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ABSTRACT

Introduction: Oral squamous cell carcinoma (OSCC) shows unsatisfied survival 
rate which remains not changed over the last years. Thymoquinone (TQ) is a phyto-
chemical, and many studies proved its promising therapeutic effect against OSCC. Gold 
nanorod (GNR) is a photothermal agent, has an efficient near-infrared heat conversion 
and induces ablation of solid tumors. The combination of photothermal therapy (PTT) and 
chemotherapy can enhance synergistic effects that markedly exceed the sum of individual 
treatments alone. Aim: this study aimed  to evaluate the effect of combined photothermal 
and nano chemotherapy in treatment of induced oral squamous cell carcinoma in hamsters.  
Material and Methods: In the present study, the combined drug GNR/NTQ loaded 
on (poly) (lactic-co-glycolic acid) (PLGA) was prepared. The targeting agent, folate 
or folic acid (FA), was conjugated to the prepared nanoparticles. The therapeutic ac-
tivity of the drug against chemically-induced OSCC in hamster buccal pouches was 
evaluated by clinical observations, tumor volume analysis, histopathological alterations 
and blood analysis. Results:  The combined drug (GNR/NTQ/PLGA/FA/laser) had the 
highest therapeutic activity compared to individual treatments. It significantly ablated 
and regressed tumor size in chemically-induced OSCC in the hamster model as com-
pared to the other preparations; GNR/NTQ/PLGA/FA without laser, GNR/ PLGA/FA/
laser and NTQ/PLGA/FA/laser. Conclusion: Compared to the single PTT or nanoche-
motherapy, the combined PTT/nanochemotherapy with laser provides better therapeu-

tic effects against OSCC

INTRODUCTION

Worldwide, oral cancer is the eleventh cancer in rate among 
population.(1) Oral squamous cell carcinoma (OSCC) represents more 
than 90% of all oral cancers.(2) Oral carcinogenesis is due to exposure 
to multiple risk factors, which lead to genetic mutations (3).

In early stages, more than 80% of patients can be survived by 
treatment but it will be incurable with advanced stages; the overall 
survival rate is less than 50%. (4) Traditional treatments may cause 
severe facial defects and need to be replaced by gentle treatments. (5) 

Photothermal therapy (PTT) is one of the recent techniques that used 
nanoparticles and can improve that unsatisfied outcome (6).
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The most known model to study alteration in 
histopathology and biochemistry in oral cancer 
is hamster buccal pouch with induction of cancer 
by DMBA carcinogen (7). The resulting malignant 
tumors in the hamster mimic human oral tumors, 
morphologically, histopathologically as well as at 
the molecular level (8).

Thymoquinone (TQ) is extracted from Nige-
lla sativa plant and it showed strong anticancer 
effects(9). It has multi-targeting effects, TQ meddles 
with a wide range of tumorigenic effect and inter-
fere with carcinogenesis, malignant growth, angio-
genesis invasion and migration (10). TQ has poor 
bioavailability due to its rapid elimination and slow 
absorption, so it has also low bioavailability(11).
Nanoparticles forms of TQ can improve its bio-
availability. It is called nano-chemoprevention or 
nano-chemotherapy (12). TQ nanoparticles (NTQ) 
have a promising effect than TQ alone, because of 
better focusing on cancer hallmarks, and improve 
bioavailability (13).

Plasmonic photothermal therapy (PPTT) is a 
type of PTT induced by GNPs. As excitation of 
electrons followed by rapid relaxation can produce 
strong heat effect that can destroy targeted cancer 
cells (14). Of all GNPs, gold nanorods (GNRs) are the 
best in applications in vivo and in vitro since light 
penetration is in the average of 600 –1200 nm(15). 
GNRs in the second near-infrared (NIR) window, 
are allowing them to penetrate up to 10 cm in tissues 
(16).This size of GNRs is about 10 nm in width and 
40 nm in length which is proper with tumors leaky 
vasculature.(17). GNRs have low absorption degree in 
hemoglobin, lipids and water (18). They allow tumor 
treatment with little damage to the surrounding 
normal tissues (19, 20).

