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Abstract

Studies conducted on the integument of amphibians within Plethodontidae revealed these
salamanders have mucous, granular, and modified composite multicellular glands in their skins.
Unfortunately, few species have been studied to date. Thus, the purpose of this study was to
investigate the histological diversity of the integumentary glands found on the ventral and dorsal
surfaces of the Zigzag Salamander, Plethodon dorsalis, and compare these features to those
found on the Northern Two-Lined Salamander, Eurycea bislineata, and the Cave Salamander,
Eurycea lucifuga. These three species are found in the same family, Plethodontidae, which is
comprised of more than 250 species. The data was then used to form a preliminary comparative
study that investigated the histological diversity of integumentary glands found on the ventral
and dorsal surfaces of terrestrial adult lungless salamanders. Results showed that P. dorsalis had
polarization to its two skin surfaces, with mucous glands dominating ventrally and poison glands
dominating dorsally. Additionally, P. dorsalis had similar morphology to their glands as that
observed in other lungless salamanders with the distinction of the stratum corneum lining the

ducts of both poison and mucous glands in a valve like manner.
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Statement of Purpose

Chytrid disease, or chytridiomycosis, has been one of the leading causes of amphibian
deaths in recent years, with studies mostly focusing on the decline in frog populations (Weinstein
et al. 2009; Retallick et al. 2004). Uniquely, the few studies that focus on the effects of
chytridiomycosis in salamander populations have shown that salamander populations with the
disease in the wild have not declined (Weinstein et al. 2009). Multiple species of salamanders
have yet to be studied and these could provide insights into what distinguishing features may
allow salamanders to survive chytridiomycosis while other amphibians die off. Chytridiomycosis
is caused by the pathogenic fungus, Batrachochytrium dendrobatidis, which often causes
epithelial infections and skin lesions, making integumentary features the most likely source of
the survival features salamanders possess to fight this disease (Nichols et al. 2001).

Plethodon dorsalis is a terrestrial lungless salamander, whose integument histology has
never before been studied. This study provides a preliminary histological investigation into the
integumentary features observed in P. dorsalis as well as clear visual drawings of the key
distinguishing features of this salamander’s skin. It also gives a preliminary comparative analysis
of the integumentary features found in the Plethodontidae family based on Plethodon dorsalis,
Eurycea bislineata, and Eurycea lucifuga salamanders. It was hypothesized that the dorsal
and ventral surfaces of P. dorsalis would differ in features such as gland number, type, and
pigment, and that plethodontid salamanders would have similar skin gland morphologies to that
of other previously studied lungless salamanders with varying distribution of gland types

between species.



Introduction

Chytridiomycosis

Chytridiomycosis is caused by the fungus Batrachochytrium dedrobatidis (Weinstein
et al. 2009). Thought to have originated in Africa, this disease has been found in amphibians all
over the world and continues to play a significant role in their decline (Weldon et al. 2004). Most
studies have focused on the effects of chytridiomycosis on frogs and found that environmental
factors may play a part in how the disease affects frog populations (Weinstein et al. 2009;
Retallick et al. 2004). Nichols et al. (2001) studied the effect of chytridiomycosis in poison dart
frogs, Dendrobates tincttorius and D. auratus, and found that all the frogs exposed to the fungus
developed a fatal skin disease and skin lesions. Weinstein et al. (2009) studied the effect of
chytridiomycosis in salamanders and found that those collected with chytridiomycosis infection
always died in captivity, but populations with the disease studied in the wild did not show signs
of decline. A study conducted on the effect of chytridiomycosis in Tiger Salamanders,
Ambystoma tigrinum, indicated that several harbored extensive infections in their sloughed skin
but were not morbidly affected (Davidson et al. 2003). This led the scientists to conclude that the
rapid rate of sloughing in salamanders may be the distinguishing feature that allows them to
survive the disease, but further experimentation would need to be conducted to support their
hypothesis (Davidson et al. 2003).

The specific features that allow salamanders to survive with chytridiomycosis are still
under investigation as there are still many species of salamander that have not been studied
to date. Even fewer histological studies have been conducted to investigate the skin, or
integument, features in these salamanders that might offer more insight into the survival

mechanisms they possess.



Plethodon dorsalis

Plethodon dorsalis, more commonly referred to as the Zigzag salamander, is part of the
Plethodontidae family (Dodd et al. 2004). This family comprises over 250 species of lungless
salamanders and can be found along the west coast of North America and throughout the eastern
United States (Heying et al. 2003). This family is characterized by a loss of several cranial
bones, are all lungless, and possesses four legs and four digits on each foot (Heying et al. 2003).
The word plethore in Greek means fullness or full of, and odon means teeth so the name
Plethodon refers to the many teeth found on both the jaw and the roof of the mouth of this
salamander taxon (Dodd et al. 2004). The term dorsal means back in Latin, so dorsalis refers
to the pattern found along the back of P. dorsalis.

While amphibians have evolved to be able to successfully live in both aquatic and
terrestrial ecosystems by undergoing metamorphosis (Bonnett and Chippindale 2006),
P. dorsalis is a completely terrestrial salamander. Plethodon dorsalis practices direct
development, meaning that all developmental stages occur within the egg and neonates hatch
from their terrestrial eggs as miniature adults, thus skipping the larval stage (Heying et al. 2003).
As no histological studies have ever been conducted on P. dorsalis, it is unknown what
developmental changes occur in the skin glands as it develops within the egg or whether their
skin glands differ from other larval or adult salamanders that are not fully terrestrial.
Integumentary System

The integumentary system is comprised of the skin and its derivatives, such as hair and
exocrine glands (Barclay 1999). Studies conducted on the integument of the plethodontid
salamander family have shown mucous, granular, and modified composite multicellular glands

in their skin (Fontana et al. 2006). Histological studies of the skin, such as those done within the



Gastrophryne carolinesis and Proteus anguinus (Siegel et al. 2008; Mali and Bulog 2004),

can be utilized to understand the specific structure and location of the multitude of different
multicellular glands and cellular structures unique to amphibian skin. Data on the morphology
of Caudata skin glands is limited to a handful of studies between aquatic and terrestrial
salamanders or their larvae (Bonnet and Chippindale 2006; Fontana et al. 2006; Mali and Bulog
2004; Sever et al. 2016). The authors of one comprehensive study on the skin in the salamander
Karsenia koreana found and described mucous, granular, and modified granular glands (Sever
et al. 2016). Evidence from several other studies has shown that there are two types of dermal
glands found in all adult amphibians: the granular and mucous glands (see Fontana et al. 2006
for review). This study will provide histological and ultrastructural data on the integumentary
glands, compare their distribution on the ventral and dorsal surfaces of P. dorsalis, and then
compare our data with the other salamanders in the Plethodontidae family to analyze potential

similarities and differences of integumentary features among terrestrial adult salamanders.



