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Abstract
Ultraviolet B radiation (UVB) is required by many vertebrates to stimulate the photobiochemical synthesis
of vitamin D. Vitamin D plays many important roles in the body, including assisting in the absorption of
calcium at the level of the intestines. Deficiencies in vitamin D can lead to the development of nutritional
disease. Leopard geckos (Eublepharis macularius) are naturally nocturnal to crepuscular; therefore, it is
not known whether they benefit from UVB radiation. The purpose of this study was to measure 25hydroxyvitamin D3 concentrations in leopard geckos exposed to short duration UVB light. Twelve adult,
male leopard geckos were used for this study. Blood samples were collected from the cranial vena cava
to establish baseline 25-hydroxyvitamin D3 concentrations. Once the baseline samples were collected,
the animals were randomly divided into two groups. The animals provided UVB radiation were exposed
to non-UVB producing light for 12 h and UVB for 2 h, whereas animals in the control group only received
non-UVB producing light for 12 h. Exposure to the UVB light occurred for 2 h per day: 1 h at 0600 h and 1 h
at 1800 h to mimic dawn and dusk, respectively. An additional blood sample was collected 30 days after
the initiation of UVB exposure. There was a significant difference (F ¼ 9.7, P ¼ 0.012) in 25-hydroxyvitamin
D3 concentrations between the two groups, with UVB exposed geckos having significantly higher
concentrations. The results of this study demonstrate that short duration exposure to UVB light can lead to
increased circulating 25-hydroxyvitamin D3 concentrations in leopard geckos.
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Introduction
Because of their relative ease of care, longevity, and
manageable size, leopard geckos (Eublepharis macularius)
have become an attractive choice for reptile enthusiasts
across different experience levels. Native to the rocky
scrubland and desert regions of Pakistan, Afghanistan,
Iran, and India, leopard geckos are a nocturnal and
crepuscular species that spend much of the daylight hours
concealed in burrows and damp crevices (Thorogood and
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Whimster, 1979). Leopard geckos are an insectivorous
species that likely consume a varied diet in the wild.
Unfortunately, in the captive setting, metabolic disturbances, such as nutritional secondary hyperparathyroidism
(NSHP), are common in leopard geckos because the prey
insects that are available commercially are deﬁcient in
calcium and vitamin D and disproportionately high in
phosphorous. Recommendations for most insectivore diets
include supplementing these prey items by offering an
appropriate gut-loading diet or dusting them with a
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calcium-vitamin powder. However, because of discrepancies in the nutritional content of these gut-loading diets and
the variable time before prey items are ingested, this form
of oral supplementation may be unreliable. Further, most
of these regimens emphasize calcium supplementation but
overlook the importance of vitamin D in calcium regulation.
Vitamin D is a fat-soluble hormone that can be obtained
from the diet, through photobiochemical synthesis following exposure to ultraviolet B (UVB) light (280–320 nmol),
or a combination of both (Webb and Holick, 1988; Webb
et al., 1989; Allen et al., 1994). Vitamin D is vital to a wide
array of physiologic actions within the body, most notably
calcium homeostasis and metabolism (Webb and Holick,
1988; How et al., 1994). It has also been shown to impact
reproductive success in species across taxa (Ferguson et al.,
2002; Langerwerf, 1994; Narbaitz and Tsang, 1989).
Without adequate vitamin D stores, uptake of ingested
calcium from the intestines is impaired. This can lead to
hypocalcemia, even in the face of calcium over supplementation. When circulating calcium concentrations drop
below a certain threshold, a compensatory release of
parathyroid hormone causes calcium to be released from
bone. This loss of bone matrix can produce the clinical
signs associated with NSHP, one of the most common
nutritional diseases reported in captive reptile species
(Laing and Fraser, 1999; Mader, 2005). Although it is
widely accepted that many diurnal species can use
ultraviolet supplementation to promote the photobiochemical conversion of precursors into vitamin D3, much less is
known about the requirements of nocturnal or crepuscular
species (Bernard et al., 1991; Allen et al., 1994; Laing and
Fraser, 1999; Wright, 2008). Although many of these
species are successfully kept in captivity without UVB
supplementation, the high prevalence of NSHP in captive
insectivores, including leopard geckos, may correspond to a
deﬁciency in vitamin D3 and deserves further investigation.
The purpose of this study was to determine whether
leopard geckos exposed to short duration UVB light would
experience a rise in their 25-hydroxyvitamin D3 concentrations. The speciﬁc hypotheses for this study were as
follows: 1) leopard geckos exposed to UVB radiation for
two hours per day would have higher serum 25-hydroxyvitamin D3 concentrations than leopard geckos not
exposed to UVB; and 2) that weights of these animals
would not vary signiﬁcantly over time between or within
the UVB exposed and nonexposed groups.

