Epithelium:
The First Line of Defense
Understanding Why Trace Minerals are Critical to
Epithelial Tissue Production and Maintenance
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pithelial tissue covers all
exterior and interior surfaces
of the body, its cavities, tubes,
organs and blood vessels, including the
respiratory, reproductive, urogenital
and gastrointestinal (GI) tracts. This
dynamic tissue establishes barriers
that protect humans and animals from
moisture, bacteria, viruses, yeasts,
fungi, molds, mites, insects and
mechanical insults. Organisms, as
well as physical and chemical insults,
are constantly attempting to breach
interior and exterior epithelial surfaces
in an attempt to take up residence or
compromise the tissue. When a breach
occurs in epithelial tissue, this allows
for easy entry of foreign pathogens.
Surface epithelia are tightly packed
with almost no intercellular spaces,
forming a continuous sheet that holds
in moisture and heat against the
opposing world. Construction of this
barrier, the epithelium (Figure 1),
consists of directional cells that have
a defined top (or apical surface) and a
bottom (or basal surface towards the
basement membrane). This directional
design provides optimal barrier
protection, structural strength, cell
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adhesion and communication with the
living organism.
The structure and functionality of
epithelia is diverse (Figure 2).
There are three principle shapes
and arrangement of epithelial cells:
squamous, columnar and cuboidal. In
general, the shape of epithelial cells

dictate their function in the body as
protective, secretory, absorptive or
excretory bodies. Cells can be arranged
in a single layer, such as those lining
the gastrointestinal tract, respiratory
system and reproductive system.
Epithelial cells can also be
in layers of two or more
cells such as stratified
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Structural & functional diversity of epithelia
Figure 2. Structural and Functional Diversity of Epithelia
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To protect against environmental challenges, the epithelial
layer must maintain structural integrity.
epithelium comprising the outer skin or
horn tissues.
Columnar cells that line the GI tract
provide physical and chemical (mucin)
barriers against intestinal contents, and
play a key role in nutrient and water
absoption. Six epithelial cell types
make up the GI tract lining. These
consist of enterocytes (absorptive
epithelial cells), crypt epithelial
cells (undifferentiated cells which
serve as the cell pool for constant
proliferation and renewal of the
gut epithelium), goblet cells (these
produce the mucin layer), paneth
cells (these produce antimicrobial
peptides), enterochromaffin cells
(neuroendocrine, histamine producing)
and microfold or M-cells (these are
active in immune communication with
the lumen of the gut). Collectively,
these cells contribute to the vital role
the GI tract plays in optimal barrier,
absorption and immune function.

are composed of glycoprotein fingers,
similar to a molecular velcro (Green
and Simpson, 2007). Maintenance
and function of the gut epithelial cells
requires proteins, fats, carbohydrates
and numerous micronutrients (NRC
2001). Micronutrients, such as zinc,
have been shown to enhance barrier
integrity in CACO-2 gastrointestinal
epithelial cell culture and live animal
models.
Research in sows showed their
offspring demonstrated greater intraepithelial lymphocyte and goblet

