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a b s t r a c t 

A new type of amphiphiles bearing macrocycle such as cucurbit[7]uril (CB[7]) spontaneously 

forms a nanomaterial in water, specifically vesicles ( t ACB[7] vesicles) with a positive 

surface charge, verified through various analytical techniques including TIRF, DLS and TEM. 

Functional validation not only reveals the accessibility of the CB[7] portal on these vesicles 

allowing CB[7]-based host-guest interactions with various functional guest molecules such 

as fluorescein isothiocyanate conjugated adamantylammonium and spermine (FITC-AdA 

and FITC-SPM, respectively) using confocal laser scanning microscopy, but also showcases 

the effective internalization of t ACB[7] vesicles into cancer cells with the anticancer drug 

oxaliplatin (OxPt), as a guest to CB[7], through in vitro cell experiments. Hence, this study 

provides a blueprint to impart amphiphilic properties to CB[7] through synthetic design and 

highlights the potential of CB[7] derivatives as a new class of unconventional amphiphiles 

self-assembling into functional nanomaterials for advanced drug delivery. 

© 2024 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 
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1. Introduction 

Nanocolloids, such as micelles and vesicles, that are
spontaneously formed with amphiphiles have been exploited
for various bioapplications, including delivery vehicles and
imaging materials. Organic macrocycle derivatives, including
calixarenes, cyclodextrins, pillararenes and cucurbiturils
(CB), have emerged as a novel class of amphiphiles that are
E-mail address: kpark@cu.ac.kr 
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capable of host–guest chemistry-driven applications, such
as sensing, imaging, and drug loading [ 1–3 ]. Among these,
cucurbit[ n ]uril (CB[ n ], cyclized with n glycoluril units, n = 5–
8, 10 and 13–15, in a hollow, pumpkin -like structure) are
known to have distinct host–guest interaction with various
hydrophobic drugs and bioactive molecules taking advantage
of their rigid structure comprising a hydrophobic cavity and
carbonyl fringed portals [ 1–8 ]. The functionalization issues
of CB[ n ] have been addressed [ 9–14 ], and subsequently, it
rsity.
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Fig. 1 – Self-assembly of tert –ammonium CB[7] ( t ACB[7]) and its cellular uptake with drugs using CB[7]-based host-guest 
chemistry and host-guest interactions of OxPt with CB[7]. 
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as been exploited further as a platform for developing self- 
ssembled nanomaterials, such as vesicles and nanoparticles.
nitial investigations focused primarily on CB[6] derivatives 
wing to its availability in larger quantities compared with 

ther CB[ n ], which is beneficial for developing various 
erivatives [ 15–17 ]. Subsequently, advancements in synthetic 
outes led to improvements in the yields of CB[7] and its 
erivatives [ 18–23 ], thus resulting in the synthesis of CB[7] 
erivatives with the unique ability to spontaneously form 

anomaterials [ 24–29 ]. For example, monoallyloxylated CB[7],
ynthesized directly from monohydroxylated CB[7], can act as 
n amphiphile and form vesicles that respond to light stimuli 
nd rupture, thus causing them to release a drug, such as 
oxorubicin, in cytosol [ 24 ]. Nanomaterials self-assembled 

ith amphiphilic CB[7] derivatives are advantageous over 
B[6]-based nanomaterials owing to the larger cavity of 
B[7], which allows accommodation of a wider range of 
ydrophobic molecules, including drugs and bioactive agents 
 30–31 ]. Nevertheless, a CB[7] derivative that is intentionally 
esigned to possess amphiphilicity has not been reported 

hus far, except for one whose amphiphilic nature was 
erendipitously discovered and which formed self-assembled 

esicles [ 24 ]. 
Herein, we report a synthetic strategy to confer 

mphiphilicity to CB[7] by introducing hydrophilic groups,
uch as tertiary ammonium moieties, on its periphery and 

emonstrate the ability of the CB[7]-based amphiphile to 
pontaneously form vesicles having a positive surface charge 
n water. Furthermore, we demonstrate the internalization 

f the vesicles with their guest molecules into cancer 
ells ( Fig. 1 ). Leveraging the unique host–guest interaction 

f CB[7], particularly its ability to form complexes with 

nticancer agents such as oxaliplatin (OxPt) [ 32–35 ], enhances 
he cytotoxic effect of the drug on cancer cells when 

reated concurrently with these vesicles. These findings 
ot only offer a guideline for developing a new class of 
nconventional amphiphiles through deliberate synthetic 
esign, but also highlight the potential utility of self- 
ssembled nanomaterials composed of unique macrocyclic 
mphiphiles for drug delivery applications. 

