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A B S T R A C T

Drug delivery systems for doxorubicin (DOX) have attracted tremendous interest nowadays for the improved
efficacy and/or reduced toxicity. Due to the aromatic structures and hydrophobic domains, carbon nanoparticle
suspension injection (CNSI), a clinical applied reagent for lymph node mapping, strongly adsorbs DOX and holds
great potential in cancer therapy. Herein, we evaluated the therapeutic effects of CNSI-DOX to establish its
delivery applications for cancer drugs. CNSI adsorbed DOX from solution quickly after the mixing, and the
release of DOX from CNSI followed a pH-dependent way. CNSI-DOX and free DOX had nearly identical inhibitive
effects on cancer cells, while the vehicle CNSI was nontoxic. CNSI-DOX largely prolonged the life span of ascites
tumor bearing mice after the intraperitoneally injection and the ascites weights showed significant decreases.
CNSI-DOX also inhibited the growth of subcutaneous xenografts following the same administration route. The
therapeutic efficacy of CNSI-DOX was similar to that of free DOX in ascites tumor model, but slightly lower in
subcutaneous xenografts model. The advantage of using CNSI was majorly reflected by the reduced toxicity of
DOX according to the bodyweight changes, serum biochemical indicators and histopathological observations.
The LD50 (median lethal dose) value of CNSI-DOX was 43.8mg/kg bodyweight, nearly three times of that of free
DOX (15.2 mg/kg bodyweight). Our results suggested that CNSI might be used for DOX delivery through “off
label” use to benefit the patients immediately.

1. Introduction

Doxorubicin (DOX) is an anthracycline anticancer drug for the
therapy of both solid and hematologic malignancies [1,2]. However, its
clinical use is largely limited by its bone marrow toxicity, gastro-
intestinal toxicity, and cardiotoxicity [3–5]. Therefore, the major issue
in DOX therapy is to reduce its toxicity and maintain its efficacy si-
multaneously. Typically, there are two main strategies for this purpose.
First, the antioxidants could eliminate the reactive radicals generating
during the DOX treatment and protect the patients from cardiotoxicity
[6–8]. Second, the drug delivery system (DDS) could enhance the tumor
uptake and reduce the non-specific accumulation of DOX to reduce its
toxicity and improve its efficacy [9–12]. For this pathway, diverse ve-
hicles were reported worldwide, such as liposomes [13], polymer car-
riers [14], and inorganic nanomaterials [15].

In recent decades, carbon nanomaterials have attracted great in-
terest in DOX therapy for both the anti-oxidation and the delivery. For

instance, fullerenol was found to be good antioxidant and protected the
body from the DOX toxicity [16]. On the other hand, DOX has large
aromatic rings in the structure and is partially hydrophobic, which
strongly binds to carbon nanomaterials through π-π interaction and
hydrophobic interaction [17]. Another merit of using carbon nanoma-
terials as delivery vehicles could be that DOX shows pH-dependent
release on carbon nanomaterials [17]. More DOX molecules detach
from carbon surface at acidic pH values, thus would hopefully become
free forms at the tumor site. Many carbon nanomaterials have been
used in delivering DOX, including carbon nanotubes (CNTs) [18],
graphene [19], carbon dots [20], and so on. For example, Wang et al.
coated CNTs with gold and built a target delivery system for DOX [21].
The gold coated CNTs delivered DOX into cancer cells and could be
used for photothermal therapy simultaneously. He et al. used graphene
oxide for the pH-sensitive delivery of short hairpin RNA and DOX [22].
The DDS silenced the multidrug resistant gene expression and increased
chemotherapy efficacy of DOX. Despite the encouraging achievements,
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these carbon nanomaterials have not been applied in clinical treat-
ments, because they have to pass through phases of clinical trials before
the approval.

