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Abstract 

Polymeric biomaterials have important applications in aiding clinical disease treatment, including drug delivery, bio-
imaging, and tissue engineering. Currently, conventional tumor chemotherapy faces obstacles such as poor solubility/
stability, inability to target, and uncontrolled drug release in clinical trials, for which the emergence of supramolecular 
material therapeutics combining non-covalent interactions with conventional therapies is a very promising candidate. 
Due to their molecular recognition abilities with a range of biomolecules, cucurbit[n]uril (CB[n]), a type of macrocyclic 
receptors with robust backbones, hydrophobic cavities, and carbonyl-binding channels, have garnered a lot of atten-
tion. Therefore, this paper reviews recent advances in CB[n] material-based supramolecular therapeutics for clinical 
treatments, including targeted delivery applications and related imaging and sensing systems. This study also covers 
the distinctive benefits of CB materials for biological applications, as well as the trends and prospects of this interdisci-
plinary subject, based on numerous state-of-the-art research findings.
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Graphical Abstract

Background
Cancer is the second primary cause of death in the 
United States and is a main global public health issues 
[1]. Solid tumor subgroups present a significant medi-
cal challenge because of their distinct physiological traits 
and the huge variations in the ecological niche finger-
print of each tumor microenvironment [2]. While there 
are many approaches to treating solid tumors, most cur-
rent cancer treatment strategies are deficient in one or 
more respects.

Although many promising anti-cancer drugs have been 
identified, suitable carrier systems for targeted therapies 
are still lacking. A developing nanotechnology-based 
therapy is gaining popularity since it can get around the 
conventional problems outlined above. Nanomaterials 
enhance drug performance by exploiting the pathophysi-
ological uniqueness of solid tumors. Due to the improved 
permeability and retention effect (EPR) of nanoparticles, 
it allows for better drug delivery requirements with few 
side effects and offers excellent passive targeting capa-
bilities (for solid tumors) [3, 4]. Additionally, adequate 
medicinal drugs, visualization agents, and targeting 
ligands can be physically or covalently loaded onto nano-
materials [5].

Among these, simple biomolecular supramolecular 
nanomedicines have promising applications in cancer 
therapy, and those developed based on non-covalent 
interactions often exhibit dynamic properties and stim-
ulatory responses; [6–9]. CBs distinguish out among 
the several synthetic macrocyclic bodies for their ver-
satility in molecular apprehension and self-assembly. 
CBs was first discovered in 1999, [10] and people bind 
it with DNA at first [11]. By 2001, people gradually 
understand the unique traits CBs’ have, its prominent 
binding properties and solubility in water and organic 
solvents [12–14] provide a new idea of CBs’ application 
and offer a new way of treatment. At the same time, 
CBs also facing the challenge of their functionalization, 
which shows their poor solubility in common solvents, 
and difficulty in introducing functional groups on their 
surfaces [15]. Since 2003, a myriad of CB[n] deriva-
tives has been described in order to answer the long-
standing problem in cucurbit[n]uril chemistry [15, 16]. 
CB[n] is composed of n glycylurea molecules arranged 
in a ring structure via methylene bridges. The number 
of repeating units determines the size of the entrance 
and the volume of the cavity. The arrangement of the 
hydroxyurea units creates a hydrophobic cavity with a 
carbonyl-lined entrance. The stiffness of the molecu-
lar backbone allows the CB to encapsulate a wide 
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variety of inorganic and organic guest molecules with 
highly tunable binding affinities [17]. In comparison 
to other materials, the carbonyl group at the entrance 
of CB enables charge-dipole interactions and hydro-
gen bonding with the guest, and is capable of coordi-
nating with metal ions, thereby allowing CB to bind 
preferentially to positively charged guests in contrast 
to materials such as cyclodextrins. Furthermore, the 
high structural rigidity of CB enables a highly selec-
tive recognition process. The macromolecular CB also 
allows for convenient access to ultra-stable homocysts 
and heterocysts, which provides a convenient method 
for the preparation of multidimensional nanostruc-
tures [17–19]. They have consequently recently drawn 
more attention in the area of cancer therapy. In particu-
lar, co-assembly using biomolecules such as peptides, 
nucleic acids, and proteins has proven to be a success-
ful method for creating simplified but accurate biologi-
cal systems, figuring out molecular binding patterns, 
creating novel biomaterials, and creating novel disease 
therapeutics [20]. For example, because the host–guest 
bond’s binding affinity can vary depending on the sur-
roundings of the tumor and normal tissue (such as pH, 
redox, and enzymes), this allows for precise regulation 
of the loaded drug or prodrug’s release in the tumor 
[21]. Supramolecular chemotherapy is more adapt-
able than traditional chemotherapy and nanomedicines 
that lack stimulus response due to the non-enzymatic 
dynamic nature of covalent bonds. Additionally, the 
portal of CB[n] is markedly electronegative, and the 
cavity of the macrocycle is encircled by a thick ring of 
the glycuronium substituent, which contains no func-
tional groups or electron pairs accessible to the inner 
cavity. Consequently, the inner cavity of CB[n]s is nota-
bly hydrophobic. This significantly enhances the solu-
bility and stability of poorly soluble anticancer drugs 
in physiological environments by forming host–guest 
complexes, which allows anticancer drugs to be highly 
accumulated in tumors. This significantly improves the 
efficacy of supramolecular chemotherapeutic drugs 
while minimizing the side effects of anticancer drugs 
on healthy tissues [17, 22, 23]. Additionally, by merely 
altering structural components, targeting ligands, vis-
ualization aids, or even therapeutic medications for 
example, a more adaptable strategy for the treatment of 
tumors can be created. Supramolecular chemotherapy 
is more adaptable than conventional chemotherapy and 
nanodrugs that lack stimulus response due to the non-
enzymatic dynamic nature of covalent bonds. Further-
more, supramolecular chemotherapeutic systems can 
be easily integrated by simply changing structural com-
ponents, such as targeting ligands, visualizers, or even 
therapeutic drugs, to give them versatile therapeutic 

diagnostic properties. These structural modifications 
can be made to targeting ligands, visualizers, or even 
therapeutic drugs [24, 25]. Due to cucurbiturils’ promi-
nent traits like its stability, water solubility and excel-
lent binding capacity, [16] it has a huge potential to 
applicate in several areas for example biochemistry, 
medical and biological [16]. Although CB[n] may fac-
ing several challenges, as more research goes forward, 
we can keep our expectations of CB[n]’s application in 
biology, medical and more areas (Table 1).

In this paper, inspired by the continuing interest in tar-
geted therapy, we review recent advances in cucurbit[n]
uril materials and its nanosystems for cancer diagnosis 
and therapy, focusing on supramolecular delivery sys-
tems and their potential for biosensing, fluorescence 
imaging, supramolecular probes. We also show some 
interesting studies on the biocompatibility and toxicity of 
CB[n], which offer promising strategies and for the pre-
cise and collaborative treatment of cancer.

CB[n] delivery system
Overview of CB[n]
CB[n] is a substantial cyclic polymer that resembles a 
pumpkin as in Fig. 1a [17]. It has polar portals around the 
hydrophobic cavity and methyl groups that act as bridges 
connecting several glyoxal units. CB portals can be at 
either end of the structure, depending on the molecular 
structure [26]. The CB family’s carbonyl chemistry pro-
duces a lot of lone electron pairs. Through ionic dipole 
interactions, van der Waals forces, and hydrophobic 
effects, this peculiarity makes the formation of stable 
complexes by using CB with guest molecules possible. 
Additionally, when CB is employed as a carrier, wrap-
ping CB can increase the drug’s solubility and stability, 
and further modifying CB can increase the drug.s target-
ing and controlled release. Multiple CB molecules can 
be assembled into various complexes by the joint action 
of numerous non-covalent bonds, and thus, they can 
serve as dynamic nanoplatforms. Larger CB[n]s are able 
to combine aromatic chemicals to generate 1:1 binary 
complex (CB [7]) or even 1:1:1 hetero-ternary complexes 
(CB [8]) (Fig.  1b) [17]. Since noncovalent bonds can be 
affected by temperature, light, pH, redox, and other vari-
ables, CB-directed nanoplatforms have the potential for a 
variety of stimulated reactions [27].

Additionally, the fundamental interactions between 
individual CB molecules are unaffected by their individ-
ual alterations, CB-based nanoplatforms can go through 
several modifications before being used to build more 
intricate drug delivery systems. Due to these charac-
teristics, the development of targeted drug delivery is 
undoubtedly made possible by the emergence of CB in 
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Fig. 1 Structures of CB[n]. a (Top) The reaction between glycoluril and formaldehyde. (Bottom) Space-filling models of CB [5]-CB [8] demonstrating 
the increasing size yet constant height of the CB[n] macrocycles. Reprinted with permission from ref 13. Copyright 2015 Chem Rev. b CB[n] 
inclusion and exclusion complexes. Reprinted with permission from ref 13. Copyright 2015 Chem Rev
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a time when smart pharmaceuticals are of considerable 
interest.

CB[n] deliver inorganic small molecules drugs
Designing drug delivery systems (DDS) is a crucial part 
of molecular engineering because it shows how to use 
formulation techniques to avoid drug adverse effects, 
increase the therapeutic effectiveness of pharmaceuticals, 
and give them greater functionality [28]. However, it is 
difficult to reconcile the controlled release of the medica-
tions from conventional DDS in the tumor environment 
with its stability along the circulatory process. The non-
covalent host–guest contact is extremely stable, and DDS 
based on this interaction has special benefits like excel-
lent selectivity, flexible binding capacity, and controlled 
drug release (Fig. 2a) [27, 29].

However, due to the environment’s many components, 
host–guest interactions in DDS may be impacted in 
physiological situations. For the development of DDSs, it 

is crucial to research the host–guest interactions between 
carriers and medications under physiological circum-
stances. In this study, Xi Zhang’s group examined the 
host–guest interaction of cucurbit[7] uril/cucurbit[7]
uril with OxPt, a popular clinical antitumor drug, under 
pseudo-physiological conditions. They discovered that 
amino acids could occupy the cavities of CB[7], resulting 
the host–guest interaction’s enthalpy change as decrease. 
(Fig.  2b) [29]. Additionally, a decrease in the binding 
enthalpy changes and an increase in the binding entropy 
change were brought about by the pre-assembly of inor-
ganic cations and the pore structure of CB[7]. As a result, 
in 1640 medium, CB[7]’s binding constant with OxPt is 
1/20 of what it is in pure water. The molecular weight and 
structure of the PEG polymer backbone have no appreci-
able impact on the host–guest interaction when CB[7] is 
adjusted at the end of the star PEG. This shows the direc-
tion which contains high loading and high release effi-
ciency for the development of innovative DDSs.