Methodology

Role of Advisor

As my advisor, Dr. Gribbins, provided guidance and training as the project was
completed. We met in person at least once every two weeks to discuss my progress, sometimes
more often if questions arose while executing the project. He provided me with lab safety
information and helped me refine the procedures necessary for the use of dangerous chemicals
during the embedding process. Because of the dangerous nature of these chemicals, as shown
in appendix B, | adorned gloves, goggles, and a lab coat for most of the embedding process.
A fume hood was also utilized while completing the embedding process for the transmission
electron microscope (TEM) samples, which can contain toxic fumes. Once the samples were
prepared for analysis, Dr. Gribbins and | photographed the samples using light and electron
microscopes. These images were then referenced when drawing the distinguishing features found
in the poison and mucous glands of the integument. He also then provided resources for labeling
and determining the identity of the structures found in the skin. Lastly, Dr. Gribbins assisted me
in preparing to present my results by conducting the final edits and critiques of both my poster
and formal manuscript.
Timeline

My project began in September 2018 as | began learning microscopy and staining
techniques by practicing on already embedded samples utilized just for practice. In January
of 2019, the dissection and embedding of P. dorsalis for light microscopy was completed.
Once this was accomplished, | began sectioning and staining samples to use as preliminary data
for the Undergraduate Research Conference (URC) and the Indiana Academy of Science (IAS)

conference. Dr. Gribbins then took the samples | sectioned and used the more advanced Leica



Ultracut S microtome, that he does not allow undergraduate students to use, to get clear-cut
sections of integumental tissues. These sections provided good images that were easily analyzed
to identify structures. My proposal was submitted to the honors counsel on March 18, 2019 and
accepted with minor revisions. After having my proposal accepted, | presented a poster at the
IAS conference on March 30, 2019 and the URC at Butler University on April 12, 2019.
Then in August 2019, | began embedding samples for TEM analysis. By early October, | had
finished sectioning and Dr. Gribbins had produced images from his TEM. | then added the TEM
results to my poster and presented at the National Collegiate Honors Council conference in
November 2019. The present manuscript on P. dorsalis was completed in early 2020.
Tissue Preparation for Light and Transmission Electron Microscopy

P. dorsalis were overdosed using an anesthetic known as MS222. The salamander body
cavity was opened and exposed and then the entire salamander was placed in a solution
of Trumps fixatives in order to prevent autolysis, bacterial attack, and to aid in tissue fixation.
Forty-eight hours after fixation, dorsal and ventral skin pieces were dissected from the body
using a dissecting scope. The skin was then cut into multiple squares approximately 3x3
millimeters in size.

For light microscopy, gloves, goggles, and a lab coat were adorned while rinsing the samples
three times for ten minutes each in cacodylate buffer. Once the rinses were complete,
the samples were then stored in 70% ethanol until ready to complete the dehydration and
embedding process. To use epon plastic to embed the skin samples, a modified method was used
based off of the process described by Seigel et al. (2008). Before starting the dehydration
process, a solution of plastic was made by mixing the plastics ERL-4221, DER-736, NSA,

and DMAE for about two and a half hours and then covered with parafilm until ready for use.



Then the dehydration process was performed on skin samples, using an ascending series
of ethanol washes to remove water and fixative from the skin samples. Once the ethanol washes
reached 100% the samples were infiltrated with the plastic made earlier in a solution of two-parts
ethanol and one-part plastic. The skin samples were then incubated in a 1:1 ethanol/plastic
solution, and then finally in 100% plastic overnight. The skin tissues were then incubated
in a new batch of 100% plastic for two hours. Lastly the samples were placed in disposable
molds and put in a vacuum oven set at 70°C. After 24 hours, the skin samples were taken
out of the oven and removed from the disposable molds.

For transmission electron microscopy, the 3x3 millimeters samples were rinsed in cacodylate
buffer three times for five minutes. The samples were then post-fixed in osmium tetroxide
for an hour and a half before being rinsed again in cacodylate buffer three times for two minutes.
The samples were then stored in 70% ethanol until ready to complete the dehydration and
embedding process. From here the steps are the same as those for the dehydration and
embedding of the light microscopy samples detailed above.
Sectioning and Staining

Once the plastic hardened, it provided enough support for the tissue samples to be cut
into very thin sections via microtomy. These sections were then placed on microscope slides and
stained with LAD dye in order to clearly see the integumentary structures. The slides were then
analyzed under light and transmission electron microscopes to identify the structures and
architecture of the P. dorsalis skin.
Drawing the Structures
Once all the sectioning was complete, Dr. Gribbins verified that the poison and mucous

glands comprised the most distinguishing features of the integument of P. dorsalis. With this



verification, illustrations of both gland types were drawn to clearly depict the unique structure
and features of each gland and provide a clear comparison. A sketchpad and graphite pencils
were used to sketch out the structures seen in the photographs and under the light microscope.
By utilizing multiple section images, an idealistic illustration of each gland was drawn
emphasizing all the features unique to each gland. This allowed all the distinguishing features
to be observed at once in the drawings, which were not always represented in each of the
histological sections at the same time. The graphite illustrations and the photographs of the
microscopic images used as references were then shown to Professor Viewegh for critiques
and edits. Once the accuracy of the sketches was approved by Professor Viewegh and
Dr. Gribbins, the sketches were retraced using micron pens and digitally scanned to incorporate
into the final manuscript.
Familial Comparison

After the preliminary findings were completed for P. dorsalis, a comparison was done
including the preliminary histological findings of the integument of E. bislineata and E. lucifuga
completed by other students of Dr. Gribbins. The preliminary results of E. bislineata and
E. lucifuga are shown in Figures 4 and 5 in the results section. As all three salamanders were
of the Plethodontidae family, this comparison was considered a preliminary familial comparison.
Specific key features such as gland types present ventrally and dorsally, abundance
of chromatophores, and the presence of stratum corneum lining the excretory ducts were

analyzed across all three species to find similarities and differences within their integuments.



Results

Plethodon dorsalis

Stratum corneum
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Figure 1 A-D: Histological sections of the dorsal skin from P. dorsalis taken using a light
microscope at varying powers depicts both poison (A,B,D) and mucous (A,C) glands with E and F
as idealized illustrations for comparison. Mucous gland, MuG; Poison gland, PG; Chromatophores,
CH; Myoepithelial cells, ME; Connective tissue, CT; Epidermal Epithelial Cells, EEC;
Keratinocyte, KC. Bars = 50 and 10um.

The dorsal integument of P. dorsalis shows both mucous and poison glands present in the
dermis (Fig. 1A; MuG, PG). The stratum corneum, which serves as the outermost layer of the
epidermis, is present all the way around the body superficially and lines the ducts of both gland
types (Fig. 1C,D; MuG, PG). The stratum corneum lining the ducts appears valve-like with the

thickness and angle of the lining towards the opening at the apical surface (Fig 1C,D).

Keratinocytes, the main cell type of epidermis, are seen clearly in the epidermis of the
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integument (Fig. 1C,D; KC). The main gland found on the dorsal side is the poison gland and,

as shown, are relatively the same size as the mucous glands (Fig. 1A; MuG, PG).
Chromatophores are seen throughout the dermis surrounding the glands and produce clusters

of small granules (melanin) around the glands that give the skin its pigment (Fig. 1B,C,D; CH,
MuG, PG). Myoepithelial cells are observed in and around the mucous and poison glands as they
help expel mucous and poison from the glands, through the ducts and onto the skin surface (Fig
1C; ME, MuG). Dense irregular connective tissue makes up the basal layer of the dermis with
skeletal muscle found deep to the dermis (Fig 1A).

