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The primary function of vitamin D
3
 in vertebrates is 

maintenance and regulation of calcium homeosta-
sis.1 Vitamin D

3
 aids bone mineralization via increas-

ing uptake of calcium from the intestinal tract.2,3 This 
function of vitamin D

3
 is especially important in cap-

tive reptiles because of the high incidence of calcium 
deficiency–related pathological changes (ie, metabolic 
bone disease) in these animals.4,5 In addition, chame-
leons with adequate circulating concentrations of vi-
tamin D have better reproductive success than those 
without adequate circulating concentrations of vitamin 
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Objective—To determine the effect of various UVB radiation sources on plasma 25- 
hydroxyvitamin D

3
 concentrations in Hermann’s tortoises (Testudo hermanni).

Animals—18 healthy Hermann’s tortoises.
Procedures—Tortoises were exposed to sunlight in an outdoor enclosure located in the 
natural geographic range of Hermann’s tortoises (n = 6 tortoises) or a self-ballasted mercu-
ry-vapor lamp (6) or fluorescent UVB-emitting lamp (6) in an indoor enclosure for 35 days. 
Plasma samples were obtained from each tortoise on the first (day 0) and last (day 35) days 
of the study, and concentrations of 25-hydroxyvitamin D3

 were determined. Amount of UVB 
radiation in enclosures was measured. 
Results—Mean ± SD plasma 25-hydroxyvitamin D

3
 concentrations for tortoises exposed 

to the mercury-vapor and fluorescent lamps were significantly lower on day 35 (155.69 ± 
80.71 nmol/L and 134.42 ± 51.42 nmol/L, respectively) than they were on day 0 (368.02 
± 119.34 nmol/L and 313.69 ± 109.54 nmol/L, respectively). Mean ± SD plasma 25- 
hydroxyvitamin D3 concentration for tortoises exposed to sunlight did not differ significantly 
between days 0 (387.74 ± 114.56 nmol/L) and 35 (411.51 ± 189.75 nmol/L). Mean day 35 
plasma 25-hydroxyvitamin D

3
 concentration was significantly higher for tortoises exposed 

to sunlight versus those exposed to mercury-vapor or fluorescent lamps. Sunlight provided 
significantly more UVB radiation than did the mercury-vapor or fluorescent lamps.
Conclusions and Clinical Relevance—Plasma 25-hydroxyvitamin D

3
 concentrations dif-

fered between tortoises exposed to sunlight and those exposed to artificial UVB sources. 
Exposure to sunlight at a latitude similar to that of the natural geographic range is recom-
mended for healthy and calcium-deficient tortoises. (Am J Vet Res 2012;73:1781–1786)

D.6 The importance of vitamin D
3
 in reptiles is indicat-

ed by results of studies7–9 in which captive and wild rep-
tiles voluntarily exposed themselves to UVB radiation.

Animals can obtain vitamin D
3
 from food or via 

synthesis in the skin.10–13 Photolysis of 7-dehydrocho-
lesterol to previtamin D

3
 in skin is dependent on UV ra-

diation with a wavelength between 280 and 320 nm.1,14 
Previtamin D

3
 undergoes successive temperature- 

dependent isomerization steps to form vitamin D
3
.1,15 

Vitamin D obtained from food or via synthesis is con-
verted by sterol 25-hydroxylase to 25-hydroxyvitamin 
D3 in the liver.16–18 The active form of vitamin D (1,25-di-
hydroxyvitamin D

3
) is synthesized via 1-hydroxylation 

of 25-hydroxyvitamin D
3
 in the kidneys.19 Among as-

says for detection of vitamin D and its metabolites, as-
says for determination of serum 25-hydroxyvitamin D3 
concentrations are the most useful for determination of 
the vitamin D status of an animal because that metabo-
lite has a longer half-life than other metabolites.20

Reptiles bask in UV light for thermoregulatory 
purposes and to increase vitamin D production.8,21 In 
captivity, plasma concentrations of 25-hydroxyvitamin 
D

3
 increase in basking reptiles of several species when 

they are exposed to UVB radiation.7,13,22–26 To the au-
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thors’ knowledge, this response has not been identified 
for any terrestrial chelonian species, despite the natural 
basking habits of tortoises27 and the large number of 
tortoises kept as pets worldwide. Moreover, metabolic 
bone disease may be the most common medical disor-
der of captive chelonians.28 Exposure of veiled chame-
leons (Chameleo calyptratus) to adequate UVB radiation 
is important for prevention of metabolic bone disease13; 
exposure to adequate UVB radiation and provision of 
adequate dietary calcium are likely important for pre-
vention of this disease in other reptiles. 