Fig. 2 Supramolecular Nano Drug Delivery. a CB [6] and CB [7] based supramolecular nano drug delivery systems through formation 
of supramolecular amphiphiles, supramolecular nanovalves as well as supramolecular tailorable surface. Reprinted with permission from ref 
22. Copyright 2021 Chinese Chemical Letters. b Host–Guest Interactions between Oxaliplatin and Cucurbit[7]uril/Cucurbit[7]uril Derivatives 
under Pseudo-Physiological Conditions. Reprinted with permission from ref 24. Copyright 2020 Langmuir. c Supramolecular Container-Mediated 
Surface Engineering Approach for Regulating the Biological Targeting Effect of Nanoparticles. Reprinted with permission from ref 28. Copyright 
2020 Nano Lett. d Schematic of approach for supramolecular homing of guest-appended small molecules on the basis of affinity for locally applied 
host macrocycles. Reprinted with permission from ref 30. Copyright 2019 ACS Cent Sci
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For drug delivery devices, precisely delivering hydro-
phobic medications has proven to be quite difficult. 
One of them, supramolecular hierarchical self-assem-
bly, produces nanoparticles efficiently and has a variety 
of intriguing biological applications. Because of their 
remarkable features such as their excellent bioavailability, 
compatibility, and stability, micelles have been the sub-
ject of the most comprehensive research into nano-drug 
delivery systems for a long time. Bo Yang’s group created 
a novel supramolecular host biotin, acyclic cucurbitacin 
(ACBB), for the first time [30]. They also created a nan-
oparticle-based on ACBB and alkylamine immobilized 
amphiphilic host–guest complexes of cannabinoids that 
self-assemble to create functionalized supramolecular 
micelles (FSMs) for cell-targeted drug delivery. It has 
been shown that FSMs promote apoptosis of tumor cells 
and exhibit potent antitumor activity. Clearly, FSMs have 
excellent drug delivery prospects, high bioavailability, 
stability, good delivery efficiency, and accurate targeting.

The poor solubility and stability of the majority of 
anticancer drugs/prodrugs in the physiological milieu 
significantly diminishes their effectiveness [7, 31]. In typi-
cal subject-guest inclusion complexes, the subject mol-
ecule provides cavities to encapsulate the guest molecule 
through noncovalent interactions [9]. Such subject-guest 
complexes provide a strong and dependable coupling to 
produce supramolecular medicines due to their great 
stability, solubility, and bioavailability. Among them, 
cucurbit[7]uril (CB[7]) is a molecular container that joins 
with platinum-based anticancer medications to form a 
host–guest complex, modifying their effectiveness and 
safety (Fig. 3a) [32]. Ekaterina Pashkina’s group [33] eval-
uated the effects of two tumor cell lines (B16 and K562) in 
melanoma animal models on their viability and prolifera-
tion as well as their activity. They also reported the effects 
of CB[7]-oxaliplatin complexes and a mixture of CB[7] 
and carboplatin (1:1) on primary cell cultures (peripheral 
blood mononuclear cells). Additionally, in vitro research 
was done on the effects of CB-containing platinum (II) 
analogs [7] on T and B cells. Despite the absence of stable 
CB[7]-carboplatin complexes, CB[7] had an impact on 
the biological effects of carboplatin. In vivoCB[7] boosted 
carboplatin’s anticancer activity but also its acute toxicity. 
On the tumor cell lines B16 and K562, it’s complex with 
CB[7] shown stronger cytotoxic effects compared to free 
oxaliplatin, whereas in vivo, the effects of free oxaliplatin 
and encapsulated medications were nearly in same level. 
However, oxaliplatin encapsulation in CB[7] decreased 
the drug’s toxicity has also been confirmed in  vivo 
research. Despite of the fact that carboplatin and CB are 
unable to form stable inclusion complexes, the presence 
of such tiny voids alters the biological characteristics of 
carboplatin. This fact can be explained by the complex 

of carboplatin metabolites with CB[7] and the improve-
ment of their biological properties, as well as the ability 
of CB[7] to induce carboplatin hydration or the encap-
sulation of certain mediator components that may affect 
the biological activity of carboplatin. Therefore, on the 
mouse B16 melanoma cell line, the combination of car-
boplatin and CB[7] had a more notable antitumor impact 
than free carboplatin.

It has been demonstrated that macrocyclic molecules 
can only bind to targeting ligands or nanoparticles 
through unilateral subject-object complexation, which is 
not conducive to further modifying targeting ligands or 
functionalized nanoparticles, leading to uncontrollable 
targeting ligand orientation or lack of binding affinity to 
nanoparticles. The (Acyclic Cucurbituril, aCB) surface 
molecular container works as a bridge for bidirectional 
host–guest complexation to change the targeting ligand 
to the nanoparticle (Fig.  2c) [34]. Better biological tar-
geting effectiveness is the outcome of this considerably 
improving the binding between the targeting ligand and 
the related receptor with a regulated orientation.

Supramolecular vascular-engineered nanoparticles 
improve the targeting ability for sensitive disease diag-
nosis, as demonstrated in successful in vivo tumor MRI 
using ion pcr. It is well established that non-covalent 
linkages based on bilateral host–guest complexation are 
responsible for making surface-engineered nanoparticles 
more effective in targeting biological targets.

In order to route medications to specific areas, drug 
delivery devices often rely on the biological recognition 
of antibodies or other proteins. Unfortunately, local accu-
mulation of nanoparticles using the gold standard anti-
body for targeting (Herceptin) is less than 1%, and only 
14 out of every million sick cells are successfully targeted 
(0.0014%) [35]. Strategies to improve drug delivery to 
their targets while limiting concomitant side effects still 
require further discovery. One option being explored 
to overcome the limitations of traditional targeting 
requires "pre-targeting" the desired site for subsequent 
placement of drug administration, using antibodies or 
reagents for biorthogonal “click” chemistry to facilitate 
recognition and accumulation at the pre-targeting site. 
In contrast, CB[7], coupled with a high-affinity supramo-
lecular bond offered by a small number of guests, offers 
a unique in  vivo drug targeting approach. Matthew J. 
Webber’group used injectable CB[7] enriched hydrogels 
for pre-targeting in order to spatially identify therapeu-
tically targeted regions of action based on supramolecu-
lar affinity targeting and maintaining small compounds 
attached to the guest for systemic administration (Fig. 2d) 
[36]. This supramolecular seeking axis enables custom-
ized biomaterials by extending the localization of small 
molecular loads beyond injectable hydrogels. In addition, 
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it shows promise as a therapeutic to increase the effec-
tiveness of guest-modified chemotherapeutic agents in 
tumor models. Most importantly, supramolecular affinity 
does not irreversibly deplete the target site. Theoretically, 
the same host site could be repositioned in the future to 
extend the life cycle of the device. This possibility is not 
offered by traditional in  situ chemical ligation methods 
and offers great promise for future drug-targeting studies 
based on host–guest supramolecular affinity.

To overcome the limitations of existing pre-targeting 
platforms in terms of in vivo stability and modularity of 
pre-targeting components, Jacob L. Houghton’s group 

proposed a new pre-targeting method for pre-targeting 
platforms [37]. 68  Ga-labeled ferrocene guest radioli-
gands ([68 Ga] Ga-NOTA-PEG3NMe2Fc) and CB[7]host 
molecularly modified anti-cancer embryonic antigen–
antibody (M5A; CB7-M5A) were investigated as promis-
ing host–guest chemical pre-targeting agents in BxPC3 
xenograft nude mice for positron emission tomography 
studies. The proposed pre-targeting approach (leading 
to moderate tumor uptake (%ID/g)) can be made more 
effective by adjusting various pre-targeting parameters 
(e.g. interval time and pre-targeting agent dose) and 
further improving the structure of the radioligand. This 

Fig. 3 The toxic effect of CB complexes. a Effects of SO and SO@CB complexes on cardiac function in zebrafish. Reprinted with permission 
from ref 151. Copyright 2017, Royal Society of Chemistry. b Cytotoxicity of OxPt, CB[7] and oxaliplatin-CB[7] complexes. Reprinted with permission 
from ref 42. Copyright 2017, American Chemical Society. c Effects of BDQ, CB[7] and CB[7]-BDQ complexes on zebrafish cardiac function. Reprinted 
with permission from ref 48. Copyright 2018, Elsevier Ltd.
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optimization enhances the context of tumor uptake and 
other pre-targeting techniques for tumors.

Although the possibility of CB[7] for drug adminis-
tration and other biomedical purposes has been stud-
ied in  vitro, there are still a lack of clinically significant 
in  vivo results. In  vitro studies typically focus on a sin-
gle drug in a controlled environment. However, in  vivo 
models are far from straightforward. In one study, Jana 
Zdarova Karasova’group identified the advantages and 
disadvantages of this drug delivery method by elucidating 
the link between oxime KO27, atropine, Paraoxon, and 
CB[7] [38]. Studies have shown that CB[7] affects mul-
tifactorial OP intoxication and its treatment by (i) clear-
ing propoxyphene and preventing the free fraction of this 
toxin from entering the brain, (ii) enhancing the availabil-
ity of atropine in the CNS, and (iii) increase the entry of 
oxime into the brain. In terms of therapeutic outcomes, 
the benefits of the combination of CB[7] and oxime may 
outweigh any potential dangers.

Xi Zhang groups have been exploring the potential 
value of CB[n] in supramolecular antitumor drugs. In 
2016, he proposed a cytotoxic supramolecular modula-
tion strategy based on host–guest interactions and per-
formed a proof-of-concept using CB[7] with dimethyl 
viologen [39]. In the proof-of-concept dimethyl viologen 
(MV) was used as a model antitumor agent and CB[7] 
was used as a water-soluble macrocyclic host to form a 
MV-CB host–guest complex with MV. The MV-CB host–
guest complex exhibited lower cytotoxicity than both 
MV and CB[7] alone in the BEAS-2B cell model, while 
exhibiting greater cytotoxicity than MV alone in HT-29 
intestinal tumor cells overexpressing spermine and in the 
A549 lung tumor cell line. This study reveals the potential 
value of CB [7] in supramolecular chemotherapy.

In 2017, their group further exploited the host–guest 
complex formed by the clinical antitumor drug oxalipl-
atin and CB [7] to explore the potential application value 
of supramolecular chemotherapy in clinical cancer ther-
apy (Fig.  3b)  [40]. This study provides further evidence 
that CB [7] achieves targeted drug release in the setting 
of overexpressed spermine. Consistent with previous 
studies, oxaliplatin embedded in CB[7] showed greatly 
reduced cytotoxicity to normal colon cells, while exhibit-
ing enhanced cytotoxicity to colon cancer cells.

