https://doi.org/10.22319/rmcp.v10i2.4648

Review

‘ Effects of ultraviolet radiation (UV) in domestic animals. Review ‘

Maricela Olarte Saucedo &

Sergio Hugo Sanchez Rodriguez °
Carlos Fernando Aréchiga Flores @
Romulo Bafiuelos Valenzuela @

Maria Argelia Lopez Luna ¢

2 Universidad Auténoma de Zacatecas. Unidad Académica de Medicina Veterinaria y
Zootecnia. Zacatecas, México.

b Universidad Auténoma de Zacatecas. Unidad Académica de Ciencias Bioldgicas,
Zacatecas, México.

¢ Universidad Auténoma de Zacatecas. Unidad Académica de Ciencias Quimicas.
Zacatecas, México.

* Corresponding author: olarte61@hotmail.com

Abstract:

Solar radiation is necessary for life on Earth. Environmental pollution is contributing to
global climate change, in ways such as degrading the atmospheric ozone layer, vital to
controlling the type and amount of ultraviolet (UV) radiation reaching the surface.
Domestic animals are constantly directly exposed to solar radiation and can consequently
develop skin lesions, optical tumors and thermal stress, or even die. UV light produces
oxidative stress of the skin due to excessive production of reactive oxygen species (ROS),
which can damage cells, causing cell aging or cancer. Antioxidants neutralize these
harmful agents, but their activity decreases with organism age and metabolic state. A
review was done of the histology and physiology of the skin, and the effects of UV
radiation on domestic animals using bibliographic databases (PubMed/MEDLINE,
Science) as well as journals available on the Internet. Understanding the effects of UV
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radiation on the health of domestic animals is vital since it can have substantial financial
impacts on producers, compromise animal welfare and the quality and safety of animal-
origin products.
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Introduction

Solar energy is necessary for all living beings on the planet. Climate change, global
warming, gas emissions and the greenhouse effect have modified the atmosphere, which
mediates the sun’s rays. These modifications have altered the ozone layer®: 2, leading to
more direct entry of ultraviolet (UV) radiation to the Earth’s surface. Those environments
and animal species which receive direct solar radiation have been changed as a result.
Livestock species are particularly vulnerable since excess exposure to solar radiation can
cause skin lesions, optic tumors, caloric stress or even death, with substantial consequent
financial losses in the industry®.

Types of radiation

Radiation can be defined as energy that travels from one point to another, as well as any
energy that propagates in wave or particle form through space®. The electromagnetic
radiation emitted by the Sun is generally characterized by frequency and wavelength
(Figure 1), and can be classified based on two criteria:

1) By its nature:

There are electromagnetic radiations®®), such as wave-propagated radiations (gamma
rays, X-rays); ultraviolet radiations (UVA, UVB, UVC); visible radiation (violet, blue,
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green, yellow, orange, red); infrared radiation; and radio frequencies (radar, microwave).
And there are corpuscular radiations such as subatomic particles (a particles, 3 particles,
neutrons, cosmic radiations); these move at high speeds and transport large amounts of
energy“56),

2) By its biological effect:

Radiation that carries enough energy to cause ionization in the mediums it crosses is
known as ionizing radiation, while radiation that cannot separate electrons from atoms or
alter molecular structures is called non-ionizing radiation(). Photon energy is too weak to
break chemical bonds but it has biological effects such as heating and induction of
electrical currents in tissues and cells®. The ionizing or non-ionizing character of a
radiation is independent of its corpuscular or electromagnetic nature®. lonizing
radiations include alpha and beta radiation, cosmic rays, gamma rays, X rays, and a
portion of the UV spectrum, among others. Examples of non-ionizing radiations are UV,
visible and infrared rays and radio, TV or mobile telephony waves(89),

Figure 1: Electromagnetic radiation spectrum showing the different wavelengths
emitted by the Sunt®
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Ultraviolet (UV) light

Of the entire spectrum of solar radiation only visible light (50 %), infrared (40 %) and
part of the ultraviolet spectrum (10 %) reach the planet’s surface, with the remaining
wavelengths stopped by stratospheric ozone. Ultraviolet solar radiation is defined as the
power of UV solar energy per surface unit (UV) and is measured in (w/m?)%, It has three
wavelength spectra: UVA (315-400 nm), UVB (280-315 nm) and UVC (100-280
nm)“121314) The latter possesses the highest energy but is absorbed by the atmospheric
ozone layer, as long as it remains intact, and thus has no adverse effects on life forms. If
the ozone layer were to degenerate even slightly UVC could begin to cause harmful
effects.