Among the novel carbon nanomaterials, carbon nanoparticle sus-
pension injection (CNSI) is the only commercialized and clinically ap-
plied one [23]. CNSI is capable in staining the tumor drainage lymph
node black after the intratumoral injection. Successful demonstrations
were achieved on advanced gastric cancer [24], breast cancer [25] and
papillary thyroid carcinoma [26]. Separately, CNSI does not stain the
parathyroid gland during the thyroid carcinoma surgery, so the risk of
false resection could be largely reduced with the injection of CNSI [27].
In addition, CNSI is of very low toxicity upon exposure based on animal
experiments and the clinical observations [28]. Each year, over 100,
000 patients received CNSI injection during the oncological surgery for
lymphatic mapping and/or the parathyroid gland distinguishing [28].
Therefore, unlike other carbon nanomaterials, if CNSI could be used for
drug delivery, it would be immediately accessible for cancer patients
through ‘off label’ use.

Very recently, CNSI was found to adsorb drugs effectively and
showed competitive performance on cellular level [29,30]. We reported
that CNSI could selectively adsorb DOX and epirubicin (EPI), rather
than paclitaxel, cis-platinum and 5-fluorouracil [29]. CNSI delivered
DOX and EPI showed nearly the same inhibition rates of cancer cells as
their free forms. Separately, Yang et al. mixed CNSI and EPI for the
regional injection to tumor [30]. CNSI increased the lymphatic uptake
of EPI and reduced the blood concentration of EPI, thus resulting in a
slow release to lymph nodes. CNSI delivered EPI and free EPI had si-
milar therapeutic effect as indicated by the same apoptosis levels of
lymph nodes. Therefore, CNSI holds great promise in drug delivery and
the tumor inhibition of CNSI delivered drugs should be measured to
validate the concept.

Herein, we evaluated the therapeutic efficacy and toxicity of CNSI

delivered DOX (CNSI-DOX) in tumor bearing mice to show the potential
of CNSI in drug delivery. The adsorption and desorption of DOX on
CNSI was studied in solution. The cell viabilities of cancer cells were
assayed to show the in vitro efficacies of CNSI-DOX in comparison with
free DOX. The in vivo evaluations were performed on xenograft models
that received injections of H22 cells both intraperitoneally and sub-
cutaneously. The survival rates, ascites weights, tumor volumes and
tumor weights were monitored. The toxicity of CNSI-DOX and free DOX
was compared by measuring the body weights, serum biochemistry,
histopathology and LD50 (median lethal dose) values. The implication
of CNSI for cancer drug delivery is discussed.

2. Experimental

2.1. Materials

CNSI was provided by Chongqing Lummy Pharmaceutical Co. Ltd.
(Chongqing, China). The preparation protocol of CNSI was briefly de-
scribed as follows. Polyvinyl pyrrolidone (PVP) was sonicated in saline
to obtain 20mg/mL solution. The carbon ash was added to PVP solu-
tion at the concentration of 50mg/mL and submitted to homogeniza-
tion at 25,000 rpm for 5min. The as-obtained black dispersion of
carbon nanoparticles was CNSI.

Doxorubicin hydrochloride was purchased from Biotang Inc.
(Waltham, MA, USA). Saline and sodium citrate were purchased from
Sichuan Kelong Co., Ltd. (Chengdu, China). DMEM medium with high
glucose, penicillin & streptomycin solution, 0.25% trypsin solution, and
PBS buffer solution was brought from Thermo Fisher Scientific Inc.
(Waltham, MA, USA). Fetal bovine serum (FBS) was purchased from
Gibco Co. (Grand Island, NY, USA). CCK8 kits were purchased from
Dojindo Laboratories (Mashikimachi, Japan). Murine H22 hepatoma
cells, Hela cells, SMMC-7721cells and MCF-7cells were provided by

Fig. 1. TEM images (a, c) and DLS data (b, d) of CNSI (a, b) and CNSI-DOX (c, d).
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State Key Laboratory of Biotherapy of Sichuan University (Chengdu,
China). KM mice were bought from Chengdu Dossy Experimental
Animal Co. Ltd. (Chengdu, China). All other chemicals were of analy-
tical grade.

2.2. Adsorption and release of DOX on CNSI

For the adsorption evaluation, DOX (2mg/mL) and CNSI (10mg/
mL) were 1:1 (v/v) mixed and sonicated for 5min. The mixture was
shaken at 37 °C and 120 rpm for 0–120min before the adsorption rate
determination. At the designed time intervals, 2 mL of the mixture was
added into a Millipore tube (Amicon ultra-4 with filter size of 50 kD)
and filtered by the centrifugation of 4000 rpm for 10min. The free DOX
concentration in filtrate was measured by high performance liquid
chromatography (HPLC) as described in our previous report, and the
adsorption rate was calculated [29]. In addition, the particles sizes of
CNSI and CNSI-DOX were analysed by a Malvern particle size analyser
(Zerasizer Nano ZS90, Malvern Instruments, UK). Both CNSI and CNSI-
DOX were checked under transmission electron microscope (TEM), too.

For the release evaluation, CNSI-DOX suspension was transferred
into a dialysis bag (molecular mass cut-off of 50 kD) and placed into100
mL of saline (pH 7.0), PBS (pH 5.0) or PBS (pH 2.0), separately. The
release was performed at 37 °C and 120 rpm. The drug concentrations in
the media were measured by HPLC for release rate calculation.

2.3. In vitro evaluations

Hela cells, SMMC-7721 cells and MCF-7 cells were maintained at
37 °C in a humidified atmosphere with 5% CO2 and the DMEM cell
culture medium was supplemented with 10% FBS and 1% penicillin and
streptomycin. Cells were cultured in 96-well plates with the cell density
of 5×103 cells per well. After culturing for 24 h, the various con-
centrations of CNSI-DOX were added to the cells. DOX, CNSI and drug-
free DMEM medium were taken as the reference groups. After 48 h
incubation, FBS-free DMEM medium was used to substitute the culture
medium and then added with 1/10 (v/v) of CCK-8 reagent. After an
incubation for another 2 h, the absorbance was measured at 450 nm
using a microplate reader (Multiskan FC, Thermo Fisher Scientific Co.,
USA) for viability calculation.

2.4. Antitumor efficacy evaluations in vivo

The animal experiments were approved by the Animal Centre of
Southwest Minzu University and performed in accordance with the
Animal Care and Use Program Guidelines of the Sichuan Province,
China. The mice were raised in plastic cages (5 mice/cage) on a 12-h
light/dark cycle with free access to food and water. The ascites tumor
model was established by inoculating intraperitoneally with hepato-
cellular carcinoma H22 cells (2× 106 cells per mouse). Three days
later, when the abdominal girth showed significantly increases, the
mice were randomly divided into seven groups of 20 mice each and
injected with CNSI-DOX, DOX, CNSI or saline intraperitoneally twice at
day 5 and day 9 post the inoculation of H22 cells. For CNSI-DOX and
DOX groups, mice were injected with DOX equivalent dosages of
2.5 mg/kg per injection and 5mg/kg per injection. For CNSI group,
mice were injected with the CNSI equivalent dosages of CNSI-DOX
groups. For saline group, mice were injected with normal saline at the
same volume that was used in high dose group of CNSI-DOX. At day 13,
10 mice from each group were sacrificed and the ascites were collected
for weighting. The rest 10 mice of each group were raised to day 60 for
survival curve measurements.

Another set of evaluation was performed by inoculating H22 cells
subcutaneously in the right flank (2×106 cells per mouse). Three days
later (set as day 0), when the tumors grew to an average size of 50mm3,
the mice were randomly divided into four groups containing 8 mice of
each. The mice were injected intraperitoneally with CNSI-DOX, DOX,
CNSI and saline at 0, 3, 7, 10 and 12 d using the high dosage of
aforementioned experiment (DOX equivalent dosage of 5.0 mg/kg per
injection). Tumor sizes and body weights were measured three times
per week. The mice were sacrificed at day 16 post the first injection.
The tumors were dissected and weighted.