Based on this study, their group designed a backbone 
polymer polyCB[7] with CB[7] and PEG motifs to serve 
as a drug carrier for oxaliplatin [41]. Like the previous 
design, polyCB[7] exhibited low cytotoxicity to normal 
cells and showed stronger cytotoxicity to cancer cells 
overexpressing spermine. Compared to the previous 
design, polyCB[7] had a longer in  vivo residence time, 
which provides a potential application of supramolecular 
chemotherapy in the clinic.

In subsequent studies, Yueyue Chen’s team further 
explored the supramolecular chemotherapeutic potential 
of other antitumor drugs encapsulated in CB[7] [42–44]. 
Doxorubicin-ZnO, heptaplatin, and lobaplatin all have 
potential supramolecular chemotherapeutic applications. 
When combined with CB[7], these three drugs showed 
greatly reduced cytotoxicity to normal cells and exhib-
ited stronger cytotoxicity to tumor cells overexpressing 
spermine. This means that the combination of antitumor 
drugs with CB[7] is not an isolated case, and a large num-
ber of other more cytotoxic drugs have the potential to 
become anticancer drugs by combining with CB[7].

Recently, her team also included CB[8] in the study of 
potential carriers for chemotherapeutic drugs [45]. They 
used CB[8] to encapsulate two chemotherapeutic drugs, 
lobaplatin and eptaplatin, to form the LP + EP@CB[8] 
complex (CLE), and analyzed the nanomechanical prop-
erties of the surface of colorectal tumor cells after the 
action of the CLE using bioscope AFM. This study sug-
gests that CLE enhances Pt infiltration into the colorectal 
tumor microenvironment, such that metastasis of colo-
rectal tumor cells may be reduced.

In addition to the above-described delivery applica-
tions of CB[n] in the field of cancer, the delivery action 
of CB[n] has also been used in the treatment of other 
diseases. Bedaquinoline (BDQ), as an anti-tuberculosis 
drug, has irreducible cardiotoxicity. Through the host–
guest interaction between CB[7] and BDQ, Kuok and 
colleagues were able to synthesis the CB[7]-BDQ com-
plex with a molar ratio of 1:1. CB[7]-BDQ combina-
tion demonstrated less cardiotoxicity than BDQ in  vivo 
zabrafish models, and CB[7] increased BDQ’s water 
solubility and enhanced its antibacterial effects (Fig.  3c) 
[46]. Trazodone (TZ) is often used to treat depression, 
but its hepatotoxicity has limited its clinical use. Huang 
and colleagues came up with a plan to encapsulate TZ in 
the supramolecular macrocyclic host to lessen its hepa-
totoxicity. They discovered that CB[7] exhibited a strong 
affinity for TZ and its metabolite chlorphenypiperazine, 
which significantly decreased the liver toxicity brought 
on by TZ, by describing the physicochemical character-
istics and toxicity of the host–guest complex formed by 
CB[7] and TZ at a molar ratio of 1:1. As a result, CB[n] 
compounds became more widely used as pharmaceutical 
excipients [47]. Polyethylenimide (PEI) is a gene delivery 
vector with good transfection efficiency [48], but high 
cytotoxicity limits its popularization and application. 
Huang and colleagues obtained lower cytotoxicity by 
simple encapsulation of PEI with CB[7], while retaining 
the high transfection efficiency of PEI [49], which pro-
vided guidance for further clinical studies.
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CB[n] deliver proteins
Proteins are an inexhaustible source of creativity. 
Thanks to nature’s careful tuning of protein amino acid 
sequences, proteins have evolved from primary struc-
tures to quaternary structures, a feature unique to pro-
tein oligomers and often necessary to achieve their 
functions [50]. Recent advances in research have focused 
on manipulating protein independence to create novel 
nanomaterials with desired functions and multiple appli-
cations [51]. Proteins are intrinsically fertile ground for 
inter- and intramolecular interactions; thus, they present 
attractive multifunctional building blocks for manipula-
tion [52]. Based on this understanding, Elisavet Ioannou 
et  al. proposed a scheme for the development of supra-
molecular protein complexes, which are formed through 
subject-guest interactions in the presence of macrocyclic 
subject CB[8] [53]. Based on this Elisavet Ioannou and 
Nikolaos E. Labrou provided a scheme for the develop-
ment of supramolecular protein complexes based on 
subject-guest interactions in the presence of macrocyclic 
subject CB[8] [54]. CB[8] has a significant effect on the 
high-affinity tripeptide-ph-gly-gly (FGG); therefore, CB 
[8] can act as a selective adherent for protein molecules 
when FGG is fused to the protein surface. Depending on 
the application, the binding of the appropriate recogni-
tion motifs can be applied directly to the building blocks 
of the protein or spliced before the complex is formed[4]. 
The morphology of the derived complexes depends on 
the location of the recognition motif on the building 
block of the protein along its general structure.

However, CB[n] have excellent water-based recognition 
capabilities, and increasingly (body)n:(guest) n supramo-
lecular polymers have been described. By using Pt/pep-
tide/CB[8] assembly sites to specifically target secondary 
hosts CB[7] and CB[8]. H. Barbero and E. Massonfound 
that it is possible to functionalize CB[8]-immobilized Pt 
dimers in situ and quantitatively with a pair of cysteine-
containing polypeptides [55]. This opens the way for 
CB[8]-safe Pt dimeric protein logical design for recogni-
tion and restriction opens the door. In addition, Adam 
R. Urbach’group showed that high-affinity cucurbitacin-
mediated peptide recognition is not dependent on aro-
matic residues. These findings suggest that the synthetic 
receptor CB[8] can be used to target unaltered peptides 
containing n-terminal methionines in addition to the 
known ability to target n-terminal and disordered loops 
in folded proteins [56].

Reconfigurable protein assemblies are undoubtedly 
crucial in life processes and are one of the major areas 
of research in supramolecular chemistry. Microtubules 
(MT) are important protein filaments that have a consid-
erable impact on mitosis and are the subject of interest 
for Y. M. Zhang and coworkers. Briefly, they showed in 

their study that intertubular aggregation of microtubules 
can be efficiently regulated by peptide-microtubule pro-
tein interactions and synergistic effects of host–guest 
complexes [57]. When bound to CB[7] and CB[8] at dif-
ferent stoichiometric ratios, benzimidazole-modified 
antisecretory peptides (BPs) recognize MTs. signifi-
cant apoptosis and tumor ablation in vivo are caused by 
the extensive conversion of BP from fibrillogenic to 
nanoparticle-like aggregates CB[8], which cross-link 
the self-assembled morphology of MTs. Ultimately, it 
inhibits tumor proliferation. This study shows that a 
combined approach combining biocompatible micro-
tubule-directed drugs and modulating supramolecular 
complexes (BPCB[8])@MT assembly has significant ben-
efits and can be used to treat cancer. Strategies based on 
centralized and managed protein–protein interactions 
may offer new opportunities for the clinical translation of 
supramolecular therapies.

CB[n] deliver photosensitizers
One of the more well-known forms of phototherapy is 
called photodynamic therapy (PDT), which is used to 
treat cancer. PDT involves the use of photosensitizers to 
produce large quantities of reactive oxygen species (ROS) 
under specific laser wavelengths, which are involved in 
cellular autophagic death by activating the death recep-
tor pathway and the apoptotic mitochondrial pathway. 
It is non-invasive, not poisonous to the system, and very 
selective.

Combining both forms of “chemo phototherapy” has 
been described as a developing treatment strategy for 
solid tumors in order to increase the efficacy of cancer 
treatment [58]. It is believed that the combination of 
these highly selective therapies will increase the effective-
ness of tumor suppression by encouraging tumor regres-
sion and preventing medication resistance [58–60]. Like 
chemotherapy, supramolecular photosensitization is an 
effective treatment option for solid tumors. chemother-
apy, supramolecular photosensitizers (photoactivated 
drugs) are the counterparts of chemotherapeutic agents 
in phototherapy [61, 62]. With the extra benefit of reg-
ulating their photoactivity and photostability, CB[n]s 
supramolecular encapsulation of photosensitized phar-
maceuticals enhances their solubility and biodistribution 
[63].

For combined chemical-photodynamic therapy, a 
variety of drug delivery systems (DDS) have been devel-
oped, including inorganic nanoparticles, organic self-
assemblies, [64] and polymers [65]. These DDS have 
demonstrated less adverse effects, increased anticancer 
effectiveness, and high yields. However, host–guest inter-
actions-based combination therapeutic nanomedicines 
have hardly ever been studied. A new supramolecular 
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nanomedicine (SNM-3) described by Da Ma’s group is 
based on host–guest interactions between therapeutic 
drugs and acyclic CB[n] [66]. Enhanced chemical-pho-
todynamic combination therapy it can be used for Tet-
raphenyl porphyrin (TPP), a photodynamic compound, 
camptothecin (CPT), and PEG were combined to cre-
ate composite supramolecular nanomedicines (Fig.  4d). 
A redox-reactive disulfide bond linker (CPT-SS-TPP) 

was used to join CPT and TPP. CPT-mPEG, which was 
added into the supramolecular nanomedicine to improve 
its physiological stability, was created by coupling methyl 
polyethylene glycol to CPT.

Acyclic CB[n] host 1 facilitated the supramolecu-
lar assembly of CPT-SSTPP and CPT-mPEG to gener-
ate a three-component supramolecular nanomedicine 
(SNM-3). To maximize the nanoscale morphology and 

Fig. 4 CB-based luminescent Systems for Photodynamic Therapy. a Supramolecular co-encapsulation of a photosensitizer and chemotherapeutic 
drug in cucurbit [8luril for potential chemo phototherapy. Reprinted with permission from ref 107. Copyright 2022 Photoch Photobio Sci. b 
Illustration of the formation and therapeutic action of the DOX-CB [8]−1-E-2/SLS supramolecular nanosheets. Reprinted with permission from ref 
114. Copyright 2019 Journal of Materials Chemistry B. c The combination of photodynamic therapy with a putative depletion of polyamines 
on cancer treatment with compound 17. Reprinted with permission from ref 108. Copyright 2021 Commun Biol. d Chemical structures 
of CPT-SS-TPP, host 1, CPT-mPEG and a schematic illustration of the mechanism of chemo-photodynamic combination therapy. Reprinted 
with permission from ref 111. Copyright 2020 Chem Commun (Camb). e Facile Preparation of Cucurbit [6] uril-Based Polymer Nanocapsules 
for Targeted Photodynamic Therapy. Reprinted with permission from ref 115. Copyright 2019 ACS Appl Mater Interfaces



Page 11 of 29Muheyati et al. Journal of Nanobiotechnology          (2024) 22:790  

therapeutic benefits, it can also be controlled by vary-
ing the ratio of the three components. The synthesis of 
intracellular singlet oxygen is more effectively boosted 
by the super-optimized supramolecular nanomedicine, 
which also has good stability. In the lowering intracellular 
environment, SNM-3 can distribute and release CPT and 
TPP. Cytotoxicity tests revealed that SNM-3 increases the 
combined chemotherapy-photodynamic therapy’s ability 
to kill the three tumor cells.