Strategies for combined PTT and chemotherapy 
have a great ability to cause an increase in treatment 
efficacy with minimization of off-target effects (21).

Hyperthermia leads to increases permeability of cell 
membrane and vascular system (22).These changes 
can increase the effect of chemotherapeutic drugs(23).

Folic acid (pteroylglutamic acid; C19H19N7O6) is 
a promising active target, where cells of cancer have 
tendency to overexpress the folate-receptor as they 
vastly require folate(24). Its expression is limited 
in organs and tissues that are healthy (25). Folate 
receptors have high expression in cervical, ovarian, 
epithelial, and colorectal tumors(26). Folic acid has 
high stability over a wide scale of temperatures and 
pH values(27). Poly (lactic-co-glycolic acid) (PLGA) 
is one of the best used nanoparticulate carriers. It 
is a biodegradable copolymer, which decompose to 
H2O and CO2 (28).

The development of an effective system of GNRs 
and NTQ loaded on PLGA with the active targeting 
agent FA, introduced to facilitate combined therapy 
of PTT and nanochemotherapy. This combination 
was applied on chemically-induced OSCC in ham-
sters’ buccal pouches, to offer better therapeutic ef-
ficacy compared with either photothermal therapy 
or chemotherapy.

MATERIAL AND METHODS

Agreement of Research Ethics Committee at 
Faculty of Dentistry/Suez Canal University was 
gained before starting the experiment (49/2017).

Chemicals: The carcinogen 0.5% 7,12-dimeth-
ylbenz (a) anthracene (DMBA) dissolved in heavy 
mineral oil (U.S.P), Chlorauric acid, Poly [ethylene 
glycol], Thymoquinone, Folic acid and Phosphate-
buffered saline  (PBS), PH=7.4. All the previous 
chemicals were from Sigma-Aldrich Company, 
Saint Louiss, USA.
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Drugs’ preparation:

Preparation of TQ-loaded nanocapsules 
(NTQ): (29) The capsules of NTQ were prepared 
using water and oil emulsion plus evaporation 
solvent method. TQ (1.3 mg/ml dissolved in 135µL 
of anhydrous chloroform) was mixed with PLGA/
PEG/FA (25 mg/ml) dissolved in 135 µL chloroform.

Preparation of GNRs-loaded nanocapsules:(30) 
The seed-mediated growth method was used for 
preparation of GNRs. Then a mix of PLGA/PEG/
FA solution that dissolved in chloroform was added 
to colloid of GNRs. The nanocapsules (GNR/
PLGA/PEG/FA) were collected by centrifugation 
with high-speed then washed with PBS. 

Preparation of NTQ/GNRs-loaded nanocap-
sules: Thymoquinone was mixed in PLGA/PEG/FA 
and then added slowly to GNRs colloid. The nano-
capsules (TQ/GNR/PLGA//FA) were collected us-
ing high-speed centrifugation.

The morphological characterization of the 
prepared combined drug (GNR/NTQ/PLGA/FA) 
was done by images from transmission electron 
microscopy (TEM)

Experimental design: The experiment was 
done at the Animal House of Faculty of Dentistry, 
Suez Canal University, Ismailia, Egypt. Sixty male 
Syrian golden hamsters (Mesocricetusauratus), 
weighing 90-110 grams and aged 6-8 weeks, and 
were housed, five per cage. All hamsters were 
given pellets made up of seeds, grains and cracked 
corn, and tap water ad libitum. They were kept in 
a controlled environment under standard conditions 
of temperature and humidity with an alternating 
light/dark cycles with 12 hours- intervals. Animals 
were divided into control groups and treated groups 
as follow:

Control groups: Group A1 (n=10): served 
as the negative control group. Five animals were 
euthanized at day zero and five were euthanized at 
end of the experiment. Group A2: (n=10): served as 
positive control group. Animals were painted three 
times per week, in the left buccal pouch, with the 
carcinogen (DMBA) for 12 weeks then followed up 
for another 4 weeks. A camel hairbrush, number 4, 
was used for painting (31).

