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Photobiosynthetic Opportunity and Ability for UV-B Generated Vitamin
D Synthesis in Free-Living House Geckos (Hemidactylus turcicus) and
Texas Spiny Lizards (Sceloporus olivaceous)

ELLIOTT N. CARMAN, GARY W. FERGUSON, WILLIAM H. GEURMANN, Tar C. CITEN, AND

Micuagl F. Hovrck

The opportunity and ability to photobiosynthesize vitamin D, by exposing skin to
ultravioletB (UVB) irradiation from the sun was compared using the nocturnal/
crepuscular Mediterranean House' Gecko Hemidactylus turcicus and the diurnal Texas
Spiny Lizard Sceloporus olivaceous, Texas spiny lizards had a greater opportunity for
photobiosynthetic production of vitamin D, than geckos. This was revealed by vita-
min Dy photoproduct production in models (ampoules containing an alcohol solu-
tion of vitamin D, preeursor) placed at locations inhabited by free-living lizards at
similar times of occupancy. Alternatively, geckos seemed able to maximize their
limited photobiosynthetic opportunity with a higher rate of conversion of pravitamin
D, to photoproducts. This was revealed by photoproduct conversion in patches of
lizard skin'exposed to_ultraviolet lamps in the laboratory. Stomach-content analysis
showed the spiny lizards to have dietary sources of vitamin D,, the geckos may or
may not. This is the first documentation that mostly nocturnal geckos may rely on
photobiosynthesis of vitamin D, and that they might have a more sensitive mecha-
‘nism than diurnal lizards to compensate for their limited exposure to. natural UVB
radiation. Future studies should investigate sexual, seasonal, age, and species. dif-
ferences in photobiosynthetic opportunity and ability.

INCE Cowles and Bogert’s (1944) ground-
breaking study on reptile thermoregula-
tion, nurmerous studies have implied that, bask-
ing behavior functions. solely as a method of
thermoregulation (Huey and Slatkin, 1976;
Huey and Webster, 1976; Sievert and Hutchison,
1988). However, sun exposure (specifically ul-
traviolet-B radiation or UVB; 290-320 nm) has
been shown in several vertebrates to be neces
sary in the production of vitamin D, via the cu-
tancous photobiosynthesis of previtamin D,
from. provitamin D, (Webb and. Holick, 1988;
Webb et al., 1989; Allen et al., 1994). Once pre-
vitamin D, is produced under the stmulus of
UVB irradiation, it is thermally isomerized to
vitamin. Dy. Only the second step in the process
is temperature dependent. Panther chameleons
scek out high UVB doses more readily when de-
prived of dietary vitamin D, (Jones et al., 1996).
In addition, turtles have been shown to bask for
unknown reasons other than thermoregulation
(Pritchard and Greenhood, 1968; Manning and
Grigg, 1997). Allen et al. {1994) suggested that
rapidly growing juvenile Komodo dragons may
require UVB irradiation as a supplement to
their dietary vitamin Dy source. Even diurnal
basking day geckos seem 1o require UVB expo-
sure in addition to vitamin D, in their diet (Al-
len et al.,, 1996). Thus, there seem to be func-
tions for basking other than thermoregulation.

Vitamin Dy is a nutrient that serves many
physiological functions, the most recognized of
which are the maintenance. of blood calcium

levels (Webb and Holick, 1988), calcium metab-

olism (How et al., 1994), and maintenance of
healthy bones (Lu etal., 1992). The vitamin can
be obtained not only from photobiosynthetic
production but also directly from dictary soure-
es (Holick et al., 1995). Since many prey items
are thought 10 be low in vitamin D, content
(How et al, 1994), photobiosynthesis may be
more important than originally thought.

Recent. data. demonstrate variability in . the
ability of different rexrestrial organisms to_pho-
tobiosynthesize vitamin D.. Rats possess the abil-
ity to synthesize_vitaroin 1,, whereas dogs and
cats cannot {How et al,, 1994). Unfortunately, a
thorough comparative study of wild species has
not been performetd.

We report the first combined ficld and labo-
ratory investigation. of photobiosynthetic oppor-
tunity and ability for UVB-generated vitamin D
synthesis in reptiles. Two lizards with very dif-
ferent ecologies were investigated: a nocturnal /
crepuscular House Gecko (Hemidactylus turcicus)
and the diurnal Texas Spiny Lizard (Sceloporus
olivaceous) .

The house gecko isa small (10-12 cm) lizard
that was introchuced into the United States from
the Mediterranean. avea. In the United States, it
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breeds from March to July and lays eggs from
April to August. It ranges from southern Loui-
siana to southern Texas, is found in patches in
north Texas, and is also found in peninsular
Florida. It is most often found on lighted walls
eating insects that are attracted by lights (Anon-
ymous, 1997),

The Texas spiny lizard (TSL) is a large (19—
29 cm) diurnal lizard. that breeds and lays eggs
during the spring and summer. It ranges from
south-central Qklahoma 1o Mexico. and .can he
found in trees such as. the mesquite, live oak,
and others (Blair, 1960).

The photobiosynthetic opportunity of the two

species was assessed by using in vitro models as.

described in methods. Photobiosynthetic ability
was assessed by exposing skin samples to UVB
irradiation for timed intervals. Finally, vitamin
Dy levels of the stomach contents of free-living
animals were analyzed for both species.

MATERIALS AND. METHODS

Ultraviolet light exposure could not be esti-
mated either directly or indirectly when simul-
taneously observing a lizard in the field without
disturbing it and altering the rest of its activity
or habitat use pattern. Thus, assessment of the
opporwunity for photobiosynthesis was achieved
indirectly by recording the exact locations of a
free-living specimen in the field, monitoring it
throughout a diel cycle (focal day), and placing
ampuoules made of UV conducting glass contain-
ing 50 ug per ml of provitamin D, (vitamin D,
precursor} dissolