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1. Introduction
  

	 Breast cancer is one of the most common cancers 
among women and one of the leading causes of 
death worldwide. In 2020, there were 2.3 million 
women diagnosed with breast cancer and 685,000 
deaths globally. As of the end of 2020, there were 7.8 
million women alive diagnosed with breast cancer in 
the past 5 years, making it the world’s most prevalent 
cancer (Velazquez et al. 2018). Due to the complexity 
of the tumor microenvironment, developing effective 
anti-cancer therapies remains challenging (Balkwill 
et al. 2012). The tumor microenvironment supports 
tumor progression, drives therapeutic response or 

resistance, and creates immunological tolerance (Li 
and Burgess 2020).
	 Targeting oncogenic factors in the tumor 
microenvironment are the most common strategy 
for cancer treatment (Balkwill et al. 2012; Bahrami 
and Hassanian 2018; Cheng et al. 2016). Conventional 
drug delivery systems may fail to deliver an adequate 
quantity of therapeutic agents to kill cancer cells 
effectively without side effects due to the complexity 
of the tumor microenvironment. Drug targeting 
strategies, including nanoparticle-based drug 
delivery systems, are being studied to increase 
therapeutic efficiency (Danhier 2016; Ghaferi et al. 
2022; Li et al. 2011). Among the delivery vehicle that 
is showing promising results are nanodiamond and 
nanotubes (Li and Burgess 2020). Nanodiamonds are 
promising results in serving the purpose due to high 

ABSTRACT

Squamocin is one of the annonaceous acetogenins produced by the Annonaceae 
family and displays potent anti-cancer activity against cancer cell lines. This 
study aimed to investigate the growth inhibition activity of squamocin coupled 
with nanodiamond on rats (Rattus norvegicus)-induced breast cancer. Twenty-
five female R. norvegicus were divided into five groups (n = 5), including 
normal control (without any treatment), negative control, group treated with 
nanodiamond only (ND), group treated with squamocin only (SQ), and the 
group treated with squamocin coupled with nanodiamond (NDSQ). All of the 
animal models were induced for breast cancer, except for the normal control 
group. Breast cancer induction was performed using two doses of N-nitroso-N-
methylurea (NMU) injection (50 and 30 mg/kg body weight) intraperitoneally 
and waited for 22 weeks until the tumor was detected to formed. Nanodiamond 
coupled with squamocin were administered by intraperitoneal injection (1.5 mg/
kg body weight) for 5 weeks, one injection per 3 days. This study showed that 
the treatment with squamocin coupled with nanodiamond (NDSQ) significantly 
reduced the proliferation (Ki-67) and induced apoptosis (Caspase-3) of breast 
cancer cells, corresponding to the reduction of the thickness of the mammary 
ductal epithelium (p<0.001) and the lower level of CA-153 in serum. In addition, 
the treatment significantly reduced the malondioldehyde (MDA) and PI3KCA 
and increased the p53 level significantly. Altogether, in this study, we are the first 
to report the anti-cancer activity of squamocin in rat-induced breast cancer and 
the potency of nanodiamond as a carrier of squamocin to increase its anti-cancer 
activity.

ARTICLE INFO

Article history:
Received April 29, 2022
Received in revised form July 28, 2022
Accepted August 1, 2022

KEYWORDS:
Breast cancer, 
drug delivery, 
nanodiamond, 
NMU, 
squamocin

* Corresponding Author
	 E-mail Address: firli.rahmah@fst.unair.ac.id

Vol. 30 No. 1, January 2023 131-139
DOI:10.4308/hjb.30.1.131-139

ISSN: 1978-3019
EISSN: 2086-4094

H A Y AT IH A Y AT I
Journal of BiosciencesJournal of Biosciences



132	                                                                                                                                                           	  Dewi FRP et al.