. Materials and methods 

.1. Material 

cetone and diethyl ether were purchased from Samchun 

hemicals Co. Ltd. Republic of Korea. Methanol, DMSO,
xPt, Hoechst 33,258, methylthiazolyldiphenyl-tetrazolium 

romide (MTT) and 2-(dimethylamino)ethanethiol 
ydrochloride were purchased from Sigma-Aldrich,
SA. DMSO–d6 was purchased from Cambridge Isotope 
aboratories, USA. Cellulose ester (CE) membrane tubing 
aving molecular weight cut-off (MWCO) 100–500 Da 

Spectra/PorTM ) and regenerated cellulose (RC) membrane 
ubing having MWCO 3.5 kDa (SnakeSkinTM ) were purchased 

rom Thermo Scientific, USA. A syringe filter (PTFE, 200 nm 

ores) was purchased from Millipore, USA. A hand mini- 
xtruder and an extrusion membrane (100 nm pore size) 
ere purchased from Avanti Polar Lipids, USA. Dulbecco’s 
odified Eagle Medium (DMEM) medium, fetal bovine serum 

FBS) and penicillin-streptomycin (PS) were purchased from 

ibco, USA. Phosphate buffered saline (PBS) was purchased 

rom Welgene, Republic of Korea. Multi-allyloxylated CB[7],
ITC-SPM and FITC-AdA were synthesized by following the 
reviously reported procedure [ 11 ,15 ,24 ]. 

.2. Synthesis of tertiary ammonium conjugated CB[7] 
 t ACB[7]) 

o a solution of multi-allyloxylated CB[7] (20 mg, 12 
mol) in methanol (5 ml) in a quartz tube was added 2- 

dimethylamino)ethanethiol hydrochloride (32 mg, 300 μmol).
fter degassing with N2 , the mixture was irradiated with 
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UV light ( λmax 254 nm) for 2 d Initially, the reaction mixture
appeared turbid due to the poor solubility of allyloxylated
CB[7] in methanol. However, as the reaction progressed, the
solution became clear. After the reaction, the mixture was
filtered through a syringe filter (PTFE, 200 nm pores) and the
solvent was removed under reduced pressure, resulting in
the formation of a viscous liquid. To remove any remaining
unreacted allyloxylated CB[7], the liquid was dissolved
in methanol and filtered through a syringe filter (PTFE,
200 nm pores). The filtrate was then transformed into solid
precipitates upon the addition of diethyl ether. To remove
residual unreacted tert –ammonium thiols, the precipitated
solid was then washed with excess amount of acetone three
times and dried in vacuo , followed by dialysis against water
using a CE membrane tubing (MWCO 100–500 Da) to give
t ACB[7] (15 mg, 67%). The 1 H NMR peaks of the final product
(0.5 mM) in DMSO–d6 were assigned in Fig. 2 C. Considering the
same diffusion behavior of the CB[7] motif and thiol groups
in the final product, exhibiting a smaller diffusion coefficient
in the DOSY spectrum than those of the allyloxylated CB[7]
and thiol, along with the prominent peak in the MALDI-TOF
spectrum (Fig. S2), it becomes apparent that the predominant
constituent in the product is the CB[7] derivative conjugated
with six thiol groups. 