The illustrations of the poison and mucous glands provide an idealized depiction of the
structures present in the integument of P. dorsalis (Fig. 1E,F; PG, MuG). The epidermis clearly
shows the stratum corneum as the most superficial layer that also lines the inside of the gland
ducts forming a valve like structure (Fig. 1E,F). The poison and mucous glands are shown
as relatively the same size in the dermis layer with epidermal epithelial cells forming the barrier
between the dermis and the interior of the glands (Fig. 1E,F; EEC). Chromatophores are found
throughout the dermis surrounding both gland types and myoepithelial cells are most easily
observed around the mucous glands (Fig. 1E,F; CH,ME, MuG). Poison granules, differing in size
and density, are depicted within the poison gland and mucus granules are depicted within the
mucous gland (Fig. 1E,F; PG, MuG). Dense regular connective tissue is shown as the basal layer
of the dermis (Fig. 1E,F). The illustrations emphasize the distinguishing features between the

poison and mucous glands to make them more easily discernible (Fig. 1E,F).



Figure 2 A,B: Sections of ventral skin of the P. dorsalis
taken with a light microscope at different magnifications
shows multiple mucous glands. Mucous gland, MuG;
Chromatophores, CH. Bars = 50 and 10pm.

The ventral integument of P. dorsalis only has mucous glands present in the dermis
(Fig. 2A,B; MuG). Mucous glands are more abundant in the ventral integument in comparison
to the dorsal integument (Fig.2A and Fig. 1A; MuG). The mucous glands seen ventrally are
developing mucus glands and have not produced or concentrated mucin granules like those

shown in Fig.1C (Fig. 2B; MuG). Myoepithelial cells are present in the dermis and around the

11
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mucous glands, similar to those found in the dorsal integument seen in Fig. 1C (Fig. 2B; ME,
MuG). The stratum corneum is superficially lining the epidermis of the ventral skin as seen

in the dorsal skin in Fig. 1A,C,D (Fig. 2 A,B). Chromatophores are grouped around the mucous
glands throughout the dermis, similar to those seen around the poison and mucous glands on the

dorsal surface (Fig. 1A,B,C,D; CH, PG, MuG and Fig.2A,B; CH, MuG).

Figure 3 A-D: Transmission electron microscope (TEM) micrographs of a P. dorsalis
myoepithelial cell (D) and mucous gland, focusing on specific features within the gland
(A,B,C) at various magnifications. Mucous gland, MuG; Microvilli, Mv; Rough endoplasmic
reticulum, RER; Actin, Ac; Mitochondria, M; Blue arrow = desmosome junction. Bars = 1um.

Mucous glands are found on both the dorsal and ventral surfaces of P. dorsalis.

Transmission electron microscope images are used to analyze these glands subcellularly.
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Mucin producing cells within mucous glands have mitochondria and rough endoplasmic
reticulum dominating the organelle composition within these cells (Fig.3A; M, MuG, RER).
The nuclei of mucous gland cells clearly show light staining euchromatin and large conspicuous
nucleoli, which is a clear indication of a cell active in transcription and the cytoplasm is filled
with enlarged and active rough endoplasmic reticulum (Fig. 3C; RER). As these nuclei are
active, these cells are starting production of a new wave of mucin protein granules (Fig. 3C).
Prominent mucin granules can be seen within the mucous gland that would have been developed
and secreted to form mucus from actively secreting glands (Fig. 3B; MuG). The surfaces of the
mucous cells show microvilli that increase surface area (Fig. 3A; Mv). The nucleus and
cytoplasm of a myoepithelial cell can be seen in Fig. 3D. Actin appears to be in great abundance
within the cytoplasm of these myoepithelial cells with multiple desmosome junctions (blue

arrow) located between them and the mucus producing cells of the gland (Fig. 3D; Ac).
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Eurycea bislineata

Figure 4 A-D: Integument from the E. bislineata at varying degrees of power via
light microscopy, shows both poison and mucous glands on the dorsal surface
(A,B) and mucous and mixed glands on the ventral surface (C,D). Poison gland,
PG; Stratum corneum, SC; Mucous gland, MuG; Keratinocyte, KC; Mixed gland,
MiG; Myoepithelial cell, ME; Serous cell, S; Microvilli, MV; Connective tissue,
CT. Bars =50 and 10um.

Part of the Plethodontidae family comparison includes the study of the integument
of Eurycea bislineata. Multiple poison glands as well as some mucous glands are seen on the
dorsal integument of E. bislineata (Fig. 4A; PG, MuG). Some of the glands shown are empty
of poison granules while others are partially or completely full of poison granules (Fig. 4A; PG).
The stratum corneum thinly lines the apical surface of the integument with dense regular

connective tissue forming the basal layer of the dermis (Fig. 4A; SC). Melanocytes, also known
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as chromatophores, are scattered throughout the dermis and myoepithelial cells are seen near the
mucous and poison glands (Fig. 4B; ME).

The ventral integument of E. bislineata shows multiple mucous glands as well as some
mixed glands used to perform both serous and mucous secretions (Fig. 4C; MuG, MiG). Poison
glands are not found on the ventral surface (Fig.4C). Microvilli are seen on the superficial layer
of the epidermis (Fig. 4C; Mv). Dense regular connective tissue is also seen making up the basal
dermis layer and keratinocytes are seen throughout the epidermis of the integument (Fig. 4C;
KC). One of the key features within the ventral integument of E. bislineata is the mixed glands
that are present (Fig. 4D, MiG). Mucous granules can be clearly seen within the mixed gland
as well as a few serous cells within the apical region of the gland (Fig. 4D; MiG, S, MG).
Melanocytes are seen grouped around the glands and microvilli are found on the superficial layer

of the epidermis (Fig. 4D; Mv).
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Eurycea lucifuga

Stratum corneum

Figure 5 A-C: E. lucifuga integument at different magnifications shows both poison and
mucous glands dorsally (A) and mucous glands ventrally (B,C). Mucous gland, MuG; Poison
gland, PG; Stratum corneum, SC; Connective Tissue, CT. Bars = 50 and 10um.

Eurycea lucifuga integument is also studied for the Plethodontidae family comparison.
The dorsal surface of E. lucifuga integument has both poison and mucous glands (Fig. 5A; PG,
MuG). Most of the mucous glands seen dorsally are empty with only a thin lining of epithelium
cells making up the outer edges of the gland to form a barrier between the gland and the rest
of the dermis. (Fig. 5A; MuG). Poison granules seen within the poison glands show that the
glands were ready for secretion (Fig. 5A; PG).

The ventral surface shows an abundance of mucous glands (Fig. 5B,C; MuG).
The stratum corneum forms a thin apical layer at the top of the epidermis similar to that seen
in both P. dorsalis and E. bislineata (Fig. 2B; Fig. 4A; Fig. 5B). The basal layer of the dermis
is dense irregular connective tissue that provides a sturdy connection point for the skeletal
muscle seen deep to the integument (Fig.5B). An empty mucous gland and a full mucous gland
of E. lucifuga are shown in Fig. 5C. Within the epidermis the mucous gland duct provides
an opening from the mucous gland to the apical surface of the epidermis (Fig. 5C; MuG).

