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Abstract 

We develop a strategy of supramolecular polymeric chemotherapy based on a new kind of 

water-soluble polymer that bears cucurbit[7]uril (CB[7]) in the main-chain. To this end, we 

synthesized a bis-alkynyl functionalized CB[7] and polymerized it with α,ω-diazide-PEG 

through click reaction to form the desired CB[7] based main-chain polymer (poly-CB[7]). 

Anticancer drug, oxaliplatin, could be encapsulated into the cavity of poly-CB[7] to form a 

supramolecular polymeric complex, which displayed low cytotoxicity to normal cells. In 

addition, the cytotoxicity of the oxaliplatin was recovered when the complex met cancer cells 

that could overexpress spermine, e.g. colorectal cancer cell, through competitive replacement 

of oxaliplatin from CB[7] cavity by spermine. Interestingly, the cytotoxicity of the 

supramolecular polymeric complex to cancer cells is higher than oxaliplatin itself. The 

enhanced cytotoxicity should result from a combined effect by combining the release of 
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oxaliplatin from the supramolecular polymeric complex and decrease of spermine in the 

micro-environment of the cancer cells, as spermine is needed for cell growth and proliferation. 

One more advantage of the supramolecular polymeric complex is its long circulation 

performance in vivo compared with the supramolecular complex between oxaliplatin and 

CB[7]. Therefore, this line of research may open new horizons for supramolecular polymeric 

chemotherapy. 
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1. Introduction 

Chemotherapy is among one of the most important clinical ways for cancer treatment [1]. 

Many kinds of chemical drugs have been developed for chemotherapy, such as paclitaxel 

[2,3], camptothecin [4,5], doxorubicin [6], and platinum-based drugs [7,8]. Although it has 

gained significant clinic success, these drugs also face problems including limited selectivity, 

bioavailability, poor solubility and severe side-effects [9]. To address on the problems, a lot 

of drug delivery systems including micelles, liposomes and nano-carriers have been 

developed, which are greatly helpful in dealing with those problems [10-24]. To date, some of 

such drug delivery systems have been approved, such as Doxil [25], Abraxane [26] and 

Genexol-PM [27]. 

In addition to non-specific interaction, specific non-covalent interactions with stronger 

binding affinity including host-guest interaction were considered for drug delivery with 

promising capability such as enhanced drug stability and decreased toxicity [28-30]. In our 

previous work, we have introduced a new concept of supramolecular chemotherapy, which is 

aimed to employ supramolecular approach for not only decreasing the cytotoxicity of clinical 
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anticancer drugs to normal cells but also improving their cytotoxicity to cancer cells [31-33]. 

In detail, the cytotoxicity of anticancer drugs can be decreased through the encapsulation of 

the drugs in host molecules, such as cucurbit[7]uril (CB[7]) and carboxylated pillar[6]arene. 

The anticancer drugs can also be selectively released for killing cancer cells through 

competitive replacement of overexpressed tumor biomarker, spermine [34,35]. Through the 

combined effect of the recovery of cytotoxicity of drugs through competitive replacement of 

drugs by spermine and the consumption of spermine, the cytotoxicity of anticancer drugs to 

cancer cells is enhanced [28-30]. This supramolecular chemotherapy strategy works well with 

cancer cells which can overexpress spermine, such as colorectal and lung cancer cells. 

Although supramolecular chemotherapy has its advantage of low cytotoxicity to normal cells 

and high cytotoxicity to cancer cells, other performance of therapeutic agents, for example 

circulation performance, need to be improved. 

Inspired by the concept of polymer therapeutics raised by Ringsdorf [36-38], we 

attempted to combine the advantage of supramolecular chemotherapy and polymer 

therapeutics through marrying supramolecular recognition units with polymeric structures, 

and therefore develop a new strategy of supramolecular polymeric chemotherapy. PEGylation 

is a widely accepted method to enhance the bioavailability of drugs [39,40]. Through 

PEGylation, the apparent molecular weight of drugs increases, which results in the decrease 

of kidney excretion of the drugs. Moreover, the strong hydrophilicity of PEG chains helps the 

drug avoid fast recognition by the immune systems and reduces clearance of drugs from the 

body. Hence we assume that such a combination would be helpful in maintaining the 

advantage of supramolecular chemotherapy as well as improving circulation performance of 

the anticancer drugs. 