2.3. Preparation of t ACB[7] vesicles 

A solution of t ACB[7] (1.2 mg) in methanol (10 μl) in a round-
bottom flask was subjected to vacuum drying to produce a
t ACB[7] film. DI water (1 ml) was then added to the film
and vigorously shaken, followed by 1 h sonication to provide
t ACB[7] vesicles (0.5 mM). The solution of the vesicles was
passed through a membrane (100 nm pore size) 21 times using
a hand mini-extruder. Verification of the vesicles’ size and
morphological characteristics was accomplished by dynamic
light scattering (DLS) and transmission electron microscopy
(TEM), respectively ( Fig. 3 and S4). 

2.4. Preparation of FITC-AdA (or FITC-SPM) decorated 

tACB[7] vesicles 

FITC-AdA or FITC-SPM (5 μg) was added to a solution of t ACB[7]
vesicles (0.5 mM; 1 ml). The resulting solution was gently
shaken for 1 h at RT and dialyzed (MWCO 3.5 kDa) against
water for overnight. Successful decoration of FITC-AdA on the
surface of the vesicles was imaged by EM-CCD (Hamamatsu)
installed in total internal reflection fluorescence (TIRF)
microscopy system (Eclipse Ti-E, Nikon, 100x/N.A.1.49
objective lens). As a control, the same experiment was
performed with CF (3 μg) instead of FITC-AdA (or FITC-SPM). 

2.5. TEM, DLS and surface charge measurements 

A drop of a vesicle solution (0.5 mM) in water was loaded on a
400 mesh carbon-coated copper grid and then gently blotted
with a filter paper. The specimen was stained with a drop of
uranyl acetate solution (0.5 wt% in water), incubated for 5 min,
and gently blotted with a filter paper (Whatman). TEM images
were recorded on a Titan G2 Cube 60–300 (FEI) with 80 kV
acceleration voltage. 
An aqueous solution of vesicles (0.1 mM) was placed in
a quartz cuvette and the particle diameter was measured at
a scattering angle of 90 ° (Litesizer 500, Anton Paar, 658 nm,
40 mW). The zeta potential of the vesicle solution was
measured using an Omega cuvette (Anton Paar). Both DLS and
the zeta potential measurements were conducted under the
same conditions using a vesicle solution after treatment with
OxPt (100 μM). 

2.6. Critical assembling concentration measurement 

The critical assembling concentration was determined via
surface tension measurements and drop shape analysis using
a 21 G needle at 25 °C and aqueous solutions containing
varying concentrations (0.001–1 mM) of t ACB[7]. A pendant
drop was produced at the end of the needle and elongated
by gravity and an image was taken immediately. The surface
tension was calculated by analyzing the drop geometry in the
image using the axisymmetric drop shape analysis method
[ 36 ]. 

2.7. Confocal laser scanning microscope images of HeLa 

cells 

HeLa cells were seeded in a 8-well confocal glass chamber
at a density of 5 × 104 cells per well in 500 μl of a DMEM
medium containing 10% FBS and 1% PS and incubated in a
humidified 5% CO2 atmosphere at 37 °C for 24 h The culture
medium was replaced with 500 μl of a fresh one including
FITC-AdA (or FITC-SPM) treated t ACB[7] vesicles (0.05 mM) for
4 h at 37 °C, and then the cell culture medium was replaced
with 500 μl PBS including Hoechst 33,258 (1 μg/ml) before
incubated for an additional 15 min at 37 °C. The HeLa cells
on in the confocal chamber were examined by a confocal
laser scanning microscope (LMS900 with 40x/N.A. 1.2 Water
immersion, Zeiss) with emission at 488 nm and 405 nm for
FITC and Hoechst 33,258, respectively. 