Both the UVA (95 %) and UVB (5 %) spectra do reach the Earth’s surface and exposure
to them is a known risk factor for development of skin cancer. The UVB is involved in
formation of photoproducts and other complexes which impair nucleic acids, with long-
term consequences, and are directly related to various skin neoplasms caused by repeated
or frequent burns on the epidermis®®. Any cytotoxicity caused by the UVA is mainly
mediated by photosensitizing endogenous molecules, which absorb photons and generate
reactive oxygen species, generating direct damage to the dermis and premature
aging(3.15).

The atmosphere

The atmosphere is composed mostly of nitrogen (78 %) followed by oxygen (21 %)16:17),
The remaining percentage corresponds to myriad trace gases, including miniscule
amounts of ozone at a concentration of no more than a few molecules per million air
particles (0.01 %). However, ozone is essential to preserving life as we know it on the
planet because it protects life forms from UV radiation, an important physical carcinogen
in both terrestrial and marine animals®617),

The ozone molecule consists of three oxygen atoms (O3) and is created mainly in two
places within the atmosphere. Most (90+%) occurs in the upper stratosphere, about 50 km
above the Earth’s surface, and is vital to reflecting damaging radiation back into space(6),
The remaining 10 % is generated at surface level (i.e. the troposphere) in large urban areas
as a component of smog(6:18),
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Since at least the mid-20™" Century human activity has altered the ozone layer’s ecological
equilibrium by production and emission of what are known as “ozone depleting
substances” (ODS) into the atmosphere). The best known ODS are
chlorofluorocarbons (CFC), which were used in the manufacture of aerosols, refrigerators
and air conditioning equipment until banned in 1989. The CFC are extremely reactive;
for example, a single chlorine molecule can destroy a thousand ozone molecules®19),
Formation of ozone molecules is a slow process and as ODS concentrations have
increased in the atmosphere overall ozone concentration decreases until a new
equilibrium is reached between formation speed and degradation(617.19),

Solar radiation is one of the main environmental factors affecting life on the planet. It
governs the functioning of terrestrial and aquatic ecosystems through control of
photobiological processes (e.g. photosynthesis, photoperiod, phototropisms). These in
turn influence other environmental factors such as temperature, humidity and natural
cycles (daily, annual and hydric cycles) which finally affect organism distribution(%:20),
This makes life possible on Earth but can be detrimental to it at high intensities or when
the proportion of shortwave radiation surpasses certain limits. High intensity radiation
and changes in the spectral composition can affect significant processes in
organisms(921),

The quantity and quality of the radiation that reaches the Earth’s surface depends both on
the solar energy emitted and atmospheric characteristics at a given site. A wide range of
the electromagnetic spectrum reaches the surface with approximately 40 % being visible
light or radiation. These wavelengths range from 400 to 700 nm and are used by plants in
photosynthesis. Another range is the photobiological range, from 280 to 1,000 nm@Y).

Both UVA and UVB penetrate the biosphere but only UVB is absorbed by atmospheric
ozone, meaning a decrease in ozone concentrations will allow a greater amount of UVB
to reach the surface. Only 1.3 % of the UV radiation emitted by the sun which reaches
the earth passes through the atmosphere, of which 98 % is UVA and 2 % is UVB.

Animal skin physiology

In animals the skin covers the organism surface and is in direct contact with the external
environment. It consists of three strata that harbor additional structures such as sweat and
sebaceous glands®?, Different species have developed supplementary forms of protection
(hair, wool, feathers) and/or keratinized tissues (nails, hooves). The skin protects against
mechanical, physical and chemical threats from the environment(223; for example, skin
thickness often increases at points regularly subjected to mechanical compression (e.g.
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hooves, paws, hands and feet)??. It is also relatively impervious to microorganisms and
many poisonous and noxious substances.

The skin protects against radiation®®®, mainly solar radiation of different wavelengths.
For this reason in many animal species its superficial stratum, the epidermis, produces
pigments (melanin granules) that impede the penetration of radiations to deeper tissues.
An example is the skin of the polar bear which has white (refractory) fur and black
(protective) skin as an adaptation to an intense luminous environment subject to direct
solar radiation and indirect radiation reflected from ice and snow®?).

Sweat and sebaceous glands in the skin reach the surface through glandular ducts, making
this an excretory tissue®?). Water excretion (sweat) is a means of thermoregulation
unrelated to maintenance of organism hydric equilibrium, but rather controls animal
thermal conditions vis-a-vis the environment. Cutaneous sebum is a mixture of lipids
secreted by the sebaceous glands aimed at protecting the skin from moisture and
conferring it pliability and resistance?.

