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Carbon nanotubes have shown great potential in tumor therapy. Oridonin (ORI) is a poorly water-soluble diterpenoid compound
(C
20
H
28
O
6
) used in the treatment of esophageal and hepatic carcinoma for decades. For the purpose of enhancing the antitumor

potency and reducing cytotoxicity ofORI,multiwalled carbonnanotubes functionalizedwith carboxylic group (MWCNTs-COOH)
were used as ORI carrier. ORI was noncovalently encapsulated into (or onto) the functionalized carbon nanotubes (MWCNTs-
ORI). The obtained MWCNTs-ORI has been characterized. The ORI loading efficiency in MWCNTs-COOH carrier was studied
to be about 82.6% (w/w). In vitro cytotoxicity assay on MWCNTs-ORI gave IC

50
of 7.29 ± 0.5 𝜇g/mL and ORI-F gave IC

50
of

14.5±1.4 𝜇g/mL.The antitumor effect studies in vivo showed thatMWCNTs-ORI improved antitumor activity ofORI in comparison
with ORI-F. The tumor inhibition ratio for MWCNTs-ORI (1.68 × 10−2 g⋅Kg−1⋅d−1) was 86.4%, higher than that of ORI-F (1.68 ×
10
−2 g⋅Kg−1⋅d−1) which was 39.2%. This can greatly improve the pharmaceutical efficiency and reduce potential side effects.

1. Introduction

ORI (Figure 1) is the major active constituent extracted from
R. rubescens [1].More than half a century ago, ORIwas shown
to have a variety of biological effects such as immunoregu-
latory and anti-inflammatory functions as well as antiviral
functions, especially in upper respiratory tract infection.
Recent laboratory and clinical data suggest that ORI is a
very effective antitumor agent with profound effects on a
number of malignant diseases such as prostate, breast, and
nonsmall cell lung cancers [2–4]. It has been considered to be
potential new cancer chemoprevention agents [5]. However,
ORI is unstable and insoluble. Its biological half-life is short.
Its therapeutic index is low. This has limited the clinical
application of the chemotherapy medicine. The development
of a suitable carrier system forORI will play a quite important
role in its preferable application.

Carbon nanotubes (CNTs) are hollow structure and na-
nodiameter (diameter ∼1–100 nm), which are classified into
three groups: (1) SWCNTs (single-walled), (2) DWCNTs

(double-walled), and (3)MWCNTs (multiwalled). CNTs have
received a great interest in a highly efficient delivery vehicle
for drugs due to their unique physicochemical properties
such as high young modulus, high thermal conductivity, and
large surface area [6, 7]. However, CNTs produced initially
are insoluble and less dispersible substances. It becomes
essential that the hydrophilic groups are introduced onto
the hydrophobic surface of CNTs to improve their surface
properties for enhanced dispersion, solubilization, biocom-
patibility, and reduced cytotoxicity [8]. Tan et al. formulated
betulinic acid (a poorly water-soluble drug) in MWCNTs-
COOH to improve delivery efficiency into cancer cells while
reducing cytotoxicity [9].

In this paper, MWCNTs-COOH was used as ORI vehicle
at a very high loading efficiency for efficient delivery by 𝜋-𝜋
stacking [10]. In this research, we report on the characteriza-
tion of novel drug system (MWCNTs-ORI) by Fourier trans-
form infrared (FTIR), thermogravimetric analysis (TGA),
and field emission scanning electron microscopy (FESEM)
techniques and investigate their release profiles. In addition,
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Figure 1: Chemical structure of oridonin.

cell cytotoxicity properties of MWCNTs-ORI were evaluated
using the cell counting kit-8 (CCK-8) assay in human liver
cancer cells (HepG-2). Finally, the antitumor effect in vivo
of MWCNTs-ORI was compared to that of ORI-F in murine
HepG-2 tumor-bearing mice.