2.5. Toxicity evaluations in vivo

For toxicity evaluations, normal mice were injected with CNSI-DOX,
DOX, CNSI and saline at 0, 4, 8, 11 and 15 d using the DOX equivalent
dosage of 5.0mg/kg per injection. After sacrificing at day 18 post the
first injection, the blood samples were collected to prepare the serum as
described in our previous report [28]. The indicators, including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), lactate de-
hydrogenase (LDH), creatine kinase (CK), creatine kinase isoenzyme
MB (CK-MB) and cardiac troponin-I (cTn-I), were measured to reflect
the toxicity of DOX. The heart, liver, spleen and kidneys samples were
excised and fixed in 4% formalin. The samples were embedded in
paraffin, sectioned using a microtome and stained by hematoxylin and
eosin (H&E) for optical microscopy.

Finally, the LD50 values of CNSI-DOX and DOX were measured. Mice
were randomly divided into 14 groups containing 10 mice of each. The
doses of DOX groups were 8, 10, 12.5, 15.63, 19.53 and 24.41mg DOX/
kg, respectively. The CNSI-DOX groups were injected with 10, 13.33,
17.78, 23.70, 31.60, 42.14, 56.19 and 74.92mg DOX/kg. The numbers

Fig. 2. Adsorption (a) and release (b) of DOX on CNSI as a function of time.
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of death for each group were recorded. The LD50 values were calculated
by the Bliss method as described in the literature [31,32].

2.6. Statistical analysis

All data were expressed as the mean of four individual samples with
standard deviation (mean ± SD). Significance was calculated by using
Student's t-test, where p < 0.05 was considered as statistically sig-
nificant.

3. Results and discussion

3.1. Adsorption and release of DOX on CNSI

The characterization of CNSI was well documented in our previous
papers [23,28]. The IR and XPS spectra of CNSI were provided in the
Supplementary data. Generally, CNSI was formed by carbon nano-
particles wrapping by PVP. The adsorption of DOX on CNSI slightly
increased the hydrodynamic radius from 191 nm to 391 nm, although
the aggregates showed no change under TEM (Fig. 1), which should be
due to the low contrast of DOX molecules. The adsorption induced size
increase was reasonable and consistent with the literature results [17].
In addition, the adsorption was very quick. The adsorption rate reached
86.0% immediately after the mixing of CNSI and DOX (Fig. 2a). The
adsorption rate was nearly saturated at 120min (94.2%). Therefore, for
clinical use, CNSI and DOX could be simply mixed before injection by
mild shaking to obtain the CNSI delivered DOX. It should be noted that

the pH of CNSI was 7.2 and it decreased to 6.1 after the loading of DOX.
At near neutral pH, the adsorption of DOX on CNSI was efficient.

The release profile of the DOX from CNSI was shown in Fig. 2b. A
pH-dependent release of DOX was observed, because DOX was ionized
at lower pH and the affinity to carbon surface became weaker. The
release was very quick in the first 6 h and became slower thereafter. The
release rates were 69.0% at pH 2.0, 56.8% at pH 5.0 and 41.4% at
pH 7.0 after 72 h dialysis. It is well known that the tumor has acidic
environment [18], so CNSI-DOX would release more DOX at tumor site
than at normal tissues. In addition, when CNSI-DOX enters the body,
the competitive binding of proteins might further facilitate the release
rate of DOX.

