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The lymphatic system plays a significant role in the defense of a subject against breast cancer and is one of
the major pathways for the metastasis of breast cancer. To improve the prognosis, many means, including
surgery, radiotherapy, and chemotherapy, have been used. However, the combination of all these modalities
has limited efficacy. Lymph nodes, therefore, have become an exceptionally potential target organ in cancer
chemotherapy.

A lymph node metastatic model of breast cancer was established in BALB/c mice. Magnetic multi-walled car-
bon nanotube carrier with good adsorption and lymph node-targeting capacity was prepared and conjugated
with doxorubicin to make the magnetic multi-walled carbon nanotube-doxorubicin suspension. Dispersions
of doxorubicin, magnetic multi-walled carbon nanotube-doxorubicin, and magnetic multi-walled carbon nano-
tube were injected into lymph node metastatic mice to compare their inhibitory effects on tumor cells in vivo.
Inhibition of these dispersions on EMT-6 breast cancer cells was detected via MTT assay in vitro.

Although no significant difference was found between the effects of doxorubicin and magnetic multi-walled
carbon nanotube-doxorubicin with the same concentration of doxorubicin on EMT-6 breast cancer cells in vi-
tro, in terms of sizes of metastatic lymph nodes and xenograft tumors, apoptosis in metastatic lymph nodes,
and adverse reactions, the magnetic multi-walled carbon nanotube-doxorubicin group differed significantly
from the other groups.

The magnetic multi-walled carbon nanotube-doxorubicin clearly played an inhibitory role in lymph node me-
tastases to EMT-6 breast cancer cells.

Breast Neoplasms ¢ Doxorubicin ¢ Drug Therapy, Combination ¢ Lymphatic Metastasis ¢
Nanotubes, Carbon
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Background

There are roughly 1,400,000 women newly diagnosed with
breast cancer worldwide every year [1]. Status of axillary lymph
nodes is an essential factor affecting the prognosis of breast
cancer [2,3]. Surgical dissection of lymph nodes and low pro-
portion of local drug in conventional chemotherapy often re-
sults in incomplete treatment, contributing to recurrence as
well as metastasis. Lymph nodes, therefore, have become an
exceptional potential target organ in cancer chemotherapy.

In the 1970s, Widder first proposed the concept of a mag-
netic targeted drug delivery system. In the 21t century, it has
become a novel drug delivery system for treatment of can-
cer, which is painstakingly researched around the world [4-8].
Using this system, drugs and appropriate magnetically active
ingredients are bound in a stable drug system, and carriers are
positioned in the target region with the effects of sufficiently
strong external magnetic field, and the drugs containing the
carriers are positioned and collectively released into the lesion
site [9-12]. Presently, the magnetic nanoparticles used in drug
carriers consist of magnetic nanoparticles, polymer materials,
and therapeutic agents [13]. Carbon nanotubes (CNTs) have
attracted tremendous attention due to their unique proper-
ties, and are one of the most promising nanomaterials for a
variety of biomedical applications [14]. CNTs can be divided
into single-walled carbon nanotubes (SWNT) and multi-walled
carbon nanotubes (MWNT). In comparison with other nano-
materials, CNTs appear to be more dynamic in their biologi-
cal application. As a unique quasi one-dimensional material,
CNTs have been explored as novel drug delivery vehicles in vi-
tro. CNTs can effectively shuttle various biomolecules into cells,
including drugs, peptide, proteins, plasmid DNA, and small in-
terfering RNA via endocytosis. The ultrahigh surface area of
these one-dimensional polyaromatic macromolecules allows
for efficient loading of chemotherapy drugs [15]. Application
of CNTs for the delivery of drugs to their site of action has be-
come one of the main areas of interest for different research
groups [16-18], mainly because of the characteristics of these
materials, including their unique chemical, physical, and bio-
logical properties [14]. The nanoneedle shape, hollow mono-
lithic structure, and their ability to obtain the desired func-
tional groups on their outer layers are also very important.

Material and Methods

Material

Breast cancer cells of EMT-6 mice were purchased from the
Institute of Biochemistry and Cell Biology, SIBS, CAS, Shanghai.
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Female BABL/c mice 4-6 weeks old were purchased from the
Laboratory Animal Center, Southern Medical University.

Primary reagents MWNT with a diameter of 20-30 nm, a length
of 5-15 pm, and a purity of 95% (wt) were purchased from
Chengdu Organic Chemicals Co., Ltd. of the Chinese Academy
of Sciences (COCC).