colloidal stability in both aqueous and non-aqueous 
media (Purtov et al. 2010).
	 The phosphatidyl inositol 3 kinase (PI3K) 
pathway is a complicated intracellular network that 
plays an essential role in breast cancer cell growth 
and proliferation. The most important role in this 
pathway is regulated by the PI3K heterodimer, 
which belongs to the class IA of PI3Ks (Paplomata 
and O’Regan 2014). Multiple compounds targeting 
this pathway are being evaluated in clinical trials. 
However, delivering an adequate amount of the 
drug compound remains challenging due to the 
complexity of the tumor microenvironment. 
Squamocin is an annonaceous acetogenin compound 
from the Annonaceae family. Several in vitro studies 
reported the cytotoxicity effect of squamocin against 
several cancer cell lines, including H460, BGC805, 
BEL7402, HepG2, and SMCC-7721 (Liaw et al. 2010; 
Lu et al. 2006; Miao et al. 2016).
	 There are promising results when nanodiamond is 
used as a carrier of drugs in cancers (Wei et al. 2019). 
Due to its biocompatibility property, nanodiamond 
has the potential to be used as a carrier to deliver 
squamocin to breast cancer microenvironments and 
enhance its bioavailability and activity. Despite the 
possibility, no in vivo studies have been conducted 
to investigate the possibility of using nanodiamond 
as a carrier of squamocin. Therefore, this study 
aims to investigate the growth inhibition activity 
of squamocin coupled with nanodiamond on rats 
(Rattus norvegicus)-induced breast cancer.
 
2. Materials and Methods

2.1. Ethics Approval
	 Animal Care and Use Committee approved all 
animal model experiments, Faculty of Animal 
Health, Universitas Airlangga, Surabaya, Indonesia 
(No. 2.KE.046.04.2021).

2.2. Animals
	 Twenty-five (25) female rats, species Rattus 
norvergicus (4-8 weeks old, 250-300 g), were 
placed in plastic cages covered by wire gauze. Five 
rats of each group were arranged as 1-2 rats/cage. 
The rats were kept in the conditions maintained 
in a 12 hrs/dark-light cycle and allowed free 
access to food and water during the experiments. 
Before the commencement of the treatments, 
the rats were acclimatised for two weeks.

2.3. Experimental Design
	 Rats were randomly divided into six groups (n = 
5): (1) Normal control (NC), without any treatment; 

(2) Negative control (K-), exposed with NMU without 
NDSQ administration; (3) Nanodiamond-treated 
(ND) group, exposed with NMU and injected with 
nanodiamond only; (4) Squamocin-treated (SQ) 
group, exposed with NMU and injected with 1.5 mg/
kg body weight of squamocin only; (5) Squamocin 
coupled with nanodiamond-treated (NDSQ) group, 
exposed with NMU and injected with 1.5 mg/kg body 
weight of squamocin coupled with nanodiamond. 
Breast cancer was induced by injecting NMU 
intraperitoneally twice. The first NMU dose for 
injection was 50 mg/kg/body weight, and the second 
was 30 mg/kg/body weight. The breast cancer 
formation was assessed by palpitation, and when 
the breast cancer had formed, the rats were treated 
according to the respective group by intraperitoneal 
injection. The treatment was performed for 
five weeks, with one injection per 3 days. The 
concentration of squamocin (SQ) and squamocin 
coupled with nanodiamond for each injection was 
1.5 mg/kg body weight. Squamocin was purchased 
from Anhui Minmetals Development LTD, China.

2.4. Conjugation of ND-Squamocin
	 The ND carboxyl-modified (1 mg/ml) with the 
molecules size average of 10 nm (TCI, N1084) was 
sonicated using a probe sonicator for 5 minutes. 
EDC (8.35 µg) and sulfo-NHS (9.5 µg) dissolved in 
water were then added to the ND suspension. After 
30 minutes of stirring, 200 µg of mPEG-amine was 
added to the activated ND solution and stirred 
overnight at room temperature. The excess reagents 
were removed by centrifugation at 14,000 rpm for 
two hours, and the pellet was washed in deionised 
water. The pellet was dispersed in 2.5 mM NaOH 
at a 1 mg/ml concentration by probe sonication 
for 5 minutes. Then squamocin at a 1:3 w/w ratio, 
each from 50 mg/ml DMSO stock, was added and 
incubated overnight using a rotating shaker at RT to 
allow the adsorption of squamocin on ND surfaces. 
Finally, ND- squamocin complex was purified from 
free molecules by centrifugation at 14,000 rpm for 2 
hours, and the pellet was washed with distilled water. 
The amount of free squamocin in the supernatant 
was analysed using a UV-VIS spectrophotometer. The 
compound loading efficiency (CLE) was calculated 
according to the following equation:

CLE = -
(compound added 

initially

(compound added initially) x 100%

compound in the 
supernatant after 

centrifugation)
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2.8. Enzyme-Linked Immunosorbent Assay 
(ELISA)
	 The levels of ERBB2 (Finetest, ER1910), p53 
(Finetest, ER0394), PI3KCA (Finetest, ER0606), FOXC2 
(Finetest, ER0479) and CA-15-3 (Finetest, ER0789) 
were determined by ELISA. Briefly, 50 μl of standards 
(5000, 2500, 1000, 500, 250, 0 pg/ml) was added to 
each well and shaken gently. Then, 50 μl of PBS with 
pH 7.0-7.2 was added into blank control, and 5 μl of 
balance solution was added to 50 μl of samples. In 
each well, 50 μl of the conjugate was added except 
control. The plate was covered and incubated for 60 
min at 37°C. The plate was washed with the diluted 
solution and air-dried. After that, substrate A and 
substrate B were added to each well, including 
control. The wells were covered and incubated for 
15-20 min at 37°C. Fifty μl of stop solution was added 
to each well, including control and mixed. Optical 
density was measured at 450 nm by using ELISA-
reader.

2.9. Hematoxylin Eosin (H.E.) Staining and 
Epithelial Thickness Measurement
	 Briefly, four-micrometre thick paraffin-
embedded tissue blocks were sectioned onto slides 
and deparaffinised. The slides were then put in 
the oven overnight and deparaffinised. The slide 
was then stained with hematoxylin solution for 10 
minutes, washed with running water, and incubated 
with acidic ethanol (1% HCl in 70% ethanol) for 5 
seconds. After that, the slide was incubated with 
eosin staining for 5 minutes, washed, and incubated 
into alcohol series (ethanol 70% - ethanol absolute), 
followed by the series of xylol I and xylol II. The 
slides were mounted with entellan and observed 
using a microscope (Nikon, Japan). The epithelial 
thickness measurement was performed by using 
ImageJ software.

2.10. Immunohistochemistry Staining of 
Caspase-3 and Ki-67
	 Immunohistochemistry staining was performed 
according to the manufacturer’s guidelines (Finetest, 
IHC0007). Briefly, four-micrometre thick paraffin-
embedded tissue blocks were sectioned onto 
slides and deparaffinised. The slides were then 
put overnight in the oven and deparaffinised. The 
sections were quenched with 3% hydrogen peroxide 
in methanol for 30 min and blocked for one hour with 
blocking serum at 37°C. The slides were incubated 
with primary antibodies for Ki-67 (Invitrogen, 
MA5-14520) and Caspase-3 (Invitrogen, PA1-29157) 
overnight at 4°C, then washed, and using poly-HRP 
goat anti-rabbit IgG for secondary antibody at room 

Nanodiamond particles were visualised using a 
transmission electron microscope (TEM), and the 
conjugation was confirmed and characterised using 
a scanning electron microscope (SEM) with 40.000x 
magnification.

2.5. Serum Collection
	 After the final day of treatments, the rats were 
sacrificed using ketamine anaesthesia (Tsai et al. 
2016). The blood was taken from the left ventricle 
using a 26G injection needle and collected in a 5 ml 
microtube. The blood was left to stand for two hours 
to isolate the serum from the blood, then centrifuged 
at 1,000 rpm for 5 minutes, and the upper phase was 
then collected. The serum was stored at 4°C until 
further use.

2.6. Protein Isolation
	 The mammary tissue was isolated from the 
sacrificed rats and cleaned with buffer saline, and 
then it was put in a mortar containing liquid nitrogen 
and crushed using a pestle. The ground mammary 
tissue was filtered using a 200 mm filter, and the 
suspension was centrifuged at 2,000 rpm for 5 min. 
The pellets were collected, added with NH4Cl, and 
centrifuged at 2,000 rpm for 5 min. The procedure 
was done repeatedly to obtain white pellets, and 
then the pellets were suspended in buffer saline and 
sonicated at 2 kHz for 20 sec (6 times) under ice-
cold conditions. The supernatants were collected by 
centrifugation of homogenates at 2,500 rpm for 5 
minutes and stored at -20°C for further use.

