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Abstract

Keywords

 In this study, the anti-tumoral effect of S. platensis was investigated in Balb-c mice with EAT 
(Ehrlich Acid Tumor). S. platensis was applied in the form of 200 mg/kg and 800 mg/kg concentrate. 
Blood taken from mice was separated into their serum and TAL (Total Antioxidant Level), TOL (Total 
Oxidant Level), ALT (Alanine Aminotransferase) and AST (Aspartate Aminotransferase) parameters 
were studied. Kidney, stomach, small intestine and large intestine tissues of the sacrificed subjects 
were removed and evaluated pathologically. As a result, when the biochemical values of S. platensis  
activity and control groups were compared statistically there was no statistically significant difference, 
excepting TOL. Also, in the pathological evaluation, the spread of the tumor in organs such as the large 
intestine and stomach was statistically significantly different.
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Introduction
Microalgae are phototrophic microorganisms with anaer-

obic metabolism [1] algae; Since they are the primary pro-
ducers of watery environments, they form an organic food 
source for heterotrophic organisms, and they also provide 
oxygen to the environment by photosynthesis. S. platensis is 
a prokaryotic organism consisting of filamentous (helical), a 
few millimeters long, 3-12 μm thick cylindrical cells from 
the Cyanophyceae (Blue-green Algae) class [2]. S. platensis 
is an economically important algae containing 60-70% pro-
tein. It is also very rich in terms of vitamins (provitamin A, 
B12) and minerals (Fe, Ca, Mg) and organic coloring sub-
stances (green chlorophyll, phycocyanin, carotenoids). Due 
to the absence of cellulose membrane, it is easily digestible 
and has no toxic effects. S. platensis is the most widely used 
cyanobacteria and has been extensively studied in the medi-
cal and food industries [5]. Due to its high protein, minerals 
and vitamins, it can be used as a supplement in the treatment 
of many diseases [3]. In addition to its rich nutritional con-
tent, it also exhibits anti-inflammatory, anti-oxidative stress 
and immune-enhancing properties [6] and [7]. In fact, sever-
al studies have concluded that dietary Spirulina is helpful in 
the treatment and prevention of diabetes, diabetic nephropa-
thy, hypercholesterolemia, and cancer [8] and [9]. Spirulina 
is widely researched in the pharmacological field due to its 
anti-inflammatory, antioxidant and anticancer effects  [10] 
and [11]. It has been reported that Spirulina has an effect on 
the humoral and cellular immune system, stimulates lym-
phocytes in the blood [12], and increases the production of 
IgM antibodies in the spleen [13].

Hayashi & al. (1994  [23] reported that Spirulina pro-
tected from viral infections in cultured human and monkey 
cells. The antitumoral activity of marine algae was first 
studied by Nakazawa in aqueous extracts. It has been re-
ported that the polysaccharide content of aqueous extracts 
is associated with antitumor activity [14]. Spirulina contains 
water-soluble photosynthetic protein-pigment complex with 
high antioxidant effect such as C-phycocyanin. In our study, 
the antitumoral activity of spirulinas produced in shössler 

medium in summer season conditions in Yalova University 
Armutlu Vocational School was evaluated.

Materials and methods

Balb – c Procurement of mice
In our study, 46 male Balb-c mice weighing 20-35 g were 

used. Experimental animals were provided by Gaziantep 
University Experimental Animals Research Center and were 
fed with standard pellet feed and water, providing a 12-hour 
day/night period at 25 ⁰C room temperature. After the ap-
proval of our study by Gaziantep University Experimental 
Animals Ethics Committee dated 24/04/2019 and numbered 
95, all of the studies on animals were carried out at Gaziantep 
University Experimental Animals Research Center

EAT Tumor model 
The EAT cell was obtained from Istanbul University 

Aziz Sancar Experimental Medicine Research Institute Lab-
oratory Animals Department and brought to our laboratory 
by maintaining the cold chain. The EAT cells obtained from 
the tumor-formed stock animal were taken from the mouse 
and transferred to the mice in the Spirulina Treatment (200 
mg/kg), Spirulina Treatment (800 mg/kg), 5-fluorouracil (20 
mg/kg) and Control (EAT+H₂O) groups to be used in the 
study. .05 ml was injected i.p.

In the study, 7 groups were formed, each of which in-
cluded 6 animals.