The stratum corneum is also observed lining the duct similar to that found in P. dorsalis but the
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lining of P. dorsalis appears significantly thicker and more like a valve (Fig. 1C,D; compare to
Fig. 5C). Very few chromatophores, or melanocytes, are seen in Fig. 5C and they appear in less
abundance in the epidermis of E. lucifuga compared to that of P. dorsalis and E. bislineata

(Fig. 1C; Fig. 2A; Fig. 4A; Fig. 5C).
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Analysis/Conclusion
Plethodon dorsalis

The integumentary system includes the skin and any of its derivatives such as nails
or glands (Barclay 1999). The few studies conducted on the integument of plethodontid
salamanders have shown mucous, granular, and modified composite multicellular glands in their
skin (Fontana et al. 2006). Plethodon dorsalis has mucous glands as well as granular glands,
more commonly known as poison glands, present in the dermis. The dorsal integument of
P. dorsalis has both gland types, while the ventral integument only has mucous glands.

This is most likely due to poison glands being used to secrete a deterrent as protection from
predators that typically strike from above (Arrivillaga and Brown 2018). The mucous and poison
glands found in P. dorsalis are relatively similar in size, but in histological studies of other
amphibians, such as G. carolinesis, the poison glands are significantly larger in size in
comparison to the mucous glands (Siegel et al. 2006).

The overall structure of the P. dorsalis integument is similar to that of other amphibians
in that the epidermal and dermal layers have many of the same features, including: stratum
corneum, keratinocytes, chromatophores, myoepithelial cells, and dense irregular connective
tissue (Garton and Mushinsky 1979). The stratum corneum makes up the most superficial layer
of the epidermis providing the first line of defense against pathogens attempting to enter the
body. Keratinocytes are found in the epidermis and produce keratin proteins that act as
intermediate filaments for anchoring structures and forming junctions. When keratin proteins
build up, they make the epidermis hard (Eckert and Rorke 1989). Chromatophores found
throughout the dermis provide the integument with the pigment that makes distinct patterns and

colors used for breeding and protection. Myoepithelium cells are found around glands and help
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secrete the granules from these glands (Balachander et al. 2015). Dense irregular connective
tissue is found at the basal layer of the dermis and provides the structural support of the
integument as well as an anchorage point for the skeletal muscle found deep to the dermis.
These commonly found integument structures make up much of the P. dorsalis integument.

The most distinguishing feature of the P. dorsalis integument is the stratum corneum
lining the ducts of both gland types. Studies of other amphibians did not show the stratum
corneum contributing to the lining of any of the gland ducts (Garton and Mushinsky 1979; Siegel
et al. 2006). The stratum corneum of P. dorsalis, however, lines the excretory ducts of the poison
and mucous glands of the dorsal integument as well as the mucous gland ducts of the ventral
integument. This morphological feature is also found in the Plethodontid salamander, Karsenia
korenea (Sever et al. 2016). The way the stratum corneum is angled and positioned in the ducts
of P. dorsalis suggests that it acts as a plug, or more likely a valve, that may aid in the building
of pressure before the gland releases its contents, helping the gland’s secretion efficiency.

The ventral integument of P. dorsalis is found to be structurally the same as the dorsal
integument with the most notable difference being the lack of poison glands. In comparison
to the dorsal integument, the ventral integument has a larger abundance of mucous glands.
Transmission electron microscope analysis of the mucous glands shows the mucoid producing
cells that make up the lining of the mucous glands and produce the mucin granules that are
secreted. The mucoid producing cells show enlarged nucleoli in the nucleus indicating active
transcription as well as an abundance of rough endoplasmic reticulum seen in the cytoplasm,
a clear indicator of protein production destined for exocytosis. These subcellular structures are
important for the protein production function of these cells. Desmosome junctions are found

between the mucus producing cells and myoepithelial cells; these junctions are like spot welds
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and hold these cell types together. Since myoepithelial cells have high actin content,

the contractions of these cells most likely pulls on the desmosome junctions forcing the mucus
producing cells together. Thus, the lumen of each gland would be constricted, squeezing the
contents of the glands into the duct and out of the body. These structures make up the mucous
glands and allow them to produce and secrete the mucin granules (Balachander et al. 2015).

In conclusion, based on the histological analysis of the P. dorsalis integument, the dorsal
and ventral surfaces have the same structural profile with the significant difference being that the
ventral surface lacks poison glands and has a larger abundance of mucous glands. The
P. dorsalis integument also has a similar morphology to that of other amphibians with the same
structural components found in the epidermis and dermis. The most significant distinction
between other amphibian integuments and that of P. dorsalis is the stratum corneum found lining
the ducts of both poison and mucous glands potentially acting as a valve. As this is the first study
done examining the integument of P. dorsalis, more studies will need to be conducted to build
upon these findings as well as verify them. A TEM analysis of the poison glands and a closer
examination of the stratum corneum could provide support for its possible valve-like function.
Future studies can be conducted on embryonic salamander integument and then compared to the
adult salamander integument from this study to gain a better understanding of the morphology
that occurs between the embryonic and adult stages of salamanders.

Familial Comparison

The histological integument studies of the Northern Two-Lined salamander,
E. bislineata, Cave salamander, E. lucifuga, and Zigzag salamander, P. dorsalis, conducted
by students of Dr. Gribbins, were used to form a preliminary familial comparison of the

integument within the Plethodontidae. All three of these salamander species have similar
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morphological features to those found in the epidermis and dermis of other amphibians, such

as poison glands, mucous glands, keratinocytes, stratum corneum, and chromatophores (Garton
and Mushinsky 1979). The most distinct differences found between the integument of P. dorsalis
and that of E. lucifuga and E. bislineata is the mixed glands found in the dermis of E. lucifuga
and E. bislineata but not in P. dorsalis and the valve-like lining of the ducts in P. dorsalis.

All three species of lungless salamanders show the stratum corneum lining the ducts
of their excretory glands such as the poison, mucous, and mixed glands. This structural
characteristic is not found in other amphibians and appears to be unique and possibly
synapomorphic to the Plethodontidae family (Garton and Mushinsky 1979; Siegel et al. 2006).
Plethodon dorsalis appears to have a thick lining of stratum corneum within the ducts that angles
to form what appears to be a valve, while the stratum corneum lining the ducts of E. bislineata
and E. lucifuga is rather thin in comparison. The valve-like lining of stratum corneum appears
to be unique to P. dorsalis.

The three species also all show poison glands only in the dorsal integument most likely
used to secrete a deterrent for protection. One characteristic of the P. dorsalis integument is that
the poison and mucous glands are similar in size. The poison, mucous, and mixed glands of

E. bislineata and E. lucifuga are not all relatively the same size. Instead, the mucous glands
are found to be smaller in comparison to the poison and mixed glands in E. bislineata and

E. lucifuga. A distinguishing feature of the E. lucifuga integument is the significantly smaller
number of chromatophores seen in the dermis compared to the amount found in the dermis
of E. bislineata and P. dorsalis both dorsally and ventrally.