Treated groups: Group B (n=40) all hamsters 
were painted weekly (three times/week), in the left 
buccal pouch with DMBA for 12 weeks. Then were 
injected intraperitoneally (i.p) as following: Group 
B1: (n=10) hamsters were injected by GNR/NTQ/
PLGA/FA (1.5mg/kg body weight of GNR, and 
TQ which was 0.2 mg/kg. laser exposure was done 
after 24 hours (2.5 W/cm2 for 10 min). Group B2: 
(n=10) animals were injected by GNR/NTQ/PLGA/
FA (no laser exposure). Group B3: (n=10) animals 
were injected by GNR/PLGA/FA (1.5mg/kg body 
weight). After 24 hours, the painted pouches were 
exposed to laser as in group B1. Group B4: (n=10) 
animals were injected by NTQ/PLGA/FA (0.2 mg/
kg body weight).

In all treated groups, the dose/week given to 
each hamster was 0.2mL/100g body weight. Two 
doses were given in each treated group where one 
dose was given at the 13th week and the second dose 
in the 14th week. Follow up were done till the end 
of 16th week (end of the experiment).To measure 
tumor size and laser application, animals were 
anesthetized by ketamine 50mg/kg mixed with xyla-
ject, (xylazine) 5mg/kg, to prevent pain and control 
animals’ movement. Hamsters were euthanized by 
inhalation of a lethal dose of diethyl ether (cotton-
soaked) in a tightly closed container.

Clinical findings: Hamsters were examined 
every day for survival, activity behavior and motion 
impairments.
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Assessment of tumor volume: caliper was used 
to measure tumor volume in horizontal and vertical 
directions. The formula used was V= (W2*L)/2. V 
means tumor volume, L means tumor length and W 
means tumor width (32). Tumor volumes were mea-
sured at two different time points, at end of 12th and 
16th weeks, for all experimental groups (A2 and B). 

Hematological investigation: Before euthani-
zation and under anaesthesia, a blood sample (2ml) 
was withdrawn from each animal for evaluating 
complete blood count (CBC), as well as liver and 
kidney toxicity.

Histopathological examination: After surgical 
excision of right and left pouches, then they were 
fixed in 10% neutral buffer formalin and embedded 
in paraffin wax. By microtome 5µm sections were 
obtained, and stained with hematoxylin and eosin. 
Examination was done by a light microscope.

Statistical analysis: To compare results of 
tumor volumes, Two-way ANOVA test followed by 
Duncan Multiple Range Tests were done. While for 
blood results, One-way ANOVA test followed by 
Duncan Multiple Range Tests were done. 

RESULTS

Size and shape of the combined drug GNR/
NTQ/PLGA/FA nanocapsules: The images 
of transmission electron microscopy (TEM) 
recorded that the nanocapsules (NCs) were highly 
monodispersed, well-defined and uniform in shape 
with regular distribution. Capsule’s size ranged 
from 115-180 nm and the morphology was spherical 
in shape (pan cake shape of PLGA shell). Numerous 
GNRs and NTQ were successfully encapsulated in 
the PLGA NCs while FA appeared at the border of 
the NCs as shown in Figure 1.

Clinical findings: Animals painted with 
DMBA showed hair loss and marked weight loss, 

red macules and papules, reduced length of the 
left pouches (about 2cm) compared to the control 
pouches (5 cm). Papillary overgrowths were found 
intra-orally and periorally which increased in size 
by end of the experiment. By end of week 16, 
animals treated with GNR/NTQ/laser and GNR/
laser (groups B1 and B3), showed marked weight 
regain and decrease in papillary overgrowths’ size 
up to complete ablation of small tumors in group 
B1. Animals treated with GNR/NTQ without laser 
and NTQ alone (groups B2 and B4) showed no 
improvement compared to group A2.

