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Abstract: Cerasomes with different shapes were constructed to investigate the effect of the nanocarriers'
shape on the cellular uptake and transmembrane capacity. Cerasome-forming lipid (CFL) was synthesized via
halogenation, nucleophilic addition and acylation reaction and detected by mass spectrometry and nuclear magnetic
resonance spectroscopy. CFL and short chain 1,2-dihexanoyl-sn-glycero-3-phosphocholine (DHPC) were employed
to prepare organic-inorganic hybrid bicelles in discal shapes (nanodisc) by the thin-film hydration method, and
CFL was also used to prepare spherical cerasomes (nanosphere). The particle size and zeta potential of nanocarriers
were measured by dynamic light scattering analysis, and the morphology was observed by transmission electron
microscopy. With human colon cancer cell line Caco-2 as the model, the effect of the shape of nanocarriers on cellular
uptake and transmembrane capacity was investigated qualitatively by confocal laser scanning microscope (CLSM),
and the transmembrane capacity was analyzed quantitatively by high performance liquid chromatography (HPLC).
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The results showed that nanosphere and nanodisc had similar particle diameters around 110 nm and similar zeta
potential around -25 mV, with regular morphology under transmission electron microscope. The cellular uptake
rate of nanodisc was significantly higher than that of nanosphere in 20 minutes. Further research on Caco-2 cell
monolayer demonstrated that nanodisc with faster uptake had less accumulation in the monolayer, which means it
had a higher transmembrane rate on Caco-2 cell monolayer and the transmembrane capacity of the nanodisc was
better than that of nanosphere within 2 h. These results suggest that rational design of the shape of nanocarriers is
expected to regulate nano-bio interactions, promote the transmembrane transport of nanocarriers, and improve the

drug absorption.

Key words: nanosphere; nanodisc; shape; Caco-2 cell monolayer; transmembrane

YRR AARAE 259 343 75 TH AR 35 AT VZ ORI,
R T HEVE P25, DUIRGIK S 25 R G AU AT DL
P e LV AR R, T L R 08 (2 0 FL P BRRN , BR
AR RO R G oK AR B R AR ) o e 1 R 3R
IRZ, AR RIRIARE B () S VR AR BOSE .
SCHRERIE, TR 22 %5 40K 2 4 75 20 A 8 B e 5UFD 4
LA BRI AT R 7 A B B R I, H G T G K B R R
ey oge sty AR - A TR IRE N A S SN VT S %37
=

& G2 g A A2 o T I R L T 5 4 9 2L 25 T i
IR X T 2850, TEfE A R b 28 5 R AE SR 4R
AN RR B S A 0 R 2 i 9 2 ) Y R, S
R A HL-To WL G B4R RSP 48 2K 3 A — Tk o7 44
(cerasome) 52 R K 22 i 5 VE

o TR ER A R T A (A ML - TE LR G IR oA R
PR, 72 A MR R RHE KW B 2508 st 2
FRE R T )2 I FEI . R R AR BECE IR AN I 25 1F I8
ok VS 2 - g ik R E SR T T RSO PR 5k PR AR 45 44, 1% 45 1
A O A KRS T A% G i TR AR B A, B AR e T,
HeE U A AT LB SR K VA PR R IR VS M 259, FLAE 2593 3%
RATTH OHRZHT, ik R BUSH 1% KRG E
s ik RGN R 24 ) it ik R G U04E

AR, AW FCN SRR AR A 2 A TG o S R
T e ) 2% B T IR AR B A, fRTAR R oK AR, 5
BRI BORE A (TR RRAE AA) AH L, oK BE7E4 i 3%
P AR R, fE R ER R P SR INBE . I
A1, T8GR A AT 0 A S AAAB M, 3 BT DARE— 2D
PR UK BTN b AR R B b s aE e,
T b g B, A T 0L BRI ANBIR B AN [ R
(R R A4, DL 45 iz 98 Caco-2 40 A 4 i b 152 40 i
B I AW AR TR T TR IR R 98 K 44 15 5 4
HZ R IR .

