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ABSTRACT 

Aspergillus flavus and Aspergillus parasiticus are the main Aspergillums species that form aflatoxins. 

Aflatoxins are hepatotoxic, teratogenic, carcinogenic and immunosuppressive. This study aimed to 

assess Spirulina platensis (S. platensis) extract inhibitory effect against aflatoxin B1 (AFB1) induced 

immunotoxicity in male Swiss albino mice. Twenty-five inbred weaned mice were randomly divided 

into five groups. Group I (Control group), were given routine diet. Treatments administered were: Group 

II (S. platensis extract 100 mg/kg/day), Group III (AFB1 200 µg/kg/day), Group IV (S. platensis extract 

100 mg/kg/day and AFB1 200 µg/kg/day) and Group V (S. platensis extract 200 mg/kg/day and AFB1 

200 µg/kg/day) for 28 consecutive days. Blood was aseptically collected and centrifuged to obtain 

serum. Quantitative determination of IgG, IgM and IgA in blood serum was done using ELIZA kits. 

One-way ANOVA data analysis was done. Post-hoc analysis was done using Tukey’s Honestly 

Significantly Differenced (HSD). P<0.05 statistical significance level was considered significant. 

Compared to group I (control), treatment with AFB1 200 µg/Kg/day (group III) led to reduced IgA 

(0.7147±0.001 vs. 0.7075±0.010); reduced IgM (0.0916±0.003 vs. 0.0866±0.019) and elevated IgG 

(0.1746±0.001 vs. 0.2808±0.243) mean levels. Supplementation of S. platensis extract 200 mg/Kg/day 

(group V) reversed the AFB1 (200 µg/kg/day)-induced depression of IgA levels (0.7124±0.005 vs. 

0.7075±0.010; P=0.05437); IgM (0.1005±0.004 vs. 0.0866±0.019; P=0.0178); as well as the induced 

elevation of IgG levels (0.1749±0.001 vs. 0.2808±0.243; P=0.0155). In conclusion, immune changes in 

IgG and IgM caused by AFB1 could be reversed by supplementation of S. platensis extract.  

Keywords: Spirulina platensis, Aflatoxin B1, Immune changes, Protective effects. 

 
INTRODUCTION 

A. flavus and A. parasiticus strains of Aspergillums species are the primary sources of aflatoxins. 

Aflatoxins are produced as secondary metabolites. A. flavus is the chief producer of Aflatoxin B1 

(AFB1). Of all the known aflatoxins, AFB1 is the most active biologically [1-6]. Aflatoxins have been 

estimated to affect about one quarter of global animal feed and human food [7-11]. Consumption of food 

contaminated by aflatoxins causes immunosuppression, hepatotoxicity, mutagenic, growth retardation 

and liver cancer [1, 5, 7-9, 12, 13].  

S. platensis belongs to the class Cyanophyceae and the family Oscillatoraceae [14]. It is a unicellular 

cyanobacteria blue green alga. It is rich in minerals, fatty acids, amino acids and vitamins. Powerful 

antioxidant properties in S. platensis have been attributed to carotenoids presence [14-16]. In addition, S. 

platensis has been reported to have nephroprotective, cardioprotective and hepatoprotective effects 

against toxicants, including naturally substances and synthetic substances like BHA, oltipraz, coumarin 

and ethoxyquine [14]. However, there is inadequate data on S. platensis extract inhibitory effect against 

AFB1- induced immune changes. Therefore, this study aimed to assess S. platensis extract inhibitory 

effects against immune changes caused by AFB1 in mice. 