Fig. (1) TEM image of the prepared combined chemo/
photothermal drug (GNR/TQ/PLGA/PEG/FA). The 
average diameter of the capsules ranges from 115-
180 nm. Inset: Image of single capsule shows pancake 
shaped PLGA shell, the black structures are the GNRs 
and NTQ (large arrows).The black dots at the borders 
of NCs represent FA (small arrows). Magnification 
×12000

Assessment of tumor volume: Difference 
between tumor volumes at 12th and 16th weeks in the 
same group showed significant increase in the mean 
tumor volumes by end of the 16th week in groups A2 
(DMBA), B2 (GNR/NTQ/no laser) and B4 (NTQ) 
(1.03±0.17, 0.75±0.07 and 0.56±0.09, respectively) 
in comparison to their mean at 12th week (0.25±0.06, 
0.26±0.06 and 0.3±0.06, respectively). Significant 
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decrease was recorded in the mean tumor volumes 
of B1 (GNR/NTQ/laser) and B3 (GNR/laser) groups 
by end of the 16th week (0.00 ± 0.00 and 0.03 ± 0.01, 
respectively) in comparison to their mean at 12th 
week (0.31 ± 0.09 and 0.35 ± 0.05, respectively) as 
shown in Figure 2 (p ≤0.05). 

Fig. (2) Shows mean tumor volumes in hamsters’ pouches at 
different treatments and time points before (12 weeks) 
and after treatments (16 weeks). (A1: Negative control 
group, A2: DMBA group, B1: GNR/NTQ/PLGA/FA/
laser, B2: GNR/NTQ/ PLGA/FA/no laser, B3: GNR/ 
PLGA/FA/laser and B4: NTQ PLGA/FA).

Tumor volumes differences at end of 16th week 
showed no significant difference between group A1 
(negative control), B1 (GNR/NTQ/laser) and B3 
(GNR/laser). However, highly significant differ-
ence between groups B1 and B3 compared to A2. 
On the other hand, statistically significant differ-
ence was recorded between groups B2 (GNR/NTQ/
no laser) and B4 (NTQ) compared to A2 as shown 
in Figure 2 (p ≤0.05). Data of tumor volume were 
collected and organized using SPSS and Microsoft 
excel 2016. Inferential statistics for evaluating and 
comparing between   different   treatments at dif-
ferent time points were carried out using two-way 
analysis of variance (ANOVA). It was followed 

by Duncan multiple range tests (DMRTs) to com-
pare between groups in tumor volume results Data 
analyses were carried out using computer software 
statistical package for social science (SPSS) IBM-
SPSS ver. 23.0 for Mac OS. 

Histopathologic results (Figures 3): 

Group A1 (negative control) showed normal 
mucosa composed of four distinct layers. Group A2 
(DMBA group) showed well to moderate differenti-
ated oral squamous cell carcinoma (OSCC) in the 
form of numerous large papillomatous overgrowths 
with multiple invading malignant epithelial islands 
into the connective tissue. The rest of the epithe-
lium showed hyperplasia and hyperkeratinization 
with dysplasia. 

Group B1 (GNR/NTQ with laser) showed small 
papillomatous lesions of mild to severe dysplasia. 
The rest of epithelial surface showed hyperplasia 
and hyperkeratinization with variable degrees of 
dysplasia (from mild to severe). Apoptotic cells were 
found; as smaller cells with nuclear fragmentation, 
marked cytoplasm condensation with delineated 
cell borders.

Group B2 (GNR/NTQ without laser) showed 
multiple papillomatous overgrowths with well to 
moderate differentiated OSCC. The rest of the epi-
thelium showed hyperplasia and hyperkeratiniza-
tion with moderate to severe dysplasia. 

Group B3 (GNR/laser) showedsmall multiple 
papillomatous lesions that showed carcinoma in 
situ, as well as apoptotic cells.

Group B4 (NTQ) showed multiple papilloma-
tous overgrowths with well to moderate differenti-
ated OSCC. The rest of the pouches’ lining showed 
focal areas of epithelial hyperplasia and hyperkera-
tinization with moderate to severe dysplasia. 
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Results of blood analysis: Liver function tests 
(ALT and AST values) were increased significantly 
with GNR/NTQ/laser and GNR/laser. On the other 
hand, ALT and AST values decreased significantly 
in the positive control group, GNR/NTQ without 
laser and NTQ, as shown in (Table 1). Kidney 
function tests showed that creatinine level was 
significantly increased in positive control group 
and urea levels significantly decreased in positive 
control group. While no statistically significant 
difference in the mean values of uric acid between 
groups as shown in Table1(p ≤0.05). In blood count 
results (table 2), total white blood cells (WBCs) 
count was increased significantly in the GNR/NTQ/
laser and GNR/laser groups. While it was highly 
increased significantly in DMBA group, and very 