In conclusion, the integument of Plethodontidae salamanders is found to be

morphologically similar to that of other amphibians with the unique characteristic of having
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the stratum corneum lining the ducts of excretory glands. The distinct characteristics of the

P. dorsalis skin is the lack of mixed glands and the valve-like stratum corneum lining the
excretory ducts. The most notable characteristic of E. lucifuga is the less abundant grouping

of chromatophores in the dorsal and ventral integument. All three species of lungless
salamanders have poison glands only in the dorsal integument. Future studies should build upon
this study to include a TEM analysis of the poison and mixed glands for more detailed
comparisons. This familial comparison can be used in future studies to determine any different
integument features found in salamanders that are not found in other amphibians, such as frogs.
The data from this study could be used as a control to compare to the integument of Plethodontid
salamanders proven to be infected with chytridiomycosis. A study such as this could give insight

as to why salamanders have been able to survive chytridiomycosis (Weinstein et al. 2009).
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Reflection

This project has been extremely informative, both academically and professionally.
| began this project my sophomore year and worked hard to learn the technical skills needed
to complete this project. This included learning to obtain clean sections of integument for
staining and the intense protocols needed to embed the integument in plastic. Throughout this
project, 1 also learned to overcome my setbacks and relish my successes.

My first setback occurred while learning to use the microtome to cut thin sections
of tissue. It took me many hours to learn what adjustments needed to be made to the microtome
based on the sections | was producing. Often the angle of the blade or the embedded plastic
needed to be adjusted to achieve a clean section that provided intact tissue structures that could
be clearly observed. | had not anticipated it to take as long as it did for me to become proficient
at using the microtome, but I learned it is a machine best mastered by practice. Another setback
| encountered occurred the first time | embedded. The embedding process itself is rather intense
as it takes almost two days to complete and requires someone to be available most of the first day
to move the tissues between different concentrations of solutions at exact time intervals.
When we finally added the tissues to the wells of plastic, | learned how hard it is to get the tissue
to orient the way you want in the plastic as the tissue liked to rotate within the liquid plastic.
| lost a few samples due to bad orientation or having the label float up and cover the tissue,
but I learned from that experience so the second time | embedded I did not lose any samples.

Another major problem | had while completing this project was procrastination. As my
course load progressively increased, this project became less of a priority as it did not need
to be completed for several years. Completing this project seemed like a dauntless task that could

wait until my more pressing schoolwork was done, especially when it came to the final
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manuscript writeup. While taking this approach allowed me to be successful in my classes,
it did cause me more stress later as the project deadline loomed ever closer. Looking back,
if I had been better about my time management | would not have been as stressed about
completing the project.

The corona virus pandemic also posed a problem as it prohibited me from performing any
further TEM analysis on the integument. Originally, TEM analysis of both the mucous and
poison glands of P. dorsalis was going to be included in my final manuscript. The poison gland
analysis was going to be completed in early March and added to the already completed
manuscript, but due to the restrictions caused by the outbreak it was not possible to complete this
analysis in time to add to my manuscript. Further TEM analysis of the P. dorsalis integument
will need to be conducted in future studies.

Personally, this project taught me stress management. | have never undertaken a project
of this magnitude, and to do it while taking some of my most rigorous college classes caused
a great deal of stress. As a biology major hoping to be accepted into graduate school to become
a veterinarian, | knew that completing this project would teach me how to better manage my time
as well as stress. Veterinarians have a relatively high suicide rate due to the stress of their job,
so | decided to persevere and complete my project so | could begin learning to manage my stress
before entering graduate school. I learned that taking some time for myself every day, even if it
was just ten minutes, really reduced my anxiety. Painting was another way | relieved stress while
completing this project. Taking art classes to obtain my art minor, | realized that getting lost in
the beauty of making an image come to life on paper or canvas was very cathartic for me and

rejuvenated me when 1 felt stressed.
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Academically, this project forced me to learn embedding and sectioning techniques
I never would have learned otherwise. It also introduced me to histology and integumentary
features with the aid of my mentor before ever taking classes that taught these subjects.
This project also gave me the opportunity to present my research multiple times and even travel
across the country for one of these presentations. Finally, the independent research done for this
project presented me with unique experiences that aided me in promoting myself to

graduate schools.
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Appendix B- Chemical Safety Sheets
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23 Labsl slemanic and precsubonsry stafsments

—  HHDS



Elgnal word

Hazard
statementis]

Frecautionary
statemenkis]l

. Danger
T HEDZ: Harmil F seallowed.

HE1Z: Harmiud n contact with skdn.

HZ=20: Causes &ye Irritakion.

H=3Z: Harmful F Inhaled.

HEE1: Suspacted of causing cancer.

HZEL: Suspacted of damiaging fertility or the uribam child.
HE10: Very toxic to aquatic fe with long-lasting =fects.

- FZD1: Obtaln speclal Instructions before uss,

FZOZ: B0 mot hanodle wrtll all safety precautiors have besn read and
understood.

FZE1: &vold breathing dust! fumie! gasd misti vapours! spray.

FZE4: Wash gdn thoroughly after handling.

FZ70: Do rot eaf, drink or smake when using this product.

FZ71: Use only outdoors or In a2 well-vertlated srea.

FZ73: Avold releass to the erviranment.

FZED: Wear profective glowes) protectve clothingd =ye protectiory face
protecton.

F=D1 + FZ10 + F330: IF SWALLDWED: Immediatehy call & FOISON
CENTERdoctor. Rinss mouth.

FE04 + FZ40 + F311: IF INHALED: Remoye parson to fresh &ir and keep
comfortable for bresthing. Call 2 POISOM CEMTERdoctar.

F=08 + F313: IF axposed or concermed: Gat medical adyvice) sttenton.
F=31: Collact spillzge.

P40z + FZ33: Store Ina well-versllated place, Ereap comtalnar Sightly closed.
F40E: Store locked up.

FS01: Dlspose of comtents! contalner to an approved waste disposal plant.

24 Hazards mot ctheralcs classifad (HNOGC) or nof coverad by GHE
Mz unclassified hazards known.

&

MFPA Rating
Health hazard
Fire hazard
Feactivity hazard
HMIE Rading
Health hazard

Chronic heatth
hazard

Reactivity hazard
Flammabiliy
Fhiysical hazand

L ]

FECTION .  COMPO ETIONINFORMATION ON INGREDIENT B

1

Eubstars-ss
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F# TED PELLA, INC.
d Emrrese: Moo for Sebaaees At aaens
Safety Data Sheet
Product No. 18306-4211 ERL 4111 Epoxide Resin
Izzue Date (D4-05-15)
Review Date (08-31-17)

Section 1: Product and Company Identification
Product Name: FRL 4271 Epoxide Resin
Company Name
Ted Pella, Inc, P.O. Box 492477, Reddimg, CA #6040-2477
Inzide US4 and Canada 1-800-237-3526 Qvion-Thw §:00AMN to 4:30PN PST; Fri $:00AM to 4:00PLI PET)
Onizide USA and Canads 1-330-243-2200 (Mfon-Tho. §:00AM to 4-:30PRI PST; Fri §:00AM to 4:00PMIEET)
CHEMTREC USA and Canada Emergency Contact Nomber 1-800-424-9300 24 hours a day
CHEMTREC Omtzide USA and Canada Emergency Contact Number <1-T03-741-5970 14 hours a day

Section 2: Harard Identification
2.1 Clas=ification of the subztance or mixiare
Pictograme:

GHSQT
GHE Categories
GHS{T: Imitant
2kin Zens. 1 H317: Mav cansze an allergic skin resction.