3.2. In vitro evaluation of CNSI-DOX

The inhibition of cell vitality by CNSI-DOX was evaluated on Hela
cells, SMMC-7721 cells and MCF-7 cells (Fig. 3). Clearly, at higher DOX-
equivalent concentration of CNSI-DOX, the cancer cell viability was
inhibited more. The dose-dependent cytotoxicity of CNSI-DOX was
nearly the same to that of free DOX. It could be seen that there was no
significant difference between CNSI-DOX and free DOX. This was con-
sistent with our previous report that CNSI-DOX had the same ther-
apeutic effect to cancer cells [29]. It should be noted that CNSI alone
was nontoxic to cancer cells (Fig. 3d). No viability loss was observed for
the three cell lines up to CNSI concentration of 40 μg/mL. It was re-
ported in the literature that carbon nanoparticles were of high bio-
compatibility to cells and animals [33,34]. Overall, our results

Fig. 3. Therapeutic effect of CNSI-DOX to cancer cells. (a) Equivalent dosage of CNSI corresponding to CNSI-DOX groups; (b) Hela cervical cancer cells; (c) SMMC-
7721 liver cancer cells; (d) MCF-7 breast cancer cells.
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indicated that CNSI could deliver DOX to cancer cells with comparable
efficacy to free DOX.

3.3. Antitumor efficacy of CNSI-DOX in vivo

The in vitro data suggested that CNSI-DOX had the same efficacy as
free DOX, which was further confirmed in the in vivo evaluations. First,
the efficacies of CNSI-DOX and free DOX were compared on ascites
tumor models. As shown in Fig. 4a, CNSI had no substantial effect on
the survival rate of tumor bearing mice and all of them died within
three weeks. On the other hand, both CNSI-DOX and free DOX largely
increased the survival rates to 90% within three weeks. The final sur-
vival rates at day 60 were 70% for CNSI-DOX groups and 80% for free
DOX groups, indicating both delivered and free DOX had good ther-
apeutic effects on ascites tumor. In another set of experiments, the mice
were sacrificed at day 13 to collect the ascites for weighting. Both saline
and CNSI treated groups had similar ascites weights of about 11 g,
suggesting that CNSI had no therapeutic effect on ascites tumor
(Fig. 4b). Statistically decrease of ascites weights were observed in
CNSI-DOX and free DOX treated groups. At DOX equivalent dosage of
2.5 mg/kg, CNSI-DOX group had an ascites weight of 1.4 ± 1.1 g and
the value was 1.3 ± 0.8 g for free DOX group. Increasing dosage led to
lighter ascites. At DOX equivalent dosage of 5.0mg/kg, the ascites
weight of CNSI-DOX group decreased to 0.3 ± 0.6 g and no ascites
could be separated for weighting in the free DOX group. There was no
statistical difference between CNSI-DOX group and free DOX group at
the two dosages, indicating CNSI delivery maintained the efficacy of
DOX in treating ascites tumor.

Subcutaneous xenografts were also adopted to evaluate the ther-
apeutic efficacy of the CNSI-DOX in vivo (Fig. 4c). The tumors in the

control group and CNSI treated group grew rapidly in the 16-d ob-
servation period. The tumor volume of control group was
1599 ± 187mm3 at day 16. Similar volume of 1489 ± 422mm3 was
observed for the CNSI treated group. The increases of tumor volume
were much slower for CNSI-DOX and free DOX treated groups. The
volume of tumor was 782 ± 442mm3 for CNSI-DOX group and
461 ± 230mm3 for free DOX group. The tumor volume growths of
CNSI-DOX and free DOX groups were statistically lower than that of
saline group after day 10. No meaningful difference was found between
CNSI-DOX group and free DOX group, although the tumor volumes of
CNSI-DOX groups were larger. After sacrificing, the tumor weight was
measured to reflect the efficacies more accurately. As indicated in
Fig. 4d, the control group (1.6 ± 0.7 g) and CNSI group (1.5 ± 0.3 g)
had the highest tumor weights. Both CNSI-DOX and DOX groups
showed significant inhibition on tumor weight, namely 0.8 ± 0.3 g for
CNSI-DOX group and 0.5 ± 0.1 g for free DOX group. Again, no sta-
tistical difference was found between CNSI-DOX and DOX groups, but
CNSI-DOX had heavier tumors. The tumor inhibition rates were cal-
culated as 51% for CNSI-DOX group and 71% for free DOX group, in-
dicating the high-performance of both CNSI delivered and free DOX. It
should be noted that typically DOX is administrated intravenously to
treat subcutaneous xenografts. However, ascites tumor bearing patients
usually have metastasis, so we used intraperitoneal injection to verify
the potential therapeutic effect of CNSI-DOX for metastasis during the
treatment of ascites tumor preliminarily.