In photodynamic treatment, supramolecular nanodrug 
delivery devices with stimulus-responsive qualities have 
drawn a lot of interest. CB[8] is a powerful macrocyclic 
compound that easily forms charge transfer complexes 
with a variety of guest molecule ratios. It has been exten-
sively employed to create a range of molecular machines, 
photoluminescent materials, and topological nanostruc-
tures [19, 67, 68]. Cucurbit-based 2D supramolecular 
nano assemblies, which serve as direct drug transport-
ers, have, however, only occasionally been documented. 
With a morphological transition based on secondary self-
assembly of supramolecules in ternary complexes with a 
tris-bipyridine derivative [1] and a water-soluble azoben-
zene quaternary ammonium salt (E-2) as functional 
guests, Ting Zhang et  al. reported a light-controlled, 
reversible, and recyclable 2D supramolecular nanosheet 
(Fig. 4b). [69]. Under UV light irradiation, CB[8] −1-E-2/
SLS (SLS-sodium dodecyl sulfonate) assemblies show 
quick, reversible morphological alterations. The anti-
cancer drug doxorubicin (DOX) is carried by several 
common hydrophobic alkyl chains in the composition 
of the nanosheet through hydrophobic interactions. The 
nanosheets disintegrate into erratic fragments with a 
dramatic size reduction when exposed to light, causing 
the medication to flow out gradually. Based on the rapid 
absorption of cancer cells by photosensitive supramo-
lecular nanosheets and the increase in cytotoxicity after 
light irradiation, it is expected that light-sensitive supra-
molecular nanosheets will become effective drug carriers 
for cervical cancer. The nanosheets exhibit quick light-
controlled drug release and a high drug loading capac-
ity. This two-dimensional nanosheet with shape-tunable 
properties is thought to hold promise as a material for 
intelligent light-controlled medication delivery.

The encapsulation of the photosensitizer acridine 
orange (AO) and the chemotherapeutic medication oxali-
platin (OxPt) in CB[8] was investigated by the research 
team of Denis Fuentealba, and their individual and com-
bined effects on in vitro-cultured tumor cells were evalu-
ated (Fig. 4a) [70]. It was demonstrated that the OxPt@
CB[8] complex was only cytotoxic at very lengthy incu-
bation durations (24 h), but the AO@CB[8] complex was 
well absorbed into the cells and displayed considerable 
phototoxicity. Any photodynamic effects of subsequent 

treatment with the AO@CB[8] combination were 
reduced by pretreating cells for 24  h with the OxPt@
CB[8] complex. However, after 90 min of co-incubation 
between the two complexes, the combined cytotoxicity/
phototoxicity outperformed each treatment alone. A syn-
ergistic impact was discovered, increasing cytotoxicity/
phototoxicity by an extra 30%. These findings suggest a 
novel approach for the development of photochemother-
apy applications, wherein photosensitizers and chemo-
therapeutic drugs are co-encapsulated in a sizable ring. 
Here, CB[8] demonstrates a few standout benefits: [1] 
it can encapsulate up to two photosensitizer molecules, 
doubling the payload; and [71] some photosensitizers 
have a higher binding affinity than CB[7]. These findings 
are exciting for the potential use of supramolecular com-
plexes based on CB[7]in chemo phototherapeutic appli-
cations, but further research will need to show synergy 
by adjusting the doses of the drug and light as well as 
demonstrating it in vivo.

Cancer therapy possibilities have been looked at that 
alter polyamine levels to block biosynthesis, transport, 
and breakdown. With good targeting, high tumor sup-
pression, and little side effects, supramolecular chemo-
therapy can be utilized to treat spermine high-expression 
cancers. However, because spermine and the host have 
reversible host–guest interactions, apoptosis cannot be 
effectively induced. A promising approach would involve 
combining PDT with polyamine depletion.

A novel PPAB-based photosensitizer (compound 17) 
that can irreversibly create two photosensitizers and syn-
ergistically deplete polyamines was investigated by the 
team of Ruibing Wang [72]. A promising approach for 
polyamine depletion is combining it with PDT by syner-
gistically damaging tumor cells (Fig.  4c). Compound 17 
has ability to target lysosomes, perform ratiometric fluo-
rescence imaging, deplete polyamines, and increase ROS 
production. Consequently, giving an irreversible poly-
amine depletion method that, when paired with PDT, 
increases anticancer activity.

For payload distribution and bioimaging applications, 
previously created covalent self-assembled polymer 
nanocapsules (NCs) based on CB[6] offer great potential. 
However, the multi-step process required to create these 
NCs is often arduous and time-consuming. Direct alkyla-
tion of per hydroxylated CB[6] with a dihydroxy linker 
not only saves a lot of time and effort but, more impor-
tantly, does not require UV irradiation or post-process-
ing of the preparation, making non-covalent modification 
of the inclusions and nanocarbon surfaces possible. This 
approach was reported by Qian Cheng and Rui-Bing 
Wang’group [73]. This could result in a sharp rise in the 
quantity of biomedical research investigations conducted 
on these unique materials. For improving the ability to 
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target cancer cells for targeted photodynamic therapy, 
the employment of photosensitive therapeutic payloads 
encapsulated within NCs also lends support (Fig. 4e).

CB [n] deliver pH‑responsive nanodrugs
Incentive-response nanomedicine is an important 
"smart" drug delivery system (DDS) for targeted admin-
istration of chemotherapy drugs. PH-reacting vectors 
are considered one of the most promising tumor-ori-
ented delivery systems targeting local diseases with low 
pH such as tumor tissue (pH = 5.7 ~ 7.8) and infectious/
inflammatory sites (pH = 6.5), instead of targeting normal 
tissues and blood with a high pH (pH = 7.4) [74, 75]. This 
allows for the controlled release of anticancer drugs in 
the tumor environment, thereby increasing the specificity 
of chemotherapy. Specificity of chemotherapy treatment. 
It also contributed significantly to reducing the poten-
tially serious side effects of doxorubicin and other chem-
otherapeutic agents due to their nonspecific interactions 
with normal and tumor tissues.

Because of the dynamic nature of host–guest inter-
actions, supramolecular vesicles have great potential 
to develop into pH-sensitive targeted transmission of 
DDS translation. The Da Ma’group reported intelli-
gent supramolecular vesicles constructed from host–
guest interaction between the “acid-degrading” acyclic 
CB[n] and the doxorubicin pre-drug (Fig.  5a) [76]. 

“Acid-degradable” acyclic CB[n] is a high-affinity host 
for several common antitumor drugs, and its degra-
dation leads to a more dramatic decrease in binding 
affinity than that observed for “acid-sensitive” hosts. 
The resulting supramolecular vesicles react to the acid-
ity of the tumor (pH = 6.5). Under mild acidic condi-
tions (pH = 6.5–5.5), acid-decomposed acyclic CB[n] 
can decompose, resulting in the transition of vesicles 
to micelles to form positively charged micelles. This 
shift results in pH-dependent changes in size and sur-
face charge, which improves the uptake of doxorubicin 
tumor cells.

Then, with CB[6] and doxorubicin as guests, the Da 
Ma’group created a supramolecular complex with slow 
dissociation properties for controlled release of the pH 
response [77]. CB[6] encapsulation significantly changed 
the chemical and biological properties and helped to 
achieve responsive controlled release to a weakly acidic 
pH (≈6.5) in cancer cells. By regulating pH responsive-
ness and transmembrane efficacy, CB[6] encapsulation 
allows for optimal controlled release and targeted drug 
administration. It is noteworthy that CB[6] encapsulation 
has been observed to inhibit the binding of doxorubicin 
to serum proteins, primarily albumin and immunoglobu-
lins. This may potentially contribute to an improved bio-
distribution of doxorubicin in vivo.

Fig. 5 pH-responsive Drug Release Systems. a pH-Induced degradation of anionic container 1 to form cationic container 2, and a cartoon depicting 
acid-triggered drug release from the cavity of container 1. Reprinted with permission from ref 43. Copyright 2019 Chemistry. b Host-1 and drugs 
combination and in vivo release concept. Reprinted with permission from ref 50. Copyright 2019 Bioorg Med Chem
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Similarly, pH-responsive drug release systems (DDS) 
target the acidic tumor extracellular environment 
(pH = 6.5–7.0) [78]. Enabling the controlled release of 
other chemotherapeutic agents in the tumor environ-
ment also contributes significantly to reducing potentially 
serious side effects due to their non-specific interactions 
with normal and tumor tissues.

POD (POD, Fig.  4b) is a natural compound extracted 
from Polygonum multiflorum that has been shown in 
numerous studies to have good antitumor effects against 
various tumor cell lines (e.g., P-388 mouse leukemia, 
A-549 human lung cancer, HT29 human colon cancer, 
MEL-28 human melanoma) [79–81]. Etoposide (VP-16, 
Fig. 5b) is a synthetic derivative of POD. Since its discov-
ery, derivatives have been used in the treatment of human 
malignant tumors and have become important antitumor 
drugs [82]. However, the poor water solubility of Pod, 
high toxicity to normal tissues, and various side effects 
that can cause liver and kidney dysfunction and diarrhea 
have hindered its further application in clinical treat-
ment [79]. To improve the water solubility, the absolute 
bioavailability of POD and VP-16, and tumor targeting, 
Bo  Yang’group designed and prepared acid-controlled 
release complexes of POD and VP-16 with pH-unstable 
acyclic cucurbit rings and validated their acid-controlled 
properties and encapsulation behavior [83]. The synthesis 
of stimulated-responsive acyclic CB[n] for increased drug 
solubility and targeted drug delivery is shown in Fig.  5. 
Under weakly acidic conditions (pH = 5.5–6.5), host-1 
can be degraded to host-2, and when host-1 is delivered 
to the surface of tumor cells, anticancer drugs will be 
released for active action due to the weakly acidic con-
ditions of tumor tissue. These studies provide strategies 
for better anticancer activity and clinical application of 
low cytotoxic anticancer drugs for targeting and response 
systems.

Although scientists have developed many “smart” 
nano-carrier systems for targeted release of drugs to 
reduce harmful side effects and improve therapeutic 
efficacy, only a limited amount of cargo can reach dis-
eased tissues [84]. Therefore, the use of exogenous or 
endogenous triggers to achieve the release of cargo that 
responds to a stimulus can be a remedial option.