Materials and Methods
This study was performed in accordance with the
regulations set forth by the Institutional Animal Care and
Use Committee at the University of Illinois (protocol 14264). Twelve adult male leopard geckos obtained from a
pet store (Sailﬁn Pets, Champaign, IL) were used for this
study. Males were used to limit the potential effect of sex
on the results because of sample size. The leopard geckos
were housed individually in 25 cm 3 34 cm 3 13 cm (15
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quart) Sterilite containers (Sterilite Corporation, Townsend, MA). A circular opening was cut into the lid, and
galvanized wire was secured to the opening to prevent
escape and ensure passage of UVB radiation into the
container. Each container was outﬁtted with a water dish,
hide box, and brown-paper lining to facilitate cleaning. The
ambient temperature and humidity were kept constant at
29.48C (858F) and 39%, respectively. All of the geckos were
offered crickets (Acheta domestica) on a daily basis. The
number of crickets fed was equivalent to approximately 2%
of the geckos’ body weight. The crickets were not gutloaded for this study to reduce the impact of any oral
vitamin D supplementation. Previous unpublished research
by one of the authors (MAM) has found vitamin D
concentrations in these nonsupplemented crickets to be
below detection limits.
The 12 geckos were allowed a 72 h acclimation period
before the initial blood sample was collected. Geckos were
placed, one at a time, into a gas-anesthetic induction
chamber (20 L glass tank) and anesthetized using 5%
isoﬂurane gas (IsoFlo; Abbott Laboratories, North Chicago, IL) and 2 L/min oxygen ﬂow. Once the geckos lost their
righting reﬂex, they were removed from the anesthetic
chamber, and a blood sample was collected from the
cranial vena cava (day 0). Baseline and follow-up blood
samples were always collected between 1600 and 1800 h.
Blood samples were stored in serum separator microtainer
tubes (Becton-Dickinson, East Rutherford, NJ) and
centrifuged within one hour of collection. Serum was
harvested and frozen at 808C (1128F) until being
analyzed.
After the initial blood samples were collected, the geckos
were randomly assigned to two groups using a random
number generator (random.org). Group one (n ¼ 6)
represented the treatment group, and included the geckos
that would be exposed to UVB light. Group 2 (n ¼ 6)
represented the control group and included the geckos that
would receive non-UVB producing light. Fluker Farm
(Port Allen, LA) 23 watt compact ﬂuorescent bulbs were
placed over the wire tops of the geckos from group 1. A
timer was connected to the lights so that the lights would
turn on for one hour in the morning (0600 h) and one hour
in the evening (1800 h), to mimic a crepuscular exposure
pattern. All geckos were exposed to ambient non-UVB
producing ﬂuorescent lighting for 12 h per day.
Leopard geckos were monitored once daily for position
within enclosure and whether they underwent an ecdysis
cycle. Geckos were weighed weekly, with measurements
rounded to the nearest 0.1 g. Ultraviolet radiation was also
measured once weekly (1800 h) using a radiometerphotometer (Solarmeter 6.2; Solar Light Co., Inc., Glenside, PA) at a distance of 12 cm from the bulb surface from
three different sites within the enclosure: directly through
the mesh under the bulb and at each end of the enclosure.
UV readings were taken in triplicate and the arithmetic
mean calculated.
Each group was maintained under the described study
conditions for 30 days. A second blood sample was
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Table 1. Estimated marginal means for 25-hydroxyvitamin D3
concentrations in leopard geckos exposed to and not exposed
to UVB light.
Parameter
25 hydroxyvitamin D3

