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Cucurbiturils are magnificent macrocycles that are used as precise molecules for the fabrication of supramo-
lecular chemotherapeutic agents through host-guest molecular recognition. In the present work, the host-guest
complex of cucurbit[6]uril (CB[6]) with 5-fluorouracil (Flu, an anticancer drug) is synthesized and its struc-
tural study was carried out using UV, XRD, and TG/DTA techniques. The UV-Vis spectrum of the inclusion
complex exhibited maximum absorbance with a blue shift at 302 nm whereas the maximum absorbance for
free CB[6] was observed at 318 nm. This notable shift in wavelength proves the formation of the inclusion
complex of CB[6] with fluorouracil. The host-guest complex of fluorouracil with CB[6] shows sharp endo-
thermic peaks at 403.30C with a heat flow of -0.5 mW/mg the peak covers partially an area of 528.2 J/g, The
large variations observed in the DSC curves of the complex compared with free host CB[6] confirm the forma-
tion of a stable host-guest complex. The XRD pattern of the host-guest complex is different from the parent
compound and this reaffirms the formation of host-guest complex. The cytotoxic effect of 5-fluorouracil and
the host-guest complex of CB[6] with fluorouracil on KB cells was determined by MTT assay and the
cytotoxicity of anticancer drug Flu towards cancer cells significantly increases by encapsulating
S-fluorouracil into the hydrophobic cavity of CB[6], The ROS generation study was carried out by measure-
ment of intracellular ROS using fluorescent and chemiluminescent probe. The ROS generation of anticancer
drugs against cancer cells is significantly increased by encapsulating 5-fluorouracil into the hydrophobic cav-
ity of CB[6], The inclusion complex of cucurbituril with fluorouracil treatment in KB cells showed higher
anticancer potential than fluorouracil treatment in KB cells when compared to the control. The ICs, value of
S-flurouracil was found to be higher compared to the inclusion complex of cucurbituril with fluorouracil. The
interesting results obtained, might open new avenues for the use of CB[6] host-guest complexes in anticancer
and drug delivery studies.
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1. INTRODUCTION

Supramolecular chemistry is defined as “chemistry be-
yond the molecule” that aims at designing and implementing
functional chemical systems based on molecular components
held together by noncovalent intermolecular forces. It has
grown into a major field and has stimulated numerous devel-
opments at the interfaces with biology and physics, from ba-
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sic knowledge to applications, from noncovalent interactions
to drug design, and from materials and polymers to solid
state engineering [1]. Supramolecular chemistry is a promis-
ing field for the development of new pharmaceutical thera-
pies by understanding the interactions at a drug binding site.
The area of drug delivery has also made critical advances as
a result of supramolecular chemistry providing encapsulation
and targeted release mechanisms. In addition, supramolecu-
lar systems are designed to disrupt protein-protein interac-

tions that are important to cellular function [2 — 5].
Self-assembled materials can be of great utility in con-

trolling drug delivery processes (actively or passively) and
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enabling the growth and regeneration of cellular tissue (ex
vivo or in vivo) [6].

Conventional chemotherapy has drawbacks ranging from
a poor solubility/stability of drugs in physiological environ-
ments to their limited efficacy, drug resistance and severe
treatment-related side effects of drugs to healthy tissues
greatly limiting clinical applications [7]. Supramolecular
chemotherapy integrating non-covalent interactions and tra-
ditional chemotherapy is highly hopeful and can be aptly
used for targeted drug delivery. By taking advantage of
supramolecular chemistry, the limitations of traditional che-
motherapy for clinical applications can be untangled effec-
tively [7, 8].

Macrocylic molecules such as crown ethers, cyclodex-
trins, calixarenes, cucurbiturils and pillararenes, usually have
hydrophobic cavities in which the guests can be encapsulated
[7, 9, 10]. These magnificent macrocycles provide ideal plat-
forms for the fabrication of supramolecular chemothera-
peutic agents through host—guest molecular recognition. The
solubility/stability of poorly soluble anticancer drugs can be
significantly improved in physiological environments upon
the formation of host—guest complexes. High accumulation
of an anticancer drug in tumor can be achieved using supra-
molecular self-assembly, remarkably enhancing the efficacy
of the supramolecular chemotherapeutic agents and reducing
the side effects towards normal tissues [11, 12]. The dynamic
nature of non-covalent interactions makes supramolecular
chemotherapy more versatile than traditional chemotherapy
and nanomedicines that have a shortage of stimuli-respon-
siveness [7].

