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ABSTRACT 
 
INTRODUCTION: Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide, affecting over 400,000 
patients, and leading to over 200,000 deaths annually. Camptothecin (CPT), is a potent widely used chemotherapeutic drug. It shows a 
significant antitumor activity against various types of cancer. It inhibits the activity of DNA topoisomerase I enzyme (TOP I) during the S 
phase of the cell cycle leading to persisting single-stranded DNA breaks. 
OBJECTIVES: To study the therapeutic efficacy of CPT chemotherapeutic drug against induced oral squamous cell carcinoma (OSCC). Also 
the study will evaluate the treatment, by the use of proliferative immune-histochemical marker (PCNA). 
MATERIALS AND METHODS: Squamous cell carcinoma will be chemically induced in thirty Syrian hamsters. Then they will be divided 
into two groups, 15 per each. One group will be treated with CPT, The other group will be treated with saline as negative control group. 
RESULTS: CPT treated animals showed significant results over the control group. 
CONCLUSIONS: CPT induced apoptosis in tumor cells and enhanced survival rates in comparison to control group. 
KEYWORDS: Oral squamous cell carcinoma, hamsters, Camptothecin.   
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INTRODUCTION 
Oral squamous cell carcinoma (OSCC) is the sixth most 
common cancer worldwide that invades local tissue, 
metastasizes and has high mortality rate with overall 5 years 
survival rate (1, 2). Conventional treatment strategies for 
early diagnosed OSCC are surgery and radiotherapy, either 
as single modality or in a combination therapy, with no or 
minimal functional and physical morbidity.  However, 
because of the complex anatomy and the vital functions of 
the facial structures, the extent of surgery will always be 
limited (3, 4). Chemotherapeutic drugs commonly used 
targeting OSCC includes 5-fluorouacil, cisplatin and 
paclitaxel (5). Unfortunately, the majority of them remain 
palliative, not curative (6).  
        A widely used chemotherapeutic drug is Camptothecin 
(CPT). Wall and Wani were the first researchers to isolate 
CPT from the barks of a plant called Camptotheca 
acuminate in 1966. Camptothecin is a cytotoxic, quinoline 
alkaloid characterized by the planar pentacyclic ring system 
(7). It binds to the DNA topoisomerase I (TOP I) which is 
an essential enzyme that relaxes supercoiled DNA prior to 
transcription through the formation of single strand breaks 
and religation. This union forms a very stable structure 
called the covalent complex. Upon binding to TOP I, CPT 
selectively induce cytotoxicity to the cells’ replicating DNA 
during the S phase. Its toxicity is primarily a result of 
conversion of single-strand breaks into double-strand 
breaks by preventing religation when the replication fork 
collides with the covalent complex. Camptothecin interacts 
only with those cells which are in the S-phase.  This means 
that CPT is toxic to the cells that are undergoing DNA 
synthesis. Cancerous cells are rapidly replicating and they  
 

 
spend more time in the S-phase in relation to healthy tissues, 
and therefore they are killed with much higher efficiency 
than the healthy host tissues. Such selectivity of cytotoxicity 
is a promising property of CPT (8-10). Several studies have 
shown that CPT and its derivatives can strongly induce 
apoptosis in human leukemic cells, prostate (11), colon 
(12), and breast cancer (13).  
       The aim of the present work was to study the 
therapeutic efficacy of CPT on chemically induced OSCC 
in hamsters’ buccal pouches. Moreover the study will 
evaluate the treatment, by the use of proliferative 
immunohistochemical marker (PCNA). 
 