Methods

Preparation and testing of magnetic multi-walled carbon
nanotube-doxorubicin

Preparation for magnetic multi-walled carbon nanotube-doxo-
rubicin (DOX-O-mMWNT-PEG)

With ultrasonication, O-MWNT was produced by concentrated
acid oxidation and the number of carboxyl on the surface of
MWNT was determined through acid-base titration. To increase
solubility and biocompatibility of O-MWNT, O-MWNT and PEG
were connected by non-covalent bonds to obtain O-MWNT-
PEG. O-mMWNT-PEG was produced by chemically synthesiz-
ing Fe,0, nanoparticles in O-MWNT-PEG. Magnetic particles
were prepared to carry the drugs, and then the magnetic par-
ticles bound doxorubicin to generate DOX-O-mMWNT-PEG.
Achieved dissolution used a Millipore filter (100 k Da), centri-
fuged at 5000 rpm for 10 min and washed with deionized wa-
ter 10 times. The solid at the upper part of the Millipore filter
was dissolved with PBS at pH 9.0 to achieve DOX-O-mMWNT-
PEG. Unlinked free DOX at the bottom of the Millipore filter
was collected for determination of drug loading. The concen-
tration of DOX was determined with ultraviolet visible spec-
troscopy at 480 nm. Drug loading (DL) was calculated based
on the following formula:

Inventory of DOX - unlinked DOX

DL% =
* ™ Wweight of O - mMMWNT - PEG + (Inventory of DOX - unlinked DOX)

x100%

Detection of O-mMWNT-PEG

The morphosis of O-mMWNT-PEG was observed with a trans-
mission electron microscope; the stability and magnetic re-
sponsiveness of O-mMWNT-PEG suspension were observed
at normal temperature.

Determination of cytotoxicity

EMT6 murine breast cancer cell line was cultured in the stan-
dard medium. Cells were plated in 96-well plates and treat-
ed with different concentrations of O-mMWNT-PEG, DOX-O-
mMWNT-PEG, or DOX for 3 days. Cell viability after various
treatments was assessed by 3-(4, 5-dimethyl thiazol- 2- yl)-2,
5-diphenyltetrazolium bromide.
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Establishment of the lymph node metastatic model of breast
cancer

Breast cancer cells of EMT-6 mice in exponential phase (over
95% living cells) were collected and cleaned with 1xPBS 3 times,
and resuspended cells were repeatedly pipetted with 1xPBS;
the concentration of cells were adjusted to 1x10% mL~; cell
suspension was produced and put on ice of 4°C. Each BABL/c
mouse was inoculated with 0.2 ml of such cell suspension to the
left foot pad and the formation of tumor and popliteal lymph
node metastasis were observed. Five weeks later, those with
bean-size lymph nodes on the left popliteal fossa were iden-
tified as ideal animal models. Two mice of such models were
sacrificed, with their lymph nodes on the left popliteal fossa
cut; the nodes were fixed in 10% neutral-buffered formalin.
Paraffin sections stained with H&E were viewed with an up-
right microscope and photographed by DP2-BSW.

Observation of effectiveness of DOX-0O-mMWNT-PEG
magnetic targeting in treatment of lymph node metastasis in
breast cancer of mice

Animal grouping

We randomly divided 42 ideal mouse models into 6 groups
after tumor cells inoculation 5 weeks later and each group in-
cluded 7 mice. Group A (normal saline) received subcutane-
ous injection using 0.1 ml of normal saline(NS) at the left hind
limb; group B (empty O-mMWNT-PEG carrier) received subcuta-
neous injection using 0.1 ml of O-mMWNT-PEG suspension at
the left hind limb; group C (DOX monotherapy) received sub-
cutaneous injection using 0.1 ml of DOX (2 mg/ml) at the left
hind limb; group D (DOX-O-mMWNT-PEG of low concentration
without magnetic field) received subcutaneous injection each
time using 0.1 ml of O-mMWNT-PEG suspension of low con-
centration (including 2 mg/ml of DOX) at the left hind limb and
no permanent magnet was applied to the lymph nodes; group
E (DOX-O-mMWNT-PEG of low concentration with magnetic
field) received subcutaneous injection each time using 0.1 ml
of O-mMWNT-PEG suspension of low concentration (including
2 mg/ml of DOX) at the left hind limb and permanent magnet
was applied to the lymph nodes; group F (DOX-O-mMWNT-
PEG of high concentration with magnetic field) received sub-
cutaneous injection each time with 0.1 ml of O-mMWNT-PEG
suspension of high concentration (including 4 mg/ml of DOX)
at the left hind limb and a permanent magnet was applied to
the lymph nodes. We made 5-mm skin incision to the lymph
nodes on the left popliteal fossa of mice in group E and group
F 1 day prior to the treatment, strictly complying with prin-
ciples of sterile operating, a 5-mm diameter magnet was im-
planted subcutaneously, and the incision was sutured with 3-0
absorbable surgical stitches.