Platinum-based anticancer chemotherapy is coupled with
severe side effects and multidrug resistance [7]. Wheate and
co-workers [13] encapsulated cisplatin in CB[7] to achieve
enhanced anticancer efficacy towards human ovarian carci-
noma cell lines. In-vivo study revealed that the
CB[7]*cisplatin complex could be used for the treatment of
drug resistant human cancer [14]

Zhang and co-workers used the clinical antitumor drug
oxantrazole (OX) to form a host—guest complex with CB[7]
The cytotoxicity of OX to the normal colorectal cells can be
significantly decreased by formation of the CB[7]*OX com-
plex. More importantly, CB[7]*OX exhibited higher antitu-
mor activity than OX itself, because the release of OX from
CB[7]*OX and simultaneous consumption of spermine by
CBJ[7] resulted in cooperatively enhanced anticancer perfor-
mance [14].

Supramolecular drugs could potentially lead to increase
in the drug tendency to cross the blood— brain barrier and to
be absorbed in the cells by fully taking advantage of
host—guest chemistry, thereby enhancing anticancer efficacy
[7, 15 — 18]. In vitro cell growth assays using free cucurbitu-
rils and some linear cucurbituril derivatives showed no cyto-
toxicity at up to millimolar concentrations [19]. These spec-
tacular anticancer studies on CB[n]s kindle the interest of de-
veloping new efficient alternative chemopreventive therapies
with minimal adverse effects.
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Cucurbiturils have been shown to form host-guest com-
plexes for a wide range of organic and inorganic small mole-
cule drugs, where encapsulation is facilitated through hydro-
phobic effects within the cucurbituril cavity and further sta-
bilized by hydrogen bonding or ion-dipole interactions
within cucurbituril portal [20 — 22]. Encapsulation of drugs
within the homologs of CB[6], CB[7] or CB[8] can impart
enhanced chemical and physical stability, improve drug solu-
bility and control drug release. Cucurbiturils have been in-
cluded in tablets for oral delivery and inserts for nasal deliv-
ery [23]. Hydrophobic drug molecules can easily get assem-
bled in the cavity of cucurbiturils through noncovalent
interactions. The physicochemical properties and structural
aspects of the host-guest complexes alter and lead to en-
hancement in the solubility and bioavailability of drugs. In
the present work, the ability of host-guest complexes ob-
tained by the inclusion of anti-cancer drug flouoruracil in the
host supramolecule of cucurbiturils so as to inhibit the gener-
ation of reactive oxygen species (ROS) has been studied.

Reactive oxygen species (ROS) are chemically reactive
oxygen radicals and non-radical derivatives of oxygen. ROS
play arole in cell signaling, including the apoptosis and gene
expression. ROS such as superoxide, hydrogen peroxide, and
hydroxyl radicals may function in cell signaling processes at
both low and higher concentrations, These species can dam-
age cellular macromolecules and participate in apoptosis.
Previous studies reported that the ROS production can be
measured by chemiluminescence (CL) with chloramphenicol
(CP) in cyclodextrin (CD) complex [24]. The intracellular
ROS generation ability of biotin conjugated toluidine blue
(TB-B) and 2TB-B@CB[8] were examined by DCFH-DA
[25,26]. Investigation of the CB[7] conjugated to a
triglycosylated tetraphenyl porphyrin (TPP-3Man-CB[7]) re-
vealed its effect on the growth kinetics of Gram-negative
bacteria of Escherichia coli (E. coli) [27]. The singlet oxy-
gen generation efficiency of porphyrins is readily modified
with four positive charges (TPOR) enhanced in the presence
of CBJ[7] [28, 29]. Naphthalene—methylpyridinium attached
porphyrin (TPOR) inclusion complex with CB[7] in water to
be utilized as a photosensitizer for antibacterial treatment
was studied by Liu, et al. [28]. The antibacterial activities of
TPOR and TPOR/CBJ[7] toward E. coli demonstrated the
ability of CB[8] ternary complex with this photosensitizer
and the residue of protein to produce oxidative
photocleavage of proteins [30].