Table (1) Statistical analysis of liver and kidney function tests of all hamsters under different treatments at week 16:

Treatments ALT (U/L) AST (U/L) Creatinine (mg/dl) Urea (mg/dl) Uric acid (mg/dl)

A1 27.40 ± 1.97b 45.00 ± 1.58b 0.21 ± 0.06a 42.90 ± 0.67b 6.09 ± 0.29a

A2 0.70 ± 0.47a 1.50 ± 0.78a 0.34 ± 0.08b 41.10 ± 0.82a 6.77 ± 0.27a

B1 49.80 ± 4.96c 140.90 ± 27.0d 0.12 ± 0.01a 44.20 ± 0.29b 5.87 ± 0.34a

B2 6.20 ± 1.62a 9.10 ± 1.95a 0.15 ± 0.03a 44.00 ± 0.54b 6.06 ± 0.31a

B3 47.80 ± 4.52c 100.10 ± 2.09c 0.10 ± 0.00a 43.90 ± 0.46b 5.84 ± 0.39a

B4 7.30 ± 1.40a 4.10 ± 1.43a 0.10 ± 0.00a 42.80 ± 0.92b 5.78 ± 0.36a

Different between treatments groups was assessed by one-way analysis of variance and followed by DMRTs. Means 
followed by different letters are significantly different according to DMRTs at p ≤0.05.  

highly increased significantly in GNR/NTQ without 
laser and NTQ groups (p ≤0.05). Platelets count 
(plt) showed no significant difference in GNR/NTQ/
laser group. While it was increased significantly 
in GNR/laser group, and very highly increased 
significantly in DMBA, GNR/NTQ without laser 
and NTQ groups (p ≤0.05). Hemoglobin (Hb) level 
was decreased significantly in GNR/NTQ/laser 
group. It was very highly significantly decreased 
in DMBA, GNR/NTQ without laser, GNR/laser 
and NTQ groups compared to negative control 
group (p ≤0.05). Red blood corpuscles (RBCs) 
were decreased significantly in GNR/NTQ/laser 
and GNR/laser groups and it was very highly 
significantly decreased in DMBA, GNR/NTQ 
without laser and NTQ groups (p ≤0.05).

Fig. (3) A combined picture representing 
histopathologic sections, of all groups 
at end of the 16th week. A1: untreated 
group (H&E, x20), A2: DMBA group, 
B1: GNR/NTQ/PLGA/FA/laser 
group, B2: GNR/NTQ/PLGA/FA (no 
laser) group, B3: GNR/PLGA/FA/
laser group, and B4: NTQ/PLGA/FA 
group (from A2-B4: H&E x4). 



83V O L .  2    •    N O .  1

Photothermal and Nanochemotherapy in Treatment of OSCC

Table (2) Statistical analysis of WBCs, plt count, Hb and RBCs of all groups at end of the experiment  
(16 weeks):

Treatments WBCs (10^3/ul) Plt
(10^3/ul)

HB
(g/dL)

RBCs
(10^6/ul)

A1 5.19 ± 0.20 a 330.00 ± 16.72 a 12.93 ± 0.40 d 8.51 ± 0.27 d

A2 9.87 ± 0.43 c 1517.60 ± 137 d 6.26 ± 0.32 ab 3.12 ± 0.25 a

B1 8.74 ± 0.20 b 328.50 ± 36.91 a 10.24 ± 0.23 c 6.57 ± 0.12 c

B2 11.94 ± 0.16 d 1052.4 ± 67.92 c 5.93 ± 0.12 a 3.54 ± 0.27 a

B3 8.74 ± 0.20 b 741.00 ± 69.35 b 6.95 ± 0.09 b 4.77 ± 0.34 b

B4 11.14 ± 0.45 d 1108.8 ± 66.35 c 6.00 ± 0.20 a 3.45 ± 0.30 a

Different between treatments groups was assessed by one-way analysis of variance and followed by DMRTs. Means 
followed by different letters are significantly different according to DMRTs at p ≤0.05.  