MATERIALS AND METHODS 

Spirulina platensis 

Powder of S. platensis (MMUSTMUG SPIRULINA®) was bought from herbal outlet of Masinde 

Muliro University of Science and Technology (MMUST), Kakamega, Kenya. Then 350 g of S. platensis 

powder was weighed into a 1 litre flask. Addition of 500 ml of distilled water into the conical flask and 

stoppered using cotton wool was done. The mixture was heated in a water bath and the temperature kept 

at 600C for half an hour. Filtration was done using Whatman® qualitative filter paper grade 1 (WHA 

1001125) into round bottom flask of 500ml. Coating of the filtrate using acetone and dry ice was then 

done. The temperature was maintained at -300C and at 10 mbar of pressure during freeze drying for a 

period of 72 hours. After freeze drying, 110 g of pure S. platensis powder was obtained. From the S.  
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S. platensis extract freeze-dried powder obtained, 925 mg was 

weighed into a 200 ml flask and addition of 98 ml of distilled water 

was done. Amber coloured bottle was used to store the mixture at 0 – 

8 0C until when needed for the experimental work [16, 17].  

AFB1 stock solution preparation 

Importation of analytical standard AFB1 (AF031) from Fermentek® 

Ltd, Jerusalem, Israel was done. It did not undergo any additional 

purification. Ten (10) mg of AFB1 was dissolved in 7% Dimethyl 

sulfoxide (DMSO). This gave a final concentration of 100 µg/ml. To 

minimise decomposition, it was stored in a dark place [16, 17]. 

Experimental animals 

Twenty-five (25) inbred healthy male Swiss albino mice, 8 weeks of 

age, were randomly selected from experimental animal rearing unit of 

Kenya Medical Research Institute (KEMRI), Nairobi, Kenya. Their 

weight ranged between 30-35 g. One-way ANOVA group comparison 
[18] using resource equation was used to determine sample size, as 

previously described [19, 20]. 

They were housed in labelled clean polypropylene cages in the 

experimental room of the animal facility. The animal facility was 

inspected before initiation of the study. This ensured conservation of 

ideal experimental environment: good ventilation, cleanliness, 

minimal noise, pollution and heat. The animals had unrestrained 

access to water. They also had unrestricted access to animal pellet 

feed bought from Unga® Feeds Limited, Nairobi, Kenya. Two weeks 

were allowed for acclimatization. There was a 12-hour dark and light 

cycle. Humidity was 70%. 

Experimental protocol 

The study had one control group and four treatment groups. Twenty-

five mice were randomly divided into five groups. Group I (Control 

group) were given routine feed. Group II were given S. platensis 

extract 100 mg/kg/day. Group III were given AFB1 200 µg/kg/day. 

Group IV were given S. platensis extract 100 mg/kg/day and AFB1 

200 µg/kg/day. Group V were given S. platensis extract 200 

mg/kg/day and AFB1 200 µg/kg/day. A curved dosing cannula 

attached to 1ml syringe was used to administer treatments orally daily. 

After 4 weeks, the mice were kept in an enclosed chamber and 

sacrificed using carbon dioxide (CO2).  

Serum separator tubes were aseptically used in collection of blood 

samples. The blood was kept at room temperature (250C ± 20C) for 2 

hours. It was then centrifuged at 4000Xg (Himac centrifuge Hitachi®, 

Equipment model No: SCTABD; Serial NO: 00676; Kemri No: 

JTJ0016) for 15 minutes. A calibrated micropipette was used to 

measure 0.3 ml of serum from the centrifuged sample. The serum 

obtained was then stored at -200C until needed for analysis. During 

the assay procedures the stored serum sample was allowed to thaw at 

room temperature (250C ± 20C) before being used to perform the 

assay procedures. 

Quantitative determination of immunoglobulin biomarkers IgG, IgM 

and IgA was performed using Mouse IgG, IgM and IgA ELISA Kits 

(Beijing Solabio® Science & Technology co. Ltd; China 

(Cat#SEKM-0098; Lot No. 20191212; Lot. No. 0604K9121, and Lot 

No. 0604K9122 respectively). The assay procedures were as per the 

manufacturer’s user manual specifications (catalog number SEKM-

0098). Reading of absorbance was done at 450 nm using a multiscan 

Go® equipment. A 96 microplate well (12 strips of 8 wells) template 

was used to tabulate the results. The software used during reading of 

absorbance was Skanit Software 4.1 for Microplate Readers RE, ver. 

4.1.0.43. 