Most reptile curators and experienced herpetocul-
turists believe that natural lighting is the best type of 
light for reptiles.29 Various sources of UVB radiation 
are available for captive reptiles. Some of these UVB 
sources (eg, self-ballasted mercury-vapor lamps) also 
produce substantial amounts of thermal energy. Many 
anecdotal accounts suggest use of this type of lamp 
can reverse nutritional metabolic bone disease in rep-
tiles.30 Mercury-vapor lamps produce different quanti-
ties of UVB radiation than do UVB-emitting fluorescent 
lamps.31 Unfortunately, equal irradiance values of dif-
ferent types of light sources do not indicate those light 
sources have the same potential for increasing vitamin 
D synthesis in reptiles.32 Results of a recent study31 in-
dicate bearded dragons (Pogona vitticeps) exposed to a 
compact UVB fluorescent bulb producing low amounts 
of UVB radiation had higher circulating concentrations 
of 25-hydroxyvitamin D

3
 than did bearded dragons ex-

posed to light sources producing high amounts of UVB 
radiation. That finding suggests the biological effects of 
lamps regarding vitamin D production in reptiles can-
not be predicted on the basis of values of radiometric 
variables. Determination of plasma 25-hydroxyvitamin 
D

3
 concentration may be a more appropriate method 

for evaluation of the biological effects of UVB radiation 
sources; such biological effects could be influenced by 
variables other than irradiance of lamps (eg, production 
of a pattern and area of thermal radiation similar to that 
of natural sunlight).

The objective of the study reported here was to de-
termine whether circulating concentrations of plasma 
25-hydroxyvitamin D

3
 in terrestrial chelonians are in-

fluenced by the type of UVB radiation source to which 
those animals are exposed. The hypotheses were that 
plasma 25-hydroxyvitamin D

3
 concentrations in Her-

mann’s tortoises (Testudo hermanni) would be influ-
enced by exposure to UVB radiation and that Hermann’s 
tortoises exposed to natural sunlight or a mercury- 
vapor lamp would have higher plasma concentrations 
of 25-hydroxyvitamin D

3
 than would Hermann’s tor-

toises exposed to a fluorescent UVB-emitting lamp.

Materials and Methods

Animals—Eighteen client-owned healthy subadult 
(age range, 3 to 8 years) Hermann’s tortoises were used 
in the study. All of the tortoises had hibernated out-
doors during the winter of 2010 to 2011. At the end 
of the hibernation period, the tortoises were placed in 
an outdoor enclosure for 20 days prior to the start of 
the study (acclimatization period). For all tortoises, the 
study began on April 25, 2011 (day 0). The study was 
performed in compliance with the directive 2010/63/

EU of the European Parliament and the Council of the 
European Union. The owners gave written informed 
consent for participation of tortoises in the study and 
for collection of plasma samples.

Each tortoise was allocated to 1 of 3 groups (6 
tortoises/group) via a restricted randomization pro-
cedure by use of a table of random numbers. The 
UVB radiation sources for the tortoises were a self-
ballasted mercury-vapor lamp (n = 6 tortoises), a 
fluorescent UVB-emitting lamp (6), or natural sun-
light (6). Tortoises housed indoors (self-ballasted 
mercury-vapor lamp and fluorescent UVB-emitting 
lamp groups) were placed in open-top plastic box-
esa (vivariums; 120 X 60 X 18.5 cm). A commercially 
available self-ballasted mercury-vapor lampb was the 
source of light and heat for tortoises in that vivar-
ium. That lamp was oriented vertically and placed 
30 cm above the floor of 1 side of the box, in accor-
dance with the manufacturer’s instructions. For the 
vivarium-housed tortoises exposed to the fluorescent 
UVB-emitting lamp, the UVB fluorescent lampc was 
the light source and an infrared lampd was the heat 
source. In that vivarium, the fluorescent bulb was 
oriented diagonally with the end of the longitudinal 
axis 21 cm above the floor of the vivarium. The in-
frared lamp was oriented so that it heated the same 
portion of the vivarium that was exposed to UVB ra-
diation via the fluorescent lamp. For each vivarium, 
light and heat were provided for 12 continuous hours 
each day (8:00 AM to 8:00 PM). Shelters were available 
for tortoises in each vivarium so that the animals could 
easily regulate their exposure to UVB radiation and heat. 
The authors observed the tortoises at 8:00 AM, 12:00 PM, 
4:00 PM, and 8 PM during 5 randomly selected days of 
the study to verify that they had physiologic bimodal 
basking pattern behavior.33 Environmental temperature 
in the indoor area mercury-vapor and fluorescent lamp 
vivariums were kept was regulated so that it was similar 
to the temperature in the outdoor area where the tor-
toises exposed to natural sunlight were housed. In the 
indoor area, environmental temperature was maintained 
at 22 ± 1°C during the day (8:00 AM to 8:00 PM) and at 
19 ± 1°C during the night (8:00 PM to 8:00 AM). Environ-
mental temperatures in basking zones (UVB radiation 
coverage areas) were recorded at 12:00 PM each day with 
an infrared thermometere; temperatures in the basking 
zones never exceeded 37°C during the study.

