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Abstract

Norcantharidin (NCTD), a demethylated derivative of cantharidin, reportedly exhibits various biological anticancer activities
including apoptosis, inhibition of cell proliferation, cell-cycle blockage, induction of cell apoptosis, and anti-angiogenesis.
NCTD is currently used as an anticancer drug for hepatoma, breast cancer and colorectal adenocarcinoma. However, the effects
of NCTD on the organs and tissues in vivo remain largely unknown. Here, we pathologically examined the effects of NCTD on
the organs and tissues including liver, heart, kidney, spleen and medulla in mice. After mice were treated with 60 daily
intraperitoneal injections of NCTD (2.5 mg/kg or 5 mg/kg), toxicity on the heart and kidneys were not discovered but on the
liver was a significant increase according to the injection dose and the date. The number of leucocytes had a tendency to rise in
the peripheral blood test and there weren’t any pathological changes in the spleen and medulla. NCTD has no side effects on
spleen and hematopoietic system and applying for a considerable period at a certain dose may not reduce the number of
leucocyte but rather shows tendency of increasing which will have great influence on the onco-immune of the host. It is
concluded that NCTD is suitable for the application of the anti-cancer treatment with no myelo-suppression.
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1. Introduction

Cantharidin (CTD) is a naturally occurring compound iso-
lated from the medicinal insect blister beetle (Mylabris

cytosis in vivo but not gran- ulocytopenia due to most
chemotherapeutics [5]. Due to these unique biological activi-

phalerata Pallas) [5]. One of the important medicinal uses of
CTD is its anti-cancer activities [8]. It can induce p53- de-
pendent apoptosis and double-strand break-age of DNA in
cancer cells [2, 5, 7, 8, 19]. CTD treatment causes granulo-

ties, CTD has a promising compound that can overcome
chemical limitations and can be used for cancer treatment.
However, the application of CTD has disadvantages that are
toxic to the gastrointestinal tract and urinary tract. [3]. From
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this, the studies to develop a derivative of CTD with less side
effects and costs while having its own antitumor activity.
Thus, a synthetic of CTD that was developed first is the
Norcantharidin (NCTD).

It has been reported that NCTD (NCTD) is a water-soluble
synthetic small molecule and a demethylated derivative of
cantharidin, which has been shown to exhibit antitumor ac-
tivity, while being the least toxic to the kidney. Norcan-
tharidin is a potent blocker of protein phosphatase 1 (PP1)
and 2A (PP2A), just like CTD, and two phosphatases are
known to participate in many different cellular processes,
including DNA damage, cell cycle arrest and apoptosis.

NCTD is a heptane-2,3-dicarboxylic anhydride, a demeth-
ylated, water-soluble synthetic small molecule of CTD. NCTD
has fewer side effects on nephrotoxicity and inflammation
than cantharidin [3, 5]. And it is known to have anticancer
effects [26]. The cytotoxic and anticancer mechanisms of
NCTD are diverse [26]. It can cause cell death, inhibition of
angiogenesis, and metastasis in many cell lines and affect sev-
eral pathways that regulate cell proliferation [21-24]. Fur-
thermore, NCTD has been shown to inhibit P-glycoprotein
(P-gp) and overcome multidrug resistance [17, 25].

Some researchers have suggested that NCTD is a blocking
factor for the activation of Wnt/f-catenin pathways and Wnt
target genes such as c-Jun and cyclin D1. The Wnt/g-catenin
pathway regulates cell proliferation, migration, apoptosis,
differentiation, and stem cell self-renewal [4, 6, 12, 13, 18].

Chuang et al. noted that NCTD inhibited the proliferation
of Jurkat cells by 64% significant p-cateninsignaling in a
concentration-dependent manner [9]. In human gallbladder
cancer transplant tumors, NCTD-treated group significantly
decreased the expression of cyclin-D1 and Bcl-2 and survival
proteins/mRNAs [25]. NCTD inhibits the proliferation of
gallbladder cancer (GBC-SD) cells, decreasing the expres-
sion of proliferation-related genes such as cyclin-D1 or
apoptosis-related genes and increasing the rate of cell apop-
tosis [27, 28]. NCTD also abolishes the cyclin D3, E, A, and
B transcripts, thereby arresting cell-cycle progression from
G1 to S [27]. Some researchers have suggested that NCTD is
an inhibitor of Shh expression in a variety of cell lines and a
blocker of Gli-1is nuclear translocation. Hedgehog signaling
pathways play an important role as regulators of cell differ-
entiation, tissue polarity, and cell proliferation [1, 10]. Aber-
rant activation of Hh signaling leads to the formation of
CSCs and the development of cancer, and also to cancer an-
giogenesis and metastatic invasion [14]. Chen et al. demon-
strated that NCTD inhibits Shh expression in several cell
lines of breast cancer and also blocks the nuclear transloca-
tion of Gli-1is [13, 20].

