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ABSTRACT

Objective: The utility of natural, synthetic, or biological chemical factors that hide or inhibit 
carcinogenic incidence is the aim of cancer chemoprevention. One of the food items that play an 
important role in cancer chemoprevention is Spirulina platensis (blue green alga). Until now, there 
is relatively little information on the cancer chemopreventive role of Spirulina platensis (Sp) in 
animal researches. So, the squamous cell carcinoma can be induced by using 4-nitroquinoline-1 
oxide (4-NQO) in tongue mucosa of rats and the chemopreventive efficiency of Spirulina platensis 
regarding the oral carcinogenesis was examined. 

Materials and methods: 30 healthy albino rats were equally divided into 3 groups.  
Group I (rats received normal saline) served as control, Rats of both group II and III received 
50ppm 4NQO daily in drinking water for 20 weeks. Spirulina platensis was orally administered to 
rats of group III at a dose of 300 mg/kg body weight, once daily via gastric tube. After 20 weeks of 
drugs administrations, the histopathological changes were evaluated microscopically. Furthermore, 
by using the image analyser computer system, the anticarcinogenic potential of Spirulina platensis 
was examined through the immunohistochemical expressions of cytokeratin 5 in tongue specimens.

Results: oral administration of Spirulina platensis considerably reduced the frequency of 
4-NQO produced tongue carcinogenesis. A lower percentage of cytokeratin5 immunoexpression 
was registered in the Spirulina platensis treated group when compared to the carcinogenic group.

Conclusion: our results demonstrated that Spirulina platensis can exert chemopreventive 
effect against tongue carcinogenesis through suppression of cell propagation and promotion of cell 
adherence.  

KEYWORDS: Tongue carcinogenesis, 4-Nitroquinoline-1-oxide, Chemoprevention, Spirulina 
platensis, Rats. 
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INTRODUCTION 

Oral tumor is a widespread neoplasm through-
out the world, predominately in developing nations, 
that it comprises up to 25% of all cancer types.[1] 
One of the malignant neoplasm is the oral cancer 
that has high mortality and morbidity rate.[2] Squa-
mous cell carcinoma (SCC) is approximately 90% 
of oral cancer, which most commonly invades the 
tongue.[3] 

Several carcinogenic materials have been used 
for chemical induction of cancer in rats. The most 
widely used material is 4-nitroquinoline 1-oxide 
(4NQO).[4,5] 

4 Nitroquinoline-1-oxide (4NQO) is a water-
soluble quinoline derivative, and a potent 
carcinogenic agent in various body organs. When 
administered 4NQO via drinking water in low 
concentrations, it can induce tongue squamous cell 
carcinoma. [6] The resulting morphological features 
and pathological changes match those seen of 
human tongue squamous cell carcinoma during its 
progression.[7] So, for discussing the early events 
in oral carcinogenesis, 4NQO induced rat tongue 
SCC was the best choice model[8,9] and excellent 
to explore the natural and synthetic agents for 
chemopreventive efficacy.[10–12]

Cancer prevention by using biological, pharma-
cological, and nutritional interference is the main 
target of chemoprevention investigate that offers 
a promising treatment for oral cancer.[13,14] Herbal 
therapy undertakes a necessary portion in pharma-
ceutical medication for a prolonged time because of 
their low cost and minimal side effects. [15]

Evidence from Epidemiological studies have 
indicated that consumption of certain diet elements 
like blue green algae spirulina platensis is associated 
with lower incidence of cancers.[16,17,18]  Spirulina 
platensis (Sp) is a filamentous blue green alga that 
is one of the Oscillatoriaceae family. Sp is mostly 
found in tropical and semitropical countries of 
cozy alkaline water. Spirulina is recognized by 
elevated nutritional amount where it rich in proteins 

(60–70% by dry weight), amino acids, multiple 
vitamins, gamma-linoleic acid, and minerals.[19] 

The using of spirulina as a nutritional supplement 
has health advantages in managing or prohibiting 
hyperglycerolemia, hypercholesterolemia [20], 
inflammation, overweight [21], cancer [22], and 
cardiovascular disease [23]. Moreover, the antidiabetic 
effect of Spirulina [24], radio preventive efficacy [25] 

and a powerful  protective for the testicular tissue 
damage by oxidative stresses resulted from the 
heavy metals.[26] This encouraged us to assess the 
power of these blue green algae in the oral cancer 
chemoprevention. Therefore the current work 
was designed to investigate the chemopreventive 
power of the spirulina platensis (SP) versus 
4-Nitroquinoline-1-Oxide (4-NQO) induced 
tongue carcinogenesis in rats through quantitative 
evaluation of the cytokeratin immunoexpression.