As shown in Scheme 1, we designed a main-chain polymer, poly-CB[7], that bear CB[7] 

and PEG motifs, and employed the polymer as drug carrier for supramolecular polymeric 

chemotherapy. CB[7] is recognition site for drug and biomarker which is essential for 

supramolecular chemotherapy [31,32]. PEG chain endows the polymer with long circulation 

ability and good solubility [39,40]. As a proof of concept, oxaliplatin, a clinical anticancer 

drug [7], was encapsulated into the cavity of CB[7] in poly-CB[7], and the cytotoxicity of 

oxaliplatin to normal cells could be significantly decreased in this way. When poly-CB[7] 
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bearing oxaliplatin met cancer cells which can overexpress spermine, such as colorectal 

cancer cells [34,35], oxaliplatin could be released from poly-CB[7] by competitive 

replacement of spermine, leading to recovery of the cytotoxicity of oxaliplatin. Combining 

the supramolecular chemotherapy with PEGylation, it is anticipated that decreased 

cytotoxicity to normal cells, increased cytotoxicity to cancer cells and enhanced circulation 

performance in vivo of the oxaliplatin would be realized simultaneously, opening a new 

horizon for supramolecular polymeric chemotherapy. 

2. Materials and methods 

2.1. Materials 

Propargyl bromide, ammonium persulphate and α,ω-diazide polyethylene glycol (Mn = 

2000) were purchased from J&K Scientific. Spermine was obtained from TCI. Oxaliplatin 

was purchased from Meilunbio. CHP 20P resin was obtained for Mitsubishi Chemical. All of 

the chemicals were used as received without further purification. Cucurbit[7]uril (CB[7]) 

[41,42], tris[1-(3-hyroxypropyl)-1H-1,2,3-triazol-4-yl]methanol·CuCl (THPTM·CuCl) [43] 

and 3,3’-(Octane-1,8-diyl)-bis-(1-ethyl-imidazolium) bromide (C8bim) [44] were synthesized 

according to the procedures in literatures. 

2.2. General characterizations 

NMR spectra were recorded on a JOEL ECS-400 spectrometer in deuterium oxide at 298 

K. For 1H NMR, the solvent peak of HOD at 4.79 ppm was used as the internal standard. 

HR-MS was measured on a Thermo LTQ mass spectrometer. Isothermal titration calorimetry 

(ITC) experiments were performed on a Microcal VP-ITC apparatus at 298 K. Molecular 

weight of poly-CB[7] was tested through gel permeation chromatography coupled with 

multi-angle laser scattering (GPC-MALLS). In detail, the experiment was performed on an 

Agilent 1260 infinity liquid chromatography system coupled with Wyatt multi-angle light 

scattering detector (DAWN HELEOS-II) and differential refraction detector (Optilab rEX), 

with 50 mM NaNO3 aqueous solution as eluent. UV-vis spectra were recorded on a HITACHI 

U-3010 spectrometer. For competitive replacement of oxaliplatin from poly-CB[7] by 

spermine, 100 mM spermine was employed to titrate 0.2 mM oxaliplatin/poly-CB[7] complex. 

The content of platinum in samples was tested on a Perkin Eimer SCIEX ELAN DRC-e ICP 
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mass spectrometer. 

2.3. Sample synthesis 

General procedures for the synthesis of poly-CB[7] are shown in Scheme 2. 