This paper focuses on the studies of structural ROS gen-
eration in the CB inclusion complex with fluorouracil (anti-
cancer drug) and of host-guest complex. In the present work,
effort was made to synthesize the inclusion complex of anti-
cancer drug S-flurouracil as guest with CB[6], and its struc-
ture was characterized using UV-Vis spectroscopy, TG-DTA
and XRD techniques.

5-Fluorouracil (FLU) is widely used for the treatment of
a number of cancers, including colorectal and breast cancers,
and cancers of the aero digestive tract. Although FLU in
combination with other chemotherapeutic agents improves
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Fig. 1. UV-Vis spectra of CB[6] and host-guest complex of CB[6] with fluorouracil.

response rates and survival in breast, head and neck cancers,
it is in colorectal cancer that FLU has the greatest impact
[31].

The structural and ROS studies of the following samples
were studied 1) 5-fluorouracil, 2) inclusion complex of
cucurbituril with fluorouracil,

The structural study of CB[6] complex with 5-fluoroura-
cil was carried out using UV-Vis, TG, DTG and DSC, and
XRD techniques.

2. EXPERIMENTAL PART

2.1. Preparation of Host-Guest Complexes of CB[6]
with 5-Fluorouracil

Equimolar solutions of CB[6] and 5-fluorouracil were
mixed in the same ratio (1:1) with aqueous HCI solution as
the solvent. The final clear solution was heated above room
temperature, and the product obtained was filtered off, dried,
and the target complex was obtained as a powder.

This synthesised CB[6] and 5-fluoroucacil host-guest
complex was used for studies of its structure, antibacterial
activity, cytotoxicity and ROS generation.

2.2. Structural Study of CB[6] Host-Guest Complexes
with 5-Fluorouracil

UV-Vis spectroscopy of CB[6] complex with 5-fluoro-
uracil. The interaction of CB[6] and the guest fluorouracil
were analysed using electronic absorption spectra. The UV
spectra were recorded for free CB[6] and inclusion complex
of CBJ[6] with fluorouracil at 0.025M concentration in aque-
ous solution (Fig. 1). The UV-Vis spectrum of the inclusion
complex exhibited maximum absorbance with a blue shift at
302 nm whereas the maximum absorbance for free CB[6]
was observed at 318 nm, this notable shift in wavelength
proves the formation of inclusion complex of CB[6] with
fluorouracil. Earlier studies of inclusion complexes of
cucurbituril also show similar results [17-20].

Thermal studies of CB[6] complex with S5-fluoro-
uracil. TGA of host-guest complex of fluorouracil with
CB[6] (Fig. 2) shows a gradual weight loss of -9.20% from
ambient temperature 105.8°C up to 240°C that is assgned to
the removal of water. The onset temperature of CB[6] de-
composition for host-guest complex shows almost 40°C dif-
ference, and the initial weight loss changes shows a vast dif-
ference and the DTG maximum of the complex is shifted to-
ward lower temperature (200°C). The first inflection is
observed at 240°C and the second inflection is obtained at
480°C. These significant changes observed in thermal stud-
ies of the host-guest complex and parent CB[6] confirm the
formation of a host-guest complex. Complete weight loss is
not observed in the TGA curves of the host-guest complex,
the residual mass at 1099°C is 13.72%. Earlier thermal stud-
ies of CB[7] host-guest complexes also gave similar results
[32]. The DSC curve of CB[6] shows an endothermic peak at
514.9°C with a heat flow of -4.24 mW/mg and the peak cov-
ers an area of 491.8J/g. The host-guest complex of
fluorouracil with CB[6] gives a sharp endothermic peaks at
403.3°C with a heat flow of -0.5 mW/mg and the peak covers
partially an area of 528.2 J/g. Large variations observed in
DSC curves of the complex compared with free host CB[6]
also reaffirm the formation of stable host-guest complexes.