2.8. Cytotoxicity of t ACB[7] vesicles against HeLa cells 

HeLa cells were placed in a 96-well plate, with each
well containing 1 × 104 cells in 200 μl DMEM medium
supplemented with 10% FBS and 1% PS. Subsequently, the
plate was incubated in a humidified 5% CO2 atmosphere at
37 °C for 24 h The cell culture medium was then replaced
with 200 μl fresh medium containing varying concentrations
of t ACB[7] vesicles (0.08–180 μM) and incubated for 24 and
48 h, respectively. Then, 20 μl of a methylthiazolyldiphenyl-
tetrazolium bromide (MTT) solution (5 mg/ml) was added
to each well and incubated for 4 h at 37 °C. After the
incubation period, the medium was carefully removed. The
purple, water-insoluble crystals formed by viable cells were
then dissolved with 200 μl DMSO. The plates were gently
agitated for 10 min to ensure complete dissolution of the
crystals. The UV absorbance of the resulting solution in each
well was measured at 590 nm using a multi-well plate reader
(SpectraMax iD5, Molecular Devices). To quantify the results,
the blank value was subtracted from each measurement,
and the values were normalized against the control. This
entire procedure was conducted in triplicate to calculate the
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Fig. 2 – 1 H NMR spectra of (A) 2-(dimethylamino)ethanethiol ( tert –ammonium thiol), (B) allyloxylated CB[7], and (C) t ACB[7] in 

DMSO–d6 , before and after conjugation of tert –ammonium conjugation. 
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tandard deviation. To evaluate the cytotoxicity of OxPt to 
eLa cells upon treatment with CB[7] and the t ACB[7] vesicles,

he same experiment was performed using 24 and 48 h 

ncubation of OxPt (0.8–150 μM), OxPt co-treated with CB[7] (10 
M), and OxPt co-treated with t ACB[7] vesicles (10 μM), instead 

f using varying concentrations of t ACB[7] vesicles. 

. Results and discussions 

.1. Synthesis of t ACB[7] 

n the design of the new CB[7]-derived amphiphile,
he hydrophilic functionality was conjugated to a non- 
ater-soluble CB[7] derivative. In this study, a CB[7] 
erivative with eight allyloxyl groups (on average) on its 
eriphery, synthesized following a previous report[11] and a 
ommercially available tertiary ammonium ( tert –ammonium) 
hiol, 2-(dimethylamino)ethanethiol hydrochloride, were 
hosen. The conjugation reaction was carried out in 

ethanol in a quartz tube through a thiol-ene photoreaction 

 λmax = 254 nm). Although the initial reaction mixture 
ppeared turbid owing to the limited solubility of the CB[7] 
erivative in methanol, it gradually became clearer as 
he reaction proceeded. After a 2-d reaction period, the 
eaction mixture was washed with diethyl ether and acetone,
ollowed by dialysis against water using a cellulose ester (CE) 

embrane having 100–500 Da of MWCO to obtain the newly 
ynthesized tert –ammonium conjugated CB[7] ( t ACB[7]) in a 
7% yield. A comparison of the 1 H NMR (nuclear magnetic 
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Fig. 3 – (A, C) DLS and (B, D) TEM of t ACB[7] assemblies. The images are taken (A&B) before and (C&D) after repeated 

extrusion through a membrane having 100 nm pores. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

resonance) spectra of the starting allyloxylated CB[7] ( Fig. 2 B)
and purified product revealed that the appearance of proton
peaks (6–8 in Fig. 2 C) in the photoreacted product is attributed
to the 2-(dimethylammonium)ethyl groups. Notably, the
proton peaks in the photoreacted product are broader
compared to those of the starting tert –ammonium thiol
( Fig. 2 A). This broadening indicates the conjugation of thiol
to the rigid structure of the CB[7] motif, which has a short T2
relaxation time. Additionally, proton peaks corresponding to
the unreacted allyloxyl groups were detected in the purified
product, as indicated by the open circles in Fig. 2 C. The
combined analysis of the 1 H NMR spectroscopy ( Fig. 2 C) and
MALDI-ToF mass spectrometry (Fig. S2B) results indicate that
t ACB[7] has six conjugated tert –amino groups on average,
along with two unreacted allyloxyl groups. Diffusion-ordered
NMR spectroscopy (DOSY) of t ACB[7] revealed that all product
peaks, except the solvent peaks (water and DMSO), had
almost identical diffusion coefficients (see the grey area in
Fig. S2). These coefficients are smaller than those of the
unreacted allyloxylated CB[7] and tert –ammonium thiol
(Fig. S2), indicating that t ACB[7] is bigger than the starting
reagents. Such a finding clearly demonstrates the conjugation
of tert –ammonium thiols to the CB[7] derivative. 
3.2. Self-assembly of t ACB[7] forming vesicles in aqueous 
solution 