Group

Mean

95% CI

SE

Min–Max

No UVB

49.7

33.7–65.6

7.0

12.0–81.0

UVB

79.5

64.9–94.0

6.4

33.0–170.0

collected from each gecko on day 30. Collection, processing, and analysis of the blood samples were identical to that
described for day 0. Once all samples were collected, they
were transported on frozen gel packs to the Michigan State
University Diagnostic Center for Population and Animal
Health (Lansing, MI) for testing. A radioimmunoassay was
performed to determine serum concentrations of 25hydroxyvitamin D3 (Holick, 1990; Laing and Fraser,
1999; Acierno et al., 2006, 2008).
The distribution of the data was evaluated using the
Shapiro-Wilk test, skewness, kurtosis, and q-q plots.
Because the data were normally distributed, a parametric
test was selected. A general linear model for repeated
measures was used to analyze the data, with gecko as the
random variable and group and time as ﬁxed variables.
SPSS 22.0 (IBM Statistics, Armonk, NY) was used to
analyze the data. A P , 0.05 was used to determine
statistical signiﬁcance.

Results
There was a signiﬁcant difference in 25-hydroxyvitamin
D3 concentrations over time (F ¼ 12.99, P ¼ 0.006) and
between groups (F ¼ 9.72, P ¼ 0.012). Leopard geckos
exposed to UVB had signiﬁcantly higher 25-hydroxyvitamin D3 concentrations than those not provided UVB light
(Table 1). There was no signiﬁcant difference in body
weight within or between groups (F ¼ 2.7, P ¼ 0.103). All
geckos, irrespective of light exposure, showed a strong
preference for staying within a hide box whenever
observed; however, this was not unexpected as they were
only evaluated during the daytime. It is important to note
that both groups of geckos were found to be outside of
their shelters during the study; therefore, we know direct
exposure did occur in the UVB group. None of the geckos
produced a shed during the 30 day trial. The UVB
radiation measurements for the treatment group were 12–
52 lwatts/cm2; the higher end of the range was under the
bulb and the lower end of the range at the sides of the
enclosure.