MATERIALS AND METHODS:

Chemicals

4-nitroquinoline 1-oxide (4NQO) was obtained 
from Sigma Company in the form of powder and 
dissolved in the drinking water for rats of groups (II, 
III) to a definite concentration of 0.05 g/l (50ppm), 
so the drinking water was replaced one time per 
week. Spirulina platensis (SP) is a bright, blue-
green tablet with a specific odour. It was purchased 
from (iHerb.com).

Experimental design 

A total of thirty healthy male albino rats were 
used in this study. Rats were protected under accu-
rate temperature (24 ± 2°C), light–dark periods of 
12 hours and with free access to standard commer-
cial diet and drinking water in an air conditioned 
room. The experimental method was performed 
in submission with ethical principles for animals’ 
research and undertaken by approval of the insti-
tutional guidelines of Faculty of Medicine, Cairo 
University. After one week of acclimation, rats were 
randomly divided into three groups (10 rats each).
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Group I (Control): Rats received normal saline 
and act as a control group.

Group II (4NQO): Rats administered 50 ppm 
4NQO daily in drinking water for 20 weeks. [27]

Group III (Sp): Rats in this group were orally 
administered Spirulina platensis once daily at the 
same time of cancer induction, via gastric tube at 
a dose of 300 mg/kg body weight (dissolved in 
distilled water).[28,29]

Histopathological analysis

By the end of the experimental period, the rats 
were sacrificed. The tongue was longitudinally 
bisected into two halves; each half was subjected to 
fixation in buffered formalin (10%) then embedding 
in paraffin blocks. Sections of 4μm thickness were 
made for routine histopathological examination 
with haematoxylin and eosin (H&E), then examined 
under light microscope.[30]

Immunohistochemistry

Deparaffinisation of the 4 μm tongue sections in 
three changes of xylene was done, then rehydration 
in a graded series of ethanol to distilled water 
was performed. The slides were placed in 0.01 
M citrate-buffer pH 6.0 and heated in a steamer 
for 30 min for antigen retrieval. Incubation in 3% 
hydrogen peroxide for 20 min at room temperature. 
Immunohistochemical staining was performed by 
using streptavidin-biotin peroxidase method [31] 

For Immunohistochemical evaluation of 
cytokeratin, the epithelial cells with brown staining 
cytoplasm were considered cytokeratin-positive 
cells. [32] The cytokeratin positive cells in 100 basal 
and suprabasal cells of the tongue were counted in 
five high-power fields. The average percentage of 
cytokeratin-positive cells and its standard deviation 
value for each group were obtained. The cytokeratin 
immunoreactivity was measured in the form of 
an area and area percent in a standard measuring 
frame per 10 fields using the magnification 400X 
by light microscopy transferred to the monitor. The 

areas of the most intense staining were masked by 
a blue binary colour that could be measured by the 
computer system. 

Statistical Analysis:

The measured values were expressed as mean 
± standard deviation. The data were analysed 
statistically using the analysis of variance (ANOVA) 
test was used to compare the mean immunostaining 
intensity values of Cytokeratin 5 between the 
control and the experimental groups. All statistical 
calculations were done using computer programs 
SPSS (Statistical Package for the Social Science; 
SPSS Inc., Chicago, IL, USA) version 15 for 
Microsoft Windows. A p value below 0.05 was 
considered significant.  

RESULTS

Histopathological Findings:

Group I (Control): Histopathological examina-
tion of control group showed that the normal tongue 
mucosa is covered by keratinized stratified squa-
mous epithelium. Normal filliform papillae could 
be detected. The underlying connective tissue stro-
ma was composed of fibroblasts, collagen fibers, 
and few blood vessels. Beneath the lamina propria, 
groups of well formed striated muscles were also 
observed (Fig, 1).