The newly synthesized t ACB[7] was added to water (0.5 mM)
and sonicated for 1 h, during which surfactant-like behavior
such as bubble generation was observed upon vigorous
shaking (the photo in Fig. 1 ). This prompted us to perform DLS
of the solution, which revealed that the solution contained
colloids with diameters ranging from 70 to 700 nm (average
of 320 nm) ( Fig. 3 A). Further drop shape analyses as a
function of solution concentration revealed a critical assembly
concentration of ca. 0.03 mM, indicating a notable decrease
in surface tension (Fig. S3). Furthermore, TEM experiments
( Fig. 3 B) and dye entrapment and release experiments (Fig.
S5) revealed spherical hollow structures as vesicles, thus
indicating that t ACB[7] self-assembled into vesicles in water.
Upon subjecting the solution to repeated extrusions through a
100 nm-pore membrane, the average diameter of the colloids
decreased to 110 nm with a narrower size distribution, as
confirmed by DLS ( Fig. 3 C). Despite the change in diameter, the
particles remained hollow morphology with approximately
5 nm membrane thickness, as evidenced by TEM ( Fig. 3 D
and S4). These results illustrate that t ACB[7] spontaneously
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orms vesicular membranes in water. These membranes can 

e reorganized upon applying mechanical forces, resulting 
n uniformly sized vesicles and thereby demonstrating 
he size tunability of vesicles formed with t ACB[7] ( i.e.,
 ACB[7] vesicles). Despite the ability of t ACB[7] to form 

esicles due to its apparent amphiphilic nature, accurately 
haracterizing its structural configuration in the membrane 
emains highly challenging owing to the concurrent presence 
f randomly coexisting hydrophilic and hydrophobic groups 
n its periphery and hydrophilic carbonyl-lined portals. 

Given the previous reports on unconventional amphiphiles 
hat have ambiguous structural features to define hydrophilic 
nd hydrophobic units, yet function as building blocks for 
elf-assembly ( e.g ., amphiphilic hyperbranched polymers and 

acrocyclic molecules with multiple arms) [ 15 ,37 ], this CB[7]- 
ased amphiphile seems to align with this unconventional 
ategory. Thus, this study illustrates an approach to confer 
mphiphilicity to CB[7] through synthetic design, serving as 
 guiding pathway for the development of a new class of 
nconventional amphiphiles bearing a functional macrocycle.

.3. Host–guest interactions of t ACB[7] vesicles 

ith t ACB[7] vesicles, accessibility of the CB[7] portal on 

he vesicles was examined by utilizing TIRF microscopy 
n conjunction with fluorescein isothiocyanate conjugated 

damantylamine (FITC-AdA, Fig. 4 A) [ 24 ]. This approach 

sed the high-affinity binding of AdA to CB[7] (with a 
inding constant, Ka ∼ 1013 M–1 ) [ 6 ], known to be a non- 
ovalent version of clicking pair system [ 38 ]. It has been 

reviously reported that peripheral functionalization of CB[7] 
as no significant impact on its binding affinity to guests,
hich is attributed to the structural rigidity of the CB[7] 
otif. [ 11 ,13 ,39 ], thus, the AdA and CB[7] derivatives still 

xhibit high-affinity binding as they recognize each other 
ery efficiently and selectively under various biological 
onditions, including cell culture media, cytosol, and the 
loodstream, thereby serving as supramolecular lathing 
ystem for bioimaging and protein isolation [ 40–43 ]. The 
esicles were treated with FITC-AdA for 6 h, followed by 
vernight dialysis against water using a RC membrane (MWCO 