The tortoises exposed to natural sunlight were 
housed in an outdoor, sunlight-exposed enclosure 
located in the natural geographic range of Hermann’s 
tortoises.27 To simulate natural conditions, these tor-
toises foraged on vegetation naturally growing in the 
enclosure. The tortoises kept indoors were fed that 
same vegetation; these plants were collected each day 
in the vicinity of the outdoor enclosure to minimize 
differences in diet among the 3 groups of tortoises. 
The diet consisted of Asteraceae (dandelions [Taraxa-
cum officinale]), Fabaceae (clover [Trifolium spp]), 
Malvaceae (mallow [Malva spp]), Plantaceae (ribwort 
plantain [Plantago lanceolata]), Oxalidaceae (wood 
sorrels [Oxalis spp]), and Rosaceae (creeping cinque-
foil [Potentilla reptans]). Water was provided to the 
tortoises ad libitum.
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Experimental procedures—On day 
0, a blood sample (0.3 mL) was collected 
from a jugular vein of each tortoise. Blood 
samples were obtained from the subcara-
pacial sinus when blood could not be 
obtained from the jugular vein within 2 
attempts. Blood samples were collected 
in tubes containing lithium heparinf and 
were centrifuged (1,650 X g for 5 minutes) 
within 30 minutes after collection. Plasma 
was harvested and stored immediately at 
–25°C. Another plasma sample was ob-
tained from each tortoise on day 35 of 
the study by use of that same technique. 
Plasma 25-hydroxyvitamin D3 concentra-
tions were estimated by use of an enzyme 
immunoassay.g

During the study, the amount of UV 
radiation with a wavelength between 280 
and 320 nm to which tortoises were ex-
posed was measured by use of a digital 
portable radiometer.h The amount of UV 
radiation was measured at the basking site 
in each enclosure.9 To determine variations in amount 
of UVB radiation at the basking areas in the enclosures 
during the daytime, measurements were obtained every 
30 minutes on days 0 and 35 and mean ± range values 
were calculated. To determine variations in amount of 
UVB radiation at the basking areas in the enclosures 
during the 35-day study period, measurements were 
obtained once every day in the outdoor enclosure at the 
time of peak UVB radiation (1:30 PM) and once every 
day in the indoor vivaria 1 hour after lamp activation 
(9:00 AM).

Statistical analysis—Statistical analysis was per-
formed with commercially available software.i Plasma 
concentrations of 25-hydroxyvitamin D

3
 were evalu-

ated for normality via the Shapiro-Wilk test. Plasma 
concentrations of 25-hydroxyvitamin D

3
 on days 0 and 

35 and daily UVB measurements among groups of tor-
toises were analyzed via a 1-way ANOVA and a Tukey 
honestly significant difference post hoc comparison 
test. A t test for correlated samples was used to deter-
mine differences between day 0 and day 35 plasma 25- 
hydroxyvitamin D

3
 concentrations for tortoises in each 

group. Values of P < 0.05 were considered significant.

Results

Mean ± SD day 0 plasma 25-hydroxyvitamin D
3
 

concentration for all tortoises was 356.49 ± 112.32 
nmol/L; the distribution of values was normal (P < 
0.01), and no significant (P = 0.52) differences in day 
0 plasma 25-hydroxyvitamin D

3
 concentration were 

detected among the 3 groups of tortoises. Mean ± SD 
plasma 25-hydroxyvitamin D

3
 concentrations were 

significantly lower on day 35 than they were on day 
0 for tortoises exposed to the self-ballasted mercury-
vapor lamp (day 0 value, 368.02 ± 119.34 nmol/L; day 
35 value, 155.69 ± 80.71 nmol/L; P = 0.017) and tor-
toises exposed to the fluorescent UVB-emitting lamp 
(day 0 value, 313.69 ± 109.53 nmol/L; day 35 value, 
134.42 ± 51.42 nmol/L; P = 0.007; Table 1). Concen-
trations of 25-hydroxyvitamin D

3
 in plasma samples 

obtained on days 0 (387.74 ± 114.56 nmol/L) and 35 
(411.51 ± 189.75 nmol/L) from tortoises exposed to 
natural sunlight were not significantly (P = 0.64) dif-
ferent. The ANOVA results indicated day 35 plasma 25- 
hydroxyvitamin D

3
 concentrations differed significantly 

(P = 0.002) among the 3 groups of tortoises; results of 
post hoc analysis indicated values for tortoises exposed 

Figure 1—Mean amount of UVB radiation in the basking area in an outdoor enclosure 
housing 6 Hermann’s tortoises (Testudo hermanni) exposed to natural, unfiltered sunlight 
from 6:00 AM through 8:30 PM on days 0 and 35 of the study. Error bars represent range.