Statistical analysis 

Group means were compared applying One-way ANOVA statistical 

test. P<0.05 statistical significance level was considered significant. 

Multiple groups post-hoc analysis was then performed applying 

Tukey’s Honestly Significantly Differenced (HSD). The data analysis 

software used was Python® 3.0 with statistical libraries.  

Ethical Considerations 

Ethics Review Committee (IERC) of Masinde Muliro University of 

Science and Technology (MMUST), Kakamega, Kenya, gave ethical 

clearance; reference No: MMU/COR: 403012 vol. 2(15). Secondly, 

National Commission for Science, Technology and Innovation 

(NACOSTI), Nairobi, Kenya, gave study approval; reference No: 

NACOSTI/P/18/70580/24532. A study licence No: A20847 from 

NACOSTI was obtained. In addition to these, study clearance was 

obtained from KEMRI Scientific and Ethics Review Unit (IRB), 

approval No: KEMRI/SERU/CTMDR/074/3815.  Lastly, approval 

was obtained from KEMRI Animal Use and Care committee, 

reference No: KEMRI/ACUC/02.06.19. Experimental animal 

handling guidelines and procedures were followed throughout the 

study. 

RESULTS 

Table 1: Mean values for IgA, IgM and IgG for the 5 groups 

 

  
IgA (ng/ml) 

IgM 

(ng/ml) 

IgG 

(pg/ml) 

Control 
0.7147±0.00

1 

0.0916±0.0

03 

0.1746±0.0

01  

Spirulina 100 mg/Kg/day 
0.7133±0.00

4 

0.0975±0.0

03 

0.1739±0.0

02 

AFB1 200 µg/Kg/day 
0.7075±0.01

0 

0.0866±0.0

19 

0.2808±0.2

43 

Spirulina 100 mg/Kg + AFB1 

200µg/Kg/day  

0.7123±0.01

02  

0.0899±0.0

03 

0.1746±0.0

01 

Spirulina 200 mg/Kg + AFB1 

200 µg/Kg/day 

0.7124±0.00

5 

0.1005±0.0

04 

0.1749±0.0

01 

Mean values ± standard deviation 

With regard to IgG, group III (AFB1 200 µg/Kg/day) mice, an 

elevated mean value of 0.2808 pg/ml compared to the other four 

groups whose mean values ranged from 0.1739 to 0.1749 pg/ml 

(Table 1) was noted. In contrast to IgG, group III (AFB1 200 

µg/Kg/day) had a decreased IgM levels (0.0866 ng/ml) compared to 

the other four groups whose mean values ranged from 0.0899 to 

0.1005 ng/ml (Table 1). Similarly, the IgA levels of group III (AFB1 

200 µg/Kg/day) mice had significantly lower levels (0.7075 ng/ml) of 

IgA compared to the other four groups whose mean values ranged 

from 0.7123 to 0.7147 ng/ml (Table1).  

Predominantly, statistically significant differences were found after 

one-way ANOVA analysis (p=0.04512, 0.01448 and 0.0541) in IgG, 

IgM and IgA respectively. Consequently, IgG, IgM and IgA mean 

values post-hoc comparison by application of Tukey’s Honestly 

Significantly Differenced (HSD) was done. Group V (Spirulina 200 

mg/Kg + AFB1 200 µg/Kg/day) mice had a significantly lower mean 
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IgA levels in comparison to group I (control) mice, (p=0.019), (table 

2). Group V (Spirulina 200 mg/Kg + AFB1 200 µg/Kg/day) had 

significantly higher IgM levels in comparison to groups III (p= 

0.0178) and IV mice, (p=0.019) (Table 3). Group III mice (AFB1 200 

µg/Kg/day) had significantly higher levels of IgG in comparison to 

groups I (p=0.009), II (p=0.0136) and V (p=0.0155). Altogether, study 

findings demonstrate that four-week treatment of mice with AFB1 200 

µg/Kg/day induces a decrease in IgA and IgM mean levels, but 

elevates IgG mean levels. These changes were effectively reversed by 

co-administration of Spirulina 200 mg/Kg/day. 