Significant at p < 0.05. Data represented as mean ± standard error for mean. Difference between treatment groups 
was assessed by two-way analysis of variance and followed by Duncan’s multiple range tests (DMRTs). Means 

followed by different letters are significantly different according to DMRTs at p ≤0.05.

DISCUSSION

Combination of photothermal therapy (PTT) and 
chemotherapy often induce synergistic effects that 
markedly exceed the sum of individual treatment 
alone.(33).

The present study is aimed to examine the effect of 
combined photothermal and nanochemotherapy using 
gold nanorods (GNR) and nano thymoquinone (NTQ) 
on chemically-induced OSCC in hamsters.GNRswere 
used in the present work due to their to convert light 
into thermal energy, consequently leading to rapid 
rise of temperature under irradiation with near-
infrared (NIR) light (34).Thymoquinone (TQ) was 
used due to its anticancer effect against OSCC (35).

In the present study, the prepared polymer PLGA 
was used as a drug nanocarrier for GNR, NTQ and 
GNR+NTQ forming a pancake-shaped capsule 

with diameter ranges from 115-180 nm. PLGA NPs 
are widely used as drug delivery system for many 
therapeutic agents and is favorable for tumor- and/
or DNA-targeting(36).Folic acid (FA) is a targeting 
agent as tumor cells over-express their receptors (37). 
In the present study, FA was attached to the PLGA 
capsule through PEG junction (27). This feature 
seems to work in the current study, where it resulted 
in significant anti-tumor effect. This conjunction, in 
the study, depended on Saba et al (38) study. 

At end of the experiment, animals of DMBA, 
GNR/NTQ/without laser and NTQ groups showed 
noticeable decrease in body weight. On the other 
hand, animals regained weight in GNR/NTQ/
laser and GNR/laser groups. It may be due to 
their therapeutic effect and marked reduction of 
tumors (size and numbers) in the pouches. Previous 
studies reported that the DMBA treated-hamsters 
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had a significant loss of body weight, that might 
be due to poor food intake, resulting from marked 
shortening of the painted pouches, as well as tumor 
overgrowths; so the animals used only the right 
unpainted pouches for eating (39,40) .

The therapeutic effect of the drugs was assessed 
by measuring each group’s tumor volumes before 
and after treatments. Significant decrease in tumor 
volumes, were recorded with the combined therapy 
(GNR/NTQ) with laser, as well as GNR/laser 
group. When the tumors were exposed to NIR, 
the generated heat from the GNRs is transmitted 
to its surroundings including PLGA shell, NTQ 
and tumor. Thus, a higher temperature in the 
PLGA shell could stimulate drug release (41). These 
results were in line with Liao et al, (42) who used 
combined photothermal-nanochemotherapy based 
on doxorubicin/GNR loaded polymersomes in 
treatment of C26 cancer cell line. They measured 
the cytotoxicity of GNRs loaded polymersomes 
(P/GNRs), doxorubicin co-loaded polymersomes 
(P/DOX), and GNRs with doxorubicin co-loaded 
polymersomes (P/GNRs/DOX) with and without 
NIR laser. Approximately 56 % and 57% of cells 
were killed by P/DOX and P/GNRs, respectively. 
After NIR laser irradiation, P/GNRs/ DOX 
killed 74%. The authors proposed that the greater 
cytotoxicity of P/GNRs/DOX compared to P/DOX, 
was primarily a result of enhanced release of DOX 
upon NIR laser irradiation. GNR/NTQ/no laser and 
NTQ groups showed significant increase in tumor 
volumes at the end of the experiment. These results 
indicated unsatisfactory therapeutic effect of NTQ 
alone, which may be due to the low dosage given 
to the animals (only 2 doses). The same with GNR/
NTQ/no laser, which attributed to absence of laser 
irradiation that resulted in no activation of GNRs 
(required for melting the PLGA capsule) (43).