21 Label elements
Hazard Fictozrams

GHSO7
Sizmal Word: Wamins

Hazard-determining components of labeling: 7-Crrabicvclof4.1 0beptane-3-caborylic acid, 7-
oxabicyrl[4.1.0]hept-3-vimethly aster

Hazard Statements
H317 Alav cause an zllergic shin resction.

Precaptionary Stafements

P16l Anpid breathing dust'fimmes mistSrapors/ spray.

R0 Wear pratective gloves profective Clothing 'sve protection ' face protection.
P31l Specific reatment {ze2 an this labal).
P3463 Wazh comtarminated Clothing before reuse

P333+P313  If shon ortation or rash ocours: Get medical adsice/attention.
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P30l Dhizpose of content='container in sccordance with local Tegional mational’
2.3 Orther harards

Clazzification according to Direciive 67548 FEEC or Directive 1999/ 45EC
Infornmation conceming particular hazards for nman and ermviromment; The product has to be labeled due to the
caloulation procedure of ntemational suidelines.

Clazzification systern: The clazzification was made according to the latest edifions of intemarional substances
lizt=, and expanded upon from company and litsranire dats.

Label elements

Labeling according to EUT unidelines: The prodwct hias been clazzified and marked in accordance wath directives
o harardous materials,

Cods letter and hazard desisnation of product: Iritant.

Harard-determining components of labeling:

T-Omabicyclo[4.1.0]heptane-3-cabomylic add, T-prabicycl[£. 1. 0Thapt-3 -vimethiy estar.

Rizk phrases:

hlay cauze sensitization by skin comtact.

Eafety phrazes:

Dio not breathe gas fmes vapor/'spray (appropriate wording to be specified by the mamifacharer).

Avvond contact with skom

TWear sartable gloves.

Thiz materizl and = contamer nmist be dizpozed of 23 harsrdous wasts.

Health Effects:

WFPA Hazard Fating: Heslth: 2; Fire: 1; Reactivity: 1
HAISE Harard Rating: Healih: 2; Fire: 1; Beactiviny: 1
(0=lzast 1=5lizht Z=MInderate, 3=High 4=Fxfrems)

Eesults of PBT and vPvE aszessment: A Chemical Safety Azzazament has not been carried ot
FET: A
vEvE: N4

Emergency overview

Appesrance” Colarless liquid.

Imnediate effacts: WD

Potential health effectz

Primary Fooutes of entry: Ingestion, inhalation, ve and sion comtact.
Bigns and Symyptoms of Orreresposure: MD

Eves: MND

Bkin- My canse sensitization by skin contact.

Inzestion: WD

Inhalation: WD

Chronic Exposure: MO

Chamical Listed Az Carcinozen Or Potentizl Carcinozen: MNons listed
Ses Toxicological Information {Sectionl 1)

Potential environmental effects

See Ecological Infonmation (Section 12)

ESection 3: Compasition / Information on Ingredients



F#TED PELLA, INC.
‘ Moz ey Prodoors for Selbancs ans e
Safety Data Sheet
Product No. 15310 DER.™ 736 Epoxy Resin
Izzme Diate (04-00-15)
Review Date (03-31-1T)

Section 1: Product and Company Identification
Product Name: D EE™ 73§ Epoxy Resin
Eyvnamvm- Diglycidyl Ether of Poly (propylens zhvool), Polyiner of epichlorokydrinpolyelycol
Company Name
Ted Pella, Inc., F.0. Box 492477, Redding, CA 96040-2477
Inzide 54 and Canada 1-B800-237-3528 (MJon- Tha. §:00AM to 4:530FM PST; Fri §:00AM to 4-:00PRIP5ST)
Cruezide USA and Canada 1-530-243-2200 (BJon-Thu. §:00AN to 4-30FRIPST; Fri 6:00AM to 4:00PRIPET)
CHEMTEEC UsA and Canada Emergency Contact Namber 1-800-424-9300 24 hours a day
CHEMTEEC Oufside USA and Canada Fmergency Contact Number +1-703-741-5870 24 hours a day

Section ?: Hazrard Identification
11 Classification of the substance or miccture

CHE Pictograms

4

GHS07
ZHS Categories
GHE0T: Iritant
Acute Tom 4 H302: Harmiul if soallowed.
Acute Tox 4 H332: Hanmiful if imhaled.
Zkdn It 2 H315: Canzes shan iritsticn.
Ekin Senz. 1 H317: Mgy cams=e an allergic skin reaction.
11 Lahel elements

Hazard Fictoerams
GHEOT
Siznal Word: Wamning

Harard Statements

HE0Z Hanmiful if swallowed.

Hz15 Czpzes shon OTitEtion.

H317 Dy canse an allergic reaction
H33Z Hanmiful if inhaled.

Frecautionary Statements
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B261 Axpid breathing dust/ fimme 23z mist vaApors spray.
280 Wear pratective gloves protective clothing'eve protection face protection
P3il Spedfic weatment {zes on thiz label).
P3s2 Take off comtaminated clothing and wash before reuze.
P301+P312 IF SWALLCWED: Call a FOT30 CEMTER. doctor if vou feel unwell.
P301 Dhizposze of content=s'contamer in sccordance with local Tegional national internarional
remlations.
2.3 Orther hazands

Clazsification according to Dhirective 67548 EEC or Directive 199048 EC
Label element=

Labeling according to ELT guidelines: The prodwct kas been clazzified and marked in accordance with directives
on hazardows materials.

Hammful - Hanmifil by inhalation and if swallowed

Irritant - Dmitating to eves and skin My canse sensitization by skin contact.
Infosmation concerming particnlar kazards for buman and envirooment: 2A
Code letter and hazard desiznation of prodoct:

Latbel: Harmful

Eizk phrazes:

Harenful by inhalation and if soeallonad,

Irmitating to eves and sk,

Iy cawze sensitrzation by skom comtact.

Eafety phrases:

Eesp container in 8 well-ventilated placa.

Avond comtact with zkin.

Wear suitzble gloves.

Thiz materiz] and ifs contamer pmst be dizposed of 2z hazsrdous waste.

Healih Fifects:

WPFA Hazard Faring: Heslth: 1; Fire: 0; Beactiviny: O
HAISE Hazard Fating: Health: 1; Fire: O; Fesctivity: 0
({=leazt 1=5lizht X=M\Iodsrate, 3=High 4=Fxirems)

BEewults of FET and vPvE azsessment:
PET-IMA
vEvE: MNA



W # TED PELLA, INC.
Eerncoe Produiem for Sxbenees ats maaens
Safety Data Sheet
Product No. 13301 Noneny] Succinic Anhydride, (NSA)
Izzue Diate (04-09-15)
Review Date (18-31-17)

Section 1: Product and Company Identification
Product Name: Nonenvl Succinic Anbvdryde Aodified (NSA)
Swnoma: MEA (Moneny] Succinic Anhydride Aodified)
Company Name
Ted Pella, Inc., P.O. Box 492477, Redding, CA 26048-2477
Inzids V54 and Canada 1-B00-237-3526 (MWJon-Thu. §:00AM to 4:30FM PST; Fri §:0040 to 4-00PRIPET)
Oruezide USA and Canads 1-530-243-2200 (hIon-Thu. §:00AN to 4:30PRI PST; Fr §:00AM to 4:.00PRIPET)
CHEATREC USA and Canada Emergency Contact Number 1-300-424-9300 24 hour= a day
CHEATREC Outside TUSA and Canada Fmergency Contact ¥umber +1-T03-741-5870 24 hours a day

Section 2: Hazrard Identification
1.1 Clazsification of the snb:tance or micturs
Clazzification accarding to Fegulation (EC) Mo 127272008

Pictograms:
GESDT
HS Categories
Acute Tox_ 4 H302: Harmful if sovallowed.
Acute Tox 4 H312: Harmfil in contact with sain.
Acute Tox 4 H332: Harmfil if inhal=d,
Skin Imit. 2 H315: Canzes sldn imritation.
Eye Irmit. 2 H319: Cazez zanions eve Iritation.