2.7. Determination of the Level of 
Malondialdehyde (MDA)
	 The MDA levels were measured using a 
Spectrophotometric Assay for Malondialdehyde 
(OxisResearch, #21044). The provided 10 mM TMOP 
stock solution was diluted with ddH2O (1/500) to 
get 20 μl of this solution. Final concentrations of 0; 
0.5; 1.0; 2.0; 3.0; 4.0 to draw standard curve was 
obtained by mixing 0, 25, 50, 100, 150, 200 μl of 
standard solution to 200, 175, 100, 50, 0 μl of water 
as a total volume was 200 μl. To each assay tube, 
10 μl of probucol and 200 μl of the standard were 
added. Following this, 640 μl of diluted R1 buffer 
(N-methyl-2-phenylindole in acetonitrile) was added 
to each tube and mixed by the vortex. Then, 150 
μl of diluted R2 buffer (concentrated hydrochloric 
acid) was added to each tube, mixed, and incubated 
for 60 min at 45°C. The clear supernatant was 
obtained by centrifugation at 10,000 rpm for 10 min. 
The absorbance was measured at 586 nm to get a 
standard curve against concentration for measuring 
MDA levels in the sample.
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temperature for one hour. The colour was developed 
using 3,3’- diaminobenzidine tetrahydrochloride for 2 
to 10 min, and the sections were then counterstained 
with hematoxylin. Images were acquired using a 
Nikon microscope (Japan) and digitally processed 
with the software for further analysis.

2.11. Statistical Analysis
	 Statistical analysis was performed by one-way 
analysis of variance (ANOVA) using PRISM software. 
The results were reported as the mean ± standard 
deviation (SD), and a P-value of <0.05 was considered 
statistically significant.

3. Results

3.1. Characterisation of Squamocin–nanodiamond 
Complex

TEM imaging showed that the nanodiamond 
particles’ average size was expected to be less than 
10 nm (Figure 1A). The conjugation of squamocin 

onto nanodiamond was investigated by using SEM 
imaging. The result showed that the size of the 
complex was around 150-300 nm, indicating the 
success of the conjugation process (Figure 1B). In 
addition, the drug loading efficiency for each coating 
process was about 80-85%. Nanodiamond acts as the 
core of the nanoparticle complex. The carboxyl group 
on the nanodiamond surface binds with the amine 
group in mPEG amine. The squamocin was then 
binding to the ND-mPEG amine complex (Figure 1C). 

3.2. The Thickness of the Mammary Ductal 
Epithelium and Serum Level of CA-15-3

To investigate the growth inhibition effect of 
NDSQ on rats-induced breast cancer, we measured 
the thickness of mammary ductal epithelium 
following HE staining of the tissue (Figure 2A). The 
thickness of mammary ductal epithelium in the 
normal control group was 7.024±0.579 mm, and it 
was significantly increased compared to the negative 
control group (30.243±7.124 mm). The treatment 

Figure 1.  (A) Imaging of nanodiamond particle by using TEM with 100.000x magnification, (B) imaging of squamocin-
nanodiamond complex by using SEM (magnification 40.000x), (C) interaction scheme between ND, mPEG 
amine, and squamocin

A

C

B
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Figure 2. The effect of nanodiamond coupled with squamocin on the mammary ductal epithelium and serum level of CA-
15-3 in rat model following treatment with 1.5 mg/kg body weight of NDSQ for 5 weeks. (A) HE was staining 
the mammary ductal epithelium, (B) quantification of the thickness of the mammary ductal epithelium, (C) 
serum level of CA-15-3. NC: normal control group, CTL(-): negative control group, ND: nanodiamond group, SQ: 
squamocin group; NDSQ: squamocin coupled with nanodiamond group. Each bar represents mean ± SD

with SQ can significantly reduce the thickness of 
mammary ductal epithelium to 13.644±1.184 mm, 
and treatment with NDSQ can reduce the thickness 
even further (7.076±0.748 mm). We found that both 
SQ and NDSQ can significantly reduce the thickness of 
the mammary ductal epithelium, but only NDSQ can 
reduce the thickness close to the average epithelium 
thickness (Figure 2B).