ANIMAL STUDY

Figure 1. The static observation about the O-mMWNT-PEG
suspension liquid and the effect caused by magnet
attraction. The O-mMWNT-PEG suspension liquid
placed for 1 week (a,); the O-mMWNT-PEG suspension
liquid placed for 2 weeks (a,); the O-mMWNT-PEG
suspension liquid placed for 1 month (a,). Picture B
indicates that O-mMWNT-PEG gathered quickly (within
1 min) on the side where the magnet was placed.

Observation of effectiveness after subcutaneous injection

The weight of mice and the maximum and minimum diame-
ters of their tumors were recorded on the first day of the sixth
week. All groups were administered on the first day of the sixth
week and the seventh week, the weight of mice and the max-
imum and minimum diameters of their tumors were further
recorded on the first day of the ninth week, and the chang-
es of weight and tumor volume after the treatment were ob-
served. Tumor volume was calculated based on the formula
[19]: Tv=1/2xD__x(D, ) Blood of mice was collected from
the orbital sinus. WBC, ALT, and Scr tests were run on the first
day of the ninth week. Mice were euthanized by cervical dis-
location, lymph nodes on the left popliteal fossa of all groups
were taken, and the volume of lymph nodes and tumor were
calculated based on the formula above; the lymph node growth
inhibition rate was calculated (lymph node tumor=(1-average
volume of the treatment group/average volume of the control
group)x100%); lymph nodes of all groups were weighed and
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Figure 2. The MWNT and O-mMWNT-PEG under the TEM. MWNT without the modification of Fe,0, (A, C) and MWNT with the

modification of Fe,0, (B, D). There were evenly distributed black particles — Fe,O, — settled and absorbed onto the surface of

the hollow MWNT tubes.

the lymph nodes mass inhibition rate was calculated (lymph
node mass inhibition rate=(1-average mass of the treatment
group /average mass of the control group)x100%). The skin
of the left hind footpad of mice and any signs of anaphylax-
is were observed. Histopathological abnormality of important
visceral organs, including heart, liver, spleen, lung, and kid-
ney, were observed.

Routine pathological examination of lymph nodes and tumor
and detection of cancer cell apoptosis

Tumors of all groups and popliteal lymph nodes were fixed in
10% formalin. Paraffin sections stained with H&E were viewed
with an upright microscope. Cancer cell apoptosis of lymph
nodes was detected through TDT-mediated DUTP nick-end la-
beling (TUNEL). Apoptotic index (Al) refers to the number of
positive cells counted in 10 HPF successively through a nor-
mal light microscope, and then converted to an average num-
bers of apoptotic cells in every square millimeter.
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Figure 3. The absorption value of the DOX under the UV-Vis-NIR.
This figure indicates the absorption peak of the DOX
was at 480 nm and DOX conjugated by O-mMWNT-PEG
accounted for 80% of the DOX total dose.

Statistical analysis
Quantitative data are expressed as mean+SD. Methods were

compared by using the t test. P values of <0.05 were consid-
ered statistically significant.