MATERIALS AND METHODS 
The study was performed in the Faculty of Dentistry, 
Alexandria University after gaining the approval of the 
Research Ethics Committee. Thirty Syrian golden male 
hamsters (Five weeks old), weighting 80-110 gram were 
obtained from holding company for biological products and 
vaccines (VACSERA), Helwan, Cairo, Egypt. They were 
housed in show box cages (Technoplast, Italy) one per cage, 
at the experimental animal unit in the Medical Technology 
Center (Medical Research Institute, Alexandria University, 
Egypt). 
a- Cancer Induction 
The animals’ left buccal pouches were painted with 0.5% 7, 
12-dimethyl 1, 2-benzanthracane (DMBA) (Sigma-Aldrich) 
dissolved in liquid paraffin using a number 4 paint brush. 
Following a standard carcinogenesis protocol, this 
procedure was repeated 3 times per week for 18 weeks or 
upon developing oral neoplasms. 
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b- Treatment Plan 
After cancer induction, the hamsters were injected with the 
desired treatment according to the planned protocol using 
an insulin syringe. During the treatment procedure they 
were lightly sedated using ketamine hydrochloride. The 
control group received saline of 0.9% concentration. The 
CPT group was injected with a dose of 2 mg/kg (9). The 
hamsters in the control group received saline, with the same 
dose. Each group received the proposed treatment three 
times per week for one week. 
       After treatment, biopsies were extracted from the 
sacrificed animals in both groups. They were fixed in 10% 
buffered formaldehyde solution and embedded in paraffin. 
Sections 4µm thick, stained with hematoxylin and eosin 
(H&E stain) to confirm and grade the type of the induced 
carcinoma and to count the apoptotic bodies after treatment. 
Other 4µm thick sections were mounted on super frost plus-
coated glass slides for immunohistochemical evaluation of 
the proliferation activity using monoclonal proliferation cell 
nuclear antigen (PCNA). The immunostaining results were 
scored using an image analyzer (Image J software).  
d- Evaluation of the Proposed Treatment 
i- Evaluation of Tumor Volume 
Tumor volume was measured in all animals just prior to 
treatment using a caliber. The same measurements were 
performed weekly after treatment over a period of 4 weeks. 
Tumor volume percent change were calculated as follows: 
[(volume by the end of the 4th week - volume before 
treatment) /volume before treatment] x100. 
 ii- Survival Time and Increased Life Span 
Animal survival time in terms of days and increased life 
span were recorded as well (mean, standard deviation) and 
compared to the values for the control group.   
e- Statistical analysis  
The data were collected, tabulated and statistically analyzed 
using the SPSS system (release 11.0 software). All results 
were expressed as (mean±SD). Tumor volume changes 
before and after treatment was analyzed statistically using 
paired t-test. 
      The influences of the numerical variables on the 
survival rate were examined by univariate analysis and 
multivariate regression analysis (Cox proportional hazards 
model). Paired t-test was used to analyze the apoptotic index 
between study groups. Also it was used to analyze the mean 
area percent and mean optical density of the 
immunohistochmical results. In all statistical results, a p 
value < 0.05 was considered significant. 
 
RESULTS 
a. Sequential Clinical Changes during Period of 
Carcinogenesis 
The hamsters in the study groups were observed for the 
clinical changes during the period of carcinogenesis. After 
few weeks non-scrapable white lesions (leukoplakia) in 
different forms with sloughing of the mucosa started to be 
seen. Afterwards, some lesions turned into mixed white and 
red lesions (erythroleukoplakia). Meanwhile by the end of 
the carcinogenesis process, well developed oral tumors 
were observed, as exophytic masses with smooth or 
lobulated surfaces. (Figure 1) 
 
 
 

 
 

 
Figure 1: Multiple Exophytic Masses wither Smooth or Nodular 
Surface in HBP. 
 
b- Sequential Histological Changes during Period of 
Carcinogenesis   
Hamsters were sacrificed periodically during the 
carcinogenesis period to evaluate and grade the histological 
changes of the tumor. After few weeks of cancer induction, the 
epithelial dysplastic changes started to appear, where the 
hamster buccal pouch (HBP) showed mild epithelial dysplasia, 
then moderately then the dysplastic changes turned into severe 
epithelial dysplasia, and carcinoma in situ. (Figure 2). At the 
end of cancer induction, some tissues revealed early invasive 
OSCC with evident points of invasion of the malignant 
epithelial cells into the underlying lamina propria. By the end 
of carcinogenesis, different grades of differentiation, well, 
moderately and poorly differentiated OSCC was observed 
(Figure 3).  
 

 
Figure 2: Moderate Epithelial Dysplasia with bulbous rete pegs 
with abnormal mitotic figures (Arrow) (H&E X 400). 
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Figure 3: Moderately Differentiated SCC Showing a Cell Nest 
(H&E X 400). 
 
c- Grouping and Treatment Plan 
At the end of carcinogenesis process, three hamsters died 
during the induction process and the remaining hamsters 
developed tumor masses with incident rate of 100% and 
tumor multiplicity of 2.4 ± 1.53 tumors per hamsters. They 
were divided blindly into 2 groups, according to the type of 
the proposed treatment. 
d- Evaluation of the Proposed Treatment 
i- Evaluation of Tumor Volume 
The tumor volumes in the study group were recorded 
weekly till the 4th week after treatment. They were 
measured before and after treatment and the results was as 
follows: In the control saline group, some tumors continued 
to increase in their volume by a percent change of 6.8 %. In 
the CPT group, the treated tumors recorded significant 
decrease in the mean tumor volume by -28.5% (p<0.05) as 
shown in Table 1.  
 