2. Materials and Methods

The herb of Rabdosia Rubescens Hemsl was collected in
Jiyuan, Henan Province, China. ORI (purity: 99.0%) was
isolated from Rabdosia rubescens Hemsl in laboratory as
previously described [11]. Briefly, Rabdosia rubescens Hemsl
(160 g) was obtained as the complete dried plant and then
ground to powder with particle size less than 0.30mm and
was ultrasonically extracted three times with 95% ethanol
for 30 minutes each time. The filtrates were combined and
ultrasonically decolored two times for 15mins with 38.4 g
of activated carbon each time. The combined filtrates were
dried under reduced pressure and the residue was dissolved
in 10mL of methanol.This solution was then filtered through
a 0.22𝜇m micropore membrane and was injected into the
HPLC instrument for separation of ORI. The preparative
chromatography conditions were as follows: waters 600
controller; a waters 600 pump; a waters 2487UV detector;
𝜇 Bondapak TM C

18
column (80mm id × 300mm, grain

size 25∼40𝜇m); column temperature: 40∘C; mobile phase
(methanol : water, 50 : 50, v/v); flow rate (60mL/min); detec-
tion wavelength (239 nm); and injection volume (10mL).The
fraction eluting in the range of 16min∼23min was collected,
evaporated, and vacuum dried. About 0.5 G white powder of
ORI was obtained.

MWNTs-COOH was purchased from Beijing Dk Nano
Technology Co., Ltd. (external diameter 50 nm, purity >
98%, length 10–20𝜇m, specific surface area > 40m2⋅g−1,
bulk density 0.185–7mL⋅g−1, and -COOH0.43wt%). HepG-2
cells were provided by the Nanjing University of Traditional
Chinese Medicine Immunization Center. Male BALB/c nude
mice were purchased from the Nanjing University of Tradi-
tional Chinese Medicine Experimental Animal Center. The
animal experimentation was performed in accordance with
the Guidelines for Animal Experimentation of the University.
EnoGeneCell� counting kit-8 (CCK-8) was supplied byNan-
jing EnoGene Biotech. Co., Ltd. 96-well culture plates were
purchased from Costar Corporation. RPMI-1640 medium
(Gibco Corporation) containing 10% heat-inactivated new-
born calf serum (Hangzhou Sijiqing Biotech Co., Ltd.),

100 IUmL−1 penicillin, and 100 𝜇g⋅mL−1 were obtained from
AMRESCO. Taxol injections were supplied by Sichuan Nan-
chong Pharmaceutical. Co., Ltd., Taiji Group. Phosphate
buffered saline (PBS, containing 1.56 g⋅L−1 Na

2
HPO
4
⋅H
2
O +

0.2 g⋅L−1 KH
2
PO
4
+ 0.2 g⋅L−1 KCl + 8.0 g⋅L−1 NaCl, pH 7.4)

was used in the experiments. Dulbecco’s Modified Eagle’s
Medium (DMEM) and fetal calf serum were purchased
from Life Technologies (Rockville, Maryland). HPLC grade
methanol (Fisher, Loughborough, UK) and ultrapure water
were used for all analyses.Themethanol and ethyl alcohol for
plant extraction were of AR grade purchased from Nanjing
Chemical Corporation (Nanjing, China). All other chemicals
were of analytical grade.

2.1. Instruments andMeasure. To determine the drug loading
and release, the content of ORI was quantified by HPLC
(Waters 515, USA). Fourier transform infrared (FTIR) spec-
troscopy was carried out on an FTIR spectrometer (Thermo
Scientific Nicolet IS10, USA). To determine the actual drug
loading, TGA was performed using a TGA/SDTA851e (TA
Instruments, New Castle, DE, USA) with a heating rate
of 10∘C/min, from room temperature to 800∘C, under a
nitrogen atmosphere (nitrogen flow rate 40mL/min). The
drug content was determined from the weight loss between
50∘C and 800∘C. The surface images of these samples
were obtained with field emission scanning electron micro-
scopes (JEOLJSM-6380LV, Japan) and transmission electron
microscopy (TEM, JEM-2010HR, Japan JEOL).The cytotoxi-
city of MWCNTs-ORI and ORI-F to HepG-2 was assessed by
CCK-8 assay.