   Plasma 25-hydroxyvitamin D3 concentration 

Light and heat source UVB (µW/cm2)* Day 0 (nmol/L)  Day 35 (nmol/L)

Self-ballasted mercury-vapor lamp 11.8 ± 1.2 (10–14)† 368.02 ± 119.34 (205.12–523.06) 155.69 ± 80.71 (77.23–304.88)‡
Fluorescent UVB and infrared heat lamps 24.7 ± 2.4 (18–29)† 313.69 ± 109.54 (145.98–423.98) 134.42 ± 51.42 (50.14–179.6)‡ 
Natural sunlight 205.3 ± 53.6 (87–278) 387.74 ± 114.56 (200.76–541.28) 411.51 ± 189.7 (119.36–667.04)§

*Amount of UVB radiation was determined at the basking site in each enclosure at 9:00 AM (1 hour after lamp activation; mercury-vapor 
and fluorescent lamps) or 1:30 PM (natural sunlight) on days 0 through 35, and mean ± SD values were calculated. †Amount of UVB radiation 
is significantly (P < 0.01) different from the value for natural sunlight. ‡Within a light and heat source group, the plasma concentration of 
25-hydroxyvitamin D3 on day 35 is significantly (P < 0.05) lower than the value on day 0. §Value on day 35 is significantly (P < 0.01) higher than 
values for other groups of tortoises on day 35.

Table 1—Mean ± SD (range) 25-hydroxyvitamin D3 concentrations in plasma samples obtained on study days 0 and 35 from Hermann’s 
tortoises (Testudo hermanni) exposed to a self-ballasted mercury-vapor lamp (n = 6 tortoises), UVB-emitting fluorescent and infrared 
heat lamps (6), or natural, unfiltered sunlight (6) as light and heat sources and amounts of UVB radiation emitted by each of those 
sources on days 0 through 35.
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to natural sunlight were significantly (P < 0.01) higher 
than they were for tortoises exposed to mercury-vapor 
or fluorescent lamps. 

Mean ± SD UVB radiation outputs of the mercury-
vapor lamp (at 9:00 AM on days 0 through 35), the fluo-
rescent lamp (at 9:00 AM on days 0 through 35), and 
natural sunlight (at 1:30 PM on days 0 through 35) were 
11.8 ± 1.2 µW/cm2, 24.7 ± 2.4 µW/cm2, and 205.3 ± 
53.6 µW/cm2, respectively (Table 1). The ANOVA re-
sults indicated the amount of UVB radiation emitted by 
the 3 UVB sources differed significantly (P < 0.001); 
results of post hoc analysis indicated natural sunlight 
provided significantly (P < 0.01) more UVB radiation 
than did mercury-vapor or fluorescent lamps. Amounts 
of UVB radiation emitted by the mercury-vapor and 
fluorescent lamps were not significantly different. The 
amount of UVB radiation in the basking area of the out-
door enclosure exposed to natural sunlight on days 0 
and 35 from 6:00 AM through 8:30 PM was determined 
(Figure 1). The mercury-vapor and fluorescent lamps 
provided constant amounts of UVB radiation (ie, sub-
stantial variations during the day were not detected). 
The 3 groups of tortoises had similar basking patterns; 
none of the tortoises avoided the basking zone.

Discussion

Results of this study supported the hypothesis 
that circulating 25-hydroxyvitamin D

3
 concentrations 

in Hermann’s tortoises are influenced by exposure to 
UVB radiation. However, the hypothesis that tortoises 
exposed to natural sunlight or a mercury-vapor lamp 
would have higher circulating concentrations of 25- 
hydroxyvitamin D

3
 than tortoises exposed to a fluores-

cent UVB-emitting lamp was not completely support-
ed. To the authors’ knowledge, this is the first study 
in which plasma 25-hydroxyvitamin D

3
 concentrations 

were determined for terrestrial chelonians exposed to 
natural sunlight in an environment within their natural 
geographic range. Mean circulating 25-hydroxyvitamin 
D

3
 concentrations in Testudo spp tortoises maintained 

outdoors in the United Kingdom without an additional 
source of UVB radiation,34 adult desert tortoises (Go-
pherus agassizii) housed in outdoor pens in the Mojave 
desert, and African spurred tortoises (Geochelone sul-
cata) and juvenile desert tortoises kept in indoor enclo-
sures are 28.41, 20.5, and < 12.5 nmol/L, respectively.35 
Compared with chelonians in those other studies, the 
tortoises in this study had a higher mean concentra-
tion of 25-hydroxyvitamin D

3
 (356.49 nmol/L) at the 

start of the study. Although this difference may be at-
tributable to species differences, the tortoises in the 
present study may have been exposed to more UVB ra-
diation (from sunlight) prior to the start of the study 
versus tortoises in those other studies. In addition, 
the diet for tortoises in the present study (naturally 
growing vegetation) may have contributed to the high 
circulating 25-hydroxyvitamin D