Powder XRD of CB[6] complex with S-flurouracil.
The powder XRD of host-guest complex of cucurbit[6]uril
and flurouracil (Fig. 3a) shows multiple peaks and sharp
peaks are observed at 20 = 10°, 15°, 23°, 25° and 29°. Multi-
ple peaks in the graph of intensity vs. 20 values indicate that
crystalline structure is maintained in the samples. X-ray
powder diffraction patterns show numerous reflections in
low-angle regions indicative of crystalline phase. The XRD
pattern of host-guest complex is different from that of parent
compound (Fig. 3b), which confirms the formation of
host-guest complexes [33, 34].
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Fig. 2. TG, DTG and DSC curves of CB[6] complex with 5-fluorouracil.

2.3. Effect of Fluorouracil and Host-Guest Complex
of Cucurbituril with Flurouracil on the Cytotoxicity
by MTT Assay in KB Cells

To assess the nontoxic concentrations of flurouracil
(FLU) and host-guest complex of cucurbituril (CB) with
flurouracil in cytotoxic studies, MTT based cytotoxicity as-
say in KB cells were used.

Materials and methodology. KB cells were purchased
from NCCS (Pune). Dulbecco’s Modified Eagle’s Medium
(DMEM), fetal bovine serum (FBS), glutamine, penicil-

lin—streptomycin and trypsin neutralizer solution were pur-
chased from Himedia (India), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT), 2,7-diacetyl
dichlorofluorescein (DCFH-DA), rhodamine 123, ethidium
bromide and acridine orange were purchased from Sigma
Co. (St. Louis, USA). All other reagents used were of analyt-
ical grade; these reagents and solvents were obtained from
S. D. Fine Chemical, Mumbai and Fisher Inorganic and Aro-
matic Ltd. (Chennai).

Cultured KB cells (1 x 10° cells/mL) were taken in a 96
well plate. Then the cells were treated with different concen-
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Fig. 3. Powder XRD pattern of (a) inclusion complex of CB[6] with fluorouracil and (b) host CB[6].

tration of FLU, CB-FLU (0.9 — 250 pg). Then, the cells were
incubated in 5% CO, and 95% O, environment at 37°C for
24 h, MTT (0.5 mg/mL) was added to the cells, and these
were further incubated for another 4 h. Finally, the cells were
centrifuged for 10 min and the supernatant was removed, and
200 uL DMSO was added to each tubs. The absorbance was
measured in a microplate reader at 540 nm and images were
captured under microscope [35-—37]. The percentage
cytotoxicity was calculated by the following formula:

i

%Viability = Total number of viable cell

Total number of viable andnonviable cells

Effect of S-flurouracil and host-guest complex of
CB[6] with S5-flurouracil on cytotoxicity by MTT assay.
Earlier studies of the cytotoxicity of CB based compounds
showed interesting results. Kim and coworkers demonstrated
the non-toxicity of CB molecules with ED, levels of more
than 100 uM against human lung and ovarian cancer cells
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Fig. 4. (I) Cultured KB cells treated with various concentration of host-guest complexes in microplate reader; (II) effect of FLU and CB-FLU
on cytotoxicity by MTT assay in KB cells. Cell viability values are given as mean + SD % for Flu and CB-Flu studied at 10 concentrations.
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TABLE 1. T-Test Analysis of Cytotoxicity Data for Flu and CB-Flu Independent Samples

T-test for Equality of Means

Comparison of Flu T Df Sig. (2-tailed) P value 95% Confidence interval of differences
and CB-Flu Lower Upper
410 18 0.687 -27.011 40.115

(Jeon, et al., 2005). In vitro cell viability testing of CB7 by
MTT assay in CHO-K1 cells showed no significant cytoto-
xicity at up to | mM concentration and 3 h incubation time,
while after 48 h incubation, an 1C; value of 0.53 mM was
determined (Uzunova, et al., 2010).