2.2. Preparation of MWCNTs-ORI. Briefly, ORI loading was
performed by simply mixing ORI (0.3mg⋅mL−1) with the
MWCNTs-COOH dispersions (0.5mg⋅mL−1) in phosphate
buffered saline (PBS) at pH 7.4 and sonicated for 30 minutes
at room temperature in an ultrasonic bath. The mixture was
then stirred at room temperature to facilitate ORI attachment
onto the MWCNTs-COOH. After stirring for 24 hours, the
formed complexwas centrifuged at 5,000 rpm for 30minutes,
leaving a black precipitate (the product) at the bottom of the
centrifuge tube and a clear supernatant, which was retained
for further measurement. The product still contained an
excessive amount of unreacted (not attached) ORI, which
was removed by washing with ethanol and deionized water.
After three cycles of washing, centrifuging, and decanting,
the product was finally freeze-dried to yield a dry powder
of MWCNTs-ORI and stored in a desiccator at 5∘C until
further characterizations. The amount of unreacted ORI in
the supernatant as described was measured by HPLC. HPLC
analysis of the ORI was performed with a LiChrospher
C
18

column (4.6mm id × 250mm, grain size 5 𝜇m). The
mobile phase was methanol and water (70 : 30, v/v). The
injection volume was 10 𝜇L. The flow rate was 1.0mL/min.
Column temperature was maintained at 40∘C, and the UV
detector wavelength was set at 239 nm.The loading of ORI in
MWCNTs-COOH was calculated by the following equation:

Drug loading% =
(𝑊total −𝑊free)

𝑊total
× 100%. (1)
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𝑊free is the analyzed weight of free drug in the supernatant;
𝑊total is the analyzed weight of ORI used in formulation.

All data were averaged from three measurements.

2.3. Cell Culture. HepG-2 cells were maintained in DMEM
supplemented with 10% FCS, 4.5mg/mL glucose, 2mM glu-
tamine, 100U/mLpenicillinG, and 100mg/mL streptomycin.

2.4. In Vitro Cytotoxicity Testing. Cytotoxicity of MWCNTs-
ORI, MWNTs-COOH, and ORI was determined by the
CCK-8 assay, as described previously [12]. Briefly, cells were
counted, transferred into 96-well microtiter plates, and incu-
bated for 24 h prior to the addition of test compounds. Com-
pound (MWNTs-ORI, MWNTs-COOH or ORI) was dis-
solved in DMSO and diluted in sterile media, as necessary, to
obtain the appropriate concentration. Exponentially growing
cells of HepG-2 were made into single-cell suspensions with
0.25% trypsin, at a cell concentration of 1× 105/mL. 90𝜇L cells
(9×103) were seeded into each well of a 96-well plate. HepG-
2 cells were incubated for 24 h before they were treated with
MWCNTs-ORI, MWNTs-COOH, and ORI which were in a
mediumcontaining 0.1%DMSO,which showedno inhibitory
effect on cell growth. This experiment was performed using
8 different final drug concentrations (1.875, 3.750, 6.250,
12.500, 25.000, 50.000, 100.000, and 200.000𝜇g/mL). To each
well was added 10 𝜇L of the appropriate drug. Control cells
were treated with an equal volume of serum-free RPMI-1640
containing 0.1% DMSO.The volume of DMSO added to each
well was no more than 1 × 10−2 𝜇L. After cells had been
cultured for 48 h, 10 𝜇L CCK-8 was added to each well. One
hour later, the cell viability ratio was determined from the
absorbance measured at 450 nm.

Each sample was assayed in triplicate, and each assay was
repeated twice. Results are expressed as the concentration
yielding 50% inhibition (IC

50
):

The inhibition rate (%)

= [

(𝐴control − 𝐴experiment)

𝐴control
] × 100%.