22 Lahel Element=

@

CHE0T
Siznal Word: WARNING
Hazard statements
H302+H312+H332 Hanmfil if swallowed, in contact with skin or if inhalad.

H313 Caznszes skin irritation.
H31G Camses zerious eve irmiianon.

Precantionary statements
184 Wear respiratory protection.
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BB Wear protective gloves protective clothing 'eve protection’face
protection.

F301+P310 IF EWALLOWED: Immediately call a POISON CEMNTER. ar
doctor phyvsician,

P305+P351+P338  IF IM EYES: Rinse cautionsly with watar for several minutes.
Fiemova contact lenses, if present and eszy to do. Contimie rinsing.

B3{4+P340 IF INHALETY: Fernase victim to fresh air and keep st rest ma

P30l Diizpozs of contents'comtamer in accordance with
localrerional national intemationsl resulations.

2.3 Orther Hazards
Eezults of PBT and vPvE aszexsment:

FET: Mot applicable.
vIvE: Mot applicable.

Clazzification according to Directive 67543 EEC or Directive 199945 EC

F2v21:22: Harminl by inhzlation in contact with zkin and if socallowed.

F346/38: Iritating to eves and shan,

The clazsification was mads according to the latest ediions of international substances lists, and expanded opon
from compary and literaturs data

Health effects:

WFPA Harard Fating: Health: 1; Fie: 1; Feactivity: 0
HAISE Hazard Bating: Health: 1; Fire: 1; Feactivity: 0
{{=leaszt 1=5lisht 2=MInderate 3=High 4=FExtremes)

Appearance: Yellow Lgquid

Imnediate effects: Hammful by inhalation, in contact with skin and if swallowed. Imritaring to eves and skin
Potential health effects

Primary Foowtes of entry: Ingestion, inhalation, and skin and eve contact.

Bizns and Svmproimns of Chreresposure D

Eves: Rinza opened eve for several minutes under mmnims watsr. If syynptoms perzist. consult a doctor.
Zkin: Immnediately wash with water and z0zp and rinss thoroushly

Inzestion: Call for a doctor inmmediately.

Inhalation: Supply fresh ir. If required provide artificial respiration. Keep patient wanm. Consult doctor if
sypptoms perzist In case of umconsciousness; place patient stably in side position for Tanspontation.
Chronic Exposure: WD

Cheamical Listed Az Carcinogen Or Potential Carcinogen: 1o

See Tomicolegical Information |{Sectionl 1)

Potential environmental effects

Zes Ecological Information (Section 12)

Sepction 3: Composition | Information on Ingredisnts

Principle Component(zy 4 O0SHA ACGIH OSHA
{cheznicel and comesen pame(z]) PEL TLV NIP IARC ted
(Cas. No) mgmd  mg/m3 regia

Monenyl Suocinic Ankhvdnda | WD MNE HE Mo Mo Mo



F# TED PELLA, INC.

.- AAmnne e Mo Aoy Sebenos TS e

Safety Data Sheet
Product Mo. 13315 Dimethyvlaminoethanol (DAIAE)
I=zue Diate (04-09-15)
Feview Date (08-31-17)

Section 1: Product and Company Identification
Product Name: Dimethylaminoethanol (DALAE)
Swvnomm- 2- Dimethylaminoethanol
Company Name
Ted Pella, Inc., F.0. Box 492477, Redding, CA 96049-2477
Inzids 1754 and Canada 1-B00-237-3528 (MJon-Thu. §:00AM to 4:30BRI PST; Fri §:00AM to 4:00FLI PST)
Ourside USA and Canada 1-530-243-2200 (hJon-Thu. §:00AM to 4-30PRI PST; Fri 6:00AM to 4:00PMIFET)
CHEMTEEC USA and Canada Emergency Contact Number 1-8300-424-9300 24 hours a day
CHEMIEEC Outside TUSA and Canada Emergency Contact Number +1-T03-T41-5970 24 hours a day

Section ?: Hazrard Identification
1.1 Classification of the substance or miciure

GHE Pictograms

&b

GHE0E  GHS0F  GHSIT

Categories
GHE02 Flammakle
Flamm Lig 3 H2126: Flarnmakle liguid and vapar
GHE0S Comosive
Slan Comr. 1B H314: Canzes zevers skin bums and sve damage
GHE0T Irritant
Aruate Tox. 4 H302: Hanmdul if swalloweed
Apnme Tox. 4 H31Z: Hanmiful in contact with skin
Aruate Tox. 4 H332: Hanmdul if inhaled

Siznal Word: DANGER.

21 Lahel elements
Labeling according to EU goideline
Thiz product has been clazsified and marked in sccordance with GHS guidelins:.

Hazard-determining components of labeling
2-dimetinviamincsthanal

Harard statement:

H226 Flarnmakle liguid and vapar.

HE02+H312+H3532 Hanmfil if swallewed, in contsct with skin or if mhaled,
H314 Canses severe skin bums and eve damage.

Precautionary statements
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PI1d Eeep away from heat'sparks/open flamssz hot surfaces. - Mo smoking,
P3053+P361+P353  IF O SEIN {or hair): Femove Take off immediately all contaminated clothing. Finze
=kin wnth water'shower.

P305+P331+P33E  IF N EYES: Finze casticusly with watsr for several mimtes. Bemove contact lenses, if
present and eazy to do. Confimie rinsins.

P310 DIrmediataly call 3 POISON CEMNTEF. ‘doctar.

P332 Spedific messare: (z=& on thiz kabal).

P45 Store locked up.

P31 Dhispozs of contents/'contamear in accordance with local regional’ nations] imtemational
regulations.

2.3 Oviher Hazards

Femuliz of PET and vIWE azseszment:

FET: Mot applicable

vEvE: Mot applicakle.

Clawmification according to Directive §T/S48FEC or Directive 1M 48EC
Corrozive: Cauzes bums.
Harenfinl: Harmifial by inhalation in contact with skin and if sorallowed.
Flamwrrahle
Information concernine partionlar kazsrds for nmnan and emiromment: Mot applicabls.
Label] alements:
Lahsling according to ETT snidalines:
The prodwct has been clazzifisd and marked in acoordance with directives on hazardous materials.
Code letter and hazard desiznation of produoct
Label: Cormrosive
Rizlk phraszes
Flamrreahle.
Harenfinl by inkalation in contact with skan and if swallerred.
Canzes bumes.
Safety phrases
Kesp locked up and out of the reach of children.
Avvond contact with eyes.
In caze of contact with eves, rinse immediatehy wath plenty of water and zesk medical advice.
TWear muitable protectve clothing, gloves and sve'face protection.