2.3.1. Synthesis of bis-hydroxyl-CB[7] [CB[7](OH)2] 

The synthesis procedure of CB[7](OH)2 was modified from a reported procedure of 

CB[7]OH [45]. In detail, CB[7] (5.0 g, 4.3 mmol) and C8bim (2.0 g, 4.3 mmol) were 

dissolved in 300 mL deionized water. The solution was degassed with nitrogen and heated to 

70 ˚C. Then (NH4)2S2O8 (2.28 g, 10 mmol) was added and the solution was heated to 85 ˚C 

for 5 h. Afterward, the solution was concentrated to 30 mL, and CB[7](OH)2 was isolated 

through liquid chromatography with column packed with CHP-20P macroporous resin. The 

compositions of eluent were monitored by employing HR-MS. CB[7] was eluted first, 

followed by CB[7]OH, and finally CB[7](OH)2. The CB[7](OH)2 fractions were collected and 

concentrated until the solution looked viscous. Then CB[7](OH)2 was precipitated with   

methanol as white solid in the form of host-guest complex with C8bim (1.2 g, yield is 17%). 

Detailed characterization of CB[7](OH)2 is available in supplementary data. 

2.3.2. Synthesis of bis-alkynyl-CB[7] [CB[7](OA)2] 

 The synthesis procedure of CB[7](OA)2 was modified from a reported procedure of 

CB[7]OA [46]. In detail, CB[7](OH)2·C8bim (1.2 g, 0.74 mmol) was dispersed in 10 mL 

anhydrous DMF, then 40 mL anhydrous DMSO was slowly added and the solid was 

suspended under stirring. NaH (0.32 g, 8.0 mmol, 60% in mineral oil) was added, and the 

suspension was stirred for 2 h under nitrogen atmosphere. Then the suspension was cooled 

down to 0 ˚C, and propargyl bromide (1.8 g, 12 mmol, 80% toluene solution) was added. The 

temperature of the solution was slowly recovered to room temperature and the reaction was 

performed for 6 h. Afterward, the solution was precipitated with methanol, and the precipitate 

was washed with methanol twice and dried under vacuum to obtain raw CB[7](OA)2 as gray 

solid (1.1 g). Detailed characterization of CB[7](OA)2 is available in supplementary data. 

2.3.3. Synthesis of poly-CB[7] 

Raw CB[7](OA)2 (1.0 g) was dissolved in 10 mL H2O with the support of 0.4 g C8bim. 

Insoluble fraction was removed through centrifugation. Then α,ω-diazide PEG was added 

gradually. The ratio of CB[7](OA)2 and α,ω-diazide PEG was monitored by employing 1H 
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NMR to guarantee 1:1 molar ratio of the two monomers. Then THPTM·CuCl (5.0 mg, 0.01 

mmol) was added as catalyst, and the reaction was performed at 55 ˚C under nitrogen 

atmosphere for 24 h. The polymer solution was firstly dialyzed against deionized water for 24 

h to remove excess C8bim and other soluble impurities. Then the polymer solution was 

dialyzed against 1 g/L CB[7] solution for 24 h to remove the complexed C8bim in the CB[7] 

cavity of poly-CB[7], and this process was repeated for 3 times. Finally, the polymer solution 

was dialyzed against deionized water again for 36 h to obtain poly-CB[7]. The concentration 

of the solution was determined through internal standard method with trimethyl adamantyl 

ammonium iodide by using 1H NMR. Detailed characterization of poly-CB[7] is available in 

supplementary data. 

2.4. Cell culture and cytotoxicity determination 

The colorectal cancer cell line HCT116 and the colorectal normal cell line NCM460 

were purchased from American Type Culture Collection (ATCC, Rockeville, MD). The cells 

were cultured in Roswell Park Memorial Institute 1640 (RPMI1640) containing 10% fetal bovine 

serum, 1% penicillin-streptomycin (penicillin 100 U/mL and streptomycin 100 µg/mL) in a 

humidified incubator at 37 °C with 5% CO2 humidified atmosphere. In viability assays, the 

cells were seeded in 96-well plates at 3000 cells per well until the cells reached 60−70% 

confluency. Then the corresponding drugs were added and the cells were kept incubating for 

24 h. After incubation, the cells were washed with culture media, and cell proliferation was 

measured using the cell counting kit-8 (CCK-8, Dojindo Laboratories Kumamoto, Japan). 