(2)

Data were expressed as mean ± SD. One-way analyses
of variances and Fisher’s least significant difference were
performed using SAS 8.13. Differences were significant at
∗
𝑃 < 0.05.

2.5. Evaluation of In Vivo Antitumor Activity. Tumor-bearing
mice were prepared by inoculating a suspension of HepG-
2 cells (1.2 × 106 cells resuspended in 200𝜇L of 0.9%
physiological saline) subcutaneously into the right armpit
of each of the male BALB/c nude mice (age 5–7 weeks,
body weight 20.25 ± 2.34 g). On day 5 after inoculation,
the tumors were about approximately 100mm3, and 40 mice
were randomly assigned to 4 treatment groups (10 mice per
group): MWCNTs-ORI suspended in isotonic saline (ORI:
1.5 × 10

−2 g⋅Kg−1⋅d−1), ORI-F suspended in isotonic saline
(1.5 × 10−2 g⋅Kg−1⋅d−1), and MWCNTs-COOH suspended in
isotonic saline (without ORI) and isotonic saline (negative
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Figure 2: Fourier transform infrared spectroscopy of MWCNTs-
COOH before and after loading with ORI.

control). Mice were given an intravenous injection via the tail
vein for 10 days.

The tumor volumes were measured with caliper mea-
surements every other day and calculated using the formula
tumor volume = [(tumor width)2× (tumor length)]/2.

One day after 11, the mice were sacrificed, and the tumors
were weighed. The inhibition was calculated as follows:
inhibition (%) = [(𝐴 − 𝐵)/𝐴] × 100%, where 𝐴 was the mean
tumor weight of the negative control group, and 𝐵was that of
the ORI-treated or positive-control group.

3. Results and Discussion

3.1. Physicochemical and Characterization of MWCNTs-
COOH and ORI Conjugates. The functional groups of
MWCNTs-COOHandMWCNTs-ORIwere characterized by
FTIR. The results clearly demonstrate the FTIR of the
MWCNTs-COOH before and after loading with ORI
(Figure 2). The absorption peak at 1630 cm−1 in the spectra
of MWCNTs-ORI could be due to the absorption peak of
ORI at 1630 cm−1 that could possibly be attributed to the
typical stretching band of C=O vibrations of carbonyl group.
Another absorption peak observed at 1530 cm−1 corre-
sponding to the absorption peak of ORI at 1540 cm−1 could
possibly be attributed to the typical stretching band of C=C
vibrations of the vinyl functional group of ORI. In addition,
the absorption bands between 2750 and 3375 cm−1 were
ascribed to the asymmetric and symmetric O-H stretching
vibrations from the hydroxyl groups of ORI.

The bands at 2900–3000 cm−1 of the MWCNTs-COOH
should be due to the asymmetric and symmetric O-H
stretching vibrations from the carboxylic group of MWCNT-
COOH. The FTIR spectrum of MWCNTs-ORI displays all
the characteristic bands of ORI, indicating successful loading
of MWCNTs-COOH and ORI. The loading of ORI onto
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Figure 3: Thermogravimetric analysis profiles of ORI, MWCNTs-
COOH, and MWCNTs-ORI.

MWCNTs-COOH could be attributed to simple 𝜋-𝜋 stacking
and hydrophobic interactions.