As described above, CNSI-DOX showed comparable performance in
treating ascites tumors just as free DOX and slightly lower efficacy in
treating subcutaneous xenografts. The in vitro experiments indicated
the same inhibitions of cell viability by CNSI-DOX and free DOX. When
CNSI-DOX reached tumor site, DOX would be released from CNSI

Fig. 4. Anti-tumor efficacy of CNSI-DOX in mice inoculated with H22 cells both intraperitoneally and subcutaneously. (a) Survival curves of ascites tumor bearing
mice; (b) ascites weights; (c) tumor volumes of subcutaneous xenograft; (d) tumor weights of subcutaneous xenograft. *p < 0.05 compared with the saline group.
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surface due to the acidic environment in tumor. Thus, for ascites tu-
mors, the continuous release of DOX from CNSI led to the good efficacy.
For subcutaneous xenografts, the translocation of DOX into blood cir-
culation was slowed down by CNSI, which further slowed the migration
of DOX to tumor via blood circulation, thus a lower efficacy was ob-
served. Since there was no change made to CNSI itself, the clinical
applications through ‘off label’ of CNSI are very hopeful to benefit the
cancer patients in near future.

3.4. Toxicity of CNSI-DOX in vivo

Beyond the comparable efficacy, the main reason of using CNSI as
delivery vehicle was to reduce the toxicity of free DOX. To verify this,
the bodyweight, serum biochemistry and histopathology were taken as
the toxicity indicators. Mice injected with CNSI showed identical
bodyweight increase as the control group (Fig. 5a). The bodyweight
increase of CNSI-DOX group was slower comparing to the control
group. The hindered bodyweight gain became statistically lower at day
18 post-exposure. However, free DOX exposed groups had bodyweight
loss rather than increase, which was quite different to the other three
groups. The weight loss was statistically different to that of control
group at day 15 and thereafter. It was worthwhile to note that the
bodyweights were significantly different for CNSI-DOX and free DOX
groups at day 18, suggesting the much lower toxicity of CNSI-DOX over
the free DOX. Consistent with the bodyweight changes, the mice of free
DOX group appeared to be thin and weak, resulting in 30% mortality. In

contrast, the mice treated with CNSI-DOX behaved normally with a
much lower mortality (10%).

Serum biochemical parameters are more sensitive than the body-
weight change. Here, we measured the serum levels of ALT, AST, LDH,
CK, CK-MB and cTn-I to reflect the toxicity of CNSI-DOX to liver and
heart (Fig. 5b). Here, LDH is an indicator for the liver and heart da-
mage. ALT and AST are sensitive indicators for the hepatic function
damage. CK and CK-MB are cardiac enzymes that indicate the heart
function. cTn-I is a sensitive and specific parameter for heart function
damage. Again, free DOX showed the highest toxicity to mice that all
parameters showed significant increases comparing to those of the
control group. Upon the deliver by CNSI, only CK level showed sig-
nificant increase, but the CK level of CNSI-DOX group was about 1/3 of
that of free DOX group. The increased CK levels suggested the toxicity
of CNSI-DOX to heart was lower than free DOX. Another issue to notice
was that free DOX group had statistically higher serum biological
parameters than CNSI-DOX group except cTn-l. This confirmed that
CNSI largely alleviated the toxicity of free DOX to liver and heart.