CB[n] for diagnosis applications
Nanomedicine represents an innovative direction with 
the potential to improve cancer diagnosis and treatment 
compared to conventional approaches. As a diagnostic 
platform, nanosystems can combine multiple modali-
ties on a single nanosystem, which is a major advan-
tage in conferring greater sensitivity and deeper insight 
into in  vivo processes. In this regard, CB[n]s have been 
found to encapsulate a variety of guest molecules such as 

fluorescent dyes, drugs, and biomolecules. When using 
CB encapsulations, their performance varies to varying 
degrees. Therefore, the application of CB in the medi-
cal industry is gradually developing, and the diagnostic 
and imaging role of therapeutic supramolecular drugs 
can report the presence, location, status and response 
of tumors to a specific treatment, which is essential for 
accurate treatment. With the combination of imaging 
and therapeutic modalities, nanosystems for therapeu-
tic diagnostics have the potential to change the current 
medical paradigm to one of imaging-guided therapy and 
personalized treatment. In this regard, we highlight the 
research progress of CB-based luminescent molecules or 
systems for imaging, probes, sensing systems.

CB[n]‑based bioimaging
CB[n] probes
Due to their flexible stimulus–response properties, 
supramolecular probe adducts are also used in targeted 
drug administration and therapeutic diagnostic studies 
[67, 85]. Shuping Xu’group used BPEB derivatives (DCn: 
n = 8,12,16) and CB[6] based on the advantages of simple, 
rapid, and very stable complex formation of CB-encapsu-
lated fluorescent dyes (CB[6]) couples, a supramolecular 
fluorescent imaging probe based on host–guest combi-
nations was created for mitochondria-specific imaging 
(Fig.  6a) [86]. Due to their water solubility, these host–
guest conjugates can be effectively inserted into cells 
and targeted mitochondria based on positive charge. In 
response to the intracellular microenvironment, these 
spliceosomes begin to disassemble dynamically. The 
released BPEBs display highly hydrophobic characteris-
tics, which can crystallize to form fluorescent solids that 
illuminate the mitochondria. In situ fluorescence lifetime 
imaging confirms the intracellular disassembly of the 
host–guest probes. These smart mitochondria-targeted 
fluorescence imaging probes can be used to study the 
structure and function of mitochondria and are impor-
tant for the dynamic transformation of supramolecular 
assemblies in the cell.

CB[8]’s ability to limit the rotation of the guest mol-
ecule and form an extended conjugated system made it 
possible for Xuan Wu and Yu Liu’s group to successfully 
assemble G, CB[8], and HA-CD ternary nano supramo-
lecular assemblies using a multi-step assembly method. 
This extended conjugated system can be used as a tar-
geted NIR lysosomal probe and PDT agent (Fig.  6b) 
[87]. This ternary construction dramatically decreases 
the light cytotoxicity of the G CB[8] complex to normal 
cells (293  T) while maintaining the light cytotoxicity to 
cancer cells (A549) because of the overexpression of the 
receptor on the surface of cancer cells. A complex sys-
tem with NIR imaging capability and improved targeting 
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PDT efficiency was successfully built in a relatively sim-
ple manner using orthogonal host–guest recognition of 
different macrocyclic molecules, offering a new method 
for building efficient cancer diagnostic and therapeutic 
systems by carefully designing the basic building blocks.

Localized cancer treatment absolutely requires the 
most recent developments in nano-architectural plat-
forms for safe and efficient tailored phototherapy in a 
synergistic approach. Photothermal and photodynamic 
therapy (PTT and photodynamic therapy) is considered 

the most promising local treatment strategy for cancer 
as it has no long-term side effects, minimal invasiveness 
and reasonable price [88, 89]. This strategy necessitates 
the use of two separate laser light wavelengths in order to 
achieve the synergistic PDT and PTT phenomenon [90]. 
Therefore, it is quite difficult to establish a straightfor-
ward and efficient plan to investigate both PDT and PTT 
in a single laser [91].

Kaustabh Kumar Maiti’s group. Demonstrated an excel-
lent nanotherapeutic diagnostic probe for solid tumor 

Fig. 6 CB[n]-based Luminescent Systems for Supramolecular Probes. a Fluorescent Imaging Probe Targeting Mitochondria Based 
on Supramolecular Host- Guest Assembly and Disassembly. Reprinted with permission from ref 76. Copyright 2022 ACS Omega. b Schematic 
Illustration of the Construction of the Targeting PDT System. Reprinted with permission from ref 77. Copyright 2019 Chem Commun (Camb). c 
Nanotheranostic Probe Built on Methylene Blue Loaded CB [8] and Gold Nanorod: Targeted Phototherapy in Combination with SERS Imaging 
on Breast Cancer Cells. Reprinted with permission from ref 82. Copyright 2021 J Phys Chem B. d Schemagtic Representation of Synergistic 
Phototherapies Exhibited by Targeted Theranostic Nanoprobe on Single Laser Irradiation. Reprinted with permission from ref 83. Copyright 2022 J 
Am Chem Soc
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treatment (Fig. 6c) [92]. In order to study human breast 
cancer cells, a macrocyclic subject called CB[8] is used as 
glue between two gold nanorods (GNR) in a linear nano 
assembly with a spacing of about 3 nm. This method also 
uses phototherapy to study the cells. The development of 
human breast cancer cells during treatment. On a single 
laser trigger, the GNR is in the charge of the PTT and 
the photosensitizer methylene blue is responsible for the 
PDT on the CB[8], ensuring simultaneous phototherapy. 
In order to localize PTT and PDT on Her 2-positive 
SKBR 3 cells, nanoconstructures were also labeled with 
a targeted anti-Her 2 monoclonal antibody (MB-CB[8]@
GNR-anti-Her 2). Cells were then identified using a sur-
face-enhanced Raman spectroscopy (SERS) platform, 
and combined intracellular phototherapy was further 
assessed. To achieve effective local treatment of breast 
tumor cells using dual phototherapy, current technology 
is clearly a direct approach to proof of concept.

The research team of Stefan W. Hell created and imple-
mented a straightforward photo switching system based 
on the supramolecular guest–host concept using the 
fluorescent molecules diarylethene (DAE) and CB[7] 
(referred to as DAE@CB[7]).Due to its excellent water 
solubility, low cytotoxicity, and significantly better bind-
ing affinity than alternative host molecules like cyclodex-
trins and calixarenes, [93] CB[7] was chosen as the host 
molecule for this supramolecular probe. The DAE mol-
ecule is shielded from the environment in this assembly 
by CB[7], which increases the fluorescence intensity and 
fatigue resistance of the DAE molecules in pure water. 
Additionally, complexation can preserve or enhance a 
substance’s physical characteristics, including its capacity 
for photoisomerization, photostability, and fluorescence 
quantum yield (Fig. 6d).

The results of the experiment demonstrate that the 
fluorescence quantum yield increases and that the DAE@
CB[7] complex can be switched on and off 2560 times in 
aqueous solution whereas the free DAE molecules can 
only be switched on and off 80 times. Biological con-
jugations of DAE@CB[7] and antibodies can be made 
by adding reactive groups to the system. According to 
experimental findings, under 355/485  nm light irradia-
tion, intracellular proteins can be specifically labeled, 
and probes can be switched in and out of the cellular 
environment.

Others
An exciting feature of CB-based luminescent materials 
is that they come in a wide variety of ways, from small 
complexes to large supramolecular polymer systems 
documented in the literature. This is a direct result of 
the variable chemometry of the CB body-guest com-
plex [94]. Due to their smaller size, CB[6] and CB[7] are 

preferably formed as 1:1 binary complexes, while CB[8] 
is usually obtained by simultaneously encapsulating two 
identical guest molecules in a 1:2 way or as two differ-
ent guest molecules in a 1:1:1 way. In general, CB[6] and 
CB[7] binary complexing capabilities have been used to 
construct small luminescent complexes, while 1D supra-
molecular polymers or higher-order nanostructures are 
designed to take advantage of CB[8]’s three-component 
complex formation properties. One of the common fea-
tures of all these materials is that their luminescence is 
tunable to respond to a variety of external stimuli and 
competing guests.

In order to construct for the first time an inverted 
fluorescence supramolecular set of two visible lights for 
directed lysosomal cell imaging and two-dimensional 
information recognition controlled by visible light, 
the team of Lei Lu and Yu Liu simulated the structure 
and function of natural enzymes [95]. Combined acti-
vated photochromic and combined activated emission 
enhancement were selected. Where CB acts as a mac-
rocyclic host and activator. After a complex design and 
synthesis process, water-soluble DTE-MPBT containing 
thiophene ethylene and a fluorescent molecular rotor 
were generated. In addition, CB[8] acted as a modulator 
to limit the rotation of the MPBT slices (molecular rotor), 
resulting in a partially developed intermolecular charger 
transfer that tends to flatten out. By the AAEE method, 
the intervention of CB[8] also leads to efficient fluores-
cence enhancement of FF from 0.5 to 46.2% of DTE-
MPBT.DTE-MPBTCCB[8] also demonstrates novel dual 
visible light-driven solid-state fluorescence switching 
properties with intelligent features for optically manipu-
lated data storage and counterfeit detection. Notably, the 
generated bright fluorescence is highly fatigue-resistant 
and can be efficiently switched between two independent 
visible light sources (of different wavelengths) (Fig. 7a).

In the case of fluorescent guest molecules, the subject-
guest complex can often affect charge transfer and aggre-
gation processes in the CB cavity of the guest molecule 
and result in tunable photophysical properties such as 
wavelength displacement and emission increase [96]. By 
using this strategy, the UV–vis of the dye molecule as a 
guest and the red shift in the fluorescence spectrum can 
be used for bioimaging and photothermal therapy appli-
cations [97–99].

Based on this, Yingjie Zhao’s group obtained two dif-
ferent complexes of the tri-thematic guest molecule 1 
with CB[7] and CB[8] in water [100]. X-ray single crystal 
diffraction and 1H NMR spectra gave the supramolecu-
lar structures of the complexes. In particular, the fluores-
cence spectrum of 1_CB[8] was red-shifted by 142  nm. 
different cell staining behavior was observed due to the 
different structures. 1_CB[7] could stain both nucleus 
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and cytoplasm, while 1_CB[8] stayed mainly in the cyto-
plasm. This simple complex formation process not only 
regulates the photophysical properties of the dye, but 
also allows the paint to selectively color different areas of 
the cell.

In conclusion, the presence of CB[n]s results in a sig-
nificant red-shift in the UV and fluorescence spectra of 
the host–guest complex compared to the guest molecule 
itself, making it an ideal candidate for biomarkers.

Encapsulation in the CB cavity causes significant 
changes in the photophysical properties of the chromo-
phore and often leads to increased emissions. This is due 
to the combination of hydrophobicity of the cavity and 
mechanical shielding of the guest in an aqueous medium 

with harmful self-aggregation and quenching [94]. In 
addition, the hardening of the encapsulated chromo-
phores in the CB cavity facilitates access to pure organic-
based room-temperature phosphorescent materials, 
which has attracted extensive attention regarding bio-
imaging [101]. The majority of reported NIR phospho-
rescent systems are currently based on transition metal 
complexes [102, 103]. In such complexes, metal–ligand 
charge transfer (MLCT) can occur, which promotes 
spin–orbit bonding, where modification of the chelating 
ligand can lead to a red-shift in the emission, resulting in 
NIR phosphorescence [104, 105]. In contrast to inorganic 
NIR phosphorescence, pure organic NIR room-tempera-
ture phosphorescence (RTP) is rare [106].