3
 concentrations in 

these animals. Plants of several types, such as alfalfa 
and perennial ryegrass, contain ergosterol (provitamin 
D

2
).12,36 Theoretically, ingested vitamin D and vitamin D 

produced in animals via exposure to UV radiation can 
be differentiated via chromatographic separation of 25- 
hydroxyvitamin D

2
 and 25-hydroxyvitamin D

3
.37,38 To 

the author’s knowledge, no studies have been conduct-
ed in which this technique was used for determination 
of vitamin D concentrations in reptiles. Results of other 
studies13,24 indicate certain reptiles (eg, red-eared slid-
ers [Trachemys scripta elegans] and veiled chameleons) 
meet their need for vitamin D via both dietary sources 
and production in skin. Although the ability of reptiles 
to regulate dietary vitamin D intake is not known,9 re-
sults of a recent study26 indicate bearded dragons with 
low circulating 25-hydroxyvitamin D

3
 concentrations 

preferentially eat food that is rich in vitamin D. Despite 
this finding, excessive dietary vitamin D intake has 
toxic effects in reptiles,39,40 birds,41 mammals other than 
humans,42–44 and humans.45,46 Plasma 25-hydroxyvita-
min D

3
 concentrations in tortoises in the present study 

that were kept outdoors were higher than those pre-
viously reported for other chelonians.24,34,47 The high 
plasma 25-hydroxyvitamin D3 concentration in tor-
toises in the present study might have had toxic effects 
or have led to development of hypervitaminosis D, but 
this seemed unlikely because healthy tortoises were 
included, tortoises were exposed to sunlight in their 
natural geographic range, tortoises were provided pro-
tective shelters against UVB radiation, and endogenous 
production theoretically does not cause an excess of vi-
tamin D

3
. Previtamin D

3
 can undergo thermal isomeri-

zation to form vitamin D
3
 or can undergo photochemi-

cal isomerization to form biologically inert products 
(ie, lumisterol and tachysterol), which limits synthesis 
of previtamin D

3
 in skin during prolonged exposure 

to UVB radiation.48 Because exposure to UV radiation 
is a more efficient method for increasing circulating 
25-hydroxyvitamin D

3
 concentrations in reptiles ver-

sus supplementation of the diet with vitamin D26,49 and 
because reptiles seem to regulate exposure to UV light 
better than they regulate dietary intake of vitamin D, 
stimulation of endogenous vitamin D

3
 production via 

exposure to UV light may be preferable to addition of 
supplemental vitamin D to food for reptiles. However, 
exposure to UVB radiation can cause adverse effects in 
reptiles50; therefore, use of appropriate UVB lamps and 
careful adherence to the manufacturer’s instructions are 
suggested.

Results of the present study indicated significant 
differences in circulating vitamin D concentrations be-
tween tortoises exposed to natural sunlight and those 
exposed to artificial UVB sources. This finding was at-
tributed to differences in UVB emission of natural sun-
light versus that of artificial lamps; it was considered 
unlikely that other factors caused this result because 
the conditions in which the groups of tortoises were 
kept were similar, other than the UVB radiation sources 
for the 3 enclosures. The amount of UVB radiation in 
the outdoor enclosure exposed to sunlight was approxi-
mately 8 times as high as it was in the vivarium with 
fluorescent UVB-emitting and infrared lamps and 17 
times as high as it was in the vivarium with the self-
ballasted mercury-vapor lamp. Differences were de-
tected between the 2 types of artificial lamps regarding 
amount of UVB radiation emitted, but values were not 
significantly different. Plasma 25-hydroxyvitamin D

3
 

concentrations were not significantly different between 
tortoises exposed to each type of artificial lamp. Results 
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of this study suggested a fluorescent UVB-emitting 
lamp and a thermal source (eg, infrared lamp or ceram-
ic heater) stimulated production of 25-hydroxyvitamin 
D

3
 in tortoises as well as a mercury-vapor lamp did.

In the present study, distances between the floors 
of the vivariums and the lamps were selected in ac-
cordance with the minimum distances indicated in the 
manufacturer’s instructions; a decrease in those dis-
tances would likely have increased the UVB radiation 
received by the tortoises but could possibly have caused 
ocular and dermal lesions.50 Although minimum ade-
quate circulating concentrations of 25-hydroxyvitamin 
D

3
 have not been determined for tortoises, the manufac-

turer’s recommendations for safe use of lamps may not al-
low adequate 25-hydroxyvitamin D

3
 synthesis in tortoises. 