Discussion
The results of this study conﬁrm that leopard geckos
exposed to short-duration (2 h) UVB radiation are capable
of signiﬁcantly increasing their 25-hydroxyvitamin D3
concentrations over time compared with control geckos
not exposed to UVB but fed a similar diet. This is an
important ﬁnding because it further afﬁrms that leopard
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geckos can use UVB radiation to photobiochemically
generate 25-hydroxyvitamin D3 and that it can be done
using limited UVB exposure versus a more common 12 h
exposure (Wangen et al., 2013).
To date, the majority of the research evaluating the
effects of UVB radiation on reptiles has focused on diurnal
species (Allen et al., 1999; Laing and Fraser, 1999; Carman
et al., 2000; Laing et al., 2001; Ferguson et al., 2003, 2005;
Acierno et al., 2006, 2008; Oonincx et al., 2010; Selleri and
Di Girolamo, 2012). Although originally focused on lizards
(Allen et al., 1999; Laing and Fraser, 1999; Carman et al.,
2000; Laing et al., 2001; Ferguson et al., 2003, 2005;
Oonincx et al., 2010), more recent examples in chelonians
(Acierno et al., 2006; Selleri and Di Girolamo, 2012) and a
snake species (Acierno et al., 2008) also suggest that UVB
can play an important role in the circulating concentrations
of 25-hydroxyvitamin D3 in these reptiles too. However, it
should not be assumed that UVB light is a requirement for
vitamin D regulation in all diurnal vertebrates, as dogs and
cats do not use this method for acquiring vitamin D and a
recent study in captive ball pythons (Python regius) found
that UVB had no impact on circulating 25-hydroxyvitamin
D3 concentrations in that species (How et al., 1994; Hedley
and Eatwell, 2013). These ﬁndings re-afﬁrm that we must
evaluate each species separately to determine how they
acquire vitamin D such that, when in captivity, we can
provide appropriate husbandry and care to minimize the
likelihood for iatrogenic disease (e.g., NSHP).
Evolutionary adaptations appear to be in place for some
species to maximize their ability to synthesize vitamin D
following limited exposure to sunlight. Several studies have
shown that crepuscular and nocturnal reptiles may have a
more sensitive and efﬁcient mechanism for converting UVB
to vitamin D (Carman et al., 2000; Ferguson et al., 2005).
When comparing two species of Jamaican anoles, the
shade-dwelling species had a higher rate of photoconversion than the basking species, while simultaneously
consuming less dietary vitamin D (Ferguson et al., 2005).
Upon exposure to ultraviolet radiation, the nocturnal/
crepuscular house gecko (Hemidactylus turcicus) was also
shown to similarly convert ultraviolet radiation more
effectively than the diurnal Texas spiny lizard (Sceloporus
olivaceus) (Carman et al., 2000). Further, the latter study
also found evidence suggesting behavioral regulation by the
house gecko to maximize sun exposure by emerging earlier
(if west-facing) or remaining active longer (if east-facing).
Behavioral regulation has been proposed as a means of selfregulating circulating vitamin D concentrations, evidenced
by the panther chameleon (Furcifer pardalis) that will alter
its basking time depending on dietary intake of vitamin D
(Karsten et al., 2009). When given less access to dietary
vitamin D, the frequency and duration of basking behavior
signiﬁcantly increases, showing particular preference for
UVB-generating light (Ferguson et al., 2003). Our ﬁndings
in leopard geckos similarly suggest that this crepuscular
species can increase circulating 25-hydroxyvitamin D3
concentrations when exposed to artiﬁcial lighting that
produces UVB radiation, even when maintained on a
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vitamin D3 deﬁcient diet. It was interesting to note that the
25-hydroxyvitamin D concentrations in the control group
did not decrease; however, this was not unexpected as
decay (half-life) of this hormone over time has been found
to be 69.3 days and 83 days in rhinoceros iguanas (Cyclura
cornuta) and bearded dragons (Pogona vitticeps), respectively (Ferguson et al., 2015; Oonincx et al., 2013).
Determining how a reptile acquires vitamin D, either
through the diet, UVB exposure, or a combination of both,
is important for making ‘‘best practice’’ recommendations
for that species in captivity. Historically, supplementation
of vitamin D for captive vertebrates has been through the
diet. However, it is possible to over supplement vitamin D
in captive vertebrates, causing hypervitaminosis D. Animals that develop hypervitaminosis D can develop softtissue mineralization, particularly renal and aortic calciﬁcation, leading to organ dysfunction and organ failure
(Wallach, 1996; Mader, 2005; Watson and Mitchell, 2014).
Ferguson et al. (1996) found that reproductively active
female panther chameleons had an increased mortality
when fed a high vitamin D diet (9.1 IU/g cholecalciferol).
In humans, over supplementation via intramuscular
injections (600,000 U of vitamin D) can result in nausea,
vomiting, anorexia, increased thirst and urination, weakness, and altered sensorium (Pandita et al., 2012).
Comorbidities included chronic kidney disease, urinary
tract infection, diabetes mellitus, osteoarthritis, and hypertension (Pandita et al., 2012). In comparison, the cutaneous
biosynthesis of vitamin D, which occurs through exposure
to natural sunlight or artiﬁcial ultraviolet radiation, seems
to provide a protected means of acquiring vitamin D
(Webb and Holick, 1988). Vitamin D is produced through
a series of interactions whereby 7-dehydrocholesterol (7DHC, provitamin D3) is photoconverted to previtamin D.
From here, there are several possible biochemical options
forward. When metabolic stores of circulating vitamin D
are diminished, previtamin D undergoes a thermochemical
change into vitamin D3, which, after passing through both
the liver and kidneys, becomes the metabolically active
1,25-dihydroxyvitamin D (1,25(OH)2D, calcitriol). When
the body has adequate circulating levels of vitamin D,
previtamin D3 is shunted down alternative pathways to
become biologically inert photoproducts such as tachysterol or lumisterol (Webb and Holick, 1988; Holick, 1990,
2007). These inactive byproducts can either be degraded or
recycled back to previtamin D3 for conversion to active
vitamin D3 based on need (Webb and Holick, 1988). To
date, there are no known studies describing hypervitaminosis D associated with photobiosynthesis.
Based on our current understanding of hypervitaminosis
D, it appears that the provision of UVB radiation, for those
species that can use it, is preferred over the sole provision
of dietary vitamin D until we perform the necessary studies
to determine appropriate dietary levels. However, there are
also negative side effects associated with UVB exposure
that should be considered to minimize the likelihood of
them occurring. In a preliminary study evaluating the
ability of leopard geckos to synthesize vitamin D3 following
Volume 28, No. 1–2, 2018