cell numbers, both indicative of
greater intestinal protection, when
the sow received zinc in the form of
Availa®Zn zinc amino acid complex
during gestation (Caine, et al., 2001;
Figure 3). This is an example of
Generational Nutrition® via maternal
nutrition, having a direct and positive
effect on offspring health parameters.
Similarly, research in production
livestock showed that heat-stressed
pigs and steers supplemented with
Availa-Zn zinc amino acid complexes
had greater transepithelial electrical
resistance and reduced movement of
fluorescein isothiocyanate – dextran,
an indigestible sugar, across the
small intestine of stressed-animals
than animals supplemented with zinc
sulfate (Pearce and Baumgard, 2012).
This research also demonstrated that
feeding Availa-Zn zinc amino acid
complex reduced the infiltration
of lipopolysaccharide into blood
circulation. This combination of lower
gut leakage and reduced immune
challenge could result in nutrient
sparing effects with an associated
increase in animal performance.
Further demonstrating positive
effects of micronutrients on the gut, a
summary of 23 trials showed intestinal
strength was enhanced by more than
15 percent in poultry supplemented
with zinc, manganese or a combination
of both from Zinpro Performance
Minerals vs. sulfate forms of the same
minerals. These studies indicate trace
minerals, and more importantly the
form, are key to the maintenance and
function of a healthy gut.
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Figure 4. Impact of Availa-Zn Zinc Amino Acid Complex on Skin Strength
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Epithelial Skin Integrity
While maintenance of the lining of
the gut, respiratory or reproductive
tracts is of upmost importance, the
outward facing surfaces of the animal
or epithelia are often challenged with
irregular tissue and/or damage. To
maintain a protective layer and cellular
structure, cells contain a cytoskeleton
matrix composed of keratin filaments
or tightly-wrapped protein fibers.
Keratin is a fibrous (keratin filaments)
or amorphous (intermediate filament
associated protein), proteinaceous
material produced by epidermal cells
in the integument (epidermal layer) or
outer covering of the body (Steinert
and Idler, 1975; Calhoun and Stinson,
1981). The primary role of keratin is
to make skin, hair, and horn a pliable,
insoluble, and unreactive barrier
against the natural environment.
The fibrous structural proteins of
the epidermis are many and varied
and are collectively termed keratin
proteins. Keratin is composed of a
complex mixture of proteins. Zinc has
been identified as a key mineral in
the processes of keratinization (Smart
and Cymbaluk, 1997; Mülling et al.,
1999; Mülling, 2000). The ubiquitous
distribution of zinc among cells,
coupled with zinc being the most
abundant intracellular trace element,
points to very basic functions.
Whereas zinc is a component of
more than 300 enzyme systems, it

has a role in three key functions in
the keratinization process: catalytic,
structural, and regulatory (Cousins,
1996). Catalytic roles are found in
enzymes such as RNA nucleotide
transferases, RNA polymerase, alkaline
phosphatase, carboxypeptidase, alcohol
dehydrogenase, and the carbonic
anhydrases (Cousins, 1996; NRC,
2001). The presence of ribonucleic
and deoxyribonucleic acid, ascorbic
acid, free aldehyde groups, and
alkaline phosphatase in keratinizing
cells serves as a positive indicator of
intense cellular activity (Frazer and
MacRae, 1980; Hendry et al., 1997).
These catalytic enzymes are zinc
metalloenzymes and depend on zinc
as an activator, and thus are an integral
component in the differentiation of
keratinocytes.
Zinc also plays a key role in
formation of structural proteins
during the keratinization process.
Zinc-finger proteins are involved in
functions requiring protein-to-protein
interactions, most of which are thought
to affect cellular differentiation or
proliferation (Cousins, 1996).
The third key role of zinc in
differentiating cells, including
differentiating keratinocytes, is
regulatory. Zinc regulates calmodulin,
protein kinase C, thyroid hormone
binding, and inositol phosphate
synthesis (NRC, 2001). Calmodulin
is responsible for binding Ca2+ and