Assessment of blood samples 
At the end of the application, cardiac blood was collected 

from all animals with a heparinized syringe. Serum was ob-
tained from the blood taken, and TOL, TAL, ALT and AST 
levels were studied in order to determine the oxidant level in 
the serum. TAL and TOL levels were studied using the Rel 
Assay Diagnostics-TAL-TOL Assay Kit [21] and [22]. ALT 
and AST parameters were also studied using a kit from se-
rum obtained to determine the blood value of liver damage.

The 7 groups formed in the study
Groups Way of delivery Amount of delivery Time

1 Spirulina platensis (200 mg/kg) hesitation 0,03 ml (in distilled water ) 10 days
2 Spirulina platensis (800 mg/kg) hesitation 0,03 ml (with distilled water) 10 days
3 Spirulina platensis (200 mg/kg) + 

EAT
hesitation 0,03 ml (with distilled water) 1. day EAT- from 7 to 4 days  Spirulina 

platensis
4 Spirulina platensis (800 mg/kg) + 

EAT
hesitation 0,03 ml (with distilled water) 1. gün EAT- 7 days from day 

4Spirulina platensis
5 5-fluorouracil (200 mg/kg) + EAT i.p 20 mg/kg 1. day EAT- 7 days from day 4  

5-fluorouracil
6 Control d(H₂O) + EAT hesitation 0,03 ml 1. day EAT- 7 days from day 4 distilled 

water
7 Control d(H₂O) hesitation 0,03 ml 10 days
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Histopathology
After undergoing routine tissue follow-up procedures 

with ethanol and xylene solutions at the Laboratory of the 
Department of Pathology of Gaziantep University Research 
Hospital, the blocking process was performed in paraffin. 
The prepared blocks were divided into sections with a thick-
ness of 5µm and taken on lams as picture 1. Subsequently, 
the xylene evaporation process and the hydration process 
with ethanol were performed. 

At the end of the study, small intestine, large intestine, 
stomach and kidney tissues were removed from the animals 
and placed in 10% formaldehyde. Then, the tissue was fol-
lowed and the sections were taken and the preparation was 
prepared by staining with the “hematoxylin-eosin” method. 
The prepared preparations were evaluated by the pathologist 
with the help of a light microscope to determine whether 
there was tumor development in the tissues and the metasta-
sis status of the tumor. Histopathological studies were car-
ried out in Gaziantep University Research Hospital Pathol-
ogy Department Laboratory.

Statistical Analysis 
Statistical analyzes were performed according to the 

SPSS 21 program. Results were expressed as standard de-
viation or as a percentage. The t-test was used to measure the 
effect values ​​on the groups, and the ANOVA test was used 
to reveal the differences between the groups. The p values ​​of 
all statistical tests were two-sided and p<0.05 was consid-
ered statistically significant.

Results 
When the analysis results are examined, the differences 

in biochemical parameters between the tumor-free groups 
given different doses of spirulina (200 mg/kg and 800 mg/
kg) are as shown in Table 1. When the values ​​were com-
pared, it was determined that there was no statistically sig-
nificant difference. (p>0.05)

When the groups given only different doses of spirulina 
(200 mg/kg and 800 mg/kg) were compared with the control 
group (Table 2), it was determined that there was no statisti-

cally significant difference in terms of TAL, TOL, OSI, ALT, 
AST values. (p>0.05)

It was determined that there was no statistically signifi-
cant difference between TAL, ALT, AST (p>0.05) values ​​in 
the treatment groups given different doses of EAT + spir-
ulina (200 mg/kg and 800 mg/kg) (Table 3). However, it 
was determined that there was a statistically significant dif-
ference between these two groups in terms of TOL values ​​
(Table 3) (p<0.05).

There was no statistically significant difference in terms 
of TAL, TOL, OSI, ALT, AST values ​​(Table 4) between the 
tumor and the treatment groups given different doses of spir-
ulina (200 mg/kg and 800 mg/kg) and the tumor animals 
given 5-fluorouracil. determined (p>0.05).

When EAT+ Spirulina 200 mg/kg, EAT + Spirulina 800 
mg/kg, EAT+ 5-fluorouracil and tumor-free healthy animals 
were compared, it was determined that there was no signifi-
cant difference (p>0.05).