Fig. (1) Photomicrograph showing normal tongue mucosa 
covering the dorsal surface of the tongue, group I 
(Control).H&E × 200.
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Fig. (2) Group II (4NQO): (A) hyperplastic and hyperkeratinized (arrow) stratified squamous epithelium of dorsal surface covering 
connective tissue. (B) Epithelium lining the ventral surface showing hyperchromatism, basilar hyperplasia, and alteration 
in N/C ratio, invasion of neoplastic epithelial cells into the subepithelial tissues (short arrow). The underlying connective 
tissue showing dilated blood vessel engorged with blood (arrow) and infiltrated with inflammatory cells. (C) Hyperkeratosis, 
acanthosis of the dorsal surface epithelium. (D) High magnification of epithelium showing multiple keratin pearls and cell 
nests (long, short arrows). (E) Covering epithelium of ventral surface showing dysplastic features in form of loss of cellular 
adhesion, basilar hyperplasia, hyperchromatism, and increased mitotic figures (arrow head) with appearance of epithelial 
nests in underlying connective tissue (arrow). (F) Discontinuity of the basement membrane (arrow heads), and invasion of 
cell nests in the underlying connective tissue (arrow), H&E × 200.
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Group II (4NQO): light microscopic examination 
of the tongue´s sections of 4NQO treated rats showed 
evidence of hyperkeratosis, acanthosis and signs of 
dysplasia in the different layers of the epithelial 
covering the dorsal surface of the rat’ tongue. Few 
inflammatory cells were included in the underlying 
connective tissue. Evidence of carcinogenesis 
in the form of well differentiated squamous cell 
carcinomas recognized by the spreading of tumor 
epithelial cells into the subepithelial tissues. Tumor 
cells having hyperchromatic, pleomorphic nuclei 
displayed changed nuclear/cytoplasmic ratio, 
discontinuous basement membrane. The tumor cells 
disseminated into the underlying submucosa and 
muscle fibres of the tongue, resulting in small nests 
with typical keratin pearl formation (Fig.2). 

Group III (Sp): Spirulina platensis considerably 
reduced the incidence of squamous cell carcinoma. 
Histological examination showed that the 
epithelium covering the dorsal and ventral surface 
of tongue mucosa of rats treated with spirulina 
platensis restored its integrity and revealed marked 
improvement (Fig. 3).

Immunohistochemical findings:

Group I: Examination of tongue sections of 
control rats incubated with cytokeratin monoclonal 

antibody (CK 5) revealed strongly positive reaction 
(dark brown) of the cytoplasm of both basal, 
suprabasal layers of the epithelial cells, while 
moderately positive cytokeratin expression in the 
keratin layer. Negative cytokeratin expression in the 
underlying connective tissue. 

Group II: marked reduction in CK 5 immunohis-
tochemical expression in different epithelial layers 
of tongue sections treated with 4NQO, expressed as 
weakly to moderately positive CK 5 reaction, with 
regard to the epithelial nests   in the underlying lam-
ina propria.

Group III:  Immunohistochemical expression of 
CK5 of tongue section of Sp treated rats showed 
the same CK5 staining intensity of the surface 
epithelium pattern as taken from the control rats 
(Fig. 4). 

Statistical Results:  

Immunohistochemical analysis showed a 
significantly increased cytokeratin 5 expression in the 
Spirulina platensis treated group (P-value < 0.0009). 
The mean values are summarised in Table 1 and  
Fig. 5 for cytokeratin5 expression among the studied 
groups. 

Fig. (3) Photomicrograph of Group III (Sp): showing nearly normal architecture of  stratified squamous epithelium covering the 
dorsal surface (A) and ventral surface of tongue (B), H&E x 200.
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DISCUSSION

Carcinogenesis has several stages including 
initiation, promotion and tumor progression. 
Several researches have been made to discover a 
natural or a synthetic compound that could prevent, 
slow or reverse the process of carcinogenesis, 
which is known as chemoprevention. Spirulina 
platensis has been regarded as one of the most 
promising products used in chemoprevention. [33, 34] 
The current work is considered the first study of the 
in vivo chemopreventive role of SP against tongue 
carcinogenesis induced by 4NQO. Our results 
showed that 4-NQO induced typical carcinogenesis 
signs and pathological alterations on the tongue 
epithelium. Our findings coincide that were shown 
4-NQO produces squamous cell carcinomas in rats 
and mice. [6, 35] 4-NQO is a quinoline derivative and 
water soluble that can result in formation of DNA 
adduct and also can subject to reduction-oxidation 
rounding to generate (ROS) reactive oxygen species 
that leads to DNA strand breaks and mutations. 
[36] It has been proposed that the efficiency of SP 
to restrain the carcinogenesis is due to its potent 
anti-oxidant features that maintain tissues from 
cell deterioration, significantly reversed the 
deleterious effects of 4NQO on tongue epithelium. 
The Spirulina platensis chemopreventive effect on 

Fig. (4) A photomicrograph of tongue mucosa specimens incubated with anticytokeratin monoclonal antibody revealed: Group I 
(control) (A): strongly positive CK5 expression in the epithelial cells, and negative expression in the underlying connective 
tissue. Group II (4NQO) (B1, B2): weakly to moderately positive CK 5 expression. Note: appearance of cell nests in the 
underlying lamina propria. Group III (Sp) (C): Similar immunohistochemical expression of CK5 to the control group.