Healih Effeci=

WFPA Hazard Fating: Health: 3; Fire: 3; Feactivity: 0
HALI5E Hazard Fating: Health: 4 Fire: 3; Reactivity: (1
{0=lzast, 1=5light I=lMInderats, ]=I-I||111, 4—Extramej

Emergency overview

Appearance: Cplorless lquid

Innediate effacts: WD

Potential health effect=

Primary Fowtes of entry Inhalation, inzestion, eve and shdn cortact.
SLg,mandempmz,nfCHmme MDD

Eyves: Strong caustic effect

Ekin Harmfl by comtact with skan.
Ingestion: Harmfil if sorallowed.
Inhalation: Hamnfol by inhalation,
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SAFETY DATA SHEET Allgas

Ethanacl

Section 1. Identification

GHE product Identifler
Chemical nams

(vtiner meane af
Idantification

Product ues
Synicmym

D5 #E

Zuppiier's gafalla

Emergency telsphons
numoer [#With hours of
operation)

: Ethanal
: gthanal
: gty alzohal; D2natured Alcohol, ALTOHOL; Ethyl aleshal (Ethanal)

: SyntheticiAnaiylical chamistry.

: gty aleahal; Denatured Alcohol, ALCOHOL; Ethyl aleshal (Ethanal)
: 001114

: Alngas USA, LLC and s afistes

233 Morth Radnor-Cheetar Raad
Sulte 100

Radnar, PA 19087-3253
1-610-8587-5233

o 1-E6E-T34-3435

Section 2. Hazards identification

DEHAMC S status

Clasaification of the
substancs or mixturs

GHE label slamants
Hazard pictograms

Slgnal waord
Hazard statements

Precauflonary sfatements

Ganeral

Preventlon

Fesponss

Storape
Diepoaal

Hazards not otharsiee
clasaMed

: This matenal ks consldarad hazardous by the OEHA Hazard Communication Standard

(28 CFR 1910.1200).

: FLAMMABLE LIQUIDS - Categony 2

&

: Dangsr
: Highly lammakés liquid and vapor.

May form exglosive mixtures win air.

. Fead laba] before uee. Keep oul of reach of children. If medical advica | needad,

hawve prodwct comalnar of [abal at hand.

: Wear protective gloves. Waar eye o face protection. Ki=ep awsy fram heat, sparks,

gpan flamee and hat Eufaces. - Ma EMoang. Lsa explaclon-proos eleciical, ventiating,
Bgting and all materak-handing squipment. Uss only non-sparking ook, Take
precalutionary measurae againsl etatic dscharge. Keep contalnar fightly clossd. Use
and etar2 caly awidoars or In 3 wall ventialed placs,

: IF O SKIM jor halr): Take off Immediabaly all confaminaizd clothing. Rinsa ekin with

Water or shower.

: Store In 3 wallventilated place. Keap cool.
: Elspasemmnmnﬁ and container In 3ccordamsa with all local, I'Bgl:lﬂﬂl. natianal and

INtEmational reguiatons.

T Wane knawan.

Owis of ‘zraaTeie of revizan

HE-SET-Ar bRl Owis of svwefous lmroe S I0EEITNE Warzior 007 1T
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Section 3. Composition/information on ingredients

Substancedmixture . Eubstance
Chemical namsa . athanal
other means af : et alzahal; Denalured Alcohol ALCCHOL; Eihyl alcohal (Ethanal)
Idantimcation
CA% numberiother Identiflers
CAS numbear . B4-17-3
Product code T ooiiia
Ingradient name T CAS numbsar
athanal 100 64-17-5

There are ng additicnal Ingredients pressnt which, within the current knowilsdge of the suppller and In the
m;mmnm applicable, ars claselfled a2 hazardous to haalth or the envircnmant and hence reguire reporting
In this an.

Cocupational expoeure lImits, If available, are Nefed in Section 5.

Section 4. First aid measures
DEBE!EM! HHHBBBE!! firzt ald measurss

Eya contact T Immedatsly fush eyes with plenty of water, oceasionaly IMing tha uppsar and lower
ayelle. Check for and remave any contact lenses. Continws to rinse far ai least 10
minutes. 2t medical attention If Imalion occurs.

Inhakation : Femaye viclim i fresh air and keep 31 reel In & posiion coméonahle for bresthing. IF
niol breathing, ¥ breathing | Imegular or ¥ reepiratory amest occurs, provide arindal
respiration or axygen by Tained parsonnal. M may be dangerous to the persan providing
ald io ghve mouth-to-mouth resuecitation. Get medizal afizndian I advarse haalih effects
parelei or are zavers. I unconscious, place In racovary position and get medical
amanson Immadately. MaImain an open aineay. Loasen Ight cloming such 38 3 colar,
ti2, oeit ar walksitand.

Ekin contact : Flush contaminated sicn with plenty of watar. Remove contaminatad ciothing and
EN0RE. E2! madical Ftenton If EyMploms Donur. Wash cloming before reuge. Clean
sho=e horoughiy befors rauss,

Ingasticn : Waeh oul mouth with waler. Remove dentures I any. Remaove victim to freeh alr and
keep 3l reel In @ position coméariable far breathing. IF material has been swaliowed and
the exposed parson s consclous. give small quantiiss of waler to drink. Stop If the
axpased persan feeks sk a5 woming may be dangemus. Da nat Inducs vomiting
uniess directad 10 do 20 by medical persannel. I vomiing ooours, the head should b2
kept low e that yomit does not enter the lungs. et medical attention i adverse heafih
affacts persist or ar2 savare. Mever ghva amyihing by mouth 1o an uncanscdous parsan.
If unconEcious, pace In racovery poeiion and gat madical attenton Immeadiately.
Malniain an open alrway. Loosen Sght ciothing swch &5 3 coliar, Ui, belt ar walsiband.

Eye contact : M3 Kniown signinzant effects of critizal hazande.

Inhalation . Mo known significant effecis or critizal hazarde.

Skin contact : Mo known signifizand effecis or critizal hazards.

Frosthite s Try to warm up the frozen Sssuse and s2ek madical thznian.
Ing=ation © Wao known signifizant effects or critkzal hazarde.
D¥ar-g ure Elgn foima

Eye contact Mo Epectic data

|ﬂﬂl-n'f.llm’llll!l‘.lr raFTRAn rEagnia Jris of srweious ree S IRERTONE Warziow 003 iy




Appendix C- Scientific Poster

A Preliminary Study of Integument Glands in the
Terrestrial Zigzag Salamander, Plethodon dorsalis
(Amphibia: Plethodonti

Breanna C. Davis, Kevin M. Gribbins PhD

Results and Discussion
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Appendix D- Illustration Development

Graphite Illustration of Poison and Mucous Gland (above)

Peiseim

RV &
D : )

\SSiCo

Traced Micron Pen Illustration of Poison and Mucous Gland (above)
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Scanned Micron Pen lllustration of Poison and Mucous Gland (above)