Further studies would be necessary to determine whether 
changes in lamp location and distance from vivarium 
floors would increase UVB radiation received by tortoises 
and increase circulating 25-hydroxyvitamin D

3
 concentra-

tions in tortoises without causing harm.
To the authors’ knowledge, the effects of sun ex-

posure in tortoises at different latitudes have not been 
evaluated. Comparison of results of the present study 
with those of another study34 in which Hermann’s tor-
toises were exposed to sunlight in the United King-
dom suggested that circulating concentrations of 25- 
hydroxyvitamin D

3
 in tortoises exposed to sunlight de-

pend on latitude, as they do for humans.51 Moreover, 
plasma 25-hydroxyvitamin D

3
 concentrations in Her-

mann’s tortoises exposed to artificial UVB sources in 
the present study were higher than those in tortoises 
exposed to sunlight at northern latitudes in that other 
study.34 These findings suggested that tortoises kept in a 
location other than their natural geographic range may 
more effectively synthesize vitamin D when they are ex-
posed to UVB lamps versus natural sunlight, depending 
on the latitude at which they are kept and other related 
environmental factors (eg, climate). Because tortoises 
were not deprived of UVB radiation or dietary vitamin 
D prior to the start of the present study, the high plasma 
25-hydroxyvitamin D

3
 concentration in the tortoises 

kept indoors may have been attributable to exposure to 
natural sunlight before the study started. The duration 
of this study was determined on the basis of the half-
life of circulating 25-hydroxyvitamin D3 in humans 
(approx 3 weeks),20 although the half-life of circulat-
ing 25-hydroxyvitamin D

3
 in black-throated monitors 

(Varanus albigularis) is 128 to 139 days.52 However, 
exposure to sunlight in the natural geographic range 
of tortoises in the present study induced greater pro-
duction of 25-hydroxyvitamin D

3
 versus exposure to 

artificial UVB sources.
Results of the present study provided important 

information regarding biosynthesis of vitamin D in 
Hermann’s tortoises and indicated biosynthesis of vi-
tamin D in these tortoises was UVB dependent. Addi-
tional studies conducted during a longer period would 
be required to determine the long-term biological ef-
fects of different UVB radiation sources for tortoises. 
However, the finding of the present study that tortoises 
exposed to natural sunlight produced a greater quan-
tity of 25-hydroxyvitamin D

3
 than tortoises exposed 

to artificial UVB sources suggested that tortoises with 

metabolic bone disease should be exposed to natural, 
unfiltered sunlight at a latitude similar to that of their 
natural geographic range to maximize dietary calcium 
uptake.

a. Tontarelli S.p.a., Castelfidardo (AN), Italy.
b. Solar Glo, 125-W mercury-vapor bulb, Exo Terra, Rolf C. Hagen 

Inc, Montréal, QC, Canada.
c. Repti Glo 5.0, 24-W fluorescent bulb, Exo Terra, Rolf C. Hagen 

Inc, Montréal, QC, Canada.
d. Heat Glo, 75-W infrared heat lamp, Exo Terra, Rolf C. Hagen 

Inc, Montréal, QC, Canada.
e. Minitemp MT4, Raytek, Santa Cruz, Calif.
f.  Sarstedt Ag & Co, Numbrecht, Germany.
g. 25-Hydroxy Vitamin D EIA, AC-57F1, Immunodiagnostic Sys-

tems Ltd, Boldon, England.
h. Solarmeter, model 6.2, serial No. 03787, Solartech Inc, Harrison 

Township, Mich.
i. SPSS, version 16.0, SPSS Inc, Chicago, Ill.

References
1.  Holick MF, Tian XQ, Allen M. Evolutionary importance for the 

membrane enhancement of the production of vitamin D
3
 in 

the skin of poikilothermic animals. Proc Natl Acad Sci U S A 
1995;92:3124–3126.

2. Omdahl J, Holick M, Suda T, et al. Biological activity of 1,25- 
dihydroxycholecalciferol. Biochemistry 1971;10:2799–2804.

3. Reynolds JJ, Holick MF, DeLuca HF. The role of vitamin D me-
tabolites in bone resorption. Calc Tiss Res 1973;12:295–301.

4. Mader D. Metabolic bone disease. In: Mader D, ed. Reptile medi-
cine and surgery. 2nd ed. St Louis: Saunders Elsevier, 2006;841–
851.

5. Zotti A, Selleri P, Carnier P, et al. Relationship between meta-
bolic bone disease and bone mineral density measured by dual- 
energy x-ray absorptiometry in the green iguana (Iguana igua-
na). Vet Radiol Ulrasound 2004;45:10–16.

6. Ferguson GW, Gehrmann W, Chen T, et al. Effects of artificial 
ultraviolet light exposure on reproductive success of female 
panther chameleon (Furcifer pardalis) in captivity. Zoo Biol 
2002;21:525–537.

7. Ferguson GW, Gehrmann WH, Karsten KB, et al. Do panther 
chameleons bask to regulate endogenous vitamin D

3
 produc-

tion? Physiol Biochem Zool 2003;76:52–59.
8. Karsten KB, Ferguson GW, Chen TC, et al. Panther chameleons, 

Furcifer pardalis, behaviorally regulate optimal exposure to UV 
depending on dietary vitamin D

3
 status. Physiol Biochem Zool 

2009;82:218–225.
9. Ferguson GW, Brinker AM, Gehrmann WH, et al. Voluntary 

exposure of some western-hemisphere snake and lizard spe-
cies to ultraviolet-B radiation in the field: how much ultravi-
olet-B should a lizard or snake receive in captivity? Zoo Biol 
2010;29:317–334.