Besides, the plasma VEGF levels of tumor-bearing mice,
migration, and capillary-like tube formation of HUVECs are
suppressed by NCTD with potential anti-metastasis and an-
ti-angiogenesis [23]. Also, NCTD inhibits metastasis in
CT26 cells by the down- expression of matrix metal-
lo-proteinase-9 (MMP-9) activity [22].
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Recently, we demonstrated that NCTD can be a substrate
for P-gp (MDR-1, ABCB1) and can improve multidrug re-
sistance in cancer cells. P-gp acts as a drug efflux pump that
pushes a wide range of different chemicals out of MDR cancer
cells [16]. It was confirmed that NCTD significantly increased
the uptake of lactose-NCTD-conjugated nanoparticles by in-
hibiting P-gp and multidrug resistance-related protein 2
(MRAP-2) in a heterogeneous human CRC monolayer model
[11, 25]. NCTD induces apoptosis of oral cancer cells with
resistance to a variety of chemo-anticancer drugs. NCTD has
pharmacological potential in the treatment of CSCs [15].

In summary, the beneficial effects of NCTD may be in-
volved in the regulation of CSC self-renewal pathways,
overcoming multidrug resistance, and radiation sensitized
effects. Therefore, we injected NCTD into the abdominal
cavity of mice and re-examined about the effects on the
parenchymal organs and the hematopoietic tissues of mice in
order to apply it to the pre-surgical chemotherapy.

2. Materials and Methods

2.1. Materials

Animal model; BALB/c male mice (6-8 weeks old) were
obtained from the Laboratory Animal Center in Pyongyang
University of Medical Science.

Material; It was diluted with the distilled and sterilized
water to use the synthesized and refined Norcantharidin
(NCTD) powders in the biochemical laboratory of University
of Science.

The purity of the NCTD powders were 99.2% and their
analysis results were as follows. {mp: 108~110 T, m/z: 185
[M +H,0-H]", *H NMR (100.13MHz, CDClg, ppm): 3.17 (2H,
s, H-c), 5.03 (2H, dd, J=3.0, 3.0Hz, H-b), 1.5~2.2 (4H, m,
2%xCHy)}.

The used instruments were High-pressure liquid chroma-
tography (HPLC)-Mass spectrometer (MS) (ACQUITY
HPLC SQD-2), Nuclear magnetic resonance (NMR) spec-
trometer (BRUKER WP 100 SY), Olympus microscope and
Digital camera, Micropipettes and so on.

2.2. Methods

2.2.1. Finn Chamber Test-Angiogenesis Test

First by filter paper (nitrocellulose attached on both sides
of Polyethylene resin ring model (diameter-10mm,
height-2mm) and sterilized. Next the subcultered Crog-
uel-180 Sarcomatous Cells (10day, 5x106/0.1mL) put into its
resin ring and closed up. Under the back derma of mice, ster-

ilely made air-pocket (5~7 M) and incised derma and the

resin ring model intered into it. After injecting into ab-
dominal cavity the drugs (NCTD-2.5mg/kg, 5mg/kg;

5-Fu-50mg/kg, 0.9% solution of salt-100 p£) once every day
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for 3 days or 5 days, next day we observed. We divided the
mice (weight: 20-24g) into the experiment groups and con-
trol group at 10 per a group without distinction of female and
male (Total 60 heads), again the experiment groups into the
research-1 group (Inject dose: at NCTD 2.5mg/kg per mouse)
and the research-2 group (Inject dose: at NCTD 5mg/kg per
mouse), then mice were treated with 60 daily intraperitoneal
injections of NCTD. Also, the control group was injected
0.85% salt solution. And, mice were treated at intervals of
30d and compared with the control group.

2.2.2. Body-weight Observation

We divided the mice (weight: 20-24q) into the experiment
groups and contrast group at 10 head per a group without
distinction of female and male (Total 60 heads), again the
experiment groups into the research-1 group (Inject dose: at
NCTD 2.5mg/kg per mouse) and the research-2 group (Inject
dose: at NCTD 5mg/kg per mouse), then were injected the
fixed NCTD into the abdominal cavity of mice once a day
for 60d. Also, the contrast group was injected 0.85% salt
solution 100uL into the abdominal cavity of mice once a day
for 60d. And, the weights of mice were observed at intervals
of 30d and compared with the contrast group.