Histopathological Examination of EAT
At the end of the experiment, animals in all groups were 

sacrificed and the stomach, kidney, large intestine and small 
intestine tissues were removed by removing the ambuloc. 
All tissues were kept in 10% formaldehyde for 24 hours, 
then passed through different concentrations of alcohols and 
xylol and fixed within 24 hours. Then, tissue sections of 4 
micron thickness were taken from the tissue samples pre-
pared with paraffin blocks and deparaffinization process was 
applied. Afterwards, the samples stained with hematoxylin 
were cleared in xylol and evaluated under Nikon brand light 
microscope.

Preparations prepared from tissues were examined his-
topathologically. At the end of these examinations, tumor 
invasion was found in the kidney, stomach, large intestine 
and small intestine tissues in the groups given the tumor, and 
the tumor was evaluated by scoring method. The percent-
age of presence in the organs is accepted as 0, since there 
is no presence of tumor in the groups in which no tumors 
are formed. The extent of spread in organs of all groups is 
shown in Table 6.

According to the results of our analysis, the spread of 
EAT on the large intestine and stomach tissue was found to 
be statistically significant. (p<0.05). As a result of the Dun-
nett test, which was performed to determine which group 
the EAT spreads were in favor of, it was determined that 
the EAT spreads in the animals treated with Treatment and 
5-fluorouracil were significantly lower than the control 
group (EAT+H2O).

The spread of EAT on the small intestine and kidney tis-
sues was not statistically significant. (p>0.05). However, the 

Figure 1: A frame from an image of tissues prepared for 
examination under a light microscope.
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Table 1 -  TAL– TOL, OSI and ALT – AST values ​​of the groups given only spirulina (1st and 2nd Group)
Groups TAL (mmol/L) TOL (mmol/L) Oxidatif stres index ALT (U/L) AST (U/L)
1. Group 0,47 ± 0,37 0,0132 ± 0 3,98 ± 2,03 43,83 ± 10,83 389,67 ± 128,9
2. Group 0,26 ± 0,07 0,0116 ± 0 4,66 ± 1,09 48,25 ± 23,13 458,25 ± 299,3
p value 0,321 0,172 0,562 0,69 0,626

Table 2 -  TAL – TOL, OSI and ALT – AST values ​​of only spirulina given (1st and 2nd Group) and Control (6th Group) 
groups

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres ndex ALT (U/L) AST (U/L)
1. Group 0,47 ± 0,37 0,0132  ± 0 3,98 ± 2,03 43,83 ± 10,83 389,67 ± 128,9
2. Group 0,26 ± 0,07 0,0116 ± 0 4,66 ± 1,09 48,25 ± 23,13 458,25 ± 299,3
6. Group 0,47 ±0,19 0,01 ± 0,01 2,06 ± 1,58 46,5 ± 10,21 412,25 ± 186,95
p value 0,407 0,456 0,066 0,888 0,867

Table 3-  Group 3 and 4 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Grup 0,655 ± 0,75 0,0132 ± 0,001 3,47 ± 1,77 36,67 ± 14,39 449,83 ± 204,42
4. Grup 0,3131 ± 0,08 0,0116 ±0 3,88 ± 0,093 38,2 ± 6,72 473,2 ± 73
p değeri 0,34 0,043 0,656 0,832 0,815

Table 4 - Group 3,4 and 5 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Group 0,655 ± 075 0,0132 ± 0 3,468 ± 1,77 36,667 ±14,4 449,83 ± 204,4
4. Group 0,313 ± 0,08 0,0116 ± 0 3,876 ± 0,93 38,2 ± 6,72 473,2 ±73
5. Group 0,377 ± 0,23 0,0138 ± 0 4,743 ±2,47 44,25 ± 13,9 468 ± 61,42
p value 0,502 0,061 0,55 0,627 0,96

Table 5: Group 3, 4.5 and 7 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Group 0,655 ± 0,75 0,013 ± 0 3,4681 ± 1,77  36,67 ± 14,4 449,83 ± 204
4. Group 0,313 ± 0,08 0,012 ± 0 3,8758 ± 0,93 38,2 ± 6,72 473,2 ± 73
5. Group 0,377 ± 0,23 0,014 ± 0 4,7427 ± 2,47 44,25 ± 13,9 468 ± 61,42
7. Group 0,36 ± 0,06 0,01 ± 0 4,07 ± 0,3 33,5 ± 3 422 ± 62,76
p value 0,587 0,081 0,67 0,578 0,938