We also examined the serum level of CA-15-
3 protein, a marker for breast cancer metastasis. 
We found that the CA-15-3 level in serum was 
significantly higher in the negative control group 
(114.3±12.06 pg/ml) than in the normal control group 
(84.74±11.80 pg/ml), and it was significantly reduced 
in the SQ (68.81±3.58 pg/ml) and NDSQ (50.75±7.54 
pg/ml) groups. The serum level of CA-15-3 in the 
SQ and NDSQ group was not significantly different 
compared to the normal control, suggesting that 

both SQ and NDSQ can reduce CA-15-3 levels similar 
to normal levels (Figure 2C).

3.3. Caspase-3 and Ki-67 Expression
The percentage of cells with positive Caspase-3 

staining was significantly increased in the SQ group 
(5.28±0.91) and NDSQ group (6.868±0.83) compared 
to the negative control (1.67±0.21). The SQ group 
was significantly different from the normal control 
group (7.29±1.00), but NDSQ showed no significant 
difference. In contrast, the percentage of cells with 
positive Ki-67 staining was significantly reduced in 
the SQ group (8.99±0.94) and NDSQ group (6.50±0.97) 
compared to the negative control (14.40±1.75). 
Meanwhile, SQ and NDSQ groups showed no 
difference compared to the normal control group 
(6.03±0.71) (Figure 3A-C).
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Figure 3. Cells with positive Caspase-3 and Ki-67 staining following treatment with 1.5 mg/kg body weight of NDSQ for 
5 weeks. (A) Caspase-3 and Ki-67 expression by immunohistochemistry staining, (B) quantifying cells with 
positive Caspase-3 expression, and (C) quantifying cells with positive Ki-67 expression. NC: normal control 
group, CTL (-): negative control group, ND: nanodiamond group, SQ: squamocin group, NDSQ: squamocin 
coupled with nanodiamond group. Each bar represents mean ± SD

3.4. Serum MDA Level
To investigate the antioxidant activity of 

squamocin, we measured the MDA level in serum. The 
MDA levels in the SQ group (1129±155 pmol/ml) were 
not significantly reduced compared to the negative 
control group (1561±285 pmol/ml). However, the 
MDA levels in the NDSQ group (416±184 pmol/ml) 
were significantly lower than in the negative control 
group (Figure 4).

3.5. ERBB2, PI3KCA, p53 and FOXC2 Expression
To analyse the signalling pathway affected by 

squamocin, we performed protein expression analysis 
by using ELISA. We first examined the ErbB2 level 
as one of the upstream molecules of PI3K. The level 
of ERBB2 dan FOXC2 was not significantly different 
in each group. We then examined the protein level 
of PI3KCA/P110a (subunits of PI3K) expression. The 

result shows that PI3KCA expression significantly 
increased in the negative control group compared to 
the normal control group. In the SQ group, the level 
of PI3KCA showed a similar level to the negative 
control group. However, treatment with NDSQ could 
significantly reduce the PI3KCA expression compared 
to the negative control. In addition, we also analysed 
the level of one downstream target of the PI3K/Akt 
pathway, tumor suppressor protein p53. The level 
of p53 significantly increased in both SQ and NDSQ 
groups compared to the negative control (Table 1).