2.2.3. Peripheral Blood Test, Serum Biochemistry
Test

As above, while injecting NCTD into the abdominal cavi-
ty of mice once a day for 60d, the blood was gathered in the
orbital equal pulses of mice, and the number of leukocytes,
erythrocytes and thrombocytes were counted by blood test-
ing way at intervals of 30d. Also, the serum transaminase
(ALT and AST), the blood urea nitrogen (BUN), the serum
creatine (Cre) and the serum colloid reaction test (ZTT) were
measured.

2.2.4. Histopathology Test

As above, while injecting NCTD into the abdominal cavi-
ty of mice once a day for 60d, the mice were killed by cervi-
cal fracture at intervals of 30d and the parenchymal organs
and the hematopoietic tissues were extracted and fixed suffi-
ciently in 10% neutral formalin, and went through patholog-
ical sample making course, and dyed by H-E stain. Then, we
observed about the degeneration and necrosis of the paren-
chymal cells and appearance of inflammatory cells on an
optical microscope of 400 diameters. The 5 regions were
confirmed as the most severe changes of the parenchymal
cells and were analyzed, and specially were observed the
existence of hemorrhage in the kidney. The number of lymph
nodules was observed on an optical microscope of 100 di-
ameters in the spleen. Also, the quantity of marrow and the
appearance degrees of fatty materials were observed on an
optical microscope of 400 diameters in the bone marrow,
here this was measured by counting the ratio of area in the
cavity and tissues of marrow (Marrow tissues/cavity).
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2.3. Ethical Statement

All animal experiments were performed in accordance
with the regulations of the Administration of Affairs Con-
cerning Experimental Animals in DPR Korea. The study
protocol was approved by the Institutional Animal Care and
Use Committee of the Pyongyang University Science and
Technology.

3. Result

As the acute toxicity of NCTD (LD50) used in the exper-
iments is 20.75mg/kg, before the aforementioned experi-
ments, we had the experiment for confirming the an-
ti-angiogenesis effects of NCTD below a fourth or a fifth
concentration of acute toxicity in chamber-transplant models.
In vivo, when NCTD was injected at 2.5mg /kg or 5mg/kg
per mouse for 5d, their anti-angiogenesis rates in the fasciae
of regions of back were 91.4% or 93.5%, thus they were not
significantly different than the anti-angiogenesis rates of
5-Fu (92.1%) of the cases that a dose of 5-fluorouracil (5-Fu)
was 10mg/kg (Figure 1). We evaluated on the effects of
NCTD affected to the main organs and tissues of mice on the
basis of this experimental results.

"

0.85% salt solution 100 uéd 5-Fu 10mg/kg/d

p

D

-y

-
NCTD 2.5mg/kg/d

7

NCTD 5mg/kg/d

Figure 1. Effect of NCTD on angiogenesis of mice. In figure, in the
fasciae of regions of back with the 0.85% salt solution group the
blood vessels were abundant and the fasciae of them got so thick
too. Also, in the fasciae of regions of back with 5-Fu 10mg/kg/d
groups, NCTD 2.5mg/kg/d groups and 5mg/kg/d groups the blood
vessels were a little and the fasciae of them don't get thick. The
anti-angiogenesis effect of NCTD was dependent upon a dose of it
and expressed from a fixed effective concentration (2.5mg/kg/d)
remarkably.

3.1. Effect of NCTD on Liver of Mice

Injecting NCTD at a dose of 2.5, 5mg/kg for 30, 60ds, the
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value of ALT and AST got increased 0.85% compared to
control group and the value of NCTD for 60d were remarka-
bly higher than 30d and injecting at a dose of 5mg/kg
showed significant change com- pared to 2.5mg/kg (Figure
2-a, b). Then injecting NCTD at a dose of 2.5 mg/kg for 30,
60d the value of ZTT did not increase compared to control
group but at 5mg/kg there was significant increase in the
value (Figure 2-c). Also, observing the morphological
changes in the liver, after injecting NCTD at a dose of
5mg/kg for 30, 60d there was significant vacuolar degenera-
tion in hepatocytes but at 2.5mg/kg for 30d with less degen-
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eration. The inflammatory cells infiltrated into hepatic tissue
as degenerated cells increased in number with more infiltra-
tion (Figure 3). Therefore, as the injection dose increases
with longer application period the effect of NCTD on the
liver would be negative. Also in the case of injecting NCTD
at a dose of 2.5mg/kg there weren't be any difference in the
functional and morphological changes in the liver, so if
NCTD was injected with low concentration that can show
anti-angiogenesis, the effect can be expected without any
damages on the liver.
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Figure 2. Effect of NCTD on the functional changes of liver of mice. (a, b) The more increased a dose of NCTD and the longer a date of
NCTD, the larger the values of transaminase (ALT, AST) were significantly increased. (* p<0.05, versus control) (c) Also, the values of se-
rum colloid reaction test (ZTT) were increased gradually. (* p<0.05, versus control).
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Figure 3. Effect of NCTD on the morphologic changes of liver of
mice (H-E stain, 10x40). (a) The normal liver of mice injected at