carrying it into the cytosol of the cell
when activated. This is important
in the final step of the developing
keratinocyte because calcium activates
epidermal transglutaminase, which
is active in cross-linkage of the cell
envelope keratin fibers and, in addition,
is involved in initiation and regulation
of terminal differentiation of epidermal
cells. A summary of 30 studies showed
an improvement in epithelial tissue
strength by greater than 30 percent
in poultry supplemented with zinc,
manganese or a combination of both
from Zinpro Performance Minerals
vs. sulfate forms of the same minerals
(Figure 4).
Animals receiving insufficient
zinc, a diet high in antagonists to
zinc absorption or having a genetic
predisposition to poor zinc absorption
are more likely to suffer with epithelial
irregularities and growth of rogue
bacterial colonies. Examples can be
found in companion animals, cattle,
sheep, goats, pigs, horses, rats and
humans. Dogs occasionally suffer
with zinc responsive dermatosis when
consuming diets high in calcium and/
or phytate, both antagonists to zinc
absorption. Nordic breeds, such as
Alaskan Malamute and Siberian
Husky, often have a genetic defect
inhibiting/depressing their ability to
absorb zinc. An extreme version of
this may occur in the Bull Terrier and
result in lethal acrodermatitis. These
dogs often suffer from zinc responsive
dermatosis resulting in cutaneous
lesions exhibiting erythema, variable
degrees of alopecia, scaling, crusting,
and lichenification around the eyes,
ears, nose and footpads. Dogs suffering
from this disorder and a very common
problem defined as atopic dermatosis
often develop hot spots, skin lesions
with bacterial or yeast infections, and
crusted or fissured paw pads. These
dogs may also suffer from diarrhea,
internal infection and pneumonia, all
indications of poor epithelial integrity
and immune function.
In a double-blind study, conducted
at a series of companion animal
dermatology clinics, dogs with
pruritic atopic dermatosis that were
supplemented with ZINPRO® zinc
methionine, in addition to biotin and
essential fatty acids (EPA & DHA)
were able to reduce their
dependence on medicinal
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tissues, thus improving hoof horn
and skin integrity, and resulting
in improved animal wellness and
performance.

Placebo: Iso levels of biotin and essential fatty acids
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control of their atopy more than dogs
supplemented with biotin and essential
fatty acids alone (McFadden et al.,
2017; Figure 5). This combination
supplement resulted in improved skin
condition, hair growth and immune
function, thus providing relief to this
very uncomfortable and irritating
disease.
Several studies have shown that
feeding Zinpro Performance Minerals
improves claw integrity. In a yearlong study conducted at Illinois State
University, cows fed an additional
200 mg/day of zinc as Availa-Zn zinc
amino acid complex had fewer cases
of foot rot, heel cracks, interdigital
dermatitis, and laminitis than cows
not fed zinc methionine (Moore et al.,
1989). Observations on sole ulcers
and white line disease (indications of
dyskeratotic, structurally altered horn
tissue) trended toward improvement.
In a larger and longer-term study, more
than 2900 dairy cows in five herds
supplemented with a combination of
zinc, managanese, copper and cobalt
from Zinpro Performance Minerals
showed marked reductions in claw

lesions. Lesions most susceptible to
epithelial or dermal tissue damage
were most responsive to improved
micromineral availability (decreases
in double soles 59.2 percent, white
line 34.2 percent and digital dermatitis
33.1 percent). Similarly, beef cattle
receiving 216 mg/day of zinc as
ZINPRO zinc methionine, only 2.45
percent had foot rot, whereas 5.38
percent of cattle not receiving zinc
methionine had foot rot (Brazle, 1993).
These studies indicate that feeding
the unique form of zinc from Zinpro
Performance Minerals, where zinc
bound to a single amino acid, has a
beneficial influence on keratinizing

Trace minerals are critical for the
production and maintenance of
epithelial tissue. Given that epithelial
cells cover the outside and inside
surfaces as well as organs of humans,
companion animals and production
animals (including poultry, swine,
dairy and beef cattle) it is essential to
maintain and protect this protective
barrier from environmental challenges
and stressors.
Through catalytic, structural and
regulatory functions, zinc is a primary
component in many of the biological
activities key to production, repair and
replacement, function and structure
of the epithelial barrier. Epithelial
tissue is the first line of defense
against a constant onslaught of harsh
environmental challenges and this
tissue must be constantly repaired and
replaced. When trace minerals from
Zinpro Performance Minerals are fed,
this rejuvination occurs more quickly
and efficiently. Supplementation with
zinc, manganese and copper from
Zinpro Performance Minerals helps
improve epithelial tissue, resulting
in improved animal wellness and
performance.

Epithelial tissue is the first line of defense against a
constant onslaught of harsh environmental challenges
and this issue must be constantly repaired and replaced.
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