UVB exposure, providing an unprotected (no shelter) 12 h
photoperiod with high concentrations of UVB resulted in
weekly episodes of ecdysis (Wangen et al., 2013). This
frequent skin shedding was compared to the erythema
(sunburn) noted in other species of vertebrates that receive
high doses of ultraviolet radiation. Excess unprotected
exposure has also been shown to negatively affect hatching
rates and survivorship in some species of amphibian
(Blaustein et al., 1994, 1998) and lead to ocular dysfunction, lethargy, and weight loss in a variety of vertebrate
taxa (Gerhman, 1994; Flamarique et al., 2000; Fris et al.,
2006; Gardiner et al., 2009). There is also some concern
that reports of squamous cell carcinoma in bearded
dragons, especially around the head, may be associated
with excessive ultraviolet radiation exposure (Hannon et
al., 2011). These ﬁndings, however, are likely compounded
by other negative extraneous environmental factors and a
particularly high output of ultraviolet radiation. This
highlights the need for careful selection of ultraviolet lamp
sources, appropriate light distance from the light source to
the basking location, the provision of shelter and a UVB
gradient, the amount of time ultraviolet exposure is
provided, and close monitoring of the animal to ensure
deleterious effects of irradiation do not occur (Ferguson et
al., 2002, 2010; Adkins et al., 2003; Baines et al., 2016).

Conclusions
Leopard geckos are a popular pet reptile, and nutritional
disease, especially NSHP, is a common ﬁnding in these
animals. The results of this study demonstrate that shortterm exposure to UVB radiation is sufﬁcient to increase
circulating 25-hydroxyvitamin D3 concentrations in leopard
geckos. Because the prey species offered to leopard geckos
in captivity are naturally low in vitamin D (e.g., crickets,
mealworms), exposure to UVB may help offset dietary
deﬁciencies, or concerns about hypervitaminosis associated
with supplements. However, there remains much we still
need to learn about this subject. Prospective, longitudinal
studies are required to determine reference intervals for 25hydroxyvitamin D3 in leopard geckos, as well as how much
UVB exposure and dietary vitamin D are required to
achieve these concentrations. In addition, it is important for
us to determine the role vitamin D plays in the pathophysiology of NSHP in this species. Until further research is
done, the authors believe that leopard geckos should be
provided protected UVB exposure to ensure that they can
behaviorally control their vitamin D concentrations.

Literature Cited
Acierno MJ, Mitchell MA, Roundtree MK, Zachariah TT.
2006. Effects of ultraviolet radiation on 25-hydroxyvitamin
D3 synthesis in red-eared slider turtles (Trachemys scripta
elegans). Am J Vet Res, 67(12):2046–2049.
Acierno MJ, Mitchell MA, Zachariah TT, Roundtree MK,
Kirchgessner MS, Guzman DSM. 2008. Effects of ultraviolet radiation on plasma 25-hydroxyvitamin D3 concentraJournal of Herpetological Medicine and Surgery