No significant histopathological change was found in the heart,
liver, spleen and kidneys of the mice treated with CNSI and CNSI-DOX,
either (Fig. 6). CNSI-DOX group had nearly the same histopathology as
the control group, indicating the low toxicity of CNSI-DOX to mice. In
contrast, serious histopathological changes were induced by free DOX
in these organs. Mild edema, gap increase and fracture of myocardial
fiber were observed in heart. Mild edema and necrosis of liver cells
were presented. Some of the hepatic cells became irregular in shape and
more vacuoles formed. The spleen nodules atrophy, irregular shape,
blurred boundaries, altered rate of red pulp and white pulp were found
in the spleen section. Glomerular capillary congestion and expansion
were observed in kidneys. The edema of renal tubular epithelial cell and
irregular vacuoles were also found in kidneys. The aforementioned
histopathological changes were consistent with the serum biochemistry
that free DOX were more toxic than CNSI delivered DOX. Overall, CNSI
alleviated the histopathological changes of DOX in heart, liver, spleen
and kidneys.

Another direct toxicity comparison between CNSI-DOX and free
DOX was made by measuring the LD50 values. The free DOX had a LD50

of 15.2 mg/kg (95% confidence interval: 13.9–16.6mg/kg), which was
consistent with the literature results (20mg/kg) [35]. The LD50 of
CNSI-DOX was 43.8 mg/kg (95% confidence interval: 38.2–50.2mg/
kg), nearly three times of that of free DOX. The increased LD50 in-
dicated that CNSI reduced the acute toxicity of DOX to mice. In our
study, the mice received the high dosage of 5mg/kg, much lower than
the LD50. For CNSI-DOX, the larger LD50 might allow higher dosage
when needed, while free DOX could not adopt higher dosage.

Our results collectively indicated that CNSI could largely reduce the
toxicity of DOX while maintaining its efficacy. A possible explanation of
the reduced toxicity of free DOX upon CNSI delivery could be the
slower release of DOX at neutral pH (Fig. 2b). Previous studies have
demonstrated that CNSI could decrease the blood concentration of DOX
[29], which consequently might reduce its toxicity. Many other studies
using diverse delivery vehicles also confirmed that the controlled re-
lease of DOX could alleviate its toxicity in vivo [11–14]. It should be
noted that CNSI itself was nontoxic to mice in our study and other
evaluations [29,30]. The clinical applications on over 100,000 patients
per year also supported the biosafety of using CNSI for biomedical
purpose. The advantages of reduced toxicity were obvious, including
the fewer hazards to the weak patients and the accessible higher dosage
to overcome the drug residence.

4. Conclusions

In summary, CNSI retained the therapeutic efficacy and largely re-
duced the toxicity of DOX, where the LD50 value of CNSI delivered DOX
was nearly two times higher than that of free DOX. Similar antitumor
efficacies of CNSI delivered and free DOX were observed in vitro. CNSI

Fig. 5. Bodyweight increase (a) and serum biochemistry (b) of mice after the
exposure to CNSI-DOX. *p < 0.05 compared with the saline group; #p < 0.05
compared between CNSI-DOX group and free DOX group.
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delivered DOX also showed as good inhibitory effects as free DOX on
both hepatoma ascites tumor and subcutaneous tumor, while the
former (CNSI-DOX) had much lower toxicity. Taking the good bio-
compatibility of CNSI in consideration, our results here presented a new
application of CNSI in chemotherapy and extended the applications of
CNSI from sole lymph node mapping toward theranostics. Clinical ap-
plications through ‘off label’ use should be urgently evaluated to benefit
the cancer patients. It is hoped that our results would stimulate more
clinical applications of CNSI in theranostics and benefit the develop-
ment of nanomaterials for biomedical applications [36–41].
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