Fig. 7 CB-based Luminescent Systems for Imaging. a Chemical Structures, Assembling Pattern and Assembly-activated Photochromism of the Host 
and Guest. The Proposed Assembling Pattern and Visible-light-driven Switching Mechanism of the Assembly DTE-MPBT CB [5], and the Chemical 
Structures of DTE-MPBT and CB [5]. Reprinted with permission from ref 53. Copyright 2021 Mater Horiz. b Schematic Representation Structures 
of Guest Molecule 1 and CBs and Photographs of the Complex Solution. Reprinted with permission from ref 58. Copyright 2021Chem 
Commun (Camb). c The Construction and Behavior of CBs/HA-BrBP Supramolecular Pseudorotaxane Polymers in Aqueous Solution. Reprinted 
with permission from ref 66. Copyright 2020 Nat Commun. d Schematic Illustration and Chemical Structures of the Photo-controlled NIR 
Phosphorescence of DTE-TP/CB [5]. Reprinted with permission from ref 66. Copyright 2022 Small
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Thus, Yu Liu’s group reported the construction of 
macrocyclic-restricted pure organic room-temperature 
phosphorescent (RTP) supramolecular assemblies using 
diarylethene phenyl pyridine derivatives (DTE-TP) and 
CB[8] bicarbonate (Fig. 7b) [107]. The results showed that 
CB[8] induced the folding of DTE-TP to form supramo-
lecular assemblies and promoted the photochromism of 
the diaryl ethylene fraction. In addition, CB[8] in the pro-
cess of holding the body’s guest molecule also increases 
the degree of charge transfer interaction in the mol-
ecule, resulting in a near-infrared (NIR) RTP emission 
of 700 nm, followed by a red shift to 817 nm with phos-
phorescent resonance energy transfer. Due to the excel-
lent photochromic properties of the guest diaryl ethylene 
nucleus, light at wavelengths of 365  nm and > 600  nm 
could be the NIR phosphorescence emission can be effec-
tively modulated by irradiation at 365 and 600 nm. The 
targeting and photocontrol capabilities of this device as a 
supramolecular phosphorescence switch are also demon-
strated in cell imaging investigations. In conclusion, this 
macrocyclic confinement technique’s improved phos-
phorescence offers a simple path to materials with con-
trollable functionality.

While the research group of Jing-Jing Li and Yu Liu 
revealed a water-soluble ultra-long organic supramo-
lecular polymer that combines hyaluronic acid (HA) and 
CB[n]s (n = 7,8) as tumor-targeting ligands with 4-(4-bro-
mobiphenyl) pyridine-1-ammonium bromide (BrBP) 
phosphor ether (Fig.  7c) [108]. The findings revealed 
spherical CB[8]/HA-BrBP pseudo-multi-UV photophore 
polymers with a phosphorescent quantum yield of 7.58% 
and an incredibly long RTP lifetime (4.33 ms) when com-
pared to nanofibrous CB[7]/HA-BrBP compositions. The 
biaxial pseudo-poly (paclitaxel) polymer CB[8]/HA-BrBP 
has been successfully used for targeted mitochondrial 
phosphorescent imaging of tumor cells due to a combina-
tion of phosphorescent emission and the targeting abil-
ity of tumor cells. These properties are attributed to the 
synergistic effect of BrBP, along with strong host–guest 
interaction with CB[8] and HA chain hydrogen bonds.

Supramolecular organic backbones (SOFs) constructed 
using host–guest systems have received much atten-
tion due to their synthesis and morphological control 
by simple design methods. Among them, cucurbit[8]
uril (CB[8]), a water-soluble host molecule, is effective 
in inducing SOF in aqueous systems [17, 109]. How-
ever, despite the demand for organic fluorescence such 
as biosensors or bioimaging, the implementation of 
fluorescent SOF is very limited because most organic 
chromophores suffer from concentration burst effects in 
the concentrated state, including in the nanochannels of 
SOF in the concentrated state [110]. In order to achieve 
luminescence enhancement in the nanochannels of SOF, 

Prof. Soo Young Park’s group  proposed using cyano-
genic astragalus derivatives with aggregation-induced 
enhanced emission (AIEE) [111]. And using CB[8] as 
the main molecule, a bent cyanogenic astragalus deriva-
tive was designed to achieve zero-dimensional cyclic 
SOF in an aqueous solution preparation. This intriguing 
guest molecule, unlike other cyano stilbene derivatives, 
exhibits rotational flexibility and a bent shape in the NP 
condensed state, partially sliding and stacking but not 
securely packed. The monomer, on the other hand, gave 
off very little fluorescence (ΦF = 2%), while the hexa-
meric ring complex produced enhanced fluorescence 
(ΦF = 68%) with a diameter of a few nanometers when 
CB[8] was added. The fact that this is the first instance of 
a high emission 0D SOF being effectively produced down 
to 0.1  mM, a very high concentration in comparison to 
previous SOF, is most significant. This opens new pos-
sibilities for bioimaging, drug administration, biocom-
patible dispersion, and other uses that call for uniformly 
dispersed, highly fluorescent nanoscale media.

Some 2D materials are becoming an emerging plat-
form for intracellular bioimaging, biosensing, or disease 
treatment diagnostics due to their unique structural 
advantages and physicochemical characteristics. Despite 
promising developments in this young field, overcoming 
the endocytic absorption barrier to enable the ingestion 
of very large 2D materials remains a significant obsta-
cle [112, 113]. Regardless of their chemical makeup, 2D 
materials may always be seen as assemblies made up of 
faceted monomer units that are laterally coupled and 
extend in two orthogonal directions [114]. Because of 
their typically smaller than 1  nm size, these monomers 
are not difficult to internalize and enrich in living cells. 
The Yi Chen group reported the creation of the first 
molecularly designed monomer that satisfies these crite-
ria. (Fig. 7d) [115]. This monomer easily moves into the 
cytoplasmic lysate where, in reaction to light, it polym-
erizes in place to form a 2D substance with a single 
monomer thickness. The resulting 2D material can be 
produced in place to lateral dimensions as large as 0.8–
1.2  m, which is larger than what the endocytic absorp-
tion pathway permits. The surface of the resulting 2D 
materials can be further tailored to host contrast agents, 
biorecognition components, or therapeutic agents 
because CB[6] forms stable complexes with positively 
charged alkylamines through subject-guest interactions. 
This creates a robust platform for intracellular signaling 
or therapeutic diagnostic agents with potency that may 
be greater than that of conventional platforms acting on 
endocytosis prerequisites.
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CB[n]‑based sensors
By identifying and removing precancerous lesions, 
screening helps prevent colorectal and cervical cancers, 
according to Global Cancer Facts & Figures. Addition-
ally, screening can lower mortality from breast, colo-
rectal, cervical, and lung cancers (in heavy or long-term 
smokers) and can identify some tumors early, when treat-
ment is frequently more effective [116]. This makes early 
detection of cancer critical to both patient survival and 
treatment outcomes. In contrast to conventional cancer 
detection techniques, such as positron emission tomog-
raphy (PET)2, magnetic resonance imaging (MRI), and 
computed tomography (CT), sensors come into play 
here.

A new class of highly sensitive, reasonably priced, and 
non-invasive sensors that can more accurately identify 
diseases has been made possible through CB-based dye 
encapsulation.

Varying l -o-amino acids with varying pH values 
exhibit different affinities for DSQ@iQ[7] sensors. Since 
amino acids are the fundamental structural constituents 
and constituent parts of proteins and peptides, they play 
a variety of roles in physiological processes [117]. Coor-
dination of metal complexes, shear indicators, as well 
as specific amino acids and sensors makes it possible to 
detect amino acids using fluorescent sensors and colori-
metric chemical sensors [118, 119]. Among these, host–
guest interactions and their possible use in chemical 
sensors based on cucurbituronium supramolecules’ abil-
ity to self-assemble and recognize amino acids are pro-
gressing quickly. For the purpose of detecting L-amino 
acids in aqueous solutions, Mei-Xiang Yang and his team 
have developed a pH-stimulated responsive 4-(4-dimeth-
ylaminostyryl)quinoline (DSQ) and reversed-phase 
CB[7] complex-based supramolecular sensor [120]. At 
various pHs, DSQ complexation within CB[7] results in 
increased fluorescence and the creation of CB[7]-DSQ 
complexes of various colors. The CB[7]-DSQ sensor 
responded differently to the addition of amino acids in 
terms of fluorescence and color alterations. Differenti-
ating L-amino acids with comparable structural char-
acteristics is made possible using principal component 
analysis. This amino acid sensing makes it possible to 
track the structure of proteins and helps to identify 
amino acids in various side chains.

Advances in hyperpolarized 129Xe MRI technology 
in the clinical setting have proven to be of consider-
able interest for this diagnostic imaging modality. In 
this regard, Prof. Alexander Pine ‘group reported for 
the first time the direct functionalization of cucurbi-
turil for a xenon biosensor [121]. When biotinylated 
CB[7] (btCB[7]) is attached to a protein target with sig-
nificant CEST contrast, a 129Xe hyper-CEST response is 

generated at a unique shift of 28 ppm. Enabling multiple 
biological targets through affinity coupling, this struc-
ture combines the advantages of a directly functionalized 
xenon-loaded macrocyclic compound with a non-cova-
lently functionalized structural biosensor. The ability 
of cucurbiturate-based xenon biosensors to selectively, 
prudently, and maybe simultaneously report several dis-
ease signals during a single 129Xe imaging session is thus 
supported.

Because their high levels in urine reflect faulty biologi-
cal processes connected to this lethal disease, spermidine 
(SP) and spermidine (SPD) are biomarkers for early iden-
tification of human malignancies [122]. The robust com-
plexation of macrocyclic hosts with spermine in recent 
years has drawn increased scientific interest to supramo-
lecular methods for spermine detection [123]. In other 
instances, spermine has modulated the supramolecular 
system morphology and generated strong fluorescence 
signals [124]. Due to its great capacity for binding poly-
amines, water-soluble CB [7] has been chosen as a pre-
ferred host. As a supramolecular sensor, a highly emissive 
“dumbbell” super-amphiphilic molecule based on per-
ylene diimine (compound 1) and CB[7] was utilized to 
detect spermine quickly and extremely sensitively [125]. 
Spermine has a strong affinity for CB[7] and binds to 
CB[7] well (binding constant K = 2.6 ×  107   M−1), caus-
ing the top amphiphile to dissociate and resulting in a 
fluorescence burst. Compared to other structural analogs 
(such as spermidine, putrescine, l-arginine, and l-lysine), 
the higher amphiphiles are more selective for spermine. 
This great sensitivity persisted even in the presence of 
spermine at low doses (10 nM) [122].