Absorbance of the bio-reduced soluble formazan product was measured at 450 nm using a 

Versamax microplate reader. Results were quantified by manually subtracting the blank value 

from each value then normalizing against the control values. 

2.5. Animal experiments 

Male BALB/c nude mice and male KM mice (4-6 weeks old) were purchased from and 

taken care by Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). 

The mice were kept under specific pathogen-free conditions with standard and sterilized 

water and food. And they received care in compliance with the guidelines outlined in the 

Guide for the Care and Use of Laboratory Animals.  

2.6. Plasma clearance of oxaliplatin 
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 Seventy-two male KM mice (6 weeks old) were randomly divided into three groups 

including oxaliplatin/poly-CB[7] group, oxaliplatin/CB[7] group and oxaliplatin group. Each 

group contained 24 mice. The corresponding drugs were intravenously injected with dose of 5 

mg oxaliplatin per kg of mouse body weight. Blood samples were collected at predetermined 

time points (0.25, 0.5, 1, 2, 4, 8, 12 and 24 h) from the retro-orbital plexus of the mouse eye. 

The blood samples were then placed in heparinized tubes and centrifuged to obtain plasma. 

The plasma samples were digested with HNO3 and HClO4, and the content of platinum was 

determined by employing ICP-MS. 

2.7. Tumor xenograft models 

The HCT116 xenograft tumor models were generated by hypodermic injection of 1×106 

cells (0.2 mL suspension) in BALB/c nude mice (4 week old). The tumor volume was 

calculated with (tumor length) × (tumor width)2/2. The tumor volumes reached around 100 

mm3 after 13 days of post-tumor inoculation, which was ready for tumor inhibition study. 

2.8. Tumor inhibition study 

Forty HCT116 xenograft mice was divided into four groups including control group, 

oxaliplatin/poly-CB[7] group, oxaliplatin/CB[7] group and oxaliplatin group. Each group 

contained 10 mice. The corresponding drugs were intravenously injected with dose of 5 mg 

oxaliplatin per kg of mouse body weight. The mice received injection for six times on 

Monday, Wednesday and Friday during two weeks. During these days, the tumor volume and 

body weight of all mice were also monitored. 

2.9. Tissue distribution study 

 Tissue distribution study of platinum is composed of two parts. To characterize the 

distribution in heart, liver, spleen, lung and kidney, twelve male KM mice (6 weeks old) were 

randomly divided into three groups including oxaliplatin/poly-CB[7] group, oxaliplatin/CB[7] 

group and oxaliplatin group, respectively. Each group contained 4 mice. The corresponding 

drugs were intravenously injected with dose of 5 mg oxaliplatin per kg of mouse body weight. 

After 24 h, the mice were executed and the organs were collected. To characterize the 

distribution in tumor tissue, twelve HCT116 xenograft mice were divided into four groups 

including oxaliplatin/poly-CB[7] group, oxaliplatin/CB[7] group and oxaliplatin group. Each 

group contained 4 mice. The corresponding drugs were intravenously injected with dose of 5 
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mg oxaliplatin per kg of mouse body weight. After 24 h, the mice were executed and the 

tumors were collected. The samples were digested with HNO3 and HClO4, and the content of 

platinum was determined by employing ICP-MS. 

3. Results and discussion 

3.1. Poly-CB[7] and its host-guest interaction with oxaliplatin 

To realize supramolecular polymeric chemotherapy, poly-CB[7] needs to be synthesized 

which bear CB[7] motif for supramolecular chemotherapy and PEG motif for enhancing 

circulation performance. In order to introduce CB[7] into the polymers, functionalization of 

CB[7] becomes inevitable. Hydroxyl group was firstly introduced on the periphery of CB[7] 

through oxidation of CB[7] with persulfate [45,47]. Further etherification of bis-hydroxyl 

CB[7] with propargyl bromide yielded bis-alkynyl CB[7] [46], which was then polymerized 

with α,ω-diazide polyethylene glycol through click reaction to form the desired poly-CB[7] 

(see supplementary data). The number-average molecular weight of poly-CB[7] was 

determined to be 6.4 ×104 g/mol by employing GPC-MALLS, namely there are 19 CB[7] 

units in one polymer chain in average. 

