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ABSTRACT

The aim of the current study was to evaluate the ultrastructural illustration of apoptosis induced by gold nanoparticles (AuNPs)
conjugated with cisplatin and laser irradiation on 7, 12- Dimethylbenz(a)anthracene (DMBA) induced hamster buccal pouches
{HBP(s)} carcinoma. Material and methods: The experimental animals used in the current study were fifty five golden syrian
hamsters weighting 80-129 g, and obtained from the animal house, Cairo University. The experimental animals were divided into
two main groups: Group A (normal group) 5 hamsters were taken, not treated and served as control. Group B: The remaining
animals (50 hamsters) were treated with the same procedure: HBPs were painted for 18 weeks with DMBA, 3 times a week on
alternative days, then the hamsters were randomly divided into the following five equal subgroups (10 hamsters) in each one.
Group B1( DMBA treated group), group B2 (DMBA- AuNPs treated group), group B3 ( DMBA- AuNPs - laser radiation treated
group), Group B4 ( DMBA- cisplatin-laser radiation treated group) and group BS (DMBA- AuNPs conjugated with cisplatin -
laser radiation treated group). After termination to the treatment, fresh tissues from HBP were trimmed into small pieces in order
to be processed and examined by transmission electron microscopy (TEM). Results: compared to results of other groups, DMBA
induced carcinoma in group B animals. AuNPs conjugated with cisplatin and laser irradiation group showed signs of cellular
apoptosis ranging from shrinkage of the nuclei, degeneration of the nuclear membrane to total cell autolysis. The other remaninig
groups didn't show any signs of apoptosis. Conclusions: AuNPs in conjunction with cisplatin and laser irradiation illustrated
various signs of cancer cell apoptosis with TEM imaging. Intra-tumoral application of AuNPs in conjunction with cisplatin and
visible laser irradiation was considered as a promising therapeutic agent in regression of HBP DMBA induced carcinoma.
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INTRODUCTION biochemical and molecular characteristics similar to

©) ;
Head and neck squamous cell carcinoma (HNSCC) that of human oral tumors”. Among various factors,

comprises tumors of the oral cavity, pharynx and
larynx, and is arelatively common human cancer. When

apoptosis was found to play a pivotal role in the
regulation of oral squamous cell carcinoma (OSCC)©.

grouped together, oral and pharyngeal cancers represent success of electron
the sixth most common type of cancer worldwide!?.

7, 12- Dimethylbenz (a)anthracene (DMBA) a

The microscopy in
helping to define tumor cell differentiation and
promoting diagnostic precision is based on the

polycyclic aromatic hydrocarbon, is widely employed
to induce oral carcinoma in experimental animals
including hamster buccal pouches (HBP)®#. It has
been found that DMBA induced oral tumors expresse

fact that each cell has a characteristic by which
it can be identified. These ultrastructures consist
of distinctive and sometimes specific structures
organelles and these are retained in the tumoral
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counterpart, even in poorly differentiated tumors. It
has been found that by ultra-structural examination
of OSCC revealed pathological changes in the
mitochondria, basement

lysosome, ribosome,

membrane, cytoplasmic process, intercellular

spaces and desmosomes”?.

Despite the significant advances made in conven-
tional treatment for cancer such as surgery, radio-
therapy, chemotherapy or combinations of them over
the past decades, HNSCC continues to have a dismal
prognosis, with a 5- years overall and disease-free sur-
vival of estimated ~50%"?.