To create a fast, sensitive, and targeted supramolecular 
sensation platform to detect SP and SPD in water, Amrita 
Chatterjee’s team developed a solid-backed amplifica-
tion strategy for the polymerization-induced emission 
effects of water-soluble tetrastylbene (TPE) probes [126]. 
Unmeasurable TPE derivatives (TPEHP) react electro-
statically with the solid surface of hydroxyapatite nano-
particles (HAp NPs) distributed in aqueous solutions to 
generate a less emissive conjugate that is several times 
more effective at emitting light. Due to their increased 
binding affinity for CB[6], SP and SPD invade the CB[6] 
portal and disrupt the matching three-component supra-
molecular assembly, making them more sensitive to disa-
bling the fluorescence sensor. Limits of detection (LOD) 
for SP and SPD, respectively, from the sensing system 
were 1.4 ×  10–8 and 3.6 ×  10–8 M, which fall well short of 
the range needed for early cancer diagnosis. Additionally, 
both SP and SPD showed acceptable linearity. With mini-
mal intervention of various metal ions, anions, common 
compounds, amino acids and other biogenic amines, 
this sensor platform is suitable for real-time, low-level 
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evaluation of SP and SPD in human urine and blood 
samples.

Due to non-specific interactions between amine func-
tional groups, the fabrication of dyes on nanomaterials 
to detect biogenic amines frequently lacks selectivity and 
calls for the use of hazardous organic solvents for sens-
ing experiments. These probes have not been completely 
validated under physiological circumstances. Conversely, 
supramolecular approaches have demonstrated potential 
for improving selectivity for SP or SPD through supramo-
lecular interactions.

By displacing the reporter unit through stronger sub-
ject-object interactions, [127]. In comparison to other 
cavity ligands, CB[6] or CB[7], which have a high affinity 
for SP and SPD, clearly have an advantage. More recently, 
it has given rise to supramolecular systems for complex 
applications such as the detection of metabolites [128] 
and supramolecular chemotherapy [44]. These systems, 
despite having sensitive probes, are less selective for spe-
cific BPA [129] or created to only detect spermine, [130] 
which makes it difficult to calculate the total concentra-
tion of SP and SPD in biological samples. According to 
Anjan Chattopadhyay and Amrita Chatterjee’s research 
team, this discovery spurred the development of supra-
molecular sensors to detect subppb levels of cancer bio-
markers symin and spermine [131]. The donor–acceptor 
combination of red-emitting dyes with pyridinium units 
(BPBP) as energy acceptors with CB[7] and hydroxy gra-
phene quantum dots as energy donors was employed 
for an affinity-driven dynamic exchange of the guest. 
The strategic introduction of cavity ligand CB[7] allows 
for highly selective and sensitive detection of spermi-
dine and spermidine through proportional metrological 
reactions under physiological conditions, the first step in 
the use of GQD-based donor–acceptor pairs in affinity-
based supramolecular sensation. By transferring energy, 
GQDs-OH excites the red dye in the binary conjugate 
while maintaining its own off state. The dye is removed 
from the surface of GQDs-OH, causing it to glow in addi-
tion to CB[7]. The red dye begins to settle back onto the 
surface of the GQD, reducing the fluorescence emission 
of GQDs-OH in response to the injection of spermine 
or spermidine. Other neutral compounds such as amino 
acids, common metal ions, anions, and polyamines are 
less influenced by this supramolecular sensing assem-
bly. Notably, the two-component BPBP@CB[7] system 
may be employed as an SP and SPD turn-on sensor with 
respectably good LODs of 20.2 and 36.3 ppb. Therefore, 
a good method for analyte ratiometric detection using 
cavity ligands as their acceptable recognition units is the 
combination of cavity ligands with GQD-based charge-
transfer adducts.

CB[n] for antidote
Even though numerous CB[n]-based nanoplatforms 
have been developed, and while early success has been 
attained using these materials in a range of prospective 
biomedical applications, it is still difficult to expand these 
systems to real-world clinical therapeutic applications. 
The actual cytotoxicity and detoxification of CB[n] as a 
medicinal excipient in this particular circumstance.

The antidotes should not only have good biocompat-
ibility and biosafety, but also be able to recognize the 
poison specifically and have high affinity, to realize the 
effective detoxification of drugs. CB[n] have been devel-
oped as antidotes for some poisons due to the good bio-
compatibility and high drug loading capacity. As drug 
isolation chambers, supramolecular hosts have higher 
stability and longer in vivo maintenance time than tradi-
tional bio-antidotes such as enzymes and antibodies. In 
addition, the structures of supramolecular compounds 
are adjustable, so that CB[n] can be designed and synthe-
sized to meet functional needs. However, the selectivity 
of these bio-macromolecular hosts for drugs remains to 
be enhanced, which is the focus of the future research.

In this section, we mainly introduced the application 
strategies of CB[n] as anesthetic agents, neuromuscular 
blocking agents, paraquat and other toxic reversal agents, 
as well as the research progress of CB[n] in reducing bio-
logical toxicity of clinical drugs.

CB[n]‑based antidote as reversal agents
The pharmacodynamic methods of antagonism and 
pharmacokinetic methods of drug concentration reduc-
tion both alleviate the toxicity of drugs (Fig.  8a)  [132]. 
According to the theory of pharmacokinetics, catalyzing 
the breakdown of poison or isolating it from the blood 
can reduce the concentration of drugs in the circulation 
system, which is one of the mechanisms of detoxification 
therapy. Supramolecular macrocyclic substances have 
been used as an alternative to traditional detoxification 
therapy, for they can bind to guest compounds and iso-
late them in the cavity, thus achieving the separation of 
drugs from blood. Murkli et  al. confirmed the excellent 
performance of CB[n] as the drug isolator, which had 
high affinity for neuromuscular blocking agents, nar-
cotic drugs and abuse drugs [133, 134]. In addition, they 
explored the isolation effect of CB[8] derivatives on drugs 
in another study to expand the detoxification range of 
CB[n]. The results showed that water-soluble  Me4CB[8] 
showed strong affinity for ketamine, morphine and other 
commonly abused drugs, which had low cytotoxicity and 
could be used as a safe and efficient bioantidote, and was 
expected to be promoted to treat drug abuse [135].

Neuromuscular blocking agents (NMBAs), which cause 
temporary paralysis of skeletal muscle by specifically 
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binding to acetylcholine (ACh) receptors at neuromuscu-
lar junctions, are commonly used anesthetic agents cur-
rently [136]. The use of NMBAs in medical procedures 

may cause adverse effects such as respiratory depres-
sion and bradycardia [137], and to undo the blocking 
effects of NMBAs, efficient detoxifying techniques must 

Table 1 Types of cucurbit[n]uril in Supramolecular active-targeted therapy based on host–guest interactions

Cucurbit[n]uril Targeted molecules Reference

acyclic cucurbit[n]uril (CB[n]) organic compound Alkylamines [23]

Spermidine [26]

Polymers CPT-SS-TPP/CPT-mPEG [114]

medicines Doxorubicin [46]

complexes of POD and VP-16 [53]

NMBAs [125]

Fentanyl [141]

Cucurbit[6]uril organic compound Alkylamines [77]

Spermidine (SP) /spermidine (SPD) [98]

Polymers 1,4-bis[2-(4-pyridyl)ethenyl]-benzene (BPEB) derivatives [80]

SP–folate (FA–SP) [118]

medicines Doxorubicin [47]

Cucurbit[7]uril organic compound 4-(4-dimethylaminostyryl) quinoline (DSQ) [92]

Polymers eight-arm polyethylene glycol (PEG8-Fc) [29]

[68 Ga]Ga-NOTA-PEG3-NMe2-Fc [30]

triphenylamine derivative (vinyl-pyridinium triphenylamines) [61]

hyaluronic acid (HA)−4-(4-bromophenyl)pyridin-1-ium bromide (BrBP)(HA-BrBP) [69]

Polyethylenimide (PEI) [140]

medicines OxPt [22]

carboplatin/oxaliplatin [25]

Oximes [31]

Avidin [93]

paraquat (PQ) [131]

sorafenib (SO) [134]

Bedaquinoline (BDQ) [135]

trazodone (TZ) [136]

oxaliplatin (OxPt) [140]

Chloride Asoxime [127]

nickelbutyl chloride (NC) [137]

Nanomaterials GQDs-OH [104]

Photomolecule diarylethene (DAE) [87]

Cucurbit[8]uril Medicines acridine orange (AO) /oxaliplatin (OxPt) [111]

ketamine/morphine [120]

Polymers Phe-Gly-Gly (FGG) [37]

Pt·pentapeptides Phe-(Gly)3-Cys [38]

dithienylethene derivative (DTE-MPBT) [56]

triphenylamine derivative (vinyl-pyridinium triphenylamines) [61]

cyanogenic astragalus derivatives [73]

diarylethene phenyl pyridine derivatives (DTE-TP) [68]

hyaluronic acid (HA)−4-(4-bromophenyl)pyridin-1-ium bromide (BrBP)(HA-BrBP) [69]

HA-CD/G [81]

tris-bipyridine derivative (1) and azobenzene quaternary ammonium salt (E-2) [117]

Nanomaterials gold nanorods(GNR) [86]

Tubulin microtubules (MTs) [40]
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be developed. The M1 CB[n]-type receptor, which is the 
most prevalent, and the M2 CB[n]-type receptor, which 
is made by extending the aromatic sidewalls of M1 in a 
linear plane, have both been shown to be in vivo rever-
sal agents for NMBAs and abused substances. Murkli 
and colleagues further extended the aromatic sidewalls 
of the M2 variant to prepare M3-type CB[n]. It had been 
found that M3 had a stronger reversal effect on NMBAs 
than M2, that is, the linear π-extension of the aromatic 
sidewalls of the macrocyclic host effectively enhanced 
its affinity for NMBAs, enhancing its great potential 
as the reversal agent for NMBAs (Fig.  8b)  [138]. Shaya 
and Isaacs explored host affinity for guest compounds 
by combining CB[n] with ACh and 4 NMBAs in  vitro. 
Results showed that 2C3 and its analogues 2C2 and 2C4 
had high affinity, good binding effect, and high selectivity 
for ACh, which could be further used to develop in vivo 
reversal agents for NMBAs (Fig. 8d) [139].