We wondered if poly-CB[7] could be used to complex with oxaliplatin. NMR and ITC 

were employed to characterize the host-guest interaction between poly-CB[7] and oxaliplatin. 

As shown in Fig. 1a, the proton signals ascribed to oxaliplatin demonstrated up-field shift 

when mixing oxaliplatin with poly-CB[7], indicating that oxaliplatin was encapsulated in the 

cavity of CB[7] moiety of poly-CB[7]. ITC was used to further support the host-guest 

interaction between poly-CB[7] and oxaliplatin. As shown in Fig. 1b, there was an abrupt 

transition which appeared at the molar ratio of 1:1, indicating that oxaliplatin was complexed 

with CB[7] of poly-CB[7] in 1:1 binding mode. The titration curve was also fitted with one 

set of sites model, and the binding constant between oxaliplatin and CB[7] moiety was 

determined to be 1.8 × 106 M-1. Based on the strong specific binding of oxaliplatin to 

poly-CB[7], the encapsulation efficiency was approximately 99% under the administration 

condition, and the loading efficiency of oxaliplatin by poly-CB[7] was 12.1 w/w%. The high 

binding constant would also helpful in preventing premature release of oxaliplatin. For 

example, the concentration of oxaliplatin and CB[7] unit in blood was roughly 100 µM within 
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the dose of 5 mg oxaliplatin per kg of mouse body weight, suggesting that over 90% 

oxaliplatin stayed bounded in blood with an idealized estimation. 

3.2. Decreased cytotoxicity to colorectal normal cells and increased cytotoxicity to 

colorectal cancer cells of oxaliplatin by complexation with poly-CB[7] 

Considering that oxaliplatin can be used for colorectal cancer treatment [7], we chose 

colorectal normal cell (NCM460 cell line) and colorectal cancer cell (HCT116 cell line) to 

test the cytotoxicity of oxaliplatin in vitro before and after host-guest complexation. As 

shown in Fig. 2a, poly-CB[7] itself demonstrated almost no cytotoxicity under the 

experimental conditions, which is essential for its application as drug carrier. For oxaliplatin, 

as expected, it displayed strong cytotoxicity to colorectal normal cell. Under the condition of 

100 µM oxaliplatin, about 81% cells were killed. Interestingly, after complexation with 

poly-CB[7], the cytotoxicity of oxaliplatin decreased significantly. Under the same condition, 

only about 8% cells were killed. Further increase in incubation time of oxaliplatin/poly-CB[7] 

complex led to decrease in cell viability (see Fig. 2b). However, even extending the 

incubation time to 72 h, 72% cells still survived. These results indicate that poly-CB[7] can 

effectively decrease the cytotoxicity of oxaliplatin to normal cells, which may be helpful in 

increasing the safety and decreasing the side-effects of oxaliplatin.  

 In case of colorectal cancer cell, as shown in Fig. 2c, poly-CB[7] itself demonstrated 

negligible anticancer activity. As expected, oxaliplatin could kill the cancer cells. With 100 

µM oxaliplatin, 75% cancer cells were killed. We found interestingly that 

oxaliplatin/poly-CB[7] complex demonstrated even higher cytotoxicity to cancer cells than 

oxaliplatin itself. Under the same condition, 85% cancer cells were killed. It is known that 

colorectal cancer cell can overexpress spermine [34,35]. Spermine might competitively 

replace oxaliplatin from the host-guest complex of oxaliplatin/poly-CB[7], and the 

cytotoxicity of oxaliplatin recovered. In addition, as spermine benefits to cell growth and 

proliferation [48], the consumption of spermine during competitive release of oxaliplatin may 

also help in increasing the anticancer activity of oxaliplatin. Increase in incubation time of 

oxaliplatin/poly-CB[7] complex led to further killing of HCT116 cells (see Fig. 2d). When 

incubation time increased to 72 h, 96% cancer cells were killed. Therefore, the increased 

anticancer activity of oxaliplatin/poly-CB[7] is rationalized by the selective release of 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

oxaliplatin from the host-guest complex and consumption of the spermine in the 

micro-environment of cancer cells. 