10. Hume EM, Lucas NS, Smith HH. On the absorption of vitamin 
D from the skin. Biochem J 1927;21:362–367.

11. MacLaughlin JA, Anderson RR, Holick MF. Spectral character 
of sunlight modulates photosynthesis of previtamin D

3
 and its 

photoisomers in human skin. Science 1982;216:1001 –1003.
12. Horst RL, Reinhardt TA, Russel JR, et al. The isolation and iden-

tification of vitamin D2 and vitamin D3 from Medicago sativa 
(alfalfa plant). Arch Biochem Biophys 1984;231:67–71.

13. Hoby S, Wenker C, Robert N, et al. Nutritional metabolic bone 
disease in juvenile veiled chameleons (Chameleo calyptratus) 
and its prevention. J Nutr 2010;140:1923–1931.

14. Taylor RL, Lynch HJ, Wysor WG. Seasonal influence of sunlight on 
the hypercalcemia of sarcoidosis. Am J Med 1963;34:221–227.

15. Sakaki T, Kagawa N, Yamamoto K, et al. Metabolism of vitamin 
D

3
 by cytochromes P450. Front Biosci 2005;10:119–134.

16. Blunt JW, DeLuca HF, Schnoes HK. 25-Hydroxycholecalciferol. 
A biologically active metabolite of vitamin D

3
. Biochemistry 

1968;7:3317–3322.
17. Ponchon G, Kennan AL, DeLuca HF. “Activation” of vitamin D 

by the liver. J Clin Invest 1969;48:2032–2037.

11-10-0352r.indd   1785 10/22/2012   1:26:17 PM



1786   AJVR, Vol 73, No. 11, November 2012

18. Heaney RP, Armas LA, Shary JR, et al. 25-Hydroxylation of vi-
tamin D

3
: relation to circulating vitamin D

3
 under various input 

conditions. Am J Clin Nutr 2008;87:1738–1742.
19. Fraser DR, Kodicek E. Unique biosynthesis by kidney of a biologi-

cally active vitamin D metabolite. Nature 1970;228:764–766.
20. Holick MF. The use and interpretation of assays for vitamin D 

and its metabolites. J Nutr 1990;120:1464–1469.
21. Manning B, Grigg GC. Basking is not of thermoregulatory sig-

nificance in the “basking” freshwater turtle Emydura signata. 
Copeia 1997;1997:579–584.

22. Oftedal OT, Chen TC, Schulkin J. Preliminary observations on 
the relationship of calcium ingestion to vitamin D status in the 
green iguana (Iguana iguana). Zoo Biol 1997;16:201–207.

23. Gillespie D, Frye FL, Stockham SL, et al. Blood values in wild 
and captive Komodo dragons (Varanus komodoensis). Zoo Biol 
2000;19:495–509.

24. Acierno MJ, Mitchell MA, Roundtree MK, et al. Effects of ul-
traviolet radiation on 25-hydroxyvitamin D

3
 synthesis in red-

eared slider turtles (Trachemys scripta elegans). Am J Vet Res 
2006;67:2046–2049.

25. Acierno MJ, Mitchell MA, Zachariah TT, et al. Effects of 
ultraviolet radiation on plasma 25-hydroxyvitamin D

3
 con-

centrations in corn snakes (Elaphe guttata). Am J Vet Res 
2008;69:294–297.

26. Oonincx DGAB, Stevens Y, van den Borne JJGC, et al. Effects of 
vitamin D

3
 supplementation and UVb exposure on the growth 

and plasma concentration of vitamin D
3
 metabolites in juvenile 

bearded dragons (Pogona vitticeps). Comp Biochem Physiol B Bio-
chem Mol Biol 2010;156:122–128.

27. Mazzotti S. Hermann’s tortoise (Testudo hermanni): current 
distribution in Italy and ecological data on a population from 
the north Adriatic coast (Reptilia, Testudinidae). Ital J Zool 
2004;71:97–102.

28. Raiti P, Haramati N. Magnetic resonance imaging and comput-
erized tomography of a gravid leopard tortoise (Geochelone 
pardalis pardalis) with metabolic bone disease. J Zoo Wildl Med 
1997;28:189–197.

29. Rossi JV. General husbandry and management. In: Mader D, ed. 
Reptile medicine and surgery. 2nd ed. St Louis: Saunders Elsevier, 
2006;25–41.

30. Gehrmann WH. Artificial lighting. In: Mader D, ed. Rep-
tile medicine and surgery. 2nd ed. St Louis: Saunders Elsevier, 
2006;1081–1084.

