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Figure S1. Schematic diagram showing toxicology mechanism of NPs in fish. 
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Figure S2. Mean and standard deviations of body weight of common carp treated with GF 

show no statistically substantial changes over a period of 7 days. Data are presented as mean 

± SE (n = 3). 

  



Table S1. Histological findings in fish after treatment with GF for 7 days. Histological changes 

were observed in both control and treated groups and indicated by + and – (where + means 

this is found in particular tissue, ++ means this is highly noted in particular tissue, and – means 

it is not found in the tissue). 

 
Histological alteration Control Low dose Medium dose  

 
High dose

Liver 
Karyolitic  nuclei in 
hepatocytes 

- - + ++ 

Karyorrhexis nuclei in 
hepatocytes 

- - + ++ 

Pyknosed nuclei in 
hepatocytes 

- 
- 

-
- 

+ ++ 

Necrosis - 
- 

-
- 

+ ++ 

Degeneration of central 
vein 

- - + ++ 

Degeneration of 
hepatocytes 

- - + ++ 

Inflammatory cells - - + ++ 
Hemorrhage - - - ++ 
Renal tissue 
Glomerlus shrinkage - - + ++ 
Pynknosed nuclei - - + ++ 
Congestion - - + ++ 
Necrosis - - + + 
Deposition of Lipofuscin 
granules 

- - + - 

Haemorrhage - - - ++ 
Heart 
Condensed pyknosed 
nuclei 

- - - - 

Deposition of Lipofuscin 
granules 

- - + - 

Thinning and 
degeneration of 
myofibrils 

- - - + 

Haemorrhages - - - - 



 
Figure S3. H & E stained light micrographs of Cyprinus carpio {heart (a-d), kidney (e-h) and 

liver tissues (i-l)} treated with GF in dose dependant manner after 5 days.  Figures a-b, e-f and 

i-j show normal histology of heart, kidney and liver. Figures c-d, g-h and k-l show histological 

alterations in dose dependent manner in selected tissues. Details of histological alterations 

are given in Table S2. All the images were taken at 50µm scale bar. 

  



Table S2 Histological findings in fish after treatment with GF for 5 days. Histological changes 

were observed in both control and treated groups and indicated by + and – (where + means 

this is found in particular tissue, ++ means this is highly noted in particular tissue, and – means 

it is not found in the tissue). 

 
Histological alteration Control Low dose Medium dose  

 
High dose

Liver 
Karyolitic  nuclei in 
hepatocytes 

- - + + 

Karyorrhexis nuclei in 
hepatocytes 

- - + ++ 

Pyknosed nuclei in 
hepatocytes 

- 
- 

-
- 

+ + 

Necrosis - 
- 

-
- 

+ ++ 

Degeneration of central 
vein 

- - + + 

Degeneration of 
hepatocytes 

- - + ++ 

Inflammatory cells - - + + 
Hemorrhage - - - ++ 
Renal tissue 
Glomerlus shrinkage - - + + 
Pynknosed nuclei - - + ++ 
Congestion - - + + 
Necrosis - - + + 
Deposition of Lipofuscin 
granules 

- - + - 

Haemorrhage - - - ++ 
Heart 
Condensed pyknosed 
nuclei 

- - - - 

Deposition of Lipofuscin 
granules 

- - + - 

Thinning and 
degeneration of 
myofibrils 

- - - + 

Haemorrhages - - - - 
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