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ABSTRACT

This preliminary study sought to identify and characterize structures 
found in the northern slimy salamander (Plethodon glutinosus). This 
study mainly focused on identifying and characterizing structures 
located on the dorsal and ventral sides of the skin in these salamanders. 
Due to their production of sticky mucus while threatened, the glands 
were evaluated to determine their part in helping produce this secretory 
defense. Samples were collected and fixed then placed in resin to 
section for microscopic analysis. These samples were then electively 
stained and examined. Through this, Gribbins Et Al were able to pinpoint 
defining features of the glands and integument regions of the 
Plethodon. This information will be cross-referenced with amphibians 
with similar secretory abilities similar to the  Plethodon Glutinosus for 
glandular comparison.

INTRODUCTION

 Plethodon glutinosus, otherwise known as the northern slimy 
salamander are a species of salamander commonly found in North America. 
They are found widely across the United States and often live in moist 
environments located in woodlands and near streams. They can often be 
found under fallen trees, rocks, and other debris of the forest floor.

 These salamanders commonly have a defense mechanism of producing 
an adhesive mucous when threatened or provoked during handling. These 
salamanders commonly have a black body with small white dots speckled 
across their abdomen and back. The aim of this preliminary study is to 
describe the glands of the integument that produce this adhesive defense.

MATERIALS and METHODS

Specimen collection:
Tissue preparation:
Tissues were collected from the ventral and dorsal sides of the specimens and put in 
Trump’s fixative for 2 days before being washed in cacodylate buffer ( 3 x 10min). 
Samples were then postfixed in 2% osmium tetroxide( 1 x 2hr) and then were 
dehydrated in a series of ethanol solutions. Tissues then were washed in a solution of 
propylene oxide( 2 x 20min). Tissue samples were then placed in a 1-part epoxy resin 
to 2-parts propylene oxide solution ( 1 hr), then a following solution of 2-parts epoxy 
resin to 1-part propylene oxide ( 1 hr). Tissues samples were then placed in a 100% 
epoxy resin solution overnight for infiltration. Tissue samples were then infiltrated 
with new 100% epoxy resin for 2 hours. Following this, samples were placed in beam 
capsule and flat molds with new epoxy resin and placed in a vacuum oven at 65° 
Celsius at 25 pa for 2 days.
Microscopy:
Hardened samples were faced and sectioned using an ultramicrotome using glass 
knives and mounted on to slides for microscopic viewing. The samples were then 
stained with PAS and Toluidine Blue stains to visualize microscopic structures. Alcian 
Blue was also used to show mucus glands are positive for mucin.

RESULTS & DISCUSSION
Figure A:
A close up of both granular and mucous glands located in the dorsal dermis of the skin. 
Note there are several layers of glands under the skin.  And the granular glands are most 
common on the dorsal surface.  The epidermis is quite thin (3-5 layers) with many blood 
vessels in juxtaposition to the epidermis for gas exchange.

Figure B:
This figure depicts a flask cell (FC), otherwise known as a mitochondrial rich cell. These 
cells are often hypothesized for the ion transport in and out of the body along with water 
and osmolarity regulation. These are located in the epithelial skin layer and are quite 
large compared to other salamanders studied to date. We hypothesize the size difference 
is likely because of the more terrestrial life style of this Plethodon. The figure also shows 
nicely the stratum corneum and the spinosal layer of the epidermis.

Figure :C 
This figure depicts a large and numerous Granular glands (GG) and smaller, less 
abundant mucous glands (MG) at higher power. These glands are suspected in aiding in 
the production of the mucous based on the abundance of them within the skin and their 
dorsal location.

Figure D:
Possible mixed glands  can be seen throughout the dorsal side of the skin. This particular 
image depicts granular compartment along with the mucous demilune.  The size and 
mixing power of these glands are most likely involved in the thickness of secretion.  
Especially the mucus producing portion which appears eosinophilic and made up of 
glycoproteins that would attract water and thicken secretions.

Figure E:
This image depicts stained mucous glands that are alcian blue positive. This visualizes 
an acidic type of mucin within the mucous gland which could be lower in pH and 
uncomfortable for the mucous membranes of a predator.

Preliminary examination revealed the presence of granular, mucous, and mixed glands 
distributed throughout the epidermis and dermis. Additionally, flask cells were observed in 
the epidermis, while chromatophores and dermally located blood vessels were 
consistently present. The mucous glands exhibited eosinophilic properties and tested 
positive for periodic acid-Schiff (PAS) and Alcian Blue (AB) staining. Notably, the mixed 
glands located dorsally were significantly larger than those on the ventral surface. The 
high density of mixed and granular glands, combined with an apparent apocrine secretory 
mechanism, likely contributes to the production of the thick, adhesive mucus observed in 
this species. Future research will be done with TEM to describe the ultrastructure of the 
glands cells, secretion type, and the flask cells.

ACKNOWLEDGEMENTS

We would like to thank the Biology Department at the University of 
Indianapolis for funding this project.

REFERENCES
1. Siegel, D. S., Sever, D. M., Schriever, T. A., & Chabarria, R. E. (2008b). Ultrastructure and
histochemistry of the adhesive breeding glands in male gastrophryne carolinensis (Amphibia: Anura: 
Microhylidae). Copeia, 2008(4), 877–881. https://doi.org/10.1643/cg-07 144
2. Largen, W., & Woodley, S. K. (2008). Cutaneous tail glands, noxious skin secretions, and scent 
marking in a terrestrial salamander (Plethodon Shermani). Herpetologica, 64(3), 270–280. 
https://doi.org/10.1655/08-010.1
3. von Byern, J., Dicke, U., Heiss, E., Grunwald, I., Gorb, S., Staedler, Y., & Cyran, N. (2015). 
Morphological characterization of the glandular system in the salamander Plethodon Shermani 
(Caudata, Plethodontidae). Zoology, 118(5), 334–347. https://doi.org/10.1016/j.zool.2015.04.003

A C

D

B

E

FC

GG

MG

GG

Granular 
compartment

MG

Mucus 
Demilune

Epidermis

Stratum 
Corneum

Stratum 
spinosum

Dermis

Epidermis

https://doi.org/10.1643/cg-07 144
https://doi.org/10.1655/08-010.1
https://doi.org/10.1016/j.zool.2015.04.003

	Histological identification and characterization of the skin of the Slimy Salamander, Plethodon glutinosus 
	ABSTRACT
	INTRODUCTION
	MATERIALS and METHODS
	Specimen collection:
	Microscopy:

	RESULTS & DISCUSSION
	Figure A:
	Figure B:
	Figure :C 
	Figure D:
	Figure E:

	ACKNOWLEDGEMENTS
	REFERENCES





Accessibility Report





		Filename: 

		McDonald_Taylor_plethlodon_poster (1).pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 0



		Passed: 27



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Failed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Failed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