.5 kDa). The resulting solution exhibited a 4-nm red-shifted 

mission band compared to that of the free FITC-AdA (Fig.
6). In the resulting solution, fluorescent dots were clearly 
isualized using TIRF in the green channel, corresponding to 
he FITC signal ( Fig. 4 B). A control experiment was conducted 

ith carboxyfluorescein (CF), which hardly interacts with 

B[7] in water, unlike FITC-AdA (Fig. S7: no chemical shift 
n the CF protons even after CB[7] treatment in D2 O). No 
pparent fluorescent signal was detected from the solution 

f the t ACB[7] vesicles after dialysis. Such a result indicates 
he insufficient charge-charge interaction between CF and the 
urface of the t ACB[7] vesicles to retain CF on the vesicles.
oreover, it clearly highlights the importance of the AdA 

oiety for the introduction of FITC-AdA into the vesicles via 
ost–guest interactions between AdA and the CB[7] motif,
eing in agreements with previous reports using dye-AdA and 

B[7] derivatives [ 29 ,42 ,44–48 ]. 
This result also confirms the accessibility of the CB[7] 

ortal on the vesicles for guest binding. In addition, despite 
reating the vesicle with 2-fold excess amount of a guest 
olecule such as N -(1-adamantyl)ethylenediammonium,

nown for notably higher binding affinity to CB[7] ( Ka ∼ 1015 

-1 )[6] compare to any ammonium aliphatic motifs ( Ka ∼
03 - 107 M-1 ), [ 6 ] the vesicle size remained unaltered for a 
eek long observation, as confirmed by DLS analysis. This 
bservation suggests that the intermolecular interaction 

etween the tert –ammonium arms and the CB[7] portal lacks 
ignificant influence on the structural integrity or size of the 
esicles. This limited impact of the ammonium arms likely 
esults from their inability to fit well within the CB[7] cavity 
ue to their short carbon chain length and their congested 

ocations on the periphery of the CB[7] derivative. Thus, it 
ndicates the durability of the vesicle membrane even after 
reatment with guest molecules for at least a week, which is 
ong enough to demonstrate the potential of t ACB[7] vesicles 
or drug delivery. 

In addition, although the molecular-level structure of the 
esicular membranes still remains unclear, the observed 

embrane thickness and the accessibility of molecular 
avities on the surface for host–guest interactions provide 
lues for proposing a plausible model of the membrane.
he t ACB[7] molecules form a layer with their arms 
ligned parallel to the vesicular layer with their carbonyl- 
immed portals of t ACB[7] oriented outward toward water.
pproximately five such layers stack together to form the 
table vesicle membrane. The portals in the outermost layer 
emain accessible to guest molecules, enabling host–guest 
nteractions. 

.4. Intracellular behavior of t ACB[7] vesicles and drug 
elivery potential 

ith the vesicles having stable membrane structure, the 
ntracellular behavior of the vesicles was explored. In vitro cell 
xperiments were conducted using HeLa cells, an established 

odel of human cervical carcinoma. In the experimental 
esign, FITC-AdA was found to be useful for reliable vesicle 
racking using fluorescence imaging. Confocal laser scanning 

icroscopy (CLSM), shown in Fig. 4 C, displayed pronounced 

reen fluorescence signals in the cytosol of cells in the 
ITC channel when the cells were treated with FITC-AdA 

oated t ACB[7] vesicles (FITC-AdA@ t ACB[7] vesicles). This 
ffect was more evident in the magnified images of the 
ells ( Fig. 4 E). In the control cell experiment using only 
ITC-AdA without t ACB[7] vesicles, no efficient intracellular 
ptake was observed, with an almost negligible fluorescence 
ignal within the cells in the CLSM images ( Fig. 4 D). This
llustrates the internalization of t ACB[7] vesicles into cancer 
ells. Subsequently, we measured the zeta-potential of the 
esicles with OxPt to be 18 ± 2 mV (Fig. S13). These results 
uggest that the positively charged surface of the vesicles,
esulting from the presence of ammonium groups on t ACB[7],
ikely plays a role in facilitating cellular uptake, given that the 
ositive surface charge of nanomaterials can enhance cellular 
ptake by interacting with plasma membranes and associated 