MRS 7%
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To/K TR BB (P8 e AL e A R A |l); A =i (b
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adenocarcinoma cell line) I F 1 [E i 74 5% 7% 4 £ i
> (China Center For Type Culture Collection, CCTCC).
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forming lipid, CFL) 1) & s S ISR 47 1 eleidk
TG, A E YT N (A, A R 2K 1) BT
7SI 12 mmol, IIA TG /K . 20 mL, $i#: 2+ 75 i 58
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Scheme 1  Synthetic route of cerasome-forming lipid (CFL). A: Dihexadecylamine; B: N,N-Dihexadecylsuccinamic acid; C: CFL
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simZ R, AEEZEN O (TLC, BRI =
A BE = 1:9) %@ Ok 2 R SRS BAR S,
W [ A B 2 TR A TR 24 h, BRI A A,
SRIG, 2% R [ P29 4- (WS i 5)-4-Bi & T % (B, &
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13 mmol, = iR 24 h, J8E e 28 KBk 25 THF, 152
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& J5 I A, £E 400~4 000 e 9% £ py X Fe ik AT 41 4
IEEEER

C6 5t 38 RO ZE W BRI R 4 oK 48 7 T %
1mL, B F# 75 3 500 BT 48, w4l &,
& T 50 mL % 4 DMEM 5 77 1, 37 °C 100 r-min*
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HRE 9% 12 h )5 20 i N 25 5 IR (B 1R 2k 2% vh i,
PBS) FIA [] ¥ B 1 1 Jod A4 F 44 K 4% (1.5 10, 25,50
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F Hoechst 33342 £ 37 °C T~ % & 41 g 1 h X} 41 Jig #% i3k
T YAt SR 5 VS PBS I W40 i 3 7k, H A R )
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Figure 1 Mass spectrogram (A) and *H NMR spectrogram (B) of CFL
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Figure 2 The morphology and size distribution of nanosphere (A, C) and nanodisc (B, D). The rod-like objects in figure (D) indicated by
the red arrows are attributed to the projections of the edge-on bicelles. The atomic force microscope images (E) and the height profile (F) of

nanodisc. Scale bar, 200 nm

Table 1 The size distribution and zeta potential of nanosphere
and nanodisc determined by dynamic light scattering. PDI: Poly-
dispersity index. n =3, x = s

Nanocarrier Z-average/nm PDI Zeta potential/mV
Nanosphere 115+ 11 0.20 £0.07 -28.6+1.0
Nanodisc 108+9 0.16 + 0.04 -225+1.4
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Figure 3  Fourier transform infrared spectroscopy of nanosphere (A) and nanodisc (B). Characteristic peaks at 1 100 cm™ indicated by
black arrow are attributed to the asymmetric stretching vibration of the siloxane bond
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Figure 4 C6 release profiles from nanosphere and nanodisc in blank DMEM (A). n = 3, X  s. Cytotoxicity of nanosphere and nanodisc at

different concentrations (B).n =6, x = s
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Figure 5 Confocal laser scanning microscope (CLSM) image of nanosphere and nanodisc endocytosised by Caco-2 cells in real time (A).
Scale bar, 50 um. The fluorescence intensity of nanosphere and nanodisc in Caco-2 cells in real time (B). n =3, x+s



- 1938 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(8): 1932 -1940

5min 10min  15min

20min  25min  30min

MNanosphere

0

5 min 10 min

15min  20min  25min 30 min

0

MNanodisc

Figure 6 CLSM image of nanosphere and nanodisc endocytosised by Caco-2 cell monolayer in real time. Scale bar, 150 um
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Figure 7 Schematic diagram of the methods used in the transpor-
tation experiment (A). The fluorescence intensity of C6 endocy-
tosed by Caco-2 cells in glass bottom culture dish was visualized
by CLSM (B). Scale bar, 50 um
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Figure 8 The accumulative amount of C6 transported across Caco-2 cell monolayer in receiver chamber at 37 °C after incubation nano-

sphere or nanodisc for 1, 2, 4, 24 h (A). n = 3, x +s. “P < 0.01. Changes of trans epithellal electric resistance (TEER) values after incubation
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