In the present study, histopathological results 
confirmed cancer regression and tumor volume 
results. Systemic treatment of the DMBA-painted 
animals with the combined drug (GNR/NTQ/laser) 
showed the best therapeutic effect in the form 
of significant decrease in tumors, with variable 
degrees of dysplasia. On the other hand, animals 
treated with GNR/laser showed less improvement 
in the form of smaller lesions that exhibit carcinoma 
in situ. GNR/NTQ/no laser and NTQ alone showed 
the worst results in the form of larger exophytic 
masses of well to moderate differentiated SCC. 
These results were in line with other studies (44,45).
in addition to apoptosis and necrosis of cancer cells, 
hyperthermia also enhances therapeutic efficacy 
when used with chemotherapy or radiotherapy(46). 
Apoptotic cells were identified in H&E sections 
with GNR/NTQ/laser and GNR/laser groups. Other 
studies reported the apoptotic and necrotic effect of 
irradiated GNRs(47, 48). and the apoptotic effect of TQ 
on malignant cells (49).

To evaluate the drugs’ toxicity, used for 
treatment, liver and kidney function tests were 
done. Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) markedly elevated in GNR/
NTQ/laser and GNR/laser groups (level of elevation 
of ALT was less than one fold, and AST was from 
2 to 3 folds more than normal). These results 
suggest that the liver might be affected mildly, due 
to activated GNRs may have a direct effect on the 
liver function. Some treatments were found to cause 
mild elevation in serum AST and ALT levels, due to 
enzyme induction but not lead to permanent liver 
damage (50) .Hepatotoxicity causes hepatocellular 
injury which in turn increases the levels of AST and 
ALT more than normal (5 to 10 folds) (51). In line 
with the current results, was Zhang et al study (52) 
who recorded an increase in AST and ALT after use 
of 10 nm and 60 nm of GNPs in rats. Whereas Saleh 
et al (53) injected normal hamsters by 18 nm of GNPs 
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and found no significant elevation in AST and ALT 
levels. Route of administration, type of laser and the 
shape of GNPs could affect the results (54).	

Results of WBCs count significantly increased 
with GNR/NTQ/laser and GNR/laser groups and 
highly significantly increased with DMBA, GNR/
NTQ without laser, and NTQ groups. The results 
were in line with Hassan et al (55) and El Mansy 
et al, (40) where the immune-suppressive effect of 
DMBA could lead to an increase in WBC counts as 
a defense mechanism. Although GNR/laser group 
showed clinical and histopathological improvement, 
it still showed marked elevation of WBC count 
(56). It could be due to their ability to stimulate an 
inflammatory response (57). Of interest, there was 
a significant improvement of WBCs count with 
GNR/NTQ/laser group, may be due to the immune-
enhancing effect of NTQ 40 .Platelet count showed 
no difference between the negative control and 
GNR/NTQ/laser groups, while increased in DMBA, 
GNR/laser, GNR/NTQ without laser, and NTQ 
groups. Platelets have a direct role in cancer (58)  and 
the increase in platelet count was directly related 
to the stage of OSCC. Moreover, it was found that 
inflammation, infection, iron deficiency anemia and 
cancer were known to elevate the platelet count (59) 
.Decrease in HB and RBCs levels with DMBA, 
GNR/NTQ without laser, and NTQ groups, while 
significantly decreased with GNR/NTQ/laser and 
GNR/laser groups. These results were as Zhang 
et al (52) and Saleh et al, (53) who attributed that to 
the ability of gold nanoparticles to pass through 
endothelial membrane of the bone marrow, which 
interfere with the erythropoiesis lead to immature 
RBCs. Nithya et al (60) reported that restoration of 
HB contents and RBC count in mice that received 
TQ after B(a)P-induction, indicated that TQ might 
protect the tissue from hypoxia and reduced the 
extent of tumorigenesis. 

CONCLUSIONS

The effective ablation of tumor was noticed after 
i.p injection of two doses of GNR/NTQ/PLGA/FA 
followed by the irradiation of NIR laser, while NTQ/
PLGA/FA or GNR/PLGA/FA/laser alone did not 
eliminate all tumors. The current findings showed 
that that combination between photothermal therapy 
and nonchemotherapy by GNR/NTQ/PLGA/FA 
was better than either treatment alone. 
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