The skin plays an important role in animal growth or somatic body development because
it is the primary storage area and activation site of vitamin D@3, Entering the organism
as D2 (ergocalciferol) or D3 (cholecalciferol), depending on its source, Vitamin D reaches
skin tissues via the blood. Here it is stored as calciferol or a precursor, and is transformed
into cholecalciferol by UV rays from the Sun. The cholecalciferol returns to the
circulatory system, passes through the liver and finally arrives in the kidneys where the
parathormone (PTH) effect transmutes it into the vitamin D hormone (1, 25-
dihydroxycholecalciferol). This hormone acts in the intestinal mucosa by stimulating
facultative absorption of calcium, thus preventing rickets@?).

Skin histology

Total cutaneous area varies by animal species; for example, in adult humans it is estimated
to be up to 2 m?. Certain portions of the skin of different animals generate specialized
formations such as hair, feathers, nails, horns, or hooves, and the presence of sweat and
sebaceous glands can range from numerous, to scarce or absent®),

Skin thickness in a given organism can vary but is generally thicker on body dorsal
surfaces and limb lateral surfaces, and thinner on body ventral surfaces and limb medial
surfaces. These general trends can differ by species, breed and sex®??. In mammals, the
thinnest skin areas average from 0.4 mm in mice to 2.4 mm in Holstein dairy cows (Bos
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taurus), while the thickest areas average from 1.9 mm in the domestic cat to 10.7 mm in
male horses).

The skin is divided into three strata: epidermis, the epithelial or surface stratum; dermis,
the connective or deep intermediate stratum; and hypodermis, the subcutaneous cellular
tissue (Figure 2)526),

Figure 2: Layers of thick rat skin
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Epidermis: consists of keratinized stratified layered epithelium; Dermis: connective tissue;
Hypodermis: fatty tissue. Technique: paraffin, hematoxilin-eosine®.

Epidermis. This consists of keratinized stratified layered epithelium, and is generally
divided into five strata: stratum germinativum, stratum spinosum, stratum granulosum,
stratum lucidum and stratum corneum(%:26.27),

Dermis. This connective layer is divided into two regions, the papillary immediately
below the epidermis, and the deeper reticular. Named for the numerous papillae
projecting from it into the epidermis, the papillary region consists of a dense weave of
irregular lax fibrous connective tissue with trophic functions. Its thickness varies widely
between species, being thicker in ungulates than in carnivores(®>-28),

Hypodermis. This layer is mostly connective tissue that adheres the skin to the bones and
muscles. Its primary function is to dampen external pressures and allow free movement
of the skin over underlying structures. Adipose tissue is present in this layer, from small
groups of cells to large masses in the form of pillows or fat pads. In temperate climes, the
hypodermis carries out a thermoregulatory function by increasing in thickness in the
winter to retain heat®*?%. Ancillary structures such hooves, nails, horns and spurs
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originate in Keratinization processes in the stratum corneum and have different
thicknesses and consistencies®+25),

Hair. Hairs are epidermal formations that, in most mammals, are present over the entire
skin surface save on specialized skin tissues such as the pads of paws, palms of hands,
hooves, fingernails, part of the lips of the mouth, the glans, the inner surface of the
foreskin, the vulvar labia, the nipples and the contact surface of the limbs. A hair has a
root, a stem and a tip, which protrudes from the skin. Hair roots are surrounded by an
invagination of epidermal strata spinosum and germinativum into the dermis that reaches
the papillary region and thus accesses the blood vessels therein@®),

The cortical and medullary layers of hair occur in different proportions in different
species. For instance, the hair lining the skin of horses, bovines, dogs and pigs has a
thicker cortical layer than the hair of goats and cats. Also, the fine curly hairs of sheep
and pigs, manifest in hedgehogs or porcupines as sharp hairs known as thorns or barbs.
Hair is generally very fine in young animals and practically lacks marrow(242528:29.30),

