.22 pum A HUFLIERES, 4% “2.7.37 TR
IR FERE, eI, 453 LE 4. CBD &
AN [A]7E 8.7 min, 25 KR AN 2 A IR AL

A
¥
B ¥
c \
—
D
—
T T T T T T T T T
2 4 6 8 10 12 14
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B4 CBD XB&ER (A). HPCS/OA ZHMAKIRAE
& (B). CBD-HPCS/OA-NMs #iX&@i&i#K (O). Z=HR
# (D) & HPLC &i%E
Fig. 4 HPLC chromatograms of reference solution of CBD
(A), blank HPCS/OA nanomicelles solution (B), CBD-
HPCS/OA-NMs solution (C), and blank solvent (D)

YT it g, ANaxt CBD e i& & T, ks
PESR, A A K

275 RMEXRARFL A “2.7.17 TUNXTHE G &
W, FHCHREWUFRRE N 2. 5. 10, 20 40, 60+ 80
100, 150 ug-mL™", £ 0.22 um FRFLIEMEIERL, %
“2.7.37 TG SR HERE, TOSRAE S IR, A2y
VIR IR FE AR AR, AT U AR AR, LG
CBD [HZRERIA RN Y=159 583 X+288 834,
r=0.9979, ZEIEH 2~150 pg-mL .

2.7.6 FEEEHE OB “2.7.17 TUR XTI fif 5% 0E
&, HORERKRMRE, (£ CBD HIREIRE 2 5HA
5.20. 50 pg'mL™!, £ 0.22 um JEMEGERL, §%42.7.37
Tt P 25 R ERE, BARHERE 3 IR, %4 3d, fRIEIE
T AR 55 R B () e M R A 7 R T B % o R
(RIASAE, a2 T T SR XS FR iAW 22 (RSDD. CBD 1)
H PRS2 B RSD 4338 0.54%. 0.66%- 0.59%, H
[ K5 %5 B RSD 73 B4 0.51%- 0.80%- 0.26%, %8
TR B R R AT

277 HEEMWHEHR W “2727 i~ CBD-
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THEREM PR EIREE, JEiH5 RSD 4 0.45%, &M
EINEBE SR
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(1) 5 R B S RSD . 11515 CBD U&TH# ¥ RSD
BUNT 2%, SRERY, MERAEZRT 12 h
WA ENE RIT .
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Fig. 5 Particle size distribution (A) and Zeta potential

distribution(B) of CBD-HPCS/OA-NMs
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Fig. 6 Stability of CBD-HPCS/OA-NMs (X £s, n=3)
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Fig.7 TEM images of CBD-HPCS/OA-NMs
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Fig. 8 Release curves of CBD-HPCS/OA-NMs under
different pH conditions ( X X£s, n=3)
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Fig. 9 Results of hemolysis experiment in different administered groups (X £s, n=3)
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Fig. 10 Antitumor activity of HPCS-OA blank nanomicelle and CBD-HPCS/OA-NMs ( X £s, n=3)
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Fig. 11 Experimental results of SKOV3 cell uptake of C6-HPCS/OA-NMs
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