37

tions in corn snakes (Elaphe guttata). Am J Vet Res,
69(2):294–297.
Adkins E, Driggers T, Ferguson G, Gerhmann W, Gyimesi Z,
May E, Ogle M, Owens T. 2003. Ultraviolet light and
reptiles, amphibians. J Herp Med Surg, 13(4):27–37.
Allen ME, Bush M, Oftedal OT, Rosscoe R, Walsh T, Holick
MF. 1994. Update on vitamin D and ultraviolet light in
basking lizards. Proc AAZV, 314–316.
Allen ME, Chen TC, Holick MR, Merkel E. 1999. Evaluation
of vitamin D status in the green iguana (Iguana iguana): oral
administration vs. UVB exposure. In Holick MF, Jung ED
(eds): Biologic Effects of Light. Kluwer, Boston, MA: 99–
102.
Baines F, Chattell J, Dale J, Garrick J, Gill I, Goetz M,
Skelton T, Swatman M. 2016. How much UV-B does my
reptile need? The UV-tool, a guide to the selection of UV
lighting for reptiles and amphibians in captivity. J Zoo
Aqua Res, 4(1):42–63.
Bernard JB, Oftedal OT, Barboza PS, Mathias CE, Allen ME,
Citino SB, Ullrey DR, Montali RJ. 1991. The response of
vitamin D-deﬁcient green iguanas (Iguana iguana) to
artiﬁcial ultraviolet light. Proc AAZV, 147–150.
Blaustein AR, Hoffman PD, Hokit DG, Kiesecker JM, Walls
SC, Hays JB. 1994. UV repair and resistance to solar UV-B
in amphibian eggs: a link to population declines? Proc Nat
Acad Sci USA, 91(5):1791–1795.
Blaustein AR, Kiesecker JM, Chivers DP, Hokit DG, Marco
A, Belden LK, Hatch A. 1998. Effects of ultraviolet
radiation on amphibians ﬁeld experiments. Am Zool,
38(6):799–812.
Carman EN, Ferguson GW, Gehrmann WH, Chen TC,
Holick MF. 2000. Photobiosynthetic opportunity and
ability for UV-B generated vitamin D synthesis in freeliving house geckos (Hemidactylus turcicus) and Texas spiny
lizards (Sceloporus olivaceus). Copeia, 2000(1):245–250.
Ferguson GW, Jones JR, Gehrmann WH, Hammack SH,
Talent LG, Hudson RD, Dierenfeld ES, Fitzpatrick MP,
Frye FL, Holick MF, Chen TC, Lu Z, Gross TS, Vogel JJ.
1996. Indoor husbandry of the panther chameleon Chamaeleo [Furcifer] pardalis: effects of dietary vitamins A and
D and ultraviolet irradiation on pathology and life-history
traits. Zoo Biol, 15(3):279–299.
Ferguson GW, Gehrmann WH, Chen TC, Dierenfeld ES,
Holick MF. 2002. Effects of artiﬁcial ultraviolet light
exposure on reproductive success of the female panther
chameleon (Furcifer pardalis) in captivity. Zoo Biol,
21(6):525–537.
Ferguson GW, Gehrmann WH, Karsten KB, Hammack SH,
McRae M, Chen TC, Lung NP, Holick MF. 2003. Do
panther chameleons bask to regulate endogenous vitamin
D3 production? Physiol Biochem Zool, 76(1):52–59.
Ferguson GW, Gehrmann WH, Karsten KB, Landwer AJ,
Carman EN, Chen TC, Holick MF. 2005. Ultraviolet
exposure and vitamin D synthesis in a sun-dwelling and a
shade-dwelling species of Anolis: are there adaptations for
lower ultraviolet B and dietary vitamin D3 availability in the
shade? Physiol Biochem Zool, 78(2):193–200.
Ferguson, GW, Brinker AM, Gehrmann WH, Bucklin SE,
Baines FM, Mackin SJ. 2010. Voluntary exposure of some
Western-hemisphere snake and lizard species to ultraviolet38