Cisplatin is one of the most effective antican-
cer drugs and is widely used for the treatment of
various malignant tumors, including HNSCC!*D,
Apoptotic cell death of tumor cells induced by cis-
platin mediated mainly via the activation of various
signal transduction pathways, including calcium
and death receptor signaling, in addition to activa-
tion of mitochondrial pathways!?!:

Cancer research has been focused on improv-
ing cancer diagnosis and treatment methods via
new techniques, among which are using nanoscaled
particles!”. It has been reported that there is a huge
potential to use nanoparticles in cancer therapy.
Nanotechnology involves the design, character-
ization, production and application of nanoscaled
structures, devices, and systems. Interestingly,
updating research has proved photothermal ther-
apy (PTT) to be a successful method for treating
superficially located HBP carcinomas!®. The most
advanced area of nanomedicine is the development
and use of nanoparticles for drug delivery®1?,

MATERIAL AND METHODS

The experimental animals used in the current
study were golden Syrian hamsters. They were used
as model for, carcinoma induction utilizing DMBA
as chemical carcinogen. Then, a direct inra-lesional
injection by different kind of treatment: AuNPs,
cisplatin, AuNPs conjugated with cisplatin and laser
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irradiation, were employed. After termination of the
various treatment used, fresh tissues from hamster
buccal pouche(s) (HBP(S)) were trimmed into small
pieces in order to be examined by transmission
electron microscopy (TEM).

Material used

Carcinogen preparation: DMBA was prepared
by dissolving 0.5gm DMBA powder in 100 ml
paraffin oil (Sigma-Aldrich). Citrate capped-
AuNPs Preparation: The brand: (NanoTech Egypt
for Photo- Electronics) AuNPs was synthesized
as follow: citrate stabilized spherical AuNPs with
an average diameter of 20 nm were synthesized
using citrate reduction method. Cisplatin:
Platinum coordination compound from Pfizer
pharmomedical company. Cisplatin conjugated
with nanogold: Cisplatin conjugated AuNPs was,
initially, prepared followed the same method as
used in AuNPs preparation. The experimental
animals were classified into two main groups:
Group A (normal group ): 5 hamsters were taken,
not treated and served as controls. Group B: The
remaining animals (50 hamsters) were treated
with the same procedures at the beginning of the
experiment. Their buccal pouches were painted for
18 weeks with DMBA, 3 times a week. Then the
hamsters were randomly divided into the following
five equal subgroups (10 hamsters) in each one:
Group B1( DMBA treated group):DMBA
treated group: at 18 weeks animals were grossly
examined. Group B2 ( DMBA- AuNPs treated
group):DMBA- AuNPs treated group: The lesions
of this group were directly injected intra- tumoral
with AuNPs (10 mg/kg) by insulin syringe. This
step was repeated once every 72 hours for 9days.
Then, the animals were left unhanded for 4 weeks.
Group B3 (DMBA- AuNPs - laser radiation
treated group): DMBA- AuNPs - laser radiation
treated group. The lesions of this group were
directly injected with AuNPs (10 mg/kg) by insulin
syringe. The animals were directly exposed to light
emitting diode (520-560 nm) wave length (150mw,
8mm diameter) for 15 minutes within 2 minutes
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of injection to limit particle diffusion beyond the
tumor boundaries. This step was repeated once
every 72 hours for 9 days. Then, the animals were
left unhanded for 4 weeks. Group B4 ( DMBA-
cisplatin-laser radiation treated group): DMBA-
cisplatin- laser radiation treated group: The lesions
of this group were directly injected with cisplatin
by insulin syringe. This step was repeated in the
same as previous group. Group BS (DMBA-
AuNPs conjugated with cisplatin-laser radiation
treated group): DMBA- AuNPs conjugated with
cisplatin - laser radiation treated group: The lesions
of this group were directly injected with AuNPs (10
mg/kg) conjugated with cisplatin by insulin syringe.
This step was repeated same as previously.

Investigations: After 2 days of experiment,
2 animals from all groups were authanzed for
tissue section preparation in order to examine the
distribution of the particles of the material used in
the tissue. The other 8 animals were left unhanded
for 4 weeks until the end of the experiment. Fresh
tissues from HBPs were trimmed into small pieces
in order to be examined by TEM.