31. Kroenlein KR, Zimmerman, Saunders G, et al. Serum vitamin D 
levels and skeletal and general development of young bearded 
dragon lizards (Pogona vitticeps), under different conditions of 
UV-B radiation exposure. J Anim Vet Adv 2011;10:229–234.

32. Gehrmann WH, Horner JD, Ferguson GW, et al. A comparison 
of responses by three broadband radiometers to different ultra-
violet-B sources. Zoo Biol 2004;23:355–363.

33. Meek R. The thermal ecology of Hermann’s tortoise (Testudo 
hermanni) in summer and autumn in Yugoslavia. J Zool (Lond) 
1988;215:99–111.

34. Eatwell K. Plasma concentrations of 25-hydroxycholecalciferol 
in 22 captive tortoises (Testudo species). Vet Rec 2008;162:342–
345.

35. Ullrey DE, Bernard JB. Vitamin D: metabolism, sources, unique 
problems in zoo animals, meeting needs. In: Fowler ME, Miller 
RE, eds. Zoo and wild animal medicine: current therapy. Vol. 4. 
Philadelphia: WB Saunders Co, 1999;63–78.

36. Jäpelt RB, Didion T, Smedsgaard J, et al. Seasonal variation of 
provitamin D

2
 and vitamin D

2
 in perennial ryegrass (Lolium pe-

renne L.). J Agric Food Chem 2011;59:10907–10912.
37. Haddad JG, Hahn TJ. Natural and synthetic sources of circu-

lating 25-hydroxyvitamin D in the man. Nature 1973;244:515–
517.

38. Poskitt EME, Cole TJ, Lawson DEM. Diet, sunlight and 
25-hydroxy vitamin D in healthy children and adults. BMJ 
1979;1:221–223.

39. Wallach JD. Hypervitaminosis D in green iguanas. J Am Vet Med 
Assoc 1966;149:912–914.

40. Ferguson GW, Jones JR, Gehrmann WH, et al. Indoor hus-
bandry of the panther chameleon Chamaeleo [Furcifer] 
pardalis: effects of dietary vitamins A and D and ultravio-
let irradiation on pathology and life-history traits. Zoo Biol 
1996;15:279–299.

41. Schoemaker NJ, Lumeij JT, Beynen AC. Polyuria and polydipsia 
due to vitamin and mineral oversupplementation of the diet of 
a salmon crested cockatoo (Cacatua moluccensis) and a blue and 
gold macaw (Ara ararauna). Avian Pathol 1997;26:201–209.

42. Hass GM, Trueheart RE, Hemmens A. Experimental atheroscle-
rosis due to hypervitaminosis D. Am J Pathol 1960;37:521–549.

43. Capen CC, Cole CR, Hibbs JW. The pathology of hypervitamin-
osis D in cattle. Pathol Vet 1966;3:350–378.

44. Hilbe M, Sydler T, Fischer L, et al. Metastatic calcification in a 
dog attributable to ingestion of a tacalcitol ointment. Vet Pathol 
2000;37:490–492.

45. Mulligan RM. Metastatic calcification associated with hypervi-
taminosis D and haliphagia. Am J Pathol 1946;22:1293–1305.

46. Jacobsen RB, Hronek BW, Schmidt GA, et al. Hypervitaminosis 
D associated with a vitamin D dispensing error. Ann Pharmaco-
ther 2011;45:e52.

47. Purgley H, Jewell J, Deacon JE, et al. Vitamin D
3
 in cap-

tive green sea turtles (Chelonia mydas). Chelon Cons Biol 
2009;8:161–167.

48. Holick MF. The cutaneous photosynthesis of previtamin D
3
: a 

unique photoendocrine system. J Invest Dermatol 1981;77:51–
58.

49. Nijboer J, van Brug H, Tryfonidou MA, et al. UV-B and vitamin 
D

3
 metabolism in juvenile Komodo dragons (Varanus komodoen-

sis). In: Fidgett A, Clauss M, Gansloßer U, et al, eds. Zoo animal 
nutrition II. Fürth, Germany: Filander Verlag, 2007;233–246.

50. Gardiner DW, Baines FM, Pandher K. Photodermatitis and pho-
tokeratoconjunctivitis in a ball python (Python regius) and a 
blue-tongue skink (Tiliqua spp.). J Zoo Wildl Med 2009;40:757–
766.

51. Holick MF, MacLaughlin JA, Doppelt SH. Regulation of cutane-
ous previtamin D

3
 photosynthesis in man: skin pigment is not 

an essential regulator. Science 1981;211:590–593.
52. Ferguson GW, Gehrmann WH, Peavy B, et al. Restoring vitamin 

D in monitor lizards: exploring the efficacy of dietary and UVB 
sources. J Herpetol Med Surg 2009;19:81–88.

11-10-0352r.indd   1786 10/22/2012   1:26:17 PM