Table 6 -  EAT tumor spread in the small intestine, large intestine, stomach, and kidneys

Name of group

Large intestine Small intestine Stomach Kidney
Mean 
Organ 

Spread %

Result of 
pathology

Mean 
Organ 

Spread %

Result of 
pathology

Mean 
Organ 

Spread%

Result of 
pathology

Mean 
Organ 

Spread%

Result of 
Pathology

Spirulina (200 mg/kg) 0 (-) 0 (-) 0 (-) 0 (-)
Spirulina(800 mg/kg) 0 (-) 0 (-) 0 (-) 0 (-)

EAT + Spirulina (200 mg/kg) 7 (+) 8 (+) 21 (+) 13 (+)
EAT + Spirulina (800 mg/kg) 10 (+) 13 (+) 30 (+) 19 (+)

EAT + 5-Fluorouracil 6 (+) 8 (+) 14 (+) 14 (+)
Control (EAT+H₂O) 11 (+) 14 (+) 38 (+) 23 (+)

Control (H₂O) 0 (-) 0 (-) 0 (-) 0 (-)

Table 7 -  Evaluation of EAT in Groups with Tumor (Group 3: EAT+ Spirulina 200 mg/kg, Group 4: EAT+Spirulina 800 
mg/kg, Group 5 EAT+ 5-fluorouracil and Group 6: EAT+ H₂O)

Group
Large intestine Small intestine Stomach Kidney

Organ involvement average % Organ involvement average % Organ involvement average % Organ involvement 
average %

3. Group 6,67 ± 2,58 8,33 ± 4,08 20,83 ± 15,94 13,33 ± 5,16
4. Group 11 ± 4,18 14 ± 8,94 30 ± 6,12 19 ± 10,25
5. Group 6,25 ± 2,50 7,50 ± 2,89 13,75 ± 4,79 13,75 ± 6,29
6. Group 11,25 ± 2,50 13,75 ± 17,5 37,50 ± 10,41 22,50 ± 10,41

p 0,039 0,615 0,034 0,304
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difference between the mean spreads of EAT in the kidney 
tissue was found to be statistically significant. For this rea-
son, Dunnett’s test was performed to determine which group 
favored the spread of EAT in the kidney tissue. As a result 
of the test, it was determined that the EAT spreads in the 

animals treated with treatment and 5-fluorouracil were sig-
nificantly lower than the control group (EAT+H2O).
    Kidney, small intestine, large intestine and stomach tissue 
sample sections of EAT and Control groups in Table 6 and 
Table 7 (H&E X 100)

Picture 1: Kidney (with EAT) Picture 2: Kidney (Control)

Picture 3:Small intestine (with EAT) Picture 4: Small intestine (Control)

Picture 5: Large intestine (with EAT) Picture 6: Large intestine (Control)

Picture 7: Stomach (with EAT) Picture 8: Stomach  (Control)
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Discussion
Microalgae have been one of the main food and liveli-

hood sources of people for many years in many countries 
due to their organic growth and development in aquatic en-
vironments (seas, lakes, fresh waters) and their rich food 
content [20] and J. Subhashini & al., 2004 [11]. While it is 
used as a nutritional supplement for humans, it is also ac-
tively used as animal feed in the poultry industry and aqua-
culture [20]. The use of microalgae in treatment began with 
the history of humanity. Thousands of years ago, people 
learned the therapeutic aspect of algae and benefited from 
them to lead a healthy life. As a result of studies on algae 
used in pharmacy and medicine, spirulina’s enhancing ef-
fects on antimicrobial, cytotoxic, anti-mitogenic, anticancer 
and anti-tumoral activities were mentioned [1]. Noda et al. 
They examined the antitumor activity of polysaccharide and 
lipid parts of 24 different algae species against EAT and de-
termined that some species showed significant effects. 