4. Discussion

	 Cancer remains one of the leading causes of 
death worldwide despite the considerable effort 
and resources in cancer therapy. Cancer is abnormal 
cell proliferation and the failure of cells to die due 



a carrier to bring squamocin effectively to the 
tumor microenvironment. The result of this study 
was supported by a previous study that reported 
the effect of squamocin in bladder T24 cancer 
cells. Squamocin induces apoptotic through the 
expression of the proapoptotic genes Bax and Bad, 
resulting in the cleavage of PARP and the enhanced 
activity of Caspase-3 (Yuan et al. 2006).
	 The increase of proliferating cells rather than 
the speed of cell division is responsible for cancer 
growth. The ratio of proliferating cells in the total 
pool of cells was called the growth fraction (Wang 
et al. 2013). The Ki-67 staining usually labels the 
proliferating cells. In this study, the number of 
proliferating cells increased significantly in the 
negative control group compared to the normal 
control group (Figure 3). Treatment with SQ 
and NDSQ significantly reduced the number of 
proliferating cells, suggesting the growth inhibition 
activity of squamocin. We also examined the serum 
level of CA-15-3 as a marker to monitor metastatic 
breast cancer. Here we showed that the CA-15-3 
level was significantly reduced in SQ and NDSQ 
group compared to the negative control group, 
suggesting its ability to prevent metastasis of breast 
cancer cells. Serum CA-15-3 monitors metastatic 
breast cancer patients undergoing treatment and 
preclinical tumor recurrence detection (Hashim 
2013; Keshaviah et al. 2007).
	 The complex physiological features of the tumor 
microenvironment include hypoxia resulting from 
overconsumption of oxygen due to rapid tumor 
development (Jaskiewicz et al. 2022). About 50–60% 
of solid tumors exhibit decreased oxygen levels 
(Vaupel and Mayer 2007). Hypoxia is associated 
with cancer cell growth, metastasis, and resistance 
to therapies. In addition, hypoxia also stimulates the 
production of mitochondrial ROS, and tumor cells 
produce a higher level of ROS than normal tissue 
(Costa et al. 2014; Jezierska-Drutel et al. 2013). 
Increased levels of ROS also observed in many 
cancer cell lines (Szatrowski and Nathan 1991).
	 ROS plays a vital role in carcinogenesis and 
affects multiple biological processes, such as cell 
proliferation, differentiation, genomic instability, 
inflammation, cell survival, resistance to apoptosis, 
and metabolic reprogramming. ROS can lead to 
lipid peroxidation, which often is monitored by 
measuring the MDA level. Recent studies reported 
that plasma MDA levels in breast, lung, and 
bladder cancer patients were significantly higher 
than in control (Gonenc et al. 2001; Lepara et al. 
2020). Serum levels of MDA play an essential role 
as a biomarker in diagnosing bladder cancer and 
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Figure 4. The serum level of MDA in the rat model was treated 
with 1.5 mg/kg body weight of nanodiamond 
coupled with squamocin for 5 weeks. NC: normal 
control group, CTL(-): negative control group, 
ND: nanodiamond group, SQ: squamocin group, 
NDSQ: squamocin coupled with nanodiamond 
group. Each bar represents mean ± SD

to the accumulation of gene mutations. In this 
study, the anti-cancer activity of squamocin was 
shown by the reduction of the thickness of the 
mammary gland epithelium. This reduction was 
accompanied by an increase in apoptosis and a 
reduction in cell proliferation (Figures 2 and 3). 
The resistance to apoptosis is a hallmark of cancer 
(Wang et al. 2013). In this study, the apoptosis 
rate was significantly reduced compared to the 
normal control group in the negative control group. 
Treatment with SQ and NDSQ significantly increased 
the percentage of apoptotic cells. However, the 
percentage of apoptotic cells in the NDSQ group 
was higher compared to the SQ group (Figure 3). 
The results suggest nanodiamond’s efficiency as 

Group

Table 1. The protein level of ERBB2, PI3KCA, p53 and FOXC2 
after treatment with squamocin coupled with 
nanodiamond

NC: normal control group, CTL(-): negative control group, 
ND: nanodiamond group, SQ: squamocin group, NDSQ: 
squamocin coupled with nanodiamond group. The 
different numbers showed statistically significant