In the present work, the cytotoxic effect of 5-fluro-
uracil(FLU), host-guest complex of CB[6] with 5-fluroura-
cil(CB-FLU) and other host guest complexes has been deter-
mined based on the conversion of MTT into formazan crys-
tals by living cells, which determines mitochondrial activity
[35]. This is a colorimetric assay that measures the reduction
of yellow 3-(4, 5-dimethythiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT) by mitochondrial succinate hydroge-
nase or mitochondrial reductase. MTT enters the cells and
passes into mitochondria, where it is reduced to an insoluble,
colored (dark purple) formazan product. The cells are then
solubilized with isopropanol in an organic solvent and the re-
leased formazan reagent is measured spectrophotometrically.
Since the MTT reduction can only occur in metabolically ac-
tive cells, the level of activity is a measure of viability of the
cells [36, 37]. Figure 4 shows the cytotoxic effect of FLU
and CB complex with FLU as determined by MTT assay.
The cells were treated with various concentrations of FLU
and CB-FLU (0.9 — 250 pg) for 24 h incubation, which re-
vealed a dose-dependent inhibition of cell proliferation.
Maximum cell death was observed at 250 pg concentration.
From these results, CB-FLU showed maximum activity in
KB cells as compared to other host-guest complexes. The
CB-FLU doses of 2.5, 5, and 10 pg were selected for further
studies. Note that free CB[6] cytotoxicity was not used for
the study because of its sparingly soluble nature, whereas
CB-Flu solubility increased and could be used for further
studies.

Statistical analysis. All results were expressed as mean
of six (n = 6) determinations. The data were statistically ana-
lyzed using one-way analysis of variance (ANOVA) on SPSS
(statistical package for social sciences) and the group means
were compared by Duncan’s Multiple Range Test (DMRT).

2.4. Statistically Processed Data on Cytotoxicity of Flu
and CB-Flu with Indication of Condifence Intervals

Analysis of the T-test results gave the P values (Table 1)
and frequency statistics (Table 2). In vitro cell viability test-
ing of the host-guest complex of CB[6] with anticancer drug
flurouracil by MTT assay in KB cells showed no significant

cytotoxicity and the maximum cell death was observed at
250 pg dose after 24 h incubation time. Increasing CB-FLU
(2.5,5, 10 ng) doses were selected for further studies. Owing
to low solubility of the CB-FLU host-guest complex, precise
determination of its toxicity level was difficult. From earlier
works, it was known that CB[5], CB[7], and several acyclic
CB containers were also tested for their toxicity and
bioactivity and found to be non-toxic within the concentra-
tion range of interest. Data on the cell viability for Flu and
CB-Flu at 10 concentrations have been analyzed and the sta-
tistical details are given in Table 2.

2.5. Effect of Fluorouracil and Host-Guest Complex
of Cucurbituril with Flurouracil on Intracellular ROS
Generation

Reactive oxygen species are biological molecules which
play significant roles in cardiovascular physiology and con-
tribute to disease initiation, progression, and severity. Exces-
sive ROS accumulation will cause oxidative stress and dam-
age to cells. [38, 39]. Previous studies reported that ROS
production measured by chemiluminescence (CL) with
chloramphenicol (CP). The CP:CD complex showed a rise in
ROS[24]. ROS generation ability of TB-B and
2TB-B@CBJ[8], the generated ROS could be detected after
light irradiation, the cells exhibited similar green fluores-
cence[25, 26]. Investigation of TPP-3Man-CB7, upon irradi-
ation of E. coli suspension at higher concentration
TPP-3Man-CB7 gives 100%, while in the dark it is only

TABLE 2. Cell Viability Effect of Flu and CB-Flu at 1°Concentra-
tions (Statistical Details—requencies —Statistics)

Frequencies Flu CB-Flu
N Valid 10 10
Missing 0 0
Std. Error of Mean 11.683 10.896
Std. Deviation 36.943 34.457
Skewness -.029 254
Std. Error of Skewness .687 .687
Percentiles 25 11.37 9.17
50 57.08 45.16
75 90.60 77.70