Different thermal decay profiles point to structurally
different materials. The thermal decomposition profiles were
obtained under a steady flow of N

2
, at a heating rate of

10∘C⋅min−1 as shown in Figure 3. Any H
2
O solvent could not

be seen released from the ORI and MWCNTs-ORI starting
around 100∘C. These values illustrated less water contained
onto the ORI and MWCNTs-ORI. The decomposition of Ph
started at about 270∘C. The carbon skeleton of MWCNTs-
COOH started to decompose from 550∘C. The thermal
degradation of MWCNTs-ORI was a multistep process. The
first weight losses occurred in the range of (50∼250∘C)
assigned to the elimination of surface physisorbed water.
The weight loss region (250∼550∘C) could be due to the
decomposition of ORI. The third stage (700∼800∘C) could
be explained by the initial decomposition of MWCNTs-
COOH. An important observation was that the decompo-
sition of MWCNTs-COOH began at about 550∘C, whereas
in the MWCNTs-Ph it started at about 700∘C. The higher
thermal stability of MWCNTs-ORI could be attributed to
ORI molecules adsorbed onto the sidewalls of MWCNTs-
COOH. The thermogravimetric analysis showed a weight
loss of 90.3% for ORI, 45.2% for MWCNTs-COOH, and
23.0% forMWCNTs-ORI at 800∘C.MWCNTs-ORI exhibited
a higher thermal stability compared to MWCNTs-COOH
andORI.These results could be attributed to the fact thatORI
molecules could be grafted onto the surface of MWCNTs-
COOH through 𝜋-𝜋 stacking and H-bonding interactions.

3.2. Electron Microscopy. Field emission scanning elec-
tron microscope (FESEM) was used to characterize
the MWCNTs-COOH (Figure 4(a)) and MWCNT-ORI
(Figure 4(b)). Figure 4(a) showed the typical image of the
commercially obtained MWCNTs-COOH with a smooth

Table 1: IC
50
values of various formulations of ORI onHepG-2 cells.

Formulation IC
50
(𝜇g/mL)

ORI-F 14.50 ± 1.40

MWCNTs-ORI 7.29 ± 0.50

MWCNTs-COOH 54.40 ± 3.70

IC50 is defined as the concentration that resulted in a 50% decrease in cell
number and the results are means ± standard deviation of three independent
replicates.

surface in an agglomerated state. Following the drug loading
process (Figure 4(b)), the MWCNT-ORI had a granular
surface in a more dispersed form. This indicates that the
surface of MWCNTs-COOH was coated with ORI. Different
sizes are observed due to MWCNTs-COOH overlapping on
each other, which could be as a result of aggregation.

The transmission electron microscopy (TEM) was also
applied to characterize the MWCNTs-COOH (Figure 4(a))
and MWCNT-ORI (Figure 5(b)) to get a higher magnifi-
cation of TEM images. MWCNTs-COOH and MWCNT-
ORI were negatively stained with 1% phosphotungstic acid
for 60 s. Figure 5(a) shows an image of the commercially
attained MWCNTs-COOH with smooth surfaces. Following
the drug loading technique (Figure 5(b)), the MWCNT-
ORI had uneven surface. The diameter of MWCNTs-COOH
carbon after loadingORIwas enhanced.These results showed
that the ORI was loaded to the surface of MWCNTs-COOH.

3.3. ORI Loading. The commonly used anticancer drug,
ORI, has a conjugate plane structure and the structure of
MWNTs can be visualized by rolling up a graphite sheet
to a tube. The possible interaction of ORI noncovalently
attached toMWCNTs-COOHvia𝜋-𝜋 stacking and hydrogen
bond between -OH and -COOH groups. The loading of ORI
in MWCNTs-COOH was determined by HPLC. After the
centrifuge separation, the supernatant was collected and then
measured at 239 nm, which is the characteristic absorption
for ORI. By comparing peak area of the unreacted ORI in
the supernatant with the original ORI solution, the loading
of ORI was calculated to be around 82.6%.