Adaptations of the skin in response to environmental conditions

Evolutionary, morphophysiological adaptation of skin to environmental conditions
involves the morphological peculiarities of the skin and its ability to allow thermal
adjustments to environmental variables and thus regulate organism temperature®®. An
excellent example is variation in skin thickness among and between bovine breeds.
Histological studies comparing Zebu cattle (Bos indicus), and Holstein breeds (Bos
Taurus) have found that skin thickness is not homogeneous across the body surface in the
same areas among animals of the same species but different breeds, and can even vary
with age. One study of 21 regions on the skin of Holstein-Friesian cattle (Bos taurus)
found that skin thickness as measured by skin fold changed within the same area and that
overall thickness increased with age. An analysis of different macro- and microscopic
skin structures in Holstein and Zebu cows found the Zebu to be better adapted to high
temperatures®®3L, This breed has shorter, thicker hair, greater overall skin thickness with
a thinner epidermis and a deeper reticulate dermis, a larger number of sweat glands
exhibiting dermal implantation, and consequently a greater excretory surface and
glandular density per areal®®). In contrast Holstein-Friesian is a dairy breed characterized
by thinner skin with a thicker epidermis and finer reticulate dermis. Even the shape of
sweat glands differs between the breeds with sweat glands in the Holstein having a tubular
shape with varying degrees of torsion and those in the Zebu a more sack-like shape. In
the latter breed they are also more concentrated, ensuring more efficient heat dissipation
and thus greater tolerance to tropical temperatures(?8:32),
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How solar radiation affects animals

Animals exposed to solar radiation for long periods, that live at high altitudes and/or in
the tropics tend to lack pigment in the epidermis, have little hair or suffer hair loss and/or
are at higher risk of skin diseases®3-3), This occurs because UV rays damage cell DNA®?),
which induces the cyclobutane pyrimidine dimers (CPD), pyrimidine (6,4) and
pyrimidinone (6,4 PP), which cause negative effects such as inhibition of replication and
transcription, increased mutations, halting of the cell cycle and cell death®”). One disease
associated with these factors is squamous cell carcinoma (SCC) -also known as
epidermoid carcinoma®)- a malignant tumor affecting keratinocytes in the
epidermis®>3) that is locally invasive but not necessarily metastatic®®, but can
compromise the dermis(8),

Found mainly in bovine species, these tumors are most frequent in the Hereford,
Simmental and Holstein breeds, all of which have white skin without pigmentation,
particularly in the eyes®*3), This condition causes heavy financial losses due to eye
cancer, known also as pink eye, which is common in these breeds®. It is genetic in origin
but associated with UV exposure. Older individuals are most affected although younger
ones can also develop it, especially those with a white face and little pigment®9. Felids
and canids are also at risk“%4D, but it is uncommon in sheep and pigs©3353), The most
sensitive horse breeds are Belgian, Clydesdale, Shire and Appaloosa, in which lesions
appear largely in muco-cutaneous regions (e.g. conjunctiva, vulva, perineum)®?),
Squamous cell carcinoma (SCC) occurs in 20 to 30 % of canids and 70 % of felids with
no differences by sex, mostly in large breeds and animals older than 10 yr#?. Lesions in
canids occur most frequently on the trunk, limbs, scrotum, lips and nail bed®®, while in
felids they are mostly on the face and ears of white-haired individuals®“?.

Exposure to UV light can also cause melanocytomas, formed in melanocytes in the
epidermis, the cells that provide pigmentation to the skin, eyelashes and hairs®3), In
bovines, from 80 to 90 % of these tumors are benign, they are located mainly in the skin
of the extremities, are not age- or sex-dependent and are more prevalent in dark-colored
animals (grey, red and black)“®. Called melanomas in other domestic animals, they are
usually malignant, are common in canids and equids, and are rare in cats and other
species®1:4344),

In dogs melanomas account for 4.7 % of all neoplasms and more than 7 % of malignant
tumors44%), They are most common in the mouth (56 %), followed by the lips (23 %),
skin (11 %), toes (8 %) and other locations (2 %), including the eyes®“®). Cutaneous
melanomas are relatively frequent, but only 10 % of malignant melanomas are cutaneous
and these are largely found on the head and scrotum. Melanoma incidence in canids also
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varies by breed, being more frequent in those with marked cutaneous pigmentation, such
as the Schnauzer or Scottish Terrier®>48), The Irish Setter and Golden Retriever exhibit a
higher incidence of subnail melanomas, and the Irish Setter, Chihuahua, Golden Retriever
and Cocker Spaniel have a greater risk of labial melanomas®>4®), The German Shepherd
and Boxer have a higher risk of developing oral melanomas®“’®), Age at melanoma
appearance ranges from 1 to 17 yr with an average of 10. Incidence is higher in males
than females®”.