Results

The detection of 0-mMWNT-PEG and measurement of its
drug loading capacity

O-mMWNT-PEG suspension was black, slightly viscous, and
evenly dispersed. The suspension was quite stable under nor-
mal temperature. The particles settled slowly and began to
form sediments after 2 weeks, but only a few sediments were
eventually formed at 1 month. Such sediments were restored
to their former characters after being dispersed by ultrason-
ication at 40 kHz for 2 min (Figure 1); or, after being centri-
fuged for 15 min and then dispersed by ultrasonication, they
were also restored to their former characters. When a mag-
net was placed near a bottle of O-mMWNT-PEG suspension,
O-mMWNT-PEG gathered quickly on the side where the mag-
net was placed within 1 min (Photograph 1). When examined
under a transmission electron microscope (TEM), it could be
seen that the O-MWNT-PEG without the modification of Fe 0,
were in the form of long tubes that have a transparent core
and opaque walls, about 40 nm in diameter and 1-2 pm long,
with few impurities and a smooth surface (Figure 2). After
the modification of Fe,0, nanoparticles, the black Fe O, parti-
cles settled and were absorbed onto the surface of the hollow
O-MWNT-PEG tubes and were evenly distributed, although some

Figure 4. The inhibition ratio to the EMT-6 cell from different
groups of medicines. * P<0.01 vs. both group of
O-mMWNT-PEG.

gathered at certain places (Figure 2). When 20 ml of DOX was
dissolved in 20 ml PBS at pH 9.0, we could see from the curve
(Figure 3) drawn based on the results obtained from UV-Vis-
NIR spectrophotometer at 480 nm. The solution was washed
with a Millipore filter 10 times and then 20 ml of reddish lig-
uid was collected at the bottom of the filter. Since O-mMWNT-
PEG conjugated with DOX are 200 nm in diameter, they could
not pass through the mesh screen. Therefore, the collected
liquids were O-mMWNT-PEG with non-conjugated DOX. The
concentration of DOX measured through ultraviolet spectros-
copy and its DL was 80% based on calculation (0.8 mg/ml).

The measurement of cytotoxicity

To determine the cytotoxicity on EMT-6 in vitro, PBS was used
in the negative control group, with a series of DOX, O-mMWNT-
PEG, and DOX-O-mMWNT-PEG solutions of different concentra-
tions as experimental groups. The results of MTT assay showed
that the cytotoxicity of O-mMWNT-PEG to EMT-6 breast cancer
cells was quite low even when the concentration was up to
10 ug/ml, which was significantly different from other groups
(P<0.01) (Figure 4). The inhibitory effects of DOX on breast can-
cer cells depended on its concentration; when O-mMWNT-PEG
was added, the inhibition rate increased slightly, yet without
statistical difference (P>0.05) (Figure 4). The inhibitory effects
of DOX and DOX-O-mMWNT-PEG with the same concentration
of DOX on EMT-6 breast cancer cells were not significant. All
these results show that the pharmaceutical activity of DOX
was not affected during the preparation of DOX-O-mMWNT-
PEG and the main component that had inhibitory effects on
EMT-6 breast cancer cells in vitro was DOX.
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Figure 5. The general samples and HE staining of transplanted tumor and metastatic lymph node. The red arrows show the general
samples of the transplanted tumor and the metastatic lymph node, respectively (A, B). Photograph C and D show the HE
staining (10x20) of the transplanted tumor and the metastatic lymph node, respectively. We found cancer cells of different
sizes and shapes. Such cells were deformed, mostly in the shape of a nest, glandular tube, or in disorder (C, D).

Determination of animal model of breast cancer in mice

The tumor formation rate on the footpads of the mice was 90%
after inoculation with EMT-6 cells (Figure 5). The metastatic
lymph node of the popliteal fossa is shown in Figure 2. Under a
microscope, it could be seen that the cells of the tumor tissue
were of different sizes and shapes, with large and hyperchro-
matic nuclei. Such cells were deformed, in the shape of a nest,
glandular tube, or in disorder, and some of them were necrot-
ic (Figure 5). The results of pathological examination of lymph

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

nodes metastasis showed that the cancer cells were scattered
or developed into small metastatic carcinoma.

Observation on effectiveness of DOX-O-mMWNT-PEG
magnetic targeting treatment for lymph node metastases
in breast cancer of mice

In the process of treatment, no mice died. Table 1 shows the
changes in the weight of mice and the size of the tumors be-
fore and at 2 weeks after the drugs were administered, showing
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Table 1. The comparison of the weight, the volume of the tumor from the mice before and after given the medicine as well as the

weight and the volume of the popliteal lymph node.

Before admininstration

Group

A 24.14+1.22 107.21+38.31

After administration

Weight of the mice Tumor volume Weight of the mice Tumor volume
(8) (mm?) (®)

24.71+£1.80

Lymph nodes on the popliteal fossa

Volume

(mm?) (mm?)