Research on compounds with antitumor effects from al-
gae continues  [16] and  [17]. In this study, EAT modeling 
of S. Plantesis algae produced in Yalova University Algae 
Production Unit was created and its anti-tumoral activity 
and biochemical effects were investigated in vivo on Balb-c 
mice. Barakat et al. In a study conducted in 2015, they de-
termined the minimum and maximum dose (200 mg/kg, 800 
mg/kg) for EAT to be similar to human breast tumor and 
for the anticancer activities of Spirulina platensis. When S. 
platensis or anti-tumoral activity studies in different species 
were examined, it was reported that spirulina was given by 
gavage method. When the group given 5-Fluorouracil was 
compared with the control group, it was observed that the 
tumor volume decreased. No significant decrease in tumor 
volume was observed in the groups given 200 mg/kg and 800 
mg/kg S. platensis compared to the control group. has been 
observed to decrease significantly [18]. In our study, when 
the 5-Fluorouracil, S.platensis, 200 mg/kg and 800 mg/kg 
groups were compared, the EAT spread of the 5-Fluorouracil 
group and the 200 mg/kg S.platensis group gave significant 
results in the stomach and large intestine. The anti-tumoral 
activity of S.platensis is in parallel with this study.

Jiang et al. The effect of phycocyanin obtained from 
Spirulina on tumor progression and metastasis potential on 
rats with colon cancer by DMH was investigated. As a result 
of the study, it was observed that after the rats were induced 
with DMH, the number and size of tumors/lesions were 
reduced in those treated with phycocyanin. In our study, 
spirulina was given as a whole without being separated into 
its components. Also, Jiang et al. While colon cancer was 
formed on rats with DMH in our study, tumor formation was 

achieved with EAT in our study. As a result of the histo-
pathological study, it was observed that the spread of EAT 
tumor in the large intestine was statistically significantly 
lower in the treatment groups given spirulina 200 mg/kg. 
Both studies show that spirulina is effective against cancer 
in the large intestine.

Ouhtit & al. (2014 [19] investigated the chemical inhibi-
tory effect and underlying mechanisms of action of Spirulina 
against mammary carcinogenesis on 7,12-dimethylbenz[a]
anthracene (DMBA)-induced female albino rats. It has been 
reported that Spirulina cleared DMBA-induced rat mamma-
ry tumors, which was clearly confirmed by morphological 
and histological methods, and Spirulina supplementation re-
duced the incidence of mammary tumors from 87% to 13%. 
In our study, tumor formation was achieved by administer-
ing EAT, which is similar to human mammary tumors, on 
Balb-c mice. As a result of the histopathological examina-
tion performed in the treatment group with Spirulina, which 
we gave at a dose of 200 mg/kg, it was observed that the 
spread of EAT tumor in the large intestine and stomach de-
creased, and Spirulina was found to be effective against the 
tumor. In our previous study, the effectiveness of phycocya-
nins obtained from spirulina produced in Yalova University 
Algae unit was investigated against EAT tumor cells, and it 
was found that antioxidant levels were higher in the treat-
ment groups compared to the control [24]. In our study, sig-
nificant differences were found between oxidant levels in 
the treatment group. Again, in our study with phycocyanin, 
at the end of the pathological evaluations (200 mg) phyco-
cyanin was determined to be effective against EAT in both 
treatment and protection groups, and in our current study, a 
statistical difference was found in the spread of the tumor in 
the large intestine and stomach organs.

In this study, in which the antioxidant and hepatoprote-
ctive effects of Spirulina platensis were evaluated in deter-
mining the in-vivo anti-tumoral activity; The biochemical 
parameters of the spirulina groups created to measure the 
value of Spirulina depending on the dosage effect on nor-
mal mice were compared and it was found that it was not 
statistically significant. When we compared the biochemical 
parameters of the control group with spirulina in different 
dosages, differences were observed, but it was not found 
statistically significant. The biochemical parameters of the 
treatment groups at different dosages were compared and 
were not found to be statistically significant, but the diffe-
rences in TOL values ​​were found to be statistically signifi-
cant. Differences in biochemical values ​​ (TAL, TOL) were 
found between Spirulina treatment groups, 5-fluorouracil 
and Control groups, but it was not found to be statistically 
significant.
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In the histopathological examination (large intestine, 
small intestine, stomach, kidney) of Spirulina, treatment 
groups, 5-fluorouracil and control groups, it was observed 
that there were differences in the spread of EAT in the or-
gans.

In the histopathological examination of the group in 
which we gave S. platensis at a dosage of  200mg/kg, EAT 
spreads were found to be statistically significantly lower in 
the stomach and large intestine. In the kidney, it was found 
statistically significant when the mean spread of EAT was 
taken.

The fact that spirulina causes a decrease in oxidant para-
meters and the spread of EAT in the stomach and intestines 
is less than the control group shows that spirulina has an 
inhibitory effect on EAT spreads.
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