Table 1: Tumor volume* in mm3 (mean±SD) before and after 
treatment, percentage of volume change (mean±SD). 

 
Group 
(n=12

0) 

 
Treatme

nt 

Mean 
tumor 
volume 
before 

treatment* 

Mean 
tumor 
volume 

after 
treatment

* 

Percent
age of 

volume 
change 

P 
valu

e 

Group 
I 

(n=15) 
Saline 141.0 

(±90.1) 
148.2 

(±91.2) 
6.8 

(±2.4) 
0.00
8** 

Group 
II 

(n=15) 
CPT 1196 (±451) 854 (±169) -28.5 

(±1.6) 
0.01
0** 

* Tumor volume in mm3 = D max X (D min) 2 / 2.  
**  Statistically significant (p<0.05) in comparison between 

mean tumor volume before and after treatment in each 
group.   

 
ii- Survival Rate 
The control saline group, showed mean survival rate of 12 
(±1.4). The CPT group, revealed significant increase in the 
mean survival rate which was 24 (±3.3). The mean survival 
rate (± SD) and increased life span (ILS %) are summarized 
in Table 2. 
 
 

 
Table 2:  Survival rate in days (mean ± SD) after treatment 
and increased life span (ILS %)*. 

Group 
(n=120) Treatment 

Mean 
survival 

time 

 ILS 
%* P value 

Group I 
(n=15) Saline 12 

(±1.4) 
  0.001 

Group 
II 

(n=15) 
CPT 

24 
(±3.3) 

** 

 
72 % 0.001 

* 𝐼𝐼𝐼𝐼𝐼𝐼% = ��𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠 𝑡𝑡𝑠𝑠𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑡𝑡𝑠𝑠𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚𝑡𝑡 𝑔𝑔𝑠𝑠𝑜𝑜𝑠𝑠𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠 𝑡𝑡𝑠𝑠𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑚𝑚𝑡𝑡𝑠𝑠𝑜𝑜𝑠𝑠 𝑔𝑔𝑠𝑠𝑜𝑜𝑠𝑠𝑔𝑔

� − 1� x 100 
** Statistically significant (p<0.05) in comparison to the mean 

survival rate of the control group. 
 
e- Microscopical Evaluation 
I- Apoptotic Index (AI) Analysis  
In the saline control group the quantitative AI analysis revealed 
mean values of 1.24 (±1.47) and in the CPT group, the mean AI 
was 11.3 (±1.54) and both were not statistically significant of 
(p>0.05).  Apoptotic Index after Treatment (mean ± SD) is 
summarized in Table 3. 

Table 3:  Apoptotic Index in All Groups after Treatment 
(mean ± SD). 

Group 
 (n=120) 

Treatment Apoptotic Index 

Group I (n=15) Saline 1.24 (±1.47) 

Group II 
(n=15) CPT 11.3 (±1.54) 

 
II- Immunohistochemical Results 
The immunohistochemical proliferation assay was done 
among the study groups, using PCNA proliferative marker. 
The immunoreaction in both groups showed variations in 
both, mean area percent (MA %) and mean optical density 
(MOD). 
         In the control saline group, the malignant epithelial cells 
showed intense nuclear immunoreactivity to PCNA. Most of 
the cells showed positive reaction, indicating high proliferative 
index in this group, it also showed the highest MA % of 
83.2±2.7 and the highest MOD of 73.9±58.1 (Figure 4). In the 
free CPT group, the immunoreactivity of malignant epithelial 
cells to PCNA was decreased. Intense nuclear immunoreaction 
was noted at the peripheral cells, lining the cell nests. The 
MA% decreased in comparison to the control saline group to 
30.4±3.2. The MOD also, decreased to 44.0±5.3. The MA was 
of significant value (p<0.05) (Figure 5).  
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Figure 4: Intense Nuclear Immunoreaction to PCNA throughout 
Malignant Epithelial Cells in Control Saline Group (PCNA X 
400). 
 