1532

2.5 pug

Control-untreated cells

500 -
450 -
400 -
350 -
300 -
250 -
200 -
150 -+
100 -+ T

H T

% ROS Generation

T. Jaba Priya et al.

e

50 -
1 .

control 2.5ug

5ug 10pg

concentration (ug)

Fig. 5. Effect of CB-FLU complex on intracellular ROS generation using DCFH-DA (2'-7'- dichlorofluorescein diacetate) in KB cells (kera-

tin-forming tumor cell line).

around 10% [27]. The antibacterial activities of TPOR and
TPOR/CB7 toward E. coli were investigated and TPOR/CB7
was found be very efficient photosensitizer for antibacterial
photodynamic therapy [28,29]. The ternary complex of
CBJ[8] with photosensitizer upon light irradiation generated
singlet oxygen capable of damaging proteins that could regu-
late the cell signalling process and apoptosis of cells [30].

The complexation of diphenyleneiodonium, a bioactive
halonium ion, with CB[7] and CB[8] has been recently stud-
ied by Yin and R. Wang [40]. The host-guest binding experi-
ments revealed 1:1 complexation stoichiometry with CB[7]
(Ka=3x 10* M) and 1:2 complexation with CB[8]
(Ka=2x10'2 M™). Excitingly, the complexation was
shown to modulate the inhibitory activity of diphenyleneio-
donium against ROS generation and to improve its cardio-
toxicity [40, 41].

Cucurbit[6]uril (CB[6]) acts as a host on and encapsu-
lates [5]-rotaxane ring inside. Further studies revealed that it
has ability to generate reactive oxygen species (ROS) includ-
ing singlet and the complex remains stable at physiological
pH (7.4) for prolonged times [42].

Thus, the earlier anticancer studies have proved that the
supramolecular host-guest complexes can serve as an
anticancer agent.

2.6. Measurement of Intracellular ROS Generation

In this work, the intracellular ROS generation was mea-
sured using DCFH-DA staining. Dichlorodihydrofluorescein
diacetate (DCFH-DA) is the cell permeable fluorescent and
chemiluminescent probe is used for direct measurement of
the intracellular ROS levels. DCFH-DA is a nonpolar dye,
converted into the polar derivative DCFH by cellular esteras-
es that are nonfluorescent but switched to highly fluorescent
DCF when oxidized by intracellular ROS and other perox-
ides [43, 44]

Accumulation of DCF in cells may be measured by an
increase in fluorescence at 530 nm when the sample is ex-
cited at 485 nm. The results were expressed as percentage
fluorescence intensities. In addition, the fluorescence cells
were analyzed using a phase contrast fluorescence micro-
scope with blue filter (460 nm). Phosphate buffered saline
(PBS) and 2 - 7-diacetyl dichlorofluorescein diacetate
(DCFH-DA) were used as reagents.
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Methodology. The percentage of ROS levels was esti-
mated in the control and treated KB cells. Cells were seeded
(1 x 10° cells/well) in 6-well plate treated with CB-FLU at
different concentration and kept in a CO2 incubator for 24 h.
After 24 h incubation 1 mL of cells were incubated with
100 mL DCFH-DA for 10 min at 37°C Finally, cells were
washed thrice with PBS and the fluorescence intensity was
recorded using spectrofluorometer and the images were cap-
tured using fluorescence microscope (460 nm). Photomicro-
graphic image (Fig. 5a) and spectrofluorometric readings
(Fig. 5b) of the DCF fluorescence of the control and
CB-FLU treated KB cells are shown. Untreated KB cells
show weak fluorescence DCF. CB-FLU (2.5, 5, 10 ug)
treated KB cell shows increased ROS generation indicates
deep DCF fluorescence intensity. The images were acquired
by floid cell imaging station. According to spectrofluorome-
tric readings quantitative values are given as the mean (SD)
of six experiments in each group (values not sharing a com-
mon superscript differ significantly at P < 0.05 DMRT)).

