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SUBJECT:  Bevin E. Blake: EM Request 159724: Effects of gestational exposure to perfluoroalkyl substances (PFAS) on maternal and fetal outcomes in CD-1 mice.
			
The following samples were processed for Transmission Electron Microscopy (TEM) and examined ultrastructurally:

	TEM #
	Tissue
	Sponsor ID
	TEM Sample Images (Evaluated)

	46226 grid 1a, box 1
	Liver
	184-06 VC 
	04-Apr-2019:  0001-0012


	46230 grid 2a, box 1
	Liver
	186-02 VC 
	09-May-2019:  0001-0012


	46234 grid 3a, box 1
	Liver
	186-02 VC 
	09-May-2019:  0001-0012


	46238 grid 4a, box 1
	Liver
	187-04 PFOA
1mg/kg 
	10 May-2019:  0001-0013


	46242 grid 5a, box 1
	Liver
	187-06 PFOA
1mg/kg 
	10-May-2019:  0001-0012


	46246 grid 1b, box 1
	Liver
	188-05 PFOA
1mg/kg 
	13-May-2019:  0001-0014


	46250 grid 2b, box 1
	Liver
	184-07 PFOA
5mg/kg 
	05-Apr-2019:  0001-0013


	46254 grid 3b, box 1
	Liver
	185-05 PFOA
5mg/kg 
	13-May-2019:  0001-0012


	46258 grid 4b, box 1
	Liver
	186-03 PFOA
5mg/kg 
	14-May-2019:  0001-0013


	46262 grid 5b, box 1
	Liver
	187-03 GenX
2mg/kg 
	14-May-2019:  0001-0012


	46266 grid 1c,
box 1
	Liver
	188-03 GenX
2mg/kg
	14-May-2019: 0001-0012

	46270 grid 2c,
box 1
	Liver
	188-04 GenX
2mg/kg
	14-May-2019: 0001-0012

	46274 grid 3c,
box 1
	Liver
	184-01 GenX
10mg/kg
	05-Apr-2019: 0001-0012

	46278 grid 4c,
box 1
	Liver
	185-01 GenX
10mg/kg
	08-May-2019: 0001-0012

	46282 grid 5c,
box 1
	Liver
	187-01 GenX
10mg/kg
	08-May-2019: 0001-0012





Block Numbers for all samples processed on 25-Feb-2019:

	46226-46229: 184-06 VC Liver
	46230-46233: 186-02 VC Liver
	46234-46237: 187-07 VC Liver
	46238-46241: 187-04 PFOA 1mg/kg Liver
	46242-46245: 187-06 PFOA 1mg/kg Liver
	46246-46249: 188-05 PFOA 1mg/kg Liver
	46250-46253: 184-07 PFOA 5mg/kg Liver
	46254-46257: 185-05 PFOA 5mg/kg Liver
	46258-46261: 186-03 PFOA 5mg/kg Liver
	46262-46265: 187-03 GenX 2mg/kg Liver
	46266-46269: 188-03 GenX 2mg/kg Liver
	46270-46273: 188-04 GenX 2mg/kg Liver
	46274-46277: 184-01 Genx 10mg/kg Liver
	46278-46281: 185-01 GenX 10mg/kg Liver
	46282-46285: 187-01 GenX 10mg/kg Liver
	

	
Materials and Methods

	The fifteen liver samples were fixed in McDowell and Trump’s fixative at necropsy.  The processing of the samples on 25-Feb-2019 was done according to SOP 6.0.0, using a Leica EM TP processor.  The samples were rinsed with buffer, post-fixed in 1% osmium tetroxide in 0.1M phosphate buffer, rinsed in distilled water, and dehydrated in an ethanol series transitioning to acetone.  The samples were then  infiltrated with Poly/Bed 812  epoxide resin.  After polymerization, selected blocks were trimmed and semithin sections (approximately 0.5 µm thick) were cut, mounted on glass slides, and stained with 1% toluidine blue O in 1% sodium borate as per SOP 9.0 prior to being examined with a light microscope to ascertain areas of interest.  After trimming the block faces down to the areas of interest, ultrathin sections (90-110 nm thick)  were cut from selected blocks, placed onto 200 mesh copper grids and then stained with uranyl acetate and lead citrate as per SOP 9.0.  Digital images were captured with a with a Gatan Orius SC1000 side mount camera attached to an FEI Co. Technai T12 transmission electron microscope.

All of the images for this study can be found at (\\ntp-nas\herbertemlab) in the folder named BlakeB_liver_159724, with subfolders named for each sample, as TIFF files.  Light level images were obtained from Dr. Susan Elmore, of NIEHS.





Results and Discussion
	Five different treatments of the mice were examined – vehicle only, 1mg/kg and 5mg/kg PFOA, and 2mg/kg and 10mg/kg GenX.  The fifteen liver samples were examined on the electron microscope to determine if any ultrastructural differences could be indentified between treatments.


Vehicle Control Samples (0 mg/kg) (Blocks 46226, Grid 1a; 46230, Grid 2a; 46234, Grid 3a):

In these vehicle control samples, the ultrastructure was found to be normal in all respects.  Nuclei with nucleoli were observed in many cells, with well defined nuclear membranes.  Some binucleate cells were observed.  Mitochondria and peroxisomes were distinguishable and relatively numerous.  Rough endoplasmic reticulum was plentiful with ribosomes abundant.  Lysosomes were somewhat numerous.  Glycogen was abundant, and evenly dispersed.  Some vacuolation was observed, with vacuoles often containing remnant membrane material as myelin figures.  A typical vehicle control sample at low magnification is shown in Figure 1.  At higher magnification, the rough endoplasmic reticulum with ribosomes was very apparent, Figure 2.