roteins [ 49–52 ]. 
In addition to an AdA derivative with exceptionally high 

ffinity for CB[7], the internalization of a spermine (SPM) 
erivative, FITC-conjugated spermine (FITC-SPM) [ 15 ], was 
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Fig. 4 – (A) Chemical structure of FITC-AdA. (B) TIRF image of the FITC-AdA@ t ACB[7] vesicles. (C-E)Confocal laser scanning 
microscopy image of HeLa cells treated with (C) FITC-AdA@ t ACB[7] vesicles, (D) FITC-AdA, and (E) enlarged image of HeLa 
cells treated with FITC-AdA@ t ACB[7] vesicles. The blue (Hoechst 33,258 channel) and green (FITC channel) images were 
taken at an excitation of 408 and 488 nm for visualization of the nucleus and t ACB[7] vesicles, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

also observed upon treatment of cells with t ACB[7] vesicles
(Fig. S8). SPM has a lower binding affinity to CB[7] compared
with AdA ( Ka of SPM to CB[7] is 1.2 × 106 M–1 [ 34 ], which
is several orders less than that of AdA to CB[7]). Given
the similarity in binding affinity between SPM and OxPt
to CB[7] ( Ka of OxPt to CB[7] is 2.8 × 106 M–1 ) [ 32–34 ],
enhanced uptake of OxPt into cancer cells with t ACB[7]
vesicles was hypothesized, analogous to the behavior of
FITC-SPM. To examine this, cytotoxicity of OxPt and t ACB[7]
vesicles or both to HeLa cells was measured using the
MTT (3-[4,5-dimethylthiazol-2-yl]−2,5 diphenyl tetrazolium
bromide) assay. MTT assay of t ACB[7] vesicles revealed that
< 10 μM of t ACB[7] is not severely cytotoxic as confirmed
by detecting > 90% cell viability (Fig. S9). In addition, the
results of the cell experiments showed a reduced cytotoxicity
of OxPt when co-treated with CB[7] (Fig. S10), which is
consistent with previous reports[34–35]. This reduction is
possibly due to either the diminished cellular uptake or
reduced cytotoxicity of OxPt upon complex formation with
CB[7], or a combination of both. Conversely, treatment of OxPt
combined with the t ACB[7] vesicles resulted in an enhanced
anti-cancer efficiency compared to treatment with CB[7].
Such results can be attributed to the host-guest interactions
of the drug with the CB[7] portals in the t ACB[7] vesicles
(Fig. S11), as well as the nanosized features of the t ACB[7]
vesicles with their positive surface charge (DLS and zeta
potential measurements in Fig. S12 and S13, respectively).
Furthermore, the vesicles kept their morphology intact even
when combined with OxPt (TEM image in Fig. S14), facilitating
the efficient internalization of the nanomaterial with the drug
into the cancer cells. This result clearly shows the potential of
CB[7] derivatives capable of self-assembling into nanocolloids
for drug delivery. 

4. Conclusions 

Employing thiol-ene photoreactions, hydrophilic tert –
ammonium units are conjugated to the periphery of a
non-water-soluble CB[7] derivative, resulting in the synthesis
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f t ACB[7], a new CB[7]-based amphiphile that self-assembles 
nto t ACB[7] vesicles. Capitalizing on the synergistic effect 
f both the nanostructured architecture with a positive 
urface charge and the unique host–guest chemistry of CB[7],
articularly with anticancer drugs like OxPt, these vesicles 
emonstrated effective internalization into cells with OxPt 
nd showed the enhanced cytotoxicity of the drug against 
ancer cells. Moreover, this study gives insights into designing 
ew CB[7] derivatives, envisioning a diverse spectrum of 
mphiphiles potentially achievable by introducing various 
ydrophilic functionalities through well-established thiol-ene 
hotoreactions. Thus, this work highlights a guide for a novel 
ategory of amphiphiles, and showcases the potential of the 
acrocycle-based amphiphiles forming nano-assemblies for 

iomedical applications such as drug delivery. 
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