205.29+61.1 23.1147.21

F 23.29+1.80 102.57+28.75

24.14+1.54

158.86+33.35* 12.83+4.61%&@ 11.144+4.49**##48&

* Is comparison between Group C, D, E, F and Group A, B, P<0.05, # is comparison between Group B, E, F and Group A, P<0.05;
& is comparison between Group C,D, E, F and Group B, P<0.05; © is comparison between Group E, F and Group C, D, P<0.05.
** |s comparison between Group B, E, F and Group A, P<0.05; # is comparison between Group C, D, E, F and Group B, P<0.05;

& js comparison between Group E, F and Group C, P<0.05.

Table 2. The comparison of blood routine and biochemical criterion among the mouses from each groups.

WBC (x10°/L) RBC (x10°/L) HB (g/L) PLT (x10°/L) ALT (U/L) Scr (umol/L)

A 8.81+1.80 9.66+0.86 13.2¢7.0 208.2+118.1 60.2+14.8 33.842.3
""""""" B 91+243  1025:039  17.1:06 15764293 63.1£105  33.1#45
""""""" C  331:126* 989074  164+17  1850£1029 734183 301487
""""""" D 435:135  932+244  145:63  157.6:100.1  65.1%157 340433
""""""" E 5156151  983+1.26  149+47 19914717  63.7+191 338835
""""""" F 416:168  980:1.01 14559 1563870 66.1+182 345182

* P<0.05 vs. group A and B.

that the weight of the mice did not change significantly. After
treatment, comparing group C, D, E, and F with group A and
B, the tumors from the former groups were obviously smaller
than in group A and B. However, there was no distinct differ-
ence between these 4 groups. We collected blood from the or-
bital sinus and performed WBC, ALT, and Scr tests. As indicated
in Table 2, the level of WBC decreased in the DOX group but
the indicators of the mice in other groups were normal. The
mice were sacrificed on the first day of the ninth week and
the lymph nodes on the left popliteal fossa were taken out to
measure the weight of the lymph nodes and calculate their
volume based on the formula (Table 1, Figure 6). The weight
and volume of the lymph nodes of the blank carrier group
and the control group increased slightly, perhaps because the
magnetic multi-walled carbon nanotube in the lymph nodes
led to increased weight and volume. With outside magnet-
ic field, the volume and weight of the lymph nodes carrying
DOX-O-mMWNT-PEG was reduced, and with the increasing
of the dose of DOX, they reduced more. Apoptotic cells with

claybank or brown nuclei in the tumors could be detected via
TUNEL method (Figure 7). From the apoptosis index shown in
Figure 7, the apoptosis rate of the cancer cells in the lymph
nodes in group A was the lowest and there was a significant
difference (P<0.05) between these groups, except for group
B. The apoptosis rate of Group E and F were obviously higher
than that of Group C (P<0.05). The apoptosis rate of Group F
was obviously higher than that of Group D (P<0.05). No statis-
tical significance was shown between Group E and F (P>0.05).
The injection sites at left hind limbs of the mice were stained
black after the injection of drugs, but there was no redness,
swelling, ulceration, or corrosion (Figure 8). The mice did not
have allergy, nausea, or emesis, and they appeared normal.
Histopathological examination showed that no multi-walled
carbon nanotube particles gathered in important viscera such
as the heart, liver, spleen, lung, or kidney, and no pathologic
changes like inflammation, fibrosis, or granuloma occurred in
these organs (Figure 8).
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Figure 6. (A-D) The distribution and the inhibition ratio of the weight and volume of lymph node in each group. * P<0.05 vs. group E,
F, ** P<0.05 vs. group B. Figure B and D used the volume and the weight of the lymph nodes of group A as baseline. Over the
x axis, the positive half refers to the increases of the volume and the weight, while the other half refers to the inhibition of
the weight and the volume. The number equals the inhibition ratio.