Journal of Herpetological Medicine and Surgery

B radiation in the ﬁeld: how much ultraviolet-B should a
lizard or snake receive in captivity? Zoo Biol, 29(3):317–334.
Ferguson, GW, Gehrmann WH, Bradley KA, Lawrence B,
Hartdegen R, Storms T, Chen TC, Holick MF. 2015.
Summer and winter seasonal changes in vitamin D status of
captive rhinoceros iguanas (Cyclura cornuta). J Herp Med
Surg, 25(3/4):128–136.
Flamarique IN, Ovaska K, Davis TM. 2000. UV-B induced
damage to the skin and ocular system of amphibians. Biol
Bull, 199(2):187–188.
Fris M, Tessem MB, Cejkova J, Midelfart A. 2006. The effect
of single and repeated UVB radiation on rabbit cornea.
Graefes Arch Clin Exp Ophthalmol, 244(12):1680–1687.
Gardiner DW, Baines FM, Pandher K. 2009. Photodermatitis
and photokeratoconjunctivitis in a ball python (Python
regius) and a blue-tongue skink (Tiliqua spp.). J Zoo Wildl
Med, 40(4):757–766.
Gehrmann WH. 1994. Light requirements of captive amphibians and reptiles. Contrib Herpetol, 11(1):53–59.
Hannon DE, Garner MM, Reavill DR. 2011. Squamous cell
carcinomas in inland bearded dragons (Pogona vitticeps). J
Herp Med Surg, 21(4):101–106.
Hedley J, Eatwell K. 2013. The effects of UV light on calcium
metabolism in ball pythons (Python regius). Vet Rec,
173(14):345.
Holick MF. 1990. The use and interpretation of assays for
vitamin D and its metabolites. J Nutr, 120(11):1464–1469.
Holick MF. 2007. Vitamin D deﬁciency. N Engl J Med,
357(3):266–281.
How KL, Hazewinkel HAW, Mol JA. 1994. Dietary vitamin
D dependence of cat and dog due to inadequate cutaneous
synthesis of vitamin D. Gen Comp Endocrinol, 96(1):12–18.
Karsten KB, Ferguson GW, Chen TC, Holick MF. 2009.
Panther chameleons, Furcifer pardalis, behaviorally regulate
optimal exposure to UV depending on dietary vitamin D3
status. Physiol Biochem Zool, 82(3):218–225.
Laing CJ, Fraser DR. 1999. The vitamin D system in iguanian
lizards. Comp Biochem Physiol, 123(4):373–379.
Laing CJ, Trube A, Shea GM, Fraser DR. 2001.The
requirement for natural sunlight to prevent vitamin D
deﬁciency in iguanian lizards. J Zoo Wildl Med, 32(3):342–
348.
Langerwerf B. 1994. The Caucasian green lizard, Lacerta
strigata Eichwald 1831, with notes on its reproduction in
captivity. Br Herpetol Bull, 1: 23–26.
Mader DR. 2005. Metabolic Bone Diseases. In Mader DR
(ed): Reptile Medicine and Surgery. 2nd ed. Saunders
Elsevier, St. Louis, MO:841–851.
Narbaitz R, Tsang CPW. 1989. Vitamin D deﬁciency in the
chick embryo: effects on prehatching motility and on the
growth and differentiation of bones, muscles, and parathyroid glands. Calcif Tissue Int, 44(5):348–355.
Oonincx DGAB, Stevens Y, van den Borne JJGC, van
Leeuwen JPTM, Hendriks WH. 2010. Effects of vitamin
D3 supplementation and UVb exposure on the growth and
plasma concentration of vitamin D3 metabolites in juvenile
bearded dragons (Pogona vitticeps). Comp Biochem Physiol,
156(2):122–128.
Oonincx DG, van de Wal MD, Bosch G, Stumpel JB, Heijboer
AC, van Leeuwen JP, Hendriks WH, Kik M. 2013. Blood
vitamin D3 metabolite concentrations of adult female
Volume 28, No. 1–2, 2018

bearded dragons (Pogona vitticeps) remain stable after
ceasing UVb exposure. Comp Biochem Physiol B Biochem
Mol Biol, 165(3):196–200.
Pandita KK, Razdan S, Kudyar RP, Beigh A, Kuchay S,
Banday T. 2012. Excess gooD can be dangerous. A case
series of iatrogenic symptomatic hypercalcemia due to
hypervitaminosis D. Clin Cases Miner Bone Metab,
9(2):118–120.
Selleri P, Di Girolamo N. 2012. Plasma 25-hydroxyvitamin D3
concentrations in Hermann’s tortoises (Testudo hermanni)
exposed to natural sunlight and two artiﬁcial ultraviolet
radiation sources. Am J Vet Res, 73(11):1781–1786.
Thorogood J., Whimster IW. 1979. The maintenance and
breeding of the leopard gecko. Int. Zoo Yearb, 19(1):74–78.
Wallach JD. 1966. Hypervitaminosis D in green iguanas. J Am
Vet Med Assoc, 149(7):912–914.

Volume 28, No. 1–2, 2018

Wangen K, Kirshenbaum J, Mitchell MA. 2013. Measuring
25-hydroxyvitamin D levels in leopard geckos exposed to
commercial ultraviolet B lights. Proc ARAV:42.
Watson MK, Mitchell MA. 2014. Vitamin D and ultraviolet B
radiation considerations for exotic pets. J Exotic Pet Med,
23(4):369–379.
Webb AR, Holick MF.1988. The role of sunlight in the
cutaneous production of vitamin D3. Ann Rev Nutr,
8(1):375–399.
Webb AR, DeCosta BR, Holick MF. 1989. Sunlight regulates
the cutaneous production of vitamin D3 by causing its
photodegradation. J Clin Endocrinol Metab, 68(5):882–887.
Wright K. 2008. Two common disorders of captive bearded
dragons (Pogona vitticeps): nutritional secondary hyperparathyroidism and constipation. J Exotic Pet Med,
17(4):267–272.

Journal of Herpetological Medicine and Surgery

39