ERBB2 PI3KCA P53 FOXC2
0.44±0.02a

0.41±0.01a

0.42±0.01a

0.44±0.02a

0.43±0.002a

68.98±22.19a

130.4±15.36b

134.6±39.88b

135.1±3.40b

41.93±14.85a

1186±201.58a

138.4±8.81b

77.24±2.8b

937.7±12.24a

823.6±18.61a

0.080±0.001a

0.084±0.001a

0.084±0.005a

0.084±0.001a

0.081±0.002a

Protein

NC
CTL(-)
ND
SQ
NDSQ



monitoring its progression. Serum MDA level in 
patients with high grades of bladder cancer was 
significantly higher than the serum MDA level in 
patients with a low grade of bladder cancer (Lepara 
et al. 2020). MDA is one of the best-investigated 
products of lipid peroxidation. It is presumed that 
MDA acts as a tumor promoter and a co-carcinogenic 
agent because of its high cytotoxicity and inhibitory 
action on antioxidant enzymes. The MDA serum 
level reflects free-radical cell damage (Seven et al. 
1999). In this study, the MDA levels in the SQ group 
were not significantly reduced compared to the 
negative control group. However, the MDA levels in 
the NDSQ group were significantly lower than the 
negative control group, suggesting the effectivity of 
nanodiamond as a carrier of squamocin to increase 
its antioxidant property.
	 ROS-sensitive signalling pathways are often 
elevated in many types of cancers. Reactive oxygen 
species can act as second messengers in cellular 
signalling. Hydrogen peroxide (H2O2) regulates 
protein activity through reversible oxidation of its 
targets, including protein and receptor tyrosine 
kinase (Chiarugi and Fiaschi 2007; Storz 2005). 
ROS generation during estrogen metabolism or 
other potential mammary carcinogens activated 
the PI3K/Akt signalling pathway (Burdick et al. 
2003; Park et al. 2009). Inhibition of ROS in the 
human pancreatic tumor cell line reduced the 
level of active phosphorylated Akt, thus, inducing 
apoptosis (Mochizuki et al. 2006). A signalling 
cascade including PI3K tightly controls Akt activity. 
In this study, we showed that the protein level of 
PI3KCA was significantly increased in the negative 
control group compared to the normal control, 
suggesting the critical role of this protein during 
carcinogenesis. The increase in PI3KCA expression 
was not correlated with ERBB2 protein expression. 
ERBB2 expression in all treatment groups was not 
significantly different, suggesting that another 
upstream receptor mediated the modulation of 
PI3KCA expression. In the SQ group, the level of 
PI3KCA showed a similar level to the negative 
control group. However, treatment with NDSQ 
could significantly reduce the PI3KCA expression 
compared to the negative control (Table 1). This 
result suggests nanodiamond’s effectivity as a 
carrier to increase squamocin activity. In addition, 
we also analysed the level of one downstream 
target of the PI3K/Akt pathway, tumor suppressor 
protein p53. The protein level of p53 was 
significantly lower in the negative control than in 
the normal control group, suggesting its essential 
role as a tumor suppressor protein. Treatment 
with SQ and NDSQ could significantly increase 
the p53 levels compared to the negative control. 

The level of p53 in the SQ group significantly 
increased compared to the negative control group 
while the PI3KCA level was still high, suggesting 
the regulation of p53 expression is not solely 
depends on PI3KCA expression. Protein p53 is a 
tumor suppressor protein involved in the apoptotic 
process. The primary function of p53 is to prevent 
the replication of cells with DNA damage. Therefore, 
p53 is inactive, and the damaged cells continue to 
grow and replicate DNA mutations (Okada and Mak 
2004).
	 In conclusions, a dynamic and complex tumor 
microenvironment promotes tumor progression 
and is a promising target for anti-cancer treatment. 
A high level of ROS in the tumor microenvironment 
activates several signalling cascades, including 
PI3K activity. In this study, we showed that the 
growth inhibition activity of squamocin coupled 
with nanodiamond in rat-induced breast cancer 
was mediated by reduced proliferating cells and 
apoptosis induction in breast cancer cells. Squamocin 
coupled with nanodiamond also reduced MDA level 
and PI3KCA expression, followed by increased p53 
expression. The level of CA-15-3 as a metastasis 
marker of breast cancer was also significantly 
reduced in the group treated with squamocin and 
squamocin coupled with nanodiamond, which later 
reduced its expression further. We are the first 
to use nanodiamond as a carrier of squamocin to 
increase its availability and anti-cancer activity in 
rat-induced breast cancer.
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