 
Figure 5: Positive Nuclear Immunoreaction Limited to Some 
Peripheral Malignant Epithelial Cells with Negative 
Immunoreaction Seen in the Rest, in the CPT treated Group 
(PCNA X400). 
 
DISCUSSION 
Head and neck cancers represent a major international 
health problem worldwide, 90% of them are oral squamous 
cell carcinoma (OSCC). The survival rate of cancer patients 
is heavily dependent on early diagnosis. The average 5 year 
survival rate following diagnosis is 42% to 64% and this 
prognosis has not changed in the past 60 years (14). 
Conventional treatment of OSCC, is surgery and 
radiotherapy either as a single modality or in a combination 
therapy. Most early-stage OSCC can be locally excised and 
treated with radiotherapy, with no or minimal functional 
and physical morbidity (3, 4). Meanwhile, conventional 
therapy is far less successful for patients with advanced, 
recurrent and metastatic cancer (15). 
        The DMBA-induced squamous cell carcinoma in hamster 
buccal pouch represents the closest relationship between 
cellular and molecular events that occurred in the development 
of pre-malignant and malignant lesions in human beings. 
These include types of mutations, changes of expression of 
oncogenes and markers of cell proliferation (16). In the present 
study, the intra oral tumors started to develop after application 
of DMBA at 0.5% concentration three times per week, for a 
period of 16 weeks. This goes with the results of Taraboletti G 
and Giavazzi R. on their work for production of cancer 
angiogenic model, they developed a clinically visible 
exophytic masses after 16 weeks of application (17). On the 
other hand Bampi V. et al.  succeeded to develop a well 
differentiated tumors only after 8 weeks of application. They 
induced the cancer on two stages: an initiation phase, induced 
by a carcinogen, and a phase of tumor promotion, stimulated 

by a promoter to minimize the constant handling throughout 
the experiment with the animal and the carcinogen (18).    
         Many chemotherapeutic drugs are used in treating 
different types of cancers, among them camtothecin (CPT) 
which has a prominent role as anticancer treatment (10). In this 
research, the clinical results in terms of tumor volume revealed 
the effectiveness of treating the induced OSCC with CPT. The 
survival rate of the hamsters treated with CPT showed 
prolonged life span with significant decrease in the mean tumor 
volume. This was in accordance with Sanli et al. in their work, 
they use CPT as a single agent to treat both recurrent and 
metastatic colorectal cancer. They revealed higher results in 
the treatment of colorectal carcinoma with prolonged life span 
(19). Similar results were also obtained by Rosati and Cordio 
S. They examined the anti-tumor effect of CPT on advanced 
cases of colorectal cancer with more than 50% decrease in the 
tumor volume compared to pre-treatment measurements (20).   
        In the current study, the histological results in terms of 
apoptotic index (AI) confirmed that CPT had an effective 
cytotoxicity that could be used in the treatment of cases of 
OSCC. The AI recorded higher values in the group treated 
with CPT, with the presence of different stages of apoptosis. 
This suggested the success in targeting the tumor site with 
CPT. This was also reported by Rapic et al., they revealed a 
significant increase in apoptotic index after treatment with 
CPT over 5-fluorouacil by using an in vitro and in 
vivo model of colorectal cancer (21).  
          The use of different types of microscopical assessments to 
characterize various tissue changes is essential to report the 
proposed treatment. In the present investigation, the therapeutic 
efficacy of the proposed treatment was done by assessing the AI 
by light microscope, whereas, the immuno-histochemical 
analysis was done to assess the proliferative activity by the 
PCNA marker. The histological results confirmed the 
therapeutic anti-cancer effect of CPT in the treatment of induced 
OSCC in HBP. The positive nuclear immunoreactivity showed 
its highest significant values in the control group treated with 
saline over the CPT treated group. On the contrary decreased or 
diminished PCNA immunoexpression was strongly noted in the 
group treated with CPT. Tumor regression is noted with an 
inverse correlation between PCNA as a proliferative marker and 
tumor apoptotic index. These results are in accordance with Qiao 
et al., who used PCNA as a proliferative marker to test the effect 
of different chemotherapeutic drugs including CPT in prostate 
carcinoma cell line (22). 
 
CONCLUSION 
Camptothecin can effectively decrease the mean tumor 
volume, increased survival rate and enhanced mean AI. 
Also it lowered the degree of cellular proliferation inside the 
tumor tissue. 
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