0.85% salt sodium 100 £ per mouse. (b) The research liver of mice

injected at NCTD 2.5mg/kg once a day for 30d. Here, the hepato-
cytes had the vacuolar degenerations and the infiltrated inflamma-
tory cells were not found, and this was equal with the control. (c)
The research liver of mice injected at NCTD 2.5mg/kg once a day
for 60d. The partial hepatocytes in hepatic lobules were become the
vacuolar degeneration, and the inflammatory cells were infiltrated
as well. (d) The research liver of mice injected at NCTD 5mg/kg
once a day for 30d. The partial hepatocytes in hepatic lobules were
more severely become the vacuolar degeneration than the former,
and the many inflammatory cells were infiltrated too. (e, f) The
research liver of mice injected at NCTD 5mg/kg once a day for 60d.
The whole of hepatocytes in hepatic lobules were severely become
the vacuolar degeneration.
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3.2. Effect of NCTD on Kidney and Heart of
Mice

When NCTD was injected at 2.5mg/kg or 5mg/kg per
mouse for 30d or 60d, the values of BUN in the experiment
groups were not different compared to the control (Figure
4-a), and the values of Cre were not as well (Figure 4-b).
When NCTD was injected at a dose of 5 mg/kg for 30d and
60d, degenerated tubular epithelial cells appeared only in
limited areas, and there was no significant difference com-
pared to the control. In addition, there was no significant
difference in the infiltrated inflammatory cells compared to
the control and no bleeding glomeruli were found (Figure 5-a,
b, ¢). When NCTD was injected for 30d or 60d as stated
above, the morphological changes in heart tissue were ob-
served but degenerated myocardial cells and infiltrated in-
flammatory cells were not found (Figure 5-d, e, f). We found
that NCTD, unlike CTD as a di- methylated derivative of
CTD, does not act as a poison to the kidneys and myocardi-
um at a certain dose, and has very weak side effects for uri-
nary system. According to the literature, some previous re-
searchers reported that CTD induces remarkable bleeding in
the glomerulus even at low concentrations that can exhibit
anti-tumor effects, and also acts as a strong poison on tubular
epithelial cells, which can lead to acute kidney failure when
systemic injection [3].
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Figure 4. Effect of NCTD on kidney function of mice. (A, B) Even when the NCTD dose and application date were increased, the values of

serum urea nitrogen and serum creatine did not change significantly.
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Figure 5. Effect of NCTD on kidney and myocardial tissue of mice.
(H-E stain, 10%40) (a) Normal kidney tissue of mice injected with
physiological saline on 60d. (b) Kidney tissue of mice injected with
NCTD at 2.5mg/kg every day for 60d. (c) Kidney tissue of mice
injected with NCTD at 5mg/kg every day for 60d. There was no
significant difference in tubular epithelial cell degeneration and
inflammatory cell infiltration compared to the control group inject-
ed with physiological saline after 60d injection of NCTD at
2.5mg/kg and 5mg/kg daily, and no bleeding glomeruli were found.
(d) Normal myocardial tissue of mice injected with 60d physiologi-
cal saline. (e) Myocardial tissue of mice injected with NCTD at
2.5mg/kg every day for 60d. (f) Myocardial tissue of mice injected
with NCTD at 5mg/kg every day for 60d. After 60d injection of
NCTD at 2.5mg/kg and 5mg/kg daily, the denatured myocardial
cells and inflammatory cells were not significantly different from
those injected with physiological saline.
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3.3. Effect of NCTD on Hematopoietic Tissues
of Mice

We performed peripheral blood examination and patho-
logical biopsy of the spleen and bone marrow tissues to de-
termine the effect of NCTD on the hematopoietic tissues of
mice. The number of leucocytes and erythrocytes and the
amount of hemoglobin were selected as the peripheral blood
test index. When NCTD was individually injected at
2.5mg/kg and 5mg/kg per mouse daily for 30d or 60d, the
changes in the peripheral blood according to the dose were
observed. There were no significant differences in leuco-
cytes, erythrocytes, and hemoglobin compared to the control
(Figure 7-a, b). When NCTD was injected at a dose of
2.5mg/kg for 30d or 60d, the number of lymph nodes of
spleen increased a bit, but When NCTD was injected at a
dose of 5mg/kg for 30d or 60d, there were no significant
differences in the number of them compared to the control
(Figure 7-a, b, c). When NCTD is applied at a dose of
2.5mg/kg for 30d the rising tendency of the number of lymph
node meant that this drug can give positive effect on immune
system at a low concentration. During inoculation at a dose
of 2.5mg/kg for 30d or 60d the volume of bone marrow was
calculated in areal ratio and there was no difference in com-
parison while showing no appearance of adipose tissues in
medulla cavity. (Figure 7-d, e, f)