3.4. In Vitro Cytotoxicity Testing. In order to evaluate the
anticancer activity ofMWCNTs-ORI,MWCNTs-COOH and
ORI-F in vitro cytotoxicity studies were also performed on
HepG-2 cells using CCK-8 assays, as shown in Figure 6 and
Table 1. It was observed that MWCNTs-ORI demonstrated
significant cell growth inhibitory to HepG-2 cells in a
concentration-dependent manner. The IC

50
of MWCNTs-

ORI in HepG-2 cell lines was 7.29 𝜇g/mL; this value was
far below that of ORI-F (IC

50
= 14.5 𝜇g/mL). Cellular and

molecular mechanisms were known that the main advantage
of CNTs is that their structure enhances direct uptake
through cellular membrane without any detrimental effect
on the biological functionality of the cell [13]. On the other
hand, MWCNTs-COOH also exhibited significant cytotox-
icity on HepG-2 cells. However, an amount 40 𝜇g/mL of
oxidizedMWCNTs could be utilized for a CNT drug delivery
system in nanomedicine indicating that MWCNTs-COOH
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Figure 4: FESEM photographs of MWCNTs-COOH (a) and MWCNT-ORI (b).
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Figure 5: TEM photographs of MWCNTs-ORI (a) and MWCNTs-COOH (b).

has a relatively good biocompatibility [14]. Other researchers
also reported an MWCNT formulation for the delivery
of betulinic acid (BA) with enhanced delivery efficiency
into cancer cells by using a simple preparation method. It
was shown that MWCNT-BA demonstrated moderate cell
growth inhibitory activity to HepG-2 in a concentration-
dependent manner. The IC

50
of MWCNT-BA in HepG-

2 cells was 11.0 𝜇g/mL, and this value was below that of
free BA (IC

50
= 15.0𝜇g/mL) [9]. The results showed that

functionalized MWCNT held great potential in the field of
nanobiotechnology and nanomedicine.

3.5. Evaluation of In Vivo Antitumor Activity. MWCNTs-
ORI, MWCNTs-COOH, and ORI-F were tested for anti-
tumor efficacy using the human HepG-2 tumor xenograft
model in male BALB/c nudemice. From the beginning of the
administration, the tumor volume was measured once every
other day for 10 days. The tumor growth curve was plotted.
The data of tumor growth curves are shown in Figure 7,
which demonstrates very significant tumor growth inhibition

in response to treatment with MWCNTs-ORI compared
to other groups. One-way analysis of variance (ANOVA)
was performed to demonstrate the difference among the
volumes. Tumor-bearing mice treatment with MWCNTs-
ORI had about reduction 86% in tumor volume compared
with isotonic saline (negative control) group (𝑃 < 0.01).
For isotonic saline group, tumor growth is most evident and
maintained a level of rapid growth.

Tumor growth inhibition by MWCNTs-ORI, MWCNTs-
COOH, and ORI-F and statistical analysis were shown in
Tables 2 and 3. The results presented in Table 2 showed
that MWCNTs-ORI (1.48 × 10−2 g⋅Kg−1⋅d−1) exhibited very
impressive antitumor effect in vivo against HepG-2 cells,
higher than ORI-F, MWCNTs-COOH, and the negative
control group (𝑃 < 0.01). The tumor inhibition was more
than 80%. After 10 days of MWCNTs-ORI treatment, the
weight of mice increased.

After the 10-day treatment, MWCNTs-ORI had very
significant suppression of tumor growth in transplanted
murine HepG-2 cells. Each tumor weight is presented as
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Table 2: The effect of various formulations of ORI on the weight of tumor on BALB/c nude mice.

Group Dose (g/Kg) Number of animals
(start/end)

Body weight (g) Tumor weight (g) Tumor inhibition (%)
Initial End

Negative control — 10/10 19.3 ± 1.3 18.4 ± 1.2 1.22 ± 0.21

MWCNTs-ORI 1.48 × 10
−2 10/10 19.7 ± 1.5 22.5 ± 0.8 0.17 ± 0.11 86.4

MWCNTs-COOH 1.48 × 10−2 10/10 20.4 ± 0.9 19.7 ± 1.1 1.08 ± 0.23 11.3
ORI-F 1.48 × 10

−2 10/10 20.8 ± 1.2 20.1 ± 1.3 0.74 ± 0.31 39.2

Table 3: Statistical analysis of the effect of various ORI formulations on the weight of tumor on BALB/c nude mice.