3.3. Competitive replacement of oxaliplatin from oxaliplatin/poly-CB[7] complex by 

spermine 

To elucidate the mechanism behind the competitive replacement of oxaliplatin by 

spermine, in vitro experiments were performed. The binding of spermine to poly-CB[7] was 

firstly characterized by employing 1H NMR and ITC. As shown in Fig. 3a, after mixing 

spermine with poly-CB[7], the proton signals ascribed to butylene moiety of spermine 

exhibited up-field shift and the proton signals ascribed to propylene moiety demonstrated 

down-field shift, indicating that butylene moiety of spermine was encapsulated in the CB[7] 

cavity of poly-CB[7]. Through ITC experiment (Fig. 3b), spermine also displayed 1:1 binding 

mode with CB[7] moiety of poly-CB[7]. The binding constant between poly-CB[7] and 

spermine was determined to be 4.9 × 105 M-1 in phosphate buffer solution with pH of 6.0. 

Considering the similar binding affinity of oxaliplatin and spermine to poly-CB[7], the release 

proportion of oxaliplatin is determined by the concentration of spermine. 

 UV-vis titration was employed to monitor the competitive replacement of oxaliplatin 

from its complex with poly-CB[7]. The host-guest complexation of poly-CB[7] and 

oxaliplatin led to increase in absorbance of oxaliplatin in the range of 245-280 nm. And 

dissociation of the host-guest complex resulted in the decrease of absorbance to original level. 

Through titrating spermine into the solution of oxaliplatin/poly-CB[7] complex, decrease in 

absorbance was observed, suggesting the dissociation of oxaliplatin from the 

oxaliplatin/poly-CB[7] complex (see supplementary data). We then selected the absorbance at 

258 nm to calculate the release ratio of oxaliplatin. As shown in Fig. 4, 6 equivalent spermine 

led to the release of around 50% oxaliplatin, and 35 equivalent spermine led to the release of 

around 90% oxaliplatin from oxaliplatin/poly-CB[7]. The released amount of oxaliplatin was 

also calculated based on the binding constants of spermine and oxaliplatin to poly-CB[7]. The 

calculated and measured curves fit well with each other, which further support the 

experimental results. Thus the competitive replacement of oxaliplatin is concentration 

dependent. In other words, more oxaliplatin can be released from the host-guest complex with 

increasing concentration of spermine.  
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3.4. Increased circulation performance of oxaliplatin by complexation with poly-CB[7] 

Poly-CB[7] was expected to prolong the circulation performance of oxaliplatin in blood 

based on the PEG structure. To verify this assumption, in vivo experiments were performed 

through the intravenous injection of oxaliplatin and oxaliplatin/poly-CB[7] complex on KM 

mice. The blood platinum concentrations at varied time were tested by employing ICP-MS. 

As shown in Fig. 5, the mice that intravenously administrated with oxaliplatin/poly-CB[7] 

complex demonstrated significantly higher blood platinum concentration than the oxaliplatin 

group. The area under the curve (AUC) in blood of oxaliplatin/poly-CB[7] group was 60.5 

µg/mL·h, which was 21.6-fold higher than oxaliplatin group. To exclude the possible 

enhancement of CB[7] moiety to circulation performance of oxaliplatin, oxaliplatin/CB[7] 

group was also included in Fig. 5. Oxaliplatin/CB[7] group exhibited AUC value of 1.29 

µg/mL·h, which is similar to the level of oxaliplatin group rather than oxaliplatin/poly-CB[7] 

group. Therefore poly-CB[7] can sufficiently enhance the circulation performance of 

oxaliplatin because of the PEG structure of poly-CB[7]. 