Melanoma is uncommon in cats (<1% of oral neoplasms and about 0.5 % of cutaneous
neoplasms)©®5051), Ocular and cutaneous melanomas are more common than intraoral
ones®253), The most common locations on the skin are the head, tail, distal extremities
and lumbar area%5354)_ Prognosis is often poor given that half of cases exhibit recurrence
and regional metastases“¢54%%), Affected animals range in age from 2 to 18 yr, with a peak
between 8 and 12 yr®4%5), There is no apparent effect of sex or breed on frequency®+59),

Another UV-related ailment is appearance of hemangiosarcomas, malignant tumors most
common in middle-aged and elderly dogs, especially large breeds such as the greyhound.
It affects mainly the spleen, the right atrium of the heart, the subcutaneous/dermal tissue
and the liver®®, Hemangiomas are also related to UV light exposure. These are relatively
benign neoplasms in the skin capillaries of the trunk, limbs and soft tissues, but are
frequently precursors to hemangiosarcomas®”.

Pathological effects of ultraviolet radiation

UVA radiation can induce erythema, immediate or delayed pigmentation, alterations of
the dermal connective tissue, release of vasoactive mediators, and photo-oxidative stress.
It can also exacerbate UVB erythema, carcinogenesis and elastosis, causing alterations in
DNA and other structures such as elastic fibers®®. Exposure to UVA is responsible for
many drug photosensitivity reactions, and plays a significant role in diseases such as
polymorphic light eruption, chronic actinic dermatitis, actinic reticuloid, lupus
erythematosus, solar urticaria, persistent reaction to light and xeroderma pigmentosum
(XP)®260) Experimental and clinical evidence have established a close causal relationship
between prolonged exposure to UV light and skin cancer, primarily malignant melanoma
(MM), squamous cell carcinoma (SCC) and basal cell carcinoma (BCC)®%69),

Photosensitivity in animals is classified into three main types. Type | or primary
photosensitivity is caused by fluorescent compounds deposited undisturbed on the skin
after ingestion since a normal liver is unable to process and excrete the original
fluorescent compound. Photosensitizing compounds include hypericin, fagopyrin and
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chemical products such as phenothiazine (sulfoxide phenothiazine). Type Il
photosensitivity, also known as abnormal synthesis of endogenous pigment or congenital
porphyria is caused by accumulation of endogenous pigments from abnormal porphyrin
metabolism. Photodynamic agents include uroporphyrin I, coproporphyrin I, and
protoporphyrin I1l. These accumulate in the blood and tissues in response to dysfunction
in heme group biosynthesis due to an enzymatic deficiency. For example, congenital
protoporphyria in bovines is caused by a deficiency in uroporphyrinogen 111 cosynthetase,
a key enzyme in heme group biosynthesis. Type Il or hepatotoxic photosensitivity is
more common and can have financial impacts. Animals become sensitized due to
accumulation of phylloerythryn, a product of chlorophyll digestion in the peripheral
circulatory system. Phylloerythryn is usually excreted in bile by the liver, but in certain
types of diffuse lesions, the liver is associated with a variety of vegetable, fungal, and
chemical hepatotoxins that are gradually absorbed by the circulatory system until
attaining levels that generate photosensitivity. This toxic matter acts directly on the cells
of the liver and small bile ducts, causing them to inflame and preventing passage of bile,
causing jaundice or yellow coloring®?,

Beneficial effects of ultraviolet radiation

One of the principal benefits of solar radiation is that it allows some homeothermic
animals to maintain proper internal body temperature for metabolism®2. Another well-
known benefit, particularly of UVB, is enabling vitamin D metabolism, indeed,
insufficient exposure can lead to vitamin D deficiency®?. This can have immediate
effects on the skeletal system by increasing the risk of fractures since vitamin D3 is
produced daily to control absorption, transport and deposit of calcium (and to a lesser
extent phosphorus), a vital function in bone maintenance and growth regulation. Vitamin
D is also necessary for hormonal functioning, organ development and embryogenesis®©?).
Ultraviolet B radiation is important for animal health because it is required for the
photochemical processes involved in vitamin D synthesis®?. In other words, even if
animals receive an adequate diet and are in an optimum temperature, they will be unable
to correctly incorporate many nutrients if not provided with the radiation needed for
vitamin D production®2),

Irradiation is vital to food safety in that it contributes to preservation by preventing food
from degrading and spoiling, and the appearance of undesired conditions such as
emergence of tubers. It can also destroy some insects, fungi and bacteria(®?.
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Conclusions

Domestic animals are almost constantly exposed to ultraviolet radiation but changes in
climate may increase UVB radiation exposure with possible negative health
consequences. Sensitivity to exposure varies between species and even between breeds
within the same species. Many may develop cutaneous pathologies, including skin cancer,
which cause significant financial losses in the agricultural sector, undermine animal
health and well-being, and compromise the quality and safety of animal products intended
for human consumption.
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