-~ _ m control
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S 10 = NCTD(2.5mg/kg)
W
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60d 30d 60d

Figure 6. Effect of NCTD on peripheral blood test of mice. (a, b, c) Although the dose and application date of NCTD increases, there were

no changes in the number of erythrocytes, leucocytes and hemoglobin.
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Figure 7. Effect of NCTD on spleen and marrow of mice. (H-E stain,

spleen: 10%10, marrow: 10%40). (a) Normal spleen tissue of the
mouse that was injected with physiological saline for 60d. (b)
Spleen tissue of the mouse injected with NCTD at a dose of
2.5mg/kg daily for 60d. (c) Spleen tissue of the mouse injected with
NCTD 5mg/kg daily for 60d. Injecting NCTD 2.5mg/kg daily for
60d, the number of lymph nodes increased a bit than the case of
physiological saline and after injection of 5mg/kg, no big differ-
ences were found. (d) Normal marrow tissues injected with physio-
logical saline for 60d. (e) Marrow tissues of the mouse injected with
NCTD at a dose of 2.5mg/kg daily. (f) Marrow tissues of the mouse
injected with NCTD 5mg/kg daily for 60d. The volume of marrow
after injection of 2.5mg/kg, 5mg/kg daily for 60d shows no signifi-
cant difference compared to the physiological saline.

4. Conclusion

NCTD exerts anticancer effects through mechanisms such
as inhibition of cell proliferation, antiangiogenic effects, cell
cycle blockade, and induction of cell apoptosis. Therefore,
NCTD can be used for the treatment of primary liver cancer,
esophageal cancer, breast cancer, gallbladder cancer, and
leukemia [4, 5].

In the treatment of liver cancer, high concentrations of
NCTD (50-100 Im) are required for the treatment of apop-
totic pathways in HCC cells, but the toxicity of NCTD is
relatively high compared to normal hepatocytes. Also the
effects of NCTD on the organs and tissues in vivo remain
largely unknown.

We found that the acute toxicity of NCTD (LDsy) was
20.75 mg/kg in the experiments. Also, we found that NCTD
(2.5mg /kg or 5mg/kg per mouse for 5d) below a fourth con-
centration of LDsy had significant anti-angiogenesis effects
in chamber- transplant models (Figure 1). On the basis of this
experimental results we examined the effects of NCTD on
the main organs and tissues of mice treated with 60 daily
intraperitoneal injections.

Then injecting NCTD at a dose of 2.5 mg/kg for 30, 60d the
value of ZTT did not increase compared to control group but
at 5mg/kg there was significant increase in the value (Figure
2-C). Also, observing the morphological changes in the liver,
after injecting NCTD at a dose of 5mg/kg for 30, 60d there
was significant vacuolar degeneration in hepatocytes but at
2.5mg/kg for 30d with less degeneration. The inflammatory
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cells infiltrated into hepatic tissue as degenerated cells in-
creased in number with more infiltration (Figure 3).

We found that NCTD had negative effect on liver as the
dose and the application date increases but at the considera-
ble dose (2.5 mg/kg) NCTD is harmless to the liver while
having no negative effect on kidney and cardiac tissue. Also
it is examined that it has positive influence on hematopoietic
tissues after long period of application and especially it had
tendency increasing the number of leucocytes. In another
study, it was found that NCTD stimulated the cell cycle pro-
gression of granulocyte macrophage colony-forming cells
(GM-CFC), DNA synthesis and the production of interleu-
kin-1B, colony stimulating activity (CSA) and tumor necro-
sis factor (TNF)-a. [20].

Based on this study we suggest that unlike other chemical
anti-cancer drugs, NCTD has no side effects on spleen and
hematopoietic system and applying for a considerable period
at a certain dose may not reduce the number of leucocyte but
rather shows tendency of increasing which will have great
influence on the onco-immune of the host. It is considered
that NCTD is suitable for the application of the anti-cancer
treatment and has available potential value to pre-surgical
anti-cancer treatment.
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CSA Colony Stimulating Activity

TNF Tumor Necrosis Factor
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