RESULTS

Group A normal group: The ultrastructural
features using TEM revealed that the basal cell
has normal shape with well-defined cell membrane.
The mitochondria appeared within the cytoplasm
in variable morphological patterns ranging from
spherical to elongated shapes. The cytoplasm
showed golgi apparatus and abundant fine filament
in perinuclear region. The nucleus appeared oval
in shape with homogenous chromatin distribution.
The nucleus was
obvious nuclear membrane. Abundant mitochondria
were detected in the perinuclear region. Numerous
junctions were seen between the adjacent basal cells
mostly desmosomes (Fig. 1 A).Group B1 (DMBA
treated group): TEM revealed that the neoplastic
basal cell appeared with nucleus that has wavy
nuclear membrane. A patch of condensed chromatin
was seen inside the nucleus.The cytoplasm showed

seen to be surrounded with clear
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peripherally fine filaments, with loss of most
cellular details. A destruction of intracellular
junctions was seen. The neoplastic cells were seen
to be attached to other by a poorly developed
desmosomes (Fig. 1B). Group B2 (DMBA-AuNPs
treated group): TEM revealed that the neoplastic
basal cell showed -characteristic morphological
changes with nucleus has wavy nuclear membrane.
A patch of condensed chromatin was seen inside
the nucleus.The cytoplasm showed peripherally
fine filaments, with a loss of most cellular details.
A destruction of intracellular junctions was seen
as well as some cells were seen to be attached to
other by a poorly developed desmosomes (Fig. 1C).
Group B3 (DMBA-AuNPs-Laser treated group):
TEM revealed that the morphology of neoplastic
basal cell appeared with prominent changes,
nucleus has a wavy nuclear membrane. A patch of
condensed chromatin was seen inside the nucleus.
The cytoplasm showed peripherally fine filaments.
A destruction of intracellular junctions was seen
as well as some cells were seen to be attached to
other cells by a poorly developed desmosomes (Fig.
2 A). Group B4 (DMBA- Cisplatin-laser treated
group): TEM revealed that the neoplastic basal cell
appeared with nucleus has wavy nuclear membrane.
A patch of condensed chromatin was seen inside the
nucleus. A destruction of intracellular junctions was
seen as well as some cells were seen to be attached to
other cells by a poorly developed desmosomes (Fig.
2 B). Group B5S (DMBA-AulNPs conjugated with
Cisplatin-Laser treated group): TEM revealed that
the neoplastic basal cells appeared with picknotic
nucleus that has a wavy nuclear membrane. The
cytoplasm showed peripherally fine filaments.
The cytoplasm showed areas of hyalinization. A
patch of condensed chromatin was seen inside the
nucleus. A destruction of intracellular junctions was
seen as well as some cells were seen to be attached
to other cells by a poorly developed desmosomes.
There was a loss of cellular membrane of numerous
cells. Cell lysis was seen in a many huge population
of cells compared to that of the other groups
(Fig. 2 C).
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FIG.1 A: Electron micrograph of normal basal cell showing oval nucleus (arrow A), nuclear membrane (arrow B), mitochondria

(arrow C) and Golgi (arrow D). Inside the cells, most of the cytoskeleton comprised fine filaments (arrow E). The mi-
tochondria were localized in the perinuclear region. Fig.1 B: Electron micrograph of neoplastic basal cells in DMBA
treated group showing nucleus (arrow A) with wavy nuclear membrane (arrow B), patch of condensed chromatin were
observed (arrow C), poorly developed desmosomes (arrow D), interupted basal lamina (arrow E) and fine filaments
(arrow F). Fig.1 C: Electron micrograph of neoplastic basal cells in (DMBA-AuNPs) group showing nucleus (arrow
A) with wavy nuclear membrane (arrow B), patches of condensed chromatin (arrow C), poorly developed desmosomes
(arrow D) and interupted a basal lamina (arrow E).