 

Table 2: IgM mean values post-hoc comparison of the 5 groups using Tukey’s Honestly Significantly Differenced (HSD) 

 Group Group Diff Lower Upper q-value p-value 

0 Group I Group II 0.0014 -0.0121 0.0149 0.4387 0.9000 

1 Group I Group III 0.0072 -0.0063 0.0208 2.2686 0.05105 

2 Group I Group IV 0.0025 -0.0111 0.0160 0.7708 0.9000 

3 Group I Group V 0.0023 -0.0112 0.0158 0.7207 0.0523 

4 Group II Group III 0.0058 -0.0077 0.0194 1.8299 0.6778 

5 Group II Group IV 0.0011 -0.0124 0.0146 0.3321 0.9000 

6 Group II Group V 0.0009 -0.0126 0.0144 0.2820 0.9000 

7 Group III Group IV 0.0048 -0.0087 0.0183 1.4978 0.8044 

8 Group III Group V 0.0049 -0.0086 0.0185 1.5479 0.0178 a 

9 Group IV Group V 0.0002 -0.0133 0.0137 0.0501 0.0190 a 

Note:  a Statistically significant 

Table 3: IgA mean values post-hoc comparison of the 5 groups using Tukey’s Honestly Significantly Differenced (HSD) 

 Group Group Diff Lower Upper q-value p-value 

0 Group I Group II 0.0007 -0.2047 0.2060 0.014015 0.9000 

1 Group I Group III 0.1062 -0.0992 0.3115 2.188400 0.5411 

2 Group I Group IV 0.0000 -0.20530 0.2054 0.000824 0.9000 

3 Group I Group V 0.0003 -0.20500 0.2057 0.007007 0.0190 a 

4 Group II Group III 0.1069 -0.09848 0.3122 2.202415 0.5357 

5 Group II Group IV 0.0007 -0.20462 0.2061 0.014839 0.9000 

6 Group II Group V 0.0010 -0.20432 0.2064 0.021022 0.9000 

7 Group III Group IV 0.1061 -0.0992 0.3115 2.187575 0.5414 

8 Group III Group V 0.1058 -0.0995 0.3112 2.181392 0.05437 

9 Group IV Group V 0.0003 -0.2050 0.2056 0.006183 0.0560 

Note:  a Statistically significant 

Table 4: IgG mean values post-hoc comparison of the 5 groups using Tukey’s Honestly Significantly Differenced (HSD) 

 Group Group Diff Lower Upper q-value p-value 

0 Group 1 Group 2 0.0059 -0.0114 0.023088 1.4396 0.82658 

1 Group 1 Group 3 0.0050 -0.0122 0.022208 1.2234 0.0090 a 

2 Group 1 Group 4 0.0017 -0.0155 0.018968 0.4274 0.90000 

3 Group 1 Group 5 0.0087 -0.0084 0.026088 2.1766 0.5458 

4 Group 2 Group 3 0.0108 -0.0064 0.028068 2.6630 0.0136 a 

5 Group 2 Group 4 0.0076 -0.0096 0.024828 1.8670 0.66360 

6 Group 2 Group 5 0.0030 -0.0142 0.020228 0.7370 0.90000 

7 Group 3 Group 4 0.0032 -0.0140 0.020468 0.7960 0.06710 

8 Group 3 Group 5 0.0138 -0.0034 0.031068 3.3999 0.0155a 

9 Group 4 Group 5 0.0106 -0.0066 0.027828 2.60470 0.38002 

Note: a statistically significant 
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DISCUSSION 

It is well established that chronic intake of aflatoxin contaminated 

animal feeds and human foods causes immune suppression in both 

animals and man, respectively [5, 21, 22, 23, 24, 25]. AFB1 is the most toxic 

and frequent of the aflatoxins known [26, 27]. AFB1 is widely spread in 

Sub-Saharan Africa [28, 29, 30].  