Discussion

Experiments in vitro indicated that the O-mMWNT targeted
drug delivery system was effective in inhibiting the growth
of breast cancer EMT6 cells. Experiments in vivo showed that
O-mMWNT gathered around lymph nodes and the tumors,
releasing drugs continuously for a long span of time, inhib-
iting the growth of breast cancer cells and lymph nodes me-
tastasis. Yang et al. [20,21] conducted an animal study using
O-mMWNT as a carrier for Gemcitabine in pancreatic can-
cer lymphatic chemotherapy. These studies also indicated
that O-mMWNT entered the lymphatic channel, gathering to-
wards external magnetic field targeting lymph nodes, and re-
leasing chemotherapeutic drugs continuously for a long span
of time. Liu et al. [22] used mMWNT as a carrier for Paclitaxel
through conjugation, and conducted experiments in a mouse
breast cancer model. These experiments indicated that MWNT
could improve drug concentration in blood and around tu-
mors. DOX-O-mMWNT-PEG had inhibitory effects on lymph
node metastasis and the growth of breast tumors. To a cer-
tain extent, the volume and mass of metastatic lymph nodes
indicate the degree of lymph nodes metastasis, but there are

This work is licensed under Creative Common Attribution-
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many other influencing factors. This study showed that the
volume and mass of lymph nodes and tumor of Group B were
slightly larger than those of Group A, which probably was a
result of the entry of carriers. The volume and mass of lymph
nodes of Group E and F were reduced in the magnetic fields,
and reduced more as the amount of drugs used increased,
which demonstrates that O-mMWNT plays an important role
in targeting lymph nodes and tumors. Apoptosis is a mea-
surement of the effectiveness of tumor treatment [23]. In this
study, we used TUNEL to detect apoptosis in lymph nodes and
tumors to calculate the apoptosis index. Results showed that
DOX and magnetic particles conjugate had stronger inhibito-
ry effects on tumors of mice and lymph node metastasis than
simply using DOX. Moreover, antitumor effects were more sig-
nificant under the influence of the magnetic field. This conju-
gate, 1-1000 nm in diameter, is a type of carrier in targeting
treatment. With the assistance of a magnetic field, the drug
carriers gather around the targeted sites and steadily release
the drugs so that drug concentration at the targets can be in-
creased and the effectiveness enhanced. Drugs in other sites
can be reduced and thus the toxicity and adverse effects will
be lower. According to other reports, this drug carrier can also
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Figure 7. Tumor cell apoptosis of the popliteal lymph nodes. * P<0.05 vs. group C, D, E, F, ** P<0.05 vs. group E, F, *** P<0.05 vs. group
F. In picture B, cells, which nuclear stained in yellow or brown, were the tumor apoptotic cells.

be used in thermal therapy [24,25], in which, with the assis-
tance of fixed magnetic field and alternating magnetic field,
it can kill or injure the cancer cells with the heat generated
by magnetic lag [26]. WBC results indicated that chemother-
apy targeting lymph nodes has few adverse effects. This con-
clusion is consistent with relevant studies [20,21].

Studies also showed that magnetic carbon nanotubes can eas-
ily identify blackened lymph nodes during operations, indicat-
ing better tracing effect during operations. Pramanik et al. [27]
detected sentinel nodes of mice with breast cancer through
photoacoustic imaging improved by carbon nanotubes, show-
ing the satisfactory effect of identification. Our experiment also
suggested good performance of mMMWNT in tracing lymph,
and even tiny lymph nodes with diameter of 1-2 mm could be

blackened. The carrier of mMMWNT could reach the next lymph
node even when there was metastasis within this lymph node.
In clinical studies, it is effective and safe to apply methylene
blue to locating sentinel nodes of tumors [28,29], but Kocher
et al. [30], using methylene blue as a lymph tracer to study
sentinel nodes of pancreatic cancer, found that no metasta-
sis occurred among 4 patients with stained lymph, while me-
tastasis was detected among all 10 patients with unstained
lymph. The reasons might lie in preparations, injection sites,
anatomical structures, and characteristics of tumors. Both car-
riers we prepared showed good lymph taxis, adding a choice
in studies on sentinel node of pancreatic cancer.
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Figure 8. The pathological section from the organs of mice and the general observation of the injected part. There was no gathering
of multi-walled carbon nanotube particles in heart, liver, spleen, lung, or kidney of the mice, or pathological changes such as
inflammation, fibrosis, or granuloma in these such organs (A-E). The injection site showed no redness, swelling, ulceration,
or corrosion (F).

Conclusions

O-mMWNT is a novel targeted drug delivery carrier with fea-
tures of lymph taxis and magnetic targeting administration.
We used O-mMWNT -DOX to study lymph metastasis while
conducting experimental studies of magnetic targeting treat-
ment. Our encouraging results may provide an experimental

basis for application of new materials, new dosage forms, and
new methods to treat lymph metastasis of tumors, reducing
adverse effects and improving cure rates throughout the body.
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