2.7. Effect of CB-FLU on Intracellular ROS Generation
Studied by DCFH-DA Staining in KB Cells

Photomicrographic images and spectrofluormetric read-
ings (Fig. 5) showed potent anti-proliferation at submicro-
molar concentrations after 24-h treatment. The images were
acquired by floid cell imaging station. CB-Flu host guest
complex consistently exhibited much lower IC,, values in
the tested cancer KB cell lines. The IC,, value of 5-fluoro-
uracil and inclusion complex of cucurbituril with
fluorouracil was found to be 13 pg/mL and 10 pg/mL, re-
spectively. The number of cells showing features of ROS
was counted as a function of the total number of cells present
in the field. After 24 h incubation 1 mL of cells were incu-
bated with 100 mL DCFH-DA for 10 min at 37°C. Accumu-
lation of DCF in cells is measured by an increase in fluores-
cence at 530 nm when the sample is excited at 485 nm. The
results were expressed as percentage fluorescence intensities,
the CB-Flu intensities were compared with the control con-
sidered as 100%. The intracellular ROS generation was mea-
sured using DCFH-DA staining. Figure 5B depicts the levels
of ROS generation in control and CB-FLU treated cells. KB
cells were treated with various concentration of CB-FLU
(2.5, 5, 10 ug) which showed significantly increased levels
of ROS generation. Treated cells produces intense green flu-
orescence compared to untreated control cells. Untreated KB
cells show weak fluorescence DCF. CB-FLU (2.5, 5, 10 nug)
treated KB cell shows increased ROS generation indicate
deep DCF fluorescence intensity.

(A) Photomicrographic images of the control and
CB-FLU treated KB cells. Untreated KB cells show weak
DCF fluorescence. CU-FLU (2.5, 5, 10 pg) treated KB cells
show increased ROS generation as indicated by deep DCF
fluorescence intensity. The images were acquired by floid
cell imaging station; (B) spectrofluorometric readings of
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DCF (2',7'-dichlorofluorescein) fluorescence in control and
CB-FLU treated cells.

3. CONCLUSION

In this study, host-guest complexes of CB[6] with
anticancer drug S-flurouracil were synthesized and their
structure, cytotoxicity and ROS generation characteristics
were studied. The UV, thermal and XRD studies confirmed
the formation of host-guest complex and it was found that
the cytotoxicity of anticancer drug against cancer cells sig-
nificantly increased due to fluorouracil encapsulation into
the hydrophobic cavity of CB[6]. The inclusion complex of
cucurbituril with fluorouracil used for the treatment in KB
cells showed higher anticancer potential than that of
fluorouracil treatment in KB cells when compared to the
control. The IC,, values of 5-flurouracil and the inclusion
complex of cucurbituril with fluorouracil were found to be
13 and 10 pg/mL, respectively. The cytotoxicity of antican-
cer drugs to cancer cells was significantly increased by en-
capsulating 5-fluorouracil into the hydrophobic cavity of
CBJ[6] and delivering them only at cancer cells which have
lower pH compared to normal cells. The host-guest complex
exhibits significant cytotoxic activity, the more so consider-
ing the high association constants that the host-guest com-
plexes based on CBs can have and that CBs have no intrinsic
cytotoxicity in many human cancer lines [45].

Previously reported studies provided convincing evi-
dence that the fluorescence images of CB host-guest com-
plexes of basic dyes can cross the cell membrane. These
complexes displayed in vitro compatibility with human kid-
ney and liver cells, demonstrated no ill effects from high
dose in vivo studies on mice, as well as an increased potency
of some anti-cancer drugs when first encapsulated in the
hosts [46].

Thus, it is very likely that other CB host—guest com-
plexes will behave similarly. The present work showed po-
tent anti-proliferation at submicromolar concentrations
changes in the CB-FLU host-guest complexes with KB cells
in a concentration dependent manner. Considering the inter-
esting results obtained, our findings might open new avenues
for the use of CB[6] host-guest complexes in drug discovery.
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