In the current study, administration of 200 µg/Kg/day of AFB1 (group 

III) reduced IgM mean level in comparison to group I (control); 

(0.0866±0.019 vs. 0.0916±0.003; Table 1). This was in agreement 

with earlier investigators [5,31]. Administration of AFB1 200 µg/Kg/day 

preceded by S. platensis extract 100 mg/Kg/day (group IV) reversed 

the depression of IgM when compared with group III (AFB1 200 

µg/Kg/day); (0.0899±0.003 vs. 0.0866±0.019; Table 1). Similarly, 

administration of S. platensis extract 200 mg/Kg/day + AFB1 200 

µg/Kg/day (group V) reversed the depression of IgM when compared 

with group III (AFB1 200 µg/Kg/day); (0.1005±0.004 vs. 

0.0916±0.003; Table 1). One-way ANOVA analysis revealed p value 

was 0.01448 for comparison of IgM mean values. Post-hoc IgM mean 

values comparison by using Tukey’s Honestly Significantly 

Differenced (HSD) (Table 2); demonstrated that group III (AFB1 200 

µg/Kg/day) compared to group V (S. platensis extract 200 mg/Kg/day 

+ AFB1 200 µg/Kg/day (group V), (p=0.0178) and group IV (S. 

platensis extract 100 mg/Kg/day + AFB1 200 µg/Kg/day (group V) 

compared to group V (S. platensis extract 200 mg/Kg/day +  AFB1 200 

µg/Kg/day (group V); (p=0.0190) were statistically significant.  

With regard to IgA, AFB1 administered at 200 µg/Kg/day (group III) 

reduced IgA mean levels in comparison to group I (control); 

(0.7075±0.010 vs. 0.7147±0.001, Tables 1). This was in line with 

previous study findings [5,31]. Administration of AFB1 200 µg/Kg/day 

preceded by supplementation of 100 and 200 mg/Kg/day of S. 

platensis extract as seen in group IV and V respectively; reversed 

depression of IgA mean levels when compared with group III (AFB1 

200 µg/Kg/day); (0.7123±0.0102 and 0.7124±0.005 vs. 0.7075±0.010 

respectively; Table 1). One-way ANOVA analysis revealed p value 

was 0.01448 for comparison of IgA mean values. IgA post-hoc mean 

values comparison by using Tukey’s Honestly Significantly 

Differenced (HSD) (Table 3); demonstrated that only group I (control) 

compared to group V (S. platensis extract 200 mg/Kg/day + AFB1 200 

µg/Kg/day), (p=0.0190) was statistically significant. 

In contrast to IgM and IgA, AFB1 administered at 200 µg/Kg/day 

(group III), elevated mean level of IgG in male Swiss albino mice in 

comparison to group I (control); (0.2808±0.243 vs. 0.1746±0.001; 

Table 1). This was in line with an earlier study; that reported elevated 

mean levels of immunoglobulins [32]. Administration of AFB1 200 

µg/Kg/day preceded by supplementation of S. platensis extract at the 

dose of 100 and 200 mg/Kg/day as seen in group IV and V 

respectively; reversed elevation of IgG levels compared to group III 

(AFB1 200 µg/Kg/day); (0.1746±0.001 and 0.1749±0.001 vs. 

0.2808±0.243; Table 1). One-way ANOVA analysis revealed p value 

was 0.04512 for comparison of IgG mean values. IgG post-hoc mean 

values comparison by using Tukey’s Honestly Significantly 

Differenced (HSD) was done as presented in Table 4. Results revealed 

that group I (control) compared to group III (AFB1 200 µg/Kg/day), 

(p=0.009); group II (S. platensis extract 200 mg/Kg/day) compared 

group III (AFB1 200 µg/Kg/day), (p=0.0136); group III (AFB1 200 

µg/Kg/day) compared to group V (S. platensis extract 200 mg/Kg/day 

+ AFB1 200 µg/Kg/day), (p=0.0155); were statistically significant.  

 

CONCLUSION 

These study findings suggest that immune changes in IgG and IgM 

caused by AFB1 could be reversed by supplementation of S. platensis 

extract. 
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