3.5. In vivo antitumor bioactivity and side-effect evaluation of oxaliplatin before and 

after complexation with poly-CB[7] 

We assessed the xenograft tumor growth of HCT116 tumor with intravenous 

administration of oxaliplatin, oxaliplatin/poly-CB[7] and oxaliplatin/CB[7] to evaluate their 

antitumor bioactivity and safety (see Fig. 6). The mice were treated with an equivalent dose of 

5 mg oxaliplatin per kg of body weight for six times during two weeks. The tumor volumes 

were monitored during the therapeutic process. It was demonstrated that 

oxaliplatin/poly-CB[7] might inhibit the growth of tumor with higher bioactivity than 

oxaliplatin itself, but the enhancement was limited. The reason may be attributed to that 

whilst the PEG structure of poly-CB[7] enhanced the circulation performance of oxaliplatin, 

the PEG structure also hinder the interaction and internalization of oxaliplatin to tumor tissue 

[49]. The body weight of mice during the therapeutic process was also monitored (Fig. 6b). 

The relative body weight of oxaliplatin/poly-CB[7] group was similar to the value of control 

group, indicating that the side-effect of oxaliplatin/poly-CB[7] is acceptable. Compared with 

the lower relative body weight of oxaliplatin group, it is clearly shown that poly-CB[7] can 

decrease the side-effect of oxaliplatin. Considering oxaliplatin/CB[7] group displayed similar 
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relative body weight to oxaliplatin/poly-CB[7] group, the enhancement in safety is probably 

caused by the host-guest interaction between oxaliplatin and CB[7] moiety, which is in 

agreement with the results in cell experiments. Therefore, the advantage of 

oxaliplatin/poly-CB[7] is its enhanced safety compared with oxaliplatin. 

3.6. In vivo tissue distribution of platinum by the administration of oxaliplatin, 

oxaliplatin/poly-CB[7] and oxaliplatin/CB[7] 

To elucidate the limited improvement on antitumor bioactivity of oxaliplatin through the 

complexation of poly-CB[7], we studied platinum distribution in tissue after intravenous 

injection of oxaliplatin, oxaliplatin/poly-CB[7] and oxaliplatin/CB[7]. The mice were treated 

with an equivalent dose of 5 mg oxaliplatin per kg of body weight. They were executed after 

24 h and the organs and tumors were collected and digested for further analyzation. As shown 

in Fig. 7, host-guest complexation of oxaliplatin by poly-CB[7] significantly changed the 

distribution of oxaliplatin, whilst the complexation of oxaliplatin by CB[7] demonstrated 

minor influence on the distribution of oxaliplatin. The complexation of oxaliplatin by 

poly-CB[7] increased the platinum distribution in liver and spleen, decreased the platinum 

distribution in heart, lung and kidney, but did not significantly change the platinum 

distribution in tumors. Considering the fact that the plasma platinum concentration of 

oxaliplatin/poly-CB[7] group was significantly higher than oxaliplatin group, poly-CB[7] 

might hinder the interaction and internalization of oxaliplatin to tissue and cells. These results 

also interpret the question that why the increased circulation performance of oxaliplatin did 

not translate into better antitumor bioactivity. The increased circulation performance could be 

offset by the decreased interaction and internalization, and the similar amount of oxaliplatin 

in tumor leads to similar therapeutic performance. 