Groups Negative control MWCNTs-ORI MWCNTs-COOH ORI-F
Negative control 𝑃 < 0.01

∗∗
𝑃 < 0.01

∗∗
𝑃 < 0.01

∗∗

MWCNTs-ORI 𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

MWCNTs-COOH 𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

ORI-F 𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

𝑃 < 0.01
∗∗

∗∗
𝑃 < 0.01 significantly different from various ORI formulations as analyzed by ANOVA.
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Figure 6: Cell viability of HepG-2 cells treated withMWCNTs-ORI,
MWCNTs-COOH, andORI-F for 48 h.Thedata presented aremean
± standard deviation of triplicate samples and the difference was
considered significant at ∗𝑃 < 0.05.

the mean ± SD. The results of the statistical analysis were
shown in Table 3. Tumor growth was suppressed by free
ORI-F,MWCNTs-COOH, andMWCNTs-ORI.However, the
greatest suppression was observed in the case of MWCNTs-
ORI. The above findings indicated that MWCNTs-ORI was
more effective than ORI-F in inhibiting tumor growth.

Carbon nanotube-based drug delivery has shown a
promise in tumor-targeted accumulation in mice, and the
system exhibits good biocompatibility, good excretability,
and little toxicity. Various chemotherapeutic reagents have
been demonstrated to have increased efficiency after being
chemically linked to CNTs [15]. When antitumor reagent
10-hydroxycamptothecin (HCPT) was linked to MWNTs
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Figure 7: In vivo antitumor efficacy of HepG-2 tumor-bearing male
BALB/c nude mice treated with isotonic saline (negative control),
MWCNTs-COOH, ORI-F, and MWCNTs-ORI (𝑛 = 10) (𝑃 < 0.01
by ANOVA with Tukey’s post-test).

covalently through a cleavable ester linkage using hydrophilic
diaminotriethyleneglycol as the spacer between the nanotube
and drug moieties, the obtained MWNT-HCPT conjugates
were found to be superior to the clinical HCPT formulation
in antitumor activity both in vitro and in vivo [16]. These
results indicated that a CNT-based delivery system could be
utilized as a delivery of drugs in cancer chemotherapies with
improved therapeutic properties.

4. Conclusions

A highly effective DDS based on MWNTs-COOH has been
developed in a facile strategy. MWCNTs-ORI was prepared
using a simple preparation method. The characterization of
the MWCNT-ORI by FTIR and microscopic studies showed
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that ORI molecules are loaded on the outer surface of
MWCNT-COOH. This indicates that ORI could be attached
on the external walls of MWCNT-COOH via 𝜋-𝜋 stacking
interaction due to the strong nonspecific adsorption of
CNT, with a 82.6% (w/w) loading of ORI. Cytotoxicity
of MWCNTs-ORI was evaluated in HepG-2 cells using
CCK-8 assays. It was shown that MWCNTs-ORI had much
greater cytotoxicity compared to ORI-F. This indicates that
MWCNT-COOH is potentially useful for the delivery of
therapeutic agents. The ability of ORI to inhibit tumor also
was evaluated. In this study, MWCNTs-ORI exhibited very
impressive antitumor effect in vivo. In the animal experi-
ments, F-L-ORI (1.48 × 10−2 g⋅kg−1⋅d−1) strikingly inhibited
HepG-2 cells growth, and the inhibition rate was 86.4%.

In summary, to enhance the anticancer potency of ORI,
a novel ligand, MWCNT-COOH, has been used for prepara-
tion of MWCNTs-ORI. In vitro cytotoxicity and in vivo anti-
tumor effect of MWCNTs-ORI were evaluated. The results
indicated that this kind of DDS might enhance delivery
efficiency into cancer cells. These efforts can potentially lead
to the development of MWCNTs-ORI as a clinical agent for
the treatment of tumors such as hepatic carcinomas.
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