Fig. (5) A bar chart illustrating the statistical difference in the 
mean values of overall expression of cytokeratin 5 
among the studied groups

** (P-value < 0.001) = highly significant

TABLE (1) The mean values (mean ± standard 
deviation) of cytokeratin5 expression 
among the studied groups

Group M ± SD
F- 

value
P - value

Control (10 rats) 67.174 ± 1.414

13.01 0.0009**
4NQO (10 rats) 54.164 ± 10.706

4NQO+SP(10 rats) 65.801 ± 4.264

**Significant difference at (p<0.001).  
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tongue carcinogenesis is symmetrical with preceding 
records, which were investigated by light and 
electron microscopy, in which Sp has been revealed 
prevention of the incidence of liver carcinogenesis 
and inhibition of DBN-induced hepatotoxicity.[22,37] 
Also, SP treated pregnant rats’ relieved the brain 
damage in newly-born rats induced by lead toxicity.
[38] As well as pre-treatment with SP might exhibit 
a role in decreasing the effect of cadmium toxicity 
due to the protective effect of its antioxidant 
properties that detected by the lowering of MDA 
and NO in addition to the increasing of GSH and 
SOD levels in liver tissue.[39] It has been reported 
that Spirulina was considered as normal origin of 
proteins, carotenoids and other micronutrients 
when used in daily diets of natives in Africa and 
America. Spirulina contains various phytopigments 
(carotenoids, chlorophyll, and phycocyanin). [40]  

So it can increase the efficiency of the enzymes 
that are concerned with the antioxidants as catalase, 
superoxide dismutase, glutathione reductase and 
glutathione peroxidase significantly. Apart from 
that, Spirulina contains phenolic acids, tocopherols 
and bcarotene that are known to exhibit antioxidant 
properties.[41] In addition to studies reported that 
Spirulina has been documented to be efficient versus 
the free radicals induced cellular transformation.[42] 
Therefore, in our study, the antioxidants found in 
Spirulina platensis might explain how to maintain 
the endogenous antioxidants and inhibit elevation 
of oxidative stress, thus relieving the pathological 
changes induced by 4NQO in tongue epithelium. 
An important issue must be taken into consideration 
regarding the chemopreventive inhibitory role 
of Spirulina on tongue carcinogenesis; it exactly 
differs according to many variables; Spirulina 
doses, shapes and modes of administration, tumor 
induction procedure. 

In the present work, the induction of tongue 
carcinogenesis was accompanied with decreased 
immunohistochemical expression of cytokeratin 
5. Cytokeratins (CKs) are the major proteins of 
the intermediary filaments of keratin, located in 

the cytoplasm and represent an important part of 
the cytoskeleton of all epithelial cells [43, 44] and it 
has been observed that changes in CK expression 
patterns leads to the altered expression of numerous 
genes and proteins in different organ systems.[45] 

The strong CK5 expression in the epithelial cells 
of tongue mucosa from the control and Spirulina 
platensis treated rats; insured that CK5 play a major 
role in cell to cell contact, anchoring the nucleus 
within the cell maintaining its structural integrity, 
while the weakly immunohistochemical expression 
of CK5 in the tongue specimens of 4NQO treated 
rats that results in carcinogenic transformation in 
the form of squamous cell carcinoma as observed by 
light microscope. These results could be explained 
as any deviation from the normal might affect the 
whole tissue adversely and decrease the cytokeratin 
reactivity in the different epithelial cells. Our results 
coincides with other studies reported that Ck5 
expression is diminished at the stratum spinosum 
level of the normal and in the dysplastic epithelium 
of the oral mucosa. Cytokeratins furnish mainly 
as tumor markers for diagnostic methods in case 
of cancers.[46] Regarding the prognostic value of 
these proteins, the results of the current work are 
parallel to former researches that revealed a reduced 
cytokeratin CK5 expression was associated with 
malignant transformation; but, the CK5 expression 
did not stop entirely.[47] In comparison to other study 
reported an elevated CK5 expression in 81% of 
squamocellular carcinomas that were involved in 
their work, with strong CK5 immunoexpression, 
that was spreaded in the most of the tumoral cells.
[48] These findings denote anti-invasive effect and 
promoted cellular adhesion as a recent technique 
for the chemopreventive role of Spirulina platensis. 
Therefore additional studies are required for 
improved understanding of the effectiveness of 
this naturally occurring blue green algae Spirulina 
platensis to make sure of these observations and 
optimistically to emphasize their potential in oral 
cancer chemoprevention.  
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