&

FIG.2 A: Electron micrograph of neoplastic basal cells in (DMBA-AuNPs-Laser) group showing bizarre nucleus (arrow A) filled

with patches of condensed chromatin (arrows B), intra cellular fiber (arrows C) and no cell junction, desmosomes, cyto-
plasmic organelles and cell membrane were observed. Fig.2B: Electron micrograph of neoplastic basal cells in (DMBA-
Cisplatin-laser) group showing pyknotic nucleus (arrow A), patches of condensed chromatin (arrow B), poorly developed
desmosomes (arrow C), vacuolated mitochondria (arrows D) and fine filaments (arrows E). Fig.2C: Electron micrograph
of neoplastic basal cells in (DMBA-AuNPs conjugated with Cisplatin-Laser) group showing pyknotic nucleus (arrow A),
wavy nuclear membrane (arrow B), nucleus patches of condensed chromatin (arrow C), Cell junctions and poorly de-
veloped desmosomes (arrow D), Mitochondria (arrow E), lysosomes (arrows F) and membranous dense granular (arrow G).

DISCUSSION

The results obtained from animals treated by
DMBA in the current study with those of other
studies®*'9 support the concept that DMBA induced
HBP carcinoma appeared to go through the same
changes as in human. Many of the ultrastructural
alterations observed in carcinogen-treated HBP
mucosa closely resemble those observed during
the course of human oral cancer development®.

AuNPs were used in this work due to its ability
to cross cellular membranes, when used as a drug
carrier in the medical field®". Based on its ease of
fabrication, AuNPs have a high surface area and
binding capacity to target cancer cells is higher
than other nanoparticles®. The use of AuNPs as
anticancer agent was attempted by several ways
as antibody conjugation, intra-tumor injection and
even when painted topically alone®. Cisplatin and
other platinum- based compounds are considered as
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cytotoxic drugs which kill cancer cells by damaging
DNA, inhibiting DNA synthesis and mitosis, and
inducing apoptotic cell death®®.

The ultrastrctural examination of cells in group
B1 revealed no signs of apoptosis. The cells
showed signs of proliferation including chromatin
condensation and loss of most cellular adhesions,
this result run in the similarity to those of other in-
vestigators®29_ The complete absence of apoptosis
signs in group B2 unlike group B3 was in agreement
with those reported by Shamia et al (2015)*. The
discrepancies in the results between group B2 and
B3 could be due to the feasibility of laser therapy
treatment on DMBA induced carcinoma. The ef-
fect of laser attributed as plasmonic AuNPs which
strongly absorb light and convert it to heat energy.

In the present study, the result obtained from
group B4 run in the similarity with result obtained
from group Bland group B2.This provide evidence
that intratumoral injection of cisplatin with laser
irradiation onto HBP carcinomas did not affect
the tumor cells. These results are consistent with
those reported by Shamia et al (2015)?. In the
present study, quantification of tumor apoptotic
indices treated under different conditions revealed
a significantly increased in B5 group compared
to the groups B1, B2, B3 and B4 suggesting that
photo-thermal therapy triggers cancer cell death
via apoptosis. Moreover, morphological cellular
changes associated with apoptosis described in the
present study are consistent with those previously
reported by Afifi et al (2013)19,
finding in group BS5 provides evidence that the

Ultrastructural

cells had all signs of apoptosis including loss
of all cell details and complete cell lysis. These
results are in the agreement with those observed by
Afifi et al (2013)"9. The result obtained from B5
group supports that the new strategy is to improve
cancer therapy by targeting tumor cell repopulation
by either the AuNPs action on tumor cells in
presence of laser or using the AuNPs as vehicle for
addition of cytotoxic chemotherapy. Combinatorial
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chemotherapy coupled with nanomedicine have
opened appealing window to the current therapeutic
approaches that always failed due to tumor cell
resistance and unwanted side effects of drugs on
normal cells, However great advances made when
nano-based drug delivery systems paired with
combination chemotherapeutic agents***,
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