Oxime reactivates the function of acetylcholinest-
erase and is commonly used in the detoxification of 
organophosphorus (OP) poisoning. However, due to the 
instability and low permeability of oxime, it is easily elim-
inated in vivo and difficult to penetrate the blood–brain 
barrier, which greatly reduces the detoxification effi-
ciency of oxime [140]. Andrys et al. encapsulated asoxime 
with CB[7] and measured the pharmacokinetics of asox-
ime-CB[7] complex in vivo in mice models. The results of 
liquid chromatography-mass spectrometry showed that 
compared with asoxime alone, the content of oxime in 
the brain was higher with asoxime-CB[7] complex, and 
the area under the curve was increased by more than 3 
times. At the same time, CB[7] was detected in the brain. 
In addition, data showed that by increasing the content 
of cerebral oxime, CB[7] improved the brain function by 
up to 11%. All the above results indicated that the encap-
sulation of CB[7] effectively improved the detoxification 
process of oxime and increased the detoxification effi-
ciency of OP poisoning. This may owe that the encapsu-
lation of supramolecular macrocyclic host CB[7], which 
concealed the hydrophilicity of oxime and enhanced its 
ability to penetrate the biofilm barrier, thus improving its 
bioavailability (Fig. 8e) [141]. In a similar study, Karasova 
et al. pointed out that CB[7] assisted oxime to enter the 
brain, in addition to removing blood oxyphosphorus and 
enhancing the effect of atropine. In other words, CB[7] 

significantly improved the overall therapeutic effect from 
3 aspects: reducing the circulating concentration of toxi-
cants, enhancing the bioavailability of antagonists and 
improving the targeting of antidotes [38].

As one of the most lethal pesticides, paraquat (PQ) 
causes rapid failure of multiple organs, and there is a lack 
of effective detoxification methods currently [142]. In 
view of the high affinity of paraquat with CB[7], which 
can form a stable complex [143], several studies have 
explored the feasibility of CB[7] as an antidote for PQ. 
In addition to determining the pharmacokinetics and 
in  vivo distribution of the PQ@CB[7] complex in cell 
lines and mouse models, respectively  (Fig.  8c), Zhang 
and colleagues also described the affinity of PQ with 
CB[7] in  vitro. The outcomes demonstrated that both 
could be strongly complexed in  vivo and in  vitro under 
any circumstances; in other words, CB[7] considerably 
lessened PQ’s toxicity (Fig.  9a, b)  [144]. Another study 
combined PQ and CB[7] in water in equal parts to create 
PQ@CB[7], a promising macromolecular medication for 
lowering PQ toxicity. According to in vitro investigations, 
CB[7] dramatically decreased the interference of PQ on 
cells by lowering the quantity of ROS and the degree of 
apoptosis in cells. In vivo tests revealed that PQ@CB[7] 
considerably increased the survival rate of zebrafish and 
mice by reducing tissue abnormalities and organ failure 
brought on by PQ (Fig. 9c)145.

Acyclic CB[n]‑based antidote
Cheng and colleagues reported a chimeric synthesis 
strategy of acyclic cucurbituril and cyclodextrin that sig-
nificantly enhanced the host–guest affinity. It had been 
demonstrated that the acyclic CB[n]–cyclodextrin chi-
meric host increased fentanyl’s affinity and isolated it 
from the circulatory system, making it a possible supra-
molecular antidote [146]. Thevathasan and colleagues 
tested the reversal effect of acyclic CB[n], Calabadion 
1, on fentanyl in mice models. Pneumotachography and 
blood gas analysis indicated that acyclic CB[n] effec-
tively reversed fentanyl-induced hypoventilation, aci-
dosis, and hypercapnia. And 15.6 mg·kg-1 acyclic CB[n] 
could reverse respiratory depression by up to 90%, and 
there was no tendency of respiratory depression recur-
rence. They pointed out that compared with competitive 
antagonists, acyclic CB[n] was more efficient and safer in 

(See figure on next page.)
Fig. 8 Chemical structure and mechanism of CB[n]. a Process of pharmacodynamics and pharmacokinetic detoxification. Reprinted 
with permission from ref 133. Copyright 2020 Chemical Society Reviews. b The structures of M1, M2 and M3 CB[n]-type receptors. Reprinted 
with permission from ref 139. Copyright 2020 Chemistry. c Detoxification process of CB[7] complexed with PQ. Reprinted with permission from ref 
145. Copyright 2019 Theranostics. d The structures of C2, C3 and C4 CB[n]-type receptors. Reprinted with permission from ref 140. Copyright 2019 
Croatica Chemica Acta. e The AUC of asoxime-CB [7] is 3.2 times to that of oxime. Reprinted with permission from ref 142. Copyright 2021 Molecular 
Pharmaceutics
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Fig. 8 (See legend on previous page.)
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alleviating adverse drug reactions for the encapsulation 
of fentanyl [134]. Ganapati et al. confirmed that Calaba-
dion 1 and 2 had good affinity for a variety of illicit drugs, 
with the highest affinity for fentanyl, which could be fur-
ther optimized as antidotes for opioid abuse poisoning.

The detoxification effect of Calabadion 2 was simi-
larly reflected in the reversal of NMBAs. Haerter and 
colleagues evaluated the detoxification effect of Calaba-
dion 2 by establishing dose–response curves of NMBAs 
in  vitro and in  vivo. In  vitro experiments had shown 
that Calabadion 2 had a high affinity for rocuronium 

bromide and a high selectivity for ACh, and that all types 
of NMBAs could be effectively bound by Calabadion 2 
and eliminated through the renal pathway [147]. Diaz-
Gil and colleagues evaluated the detoxification effect 
of Calabadion 2 on narcotic drugs. They examined the 
detoxification effects of Calabadion 2 by electroenceph-
alogram (EEG), blood pressure and circulatory toxic-
ity after intravenous and intramuscular injections of the 
narcotic ketamine to rats. The results showed that Cal-
abadion 2 effectively reversed the deep anesthetic effects 
of ketamine and could be excreted via the renal pathway 

Fig. 9 The detoxification effect of CB [7]. a The detoxification effect of CB [7] on paraquat poisoning in mouse lung cells. Reprinted with permission 
from ref 145. Copyright 2019 Theranostics. b The detoxification effect of CB [7] on PQ poisoning at the cellular level. Reprinted with permission 
from ref 145. Copyright 2019 Theranostics. c Effects of PQ@CB [7] on survival rate and physiological parameters of mice. Reprinted with permission 
from ref 151. Copyright 2019 Journal Agricultural and Food Chemistry. d The detoxification effect of CB [4] on paraquat poisoning in a mouse model 
in vivo. Reprinted with permission from ref 145. Copyright 2019 Theranostics
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after encapsulation of the drug. Meanwhile, Calabadion 2 
showed low cytotoxicity and could be used as a safe and 
reliable antidote for narcotic drugs [148].

Summary and perspectives
CB[n]s based on host–guest chemistry show promising 
potential in the fields of targeted delivery of drug therapy, 
diagnostic imaging, and detoxification. CB[n] acts as a 
cross-linker that combines different molecules and func-
tional components to form macromolecular host–guest 
complexes, thereby producing supramolecular polymers 
with multiple properties, such as targeting, imaging, or 
stimulus sensitivity. In addition, CB[n] can also be used 
as a cross clutch or stimulus response; As a functional 
group, it provides the non-covalent supramolecular 
encapsulation capacity of polymeric materials, thereby 
CB have ability to utilize a variety of molecules and func-
tional components to form macromolecular host–guest 
complexes [149]. Through cleverly designed host–guest 
complexes, CB[n]s provides excellent in  vivo stability, 
solubility, and bioavailability of drugs. They reduce or 
even eliminate toxicity to normal tissues, synergistically 
enhance drug effects, and achieve targeted drug delivery. 
Besides targeted delivery, the protective effect of CB[n] 
host–guest complexes on the guest, make CB-based 
luminescent molecules or systems promising for cancer 
diagnosis and therapy. CB[n] utilizes its targeted delivery 
effect and high affinity for specific molecules to achieve 
detoxification functions by reducing the circulating con-
centration of toxicants, increasing the bioavailability of 
antagonists, and improving the targeting of antitoxins.

Normally, CB[8] functions as a “glue” to join two mole-
cules that don’t have any affinity for one another. Targeted 
medication delivery is less prevalent when using CB[8]-
based nanoplatforms than controlled release. Soluble 
CB[7] serves as a modulator to hide drug activity and 
facilitate the attachment of nanocarriers. They have the 
properties of a large number of guest molecules, a stable 
host–guest complex and high safety of small changes and 
have a high potential for application in the medical field. 
When creating drug carriers, researchers should choose 
the CB that best fits the application (Table 1).

The supramolecular nanotherapy of CB is springing 
up rapidly, and the disruptive perspective for host–guest 
chemistry in clinical application is motivating. Design 
functionalized CB and guest molecules is not difficult for 
chemists, but it is still a challenge to communicate with 
biological system. CB-based clinical biological therapy 
is the hope for advanced cancer patients. One is that CB 
systems driven the cell therapy. Through the host–guest 
interactions, manipulate the functions of immune cells 
(eg. natural killer cells, macrophage, dendritic cells) to 
cure specific solid tumor as CB-engineering immune cell 

therapy. The other one is CB-based gene therapy. As a 
carrier, CB delivery targeted therapeutic DNA (or DNA 
hydrogel) inside solid tumor. Importantly, fabricate mul-
tiple stimuli-responsive (eg. light or/and electrical stimu-
lation) response to assist CB-based biological therapy. All 
the CB-based biological therapy is to anticipate to attain 
high efficiency for solid tumor, but with no side effect to 
normal tissues. The nanobiotechnology of CB-based bio-
logical therapy is to be envisioned in clinic, pharmaceuti-
cal science and functional materials science.

Current investigations have been on creating and test-
ing CB[n]-based supramolecular nanoplatforms in vitro. 
More in  vivo research, particularly with big animal 
models, is urgently required to confirm the therapeu-
tic promise of particular platforms and to make it easier 
for prospective clinical translation. Furthermore, many 
therapeutic techniques should be applied at once since 
malignancies, especially hypoxic solid tumors, are chal-
lenging to treat with a single therapeutic strategy due to 
their intrinsic disadvantages. Therefore, one of the most 
important factors to take into account is the combined 
use of various therapeutic techniques to achieve additive 
therapeutic effects by fusing the benefits of each treat-
ment strategy. On the other hand, although numerous 
CB[n]-based nanoplatforms have been developed over 
the past few years and employing these materials in a 
number of prospective biomedical applications have ini-
tially been successful, scaling these systems to real-world 
clinical applications has proven to be difficult. Low yields, 
exorbitant costs, and actual harmful effects as drug 
excipients are a few of these reasons. However, given 
past advances and ongoing efforts to develop and validate 
these systems in preclinical models, it is expected that 
CB can provide an important therapeutic or diagnostic 
platform for accurate synergistic treatment of cancer to 
address important medical challenges in the future.
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