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Folic acid-modified phospholipid-encapsulated paclitaxel
nanocrystals for preoperative chemotherapy of gastric cancer
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Abstract: This paper aims to develop folic acid-modified paclitaxel nanocrystals (PTX NC@FA) with good
stability, high drug loading and tumor cell targeting for endoscopic injection for preoperative local chemotherapy
of gastric cancer. PTX NC@FA was prepared by the "bottom-up" followed by ultrasonic to study its morphology,
particle size, {-potential, drug loading, folic acid-modified phospholipid (FA-DSPE-PEG,,,) content, crystalline
characteristics, stability, in vitro release, cytotoxicity against human gastric cancer cell line SGC-7901, and anti-tumor
effect in two different tumor sizes (tumor volume 100 mm’ or 300 mm’) after single peri-tumor injection in a murine
subcutaneous SGC-7901 tumor model. Animal experiments were approved by the Experimental Animal Ethics
Committee of the School of Pharmacy, Fudan University. The resulting PTX NC@FA was of short rod-like shape,
average particle size 175.3 = 2.5 nm (PDI 0.17 + 0.02), {- potential =2.5 + 0.2 mV, PTX loading (28.23 + 0.74) %
(w/w) and FA-DSPE-PEG,,,, content (4.40 = 0.60) % (w/w). The size of the PTX NC@FA remained unchanged
for 4 days in phosphate buffer with or without serum. Cellular growth inhibition effect on SGC-7901 showed the
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superiority of PTX NC@FA over nanocrystals without FA modification. PTX NC@FA inhibited tumor growth
more efficiently than both nanocrystals without FA modification and commercially available paclitaxel injection

(Taxol) 12 days after peri-tumor injection. For model tumor with the volume of 100 mm®, tumors of all animals

in the PTX NC@FA group disappeared completely. For model tumor with the volume of 300 mm®, tumors of 3

animals in the PTX NC@FA group completely disappeared and tumors of the rest 4 animals also became significantly

smaller with a tumor volume inhibition rate of 90%. PTX NC@FA showed good potential for preoperative chemo-

therapy of increase the chances of function preserving gastrectomy and improve the quality of life of patients.

Key words: paclitaxel; nanocrystal; folic acid-modified phospholipid; gastric cancer; peritumoral injection;

preoperative chemotherapy
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(9% B 5 /R 3C A Al); Agilent 1100 /57 20 ¥R A € 1 X
(HPLC, 3% [ % HE18 FH 2 A 7]); Diamonsil“C18 4% #+
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Table 1 Drug loading (DL) and encapsulation efficiency (EE) of
PTX NC, PTX NC@0% FA and PTX NC@FA. n=3,x+s

Formulation DL/% EE/%
PTX NC 3445+ 1.39 96.46 £ 1.07
PTX NC@0% FA 31.27+1.40 87.63 £0.76
PTX NC@FA 28.23+0.74 80.47 £0.59
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Figure 1

Particle size distribution, {-potential and microscopic morphology of paclitaxel nanocrystal (PTX NC) (A-C) and folic acid-

modified phospholipid-encapsulated paclitaxel nanocrystals (PTX NC@FA) (D-F)
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Figure 2 HPLC chromatograms of PTX NC@FA (insert: standard curve for PTX) (A), egg yolk phosphatidylcholine (EPC) (B), D-a-to-
copherol polyethylene glycol 1000 succinate (TPGS) (C) and distearoyl phosphatidyl acetamide-polyethylene glycol 2000-folic acid (FA-

DSPE-PEG,,,,) (D) in PTX NC@FA under the conditions for PTX
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Figure 3  A: Ultraviolet scanning spectrum of FA-DSPE-PEG,,
EPC and TPGS. B: HPLC chromatogram of PTX NC@FA under
the conditions for FA-DSPE-PEG,, (insert: standard curve for FA-
DSPE-PEG
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Figure 4 X-ray powder diffraction (XRPD) diagrams of PTX
bulk, physical mixture of coating lipids of PTX NC@FA (1% FA
bulk), PTX NC and PTX NC@FA
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Figure5 Differential scanning calorimeter (DSC) diagrams of PTX
bulk, 1% FA bulk, PTX NC, PTX NC@0% FA and PTX NC@FA
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Figure 6 Stability of nanocrystal. A: Size distribution in PBS
measured by DLS; B: Absorbance at 560 nm (indicating aggrega-

tion) in PBS/FBS mixture size. n =3, x £ s
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Figure 7 In vitro drug release profiles of nanocrystals. n =3, x+ s
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Figure 8 [n vitro cytotoxicity of PTX NC@FA after 24 h co-
incubation. Tested cell line: Human gastric cancer cells SGC-7901.
n=3,x+s. "P<0.001
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Figure 9 In vivo anti-tumor effects of peritumorally-injected normal saline (N.S.), Taxol, PTX NC@0% FA and PTX NC@FA in nude

mice bearing subcutaneous SGC-7901 model tumors (single administration: dosage 20 mg-kg" on day 0). A-D: Smaller tumor condition

where the tumor volume (100 mm®) on day 0; E-H: Larger tumor condition where the tumor volume (300 mm®) on day 0; A, E: Tumor size

vs time curves; B, F: Inhibition rate of tumor volume vs time curves. C, G: Body weights vs time curves; D, H: Photographs of tumors on

day 12 (the tail represents a nude mouse whose tumor had disappeared). n =7, x +s. "P<0.05, "P<0.01, P < 0.001
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Figure 10 Hematoxylin-eosin (H&E) staining of main organs and tissue around the tumor of nude mice treated with N.S., Taxol, PTX

NC@0% FA and PTX NC@FA in nude mice bearing subcutaneous SGC-7901 model tumors (single administration: dosage 20 mg-kg" on

day 0) on day 12. A: Smaller tumor condition where the tumor volume was 100 mm® on day 0; B: Larger tumor condition where the tumor

volume was 300 mm’ on day 0. Scale bar = 100 um
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