PFOA 1mg/kg Samples (Blocks 46238, Grid 4a; 46242, Grid 5a; 46246, Grid 1b):

In these low dose PFOA 1mg/kg samples, the ultrastructure was found to be normal in most respects.  Mitochondria were somewhat more abundant compared to the vehicle control, as were small vacuoles, Figure 3.  Lysosomes were abundant, with glycogen evenly dispersed, Figure 4.


PFOA 5mg/kg Samples (Blocks 46250, Grid 2b; 46254, Grid 3b; 46258, Grid 4b):

In these high dose PFOA 5mg/kg samples, the ultrastructure was not normal, in that mitochondria were very abundant, and vacuolation was very prevalent, Figure 5.  The endoplasmic reticulum was somewhat reduced with fewer ribosomes present, Figure 6.  Glycogen was less evident, Figure 7.


GenX 2mg/kg Samples (Blocks 46262, Grid 5b; 46266, Grid 1c; 46270, Grid 2c):

In these low dose GenX 2mg/kg samples, the ultrastructure was normal in most respects.  Mitochondria were very abundant, and vacuolation was prevalent, often with remnant membrane material as myelin figures, Figure 8.  The endoplasmic reticulum was abundant with many ribosomes present, and glycogen was evenly dilspersed, Figure 9.


GenX 10mg/kg Samples (Blocks 46274, Grid 3c; 46278, Grid 4c; 46282, Grid 5c):

In these high dose GenX 10mg/kg samples, the ultrastructure was not normal.  Mitochondria were very abundant, and vacuolation was prevalent, often with remnant membrane material as myelin figures, Figure 10.  The endoplasmic reticulum was abundant with fewer ribosomes present, and glycogen tended to clump in clusters, Figure 11.



Overall Conclusions

	Overall fixation quality appeared good, with membranes and structures remaining intact through fixation and processing.  It was observed that when samples were prepared with glutaraldehyde in the fixative and resin embedded, the separation of hepatocytes found in formalin only fixation did not occur, Figure 12.

In these samples, at the electron microscopic level the effect of PFOA or GenX generally was to cause increased vacuolation, increased numbers of mitochondria, and some reduction in the presence of ribosomes on the rough endoplasmic reticulum.  In the case of GenX at 10mg/kg, marked clumping of glycogen, and many dinucleate cells were observed, Figure 13.
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Figure 1.  Example of a vehicle control sample at low mag (VC 187-07, VC-187-07-1900x-0002).
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Figure 2.  Example of a vehicle control sample at medium mag (VC 186-02, VC-186-02—6800x-0005).  Note the prominent rough endoplasmic reticulum and the evenly dispersed glycogen.
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Figure 3.  Example of a PFOA 1mg/kg sample at low mag (PFOA1 187-04, PFOA1-187-04-1900x-0003).  Note the increased vacuolation and abundant mitochondria.
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Figure 4.  Example of a PFOA 1mg/kg sample at medium mag (PFOA1 187-04, PFOA1-187-04-6800x-0006).  Note the abundant rough endoplasmic reticulum and the evenly dispersed glycogen.
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Figure 5.  Example of a PFOA 5mg/kg sample at low mag (PFOA5 184-07, PFOA5-184-07-1900x-0001).  Note the abundant mitochondria and extensive vacuolation.
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Figure 6.  Example of a PFOA 5 mg/kg sample at medium mag (PFOA5 184-07, PFOA5-184-07-6800x-0005).  Note the less prominent rough endoplasmic reticulum with fewer ribosomes, and the vacuolation.
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Figure 7.  Example of a PFOA 5 mg/kg sample at higher mag (PFOA5 184-07,  PFOA5-184-07-13000x-0007).  Note the glycogen is less evident.
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Figure 8.  Example of a GenX 2mg/kg sample at low mag (GenX2 187-03, GenX2-187-03-1900x-0001).  Note the abundance of mitochondria, and the extensive vacuolation.
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Figure 9.  Example of a GenX 2mg/kg sample at medium mag (GenX2 187-04, GenX2-187-04-6800x-0004).  Note the extensive rough endoplasmic reticulum, and the evenly dispersed glycogen.







[image: ]
Figure 10.  Example of a GenX 10mg/kg sample at low mag (GenX10 184-01, GenX10-184-01-1900x-0002).  Note the abundant mitochondria, the vacuolation with many vacuoles containing remnant membrane material (myelin figures), and clumping of glycogen.
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Figure 11.  Example of a GenX 10mg/kg sample at medium mag (GenX10 184-01, GenX10-184-01-6800x-0006).  Note the clumping of glycogen, and the abundant rough endoplasmic reticulum with reduced numbers of ribosomes, 
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Figure 12.  Paraffin sample 184-07 10x PFOA 5mg/kg fixed in formalin (top) and TEM epoxide resin sample 186-03 PFOA 5 mg/kg fixed in McDowell and Trump’s fixative (formalin/glutaraldehyde) (bottom, 1900x).  Note the lack of separation of the hepatocytes in the lower sample preparation, due to preparation for TEM with glutaraldehyde in the fixative and resin embedding.
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Figure 13.  Paraffin sample 184-01 40x GenX 10mg/kg (top) and TEM epoxide resin sample 187-01 GenX 10mg/kg (bottom, 1900x).  Note the dinucleate cells that were observed relatively often at the light and TEM levels, as well as the relative abundance of mitochondria at the TEM level.
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