4. Conclusions 

In summary, we have developed a new strategy of supramolecular polymeric 

chemotherapy to enhance the circulation performance and safety of oxaliplatin by the 

complexation between poly-CB[7] and oxaliplatin. It works with cancer cells which can 

overexpress spermine, such as colorectal cancer cells. We expect that more functions such as 

targeting ability and responsiveness to tumor microenvironment may be also introduced into 
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the polymeric systems through polymerization, which may help in increasing the 

accumulation of therapeutic agent in tumor. In addition to oxaliplatin, poly-CB[7] could 

encapsulate other kind of antitumor drugs for decreasing their cytotoxicity to normal cells and 

increasing cytotoxicity to cancer cells. With an appropriate choice of anticancer drugs which 

can complex with poly-CB[7] in a lower binding affinity than spermine, the antitumor drugs 

may release completely for enhancing the antitumor bioactivity. It is anticipated that this line 

of research may open new horizons for supramolecular polymeric chemotherapy. 
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Scheme 1. Schematic illustration of supramolecular polymeric chemotherapy based on 

poly-CB[7]. Poly-CB[7] can enhance the circulation performance of oxaliplatin and realize 

selectively release of oxaliplatin in cancer cells which can overexpress spermine. 

 

1.5-column fitting image for Scheme 1. 

 

 

Scheme 2. Schematic illustration of the synthesis procedure of poly-CB[7]. 

 

1.5-column fitting image for Scheme 2. 
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Fig. 1. Host-guest interaction between poly-CB[7] and oxaliplatin characterized by 

employing a) 1H NMR and b) ITC in 20 mM phosphate buffer solution at pH 6.0. 

 

1.5-column fitting image for Fig. 1. 

 

 

Fig. 2. In vitro cytotoxicity of a) poly-CB[7], oxaliplatin and oxaliplatin/poly-CB[7] complex 

to NCM460 cell line incubated for 24 h, b) oxaliplatin/poly-CB[7] complex to NCM460 cell 
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line incubated for varied time, c) poly-CB[7], oxaliplatin and oxaliplatin/poly-CB[7] complex 

to HCT116 cell incubated for 24 h and d) oxaliplatin/poly-CB[7] complex to HCT116 cell 

incubated for varied time. The concentration is given with equivalent dose of oxaliplatin. Data 

are presented as mean ± SD with n = 5. **p < 0.01 for comparing oxaliplatin/poly-CB[7] 

group with oxaliplatin group by employing one-way ANOVA. 

 

1.5-column fitting image for Fig. 2. 

 

 

Fig. 3. Host-guest interaction between poly-CB[7] and spermine characterized by employing 

a) 1HNMR and b) ITC in 20 mM phosphate buffer solution at pH 6.0. 

 

1.5-column fitting image for Fig. 3. 
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Fig. 4. Competitive replacement of oxaliplatin from oxaliplatin/poly-CB[7] complex with 

varied ratio of spermine measured by employing UV titration and calculated based on the 

binding constants of spermine and oxaliplatin to poly-CB[7]. 

 

single-column fitting image for Fig. 4. 

 

 

Fig. 5. Plasma platinum concentration versus time after intravenous injection of oxaliplatin, 

oxaliplatin/poly-CB[7] and oxaliplatin/CB[7]. Data are presented as mean ± SD with n = 3. 

***p < 0.001 by employing one-way ANOVA. 

 

single-column fitting image for Fig. 5. 
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Fig. 6. a) Inhibition of tumor growth and b) relative body weight of BALB/c nude mice with 

HCT116 xenografts after six treatment with oxaliplatin, oxaliplatin/poly-CB[7] and 

oxaliplatin/CB[7]. Data are presented as mean ± SD with n = 10. **p < 0.01 and ***p < 0.001 

for comparing oxaliplatin/poly-CB[7] group with control group and oxaliplatin/poly-CB[7] 

group with oxaliplatin group at day 28 by employing one-way ANOVA. 

 

single-column fitting image for Fig. 6. 
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Fig. 7. Tissue distribution of platinum upon the in vivo administration of oxaliplatin, 

oxaliplatin/poly-CB[7] and oxaliplatin/CB[7]. Data are presented as mean ± SD with n = 4. 

**p < 0.01 and ***p < 0.001 for comparing oxaliplatin/poly-CB[7] group with oxaliplatin 

and oxaliplatin/CB[7] groups by employing one-way ANOVA. 
 

single-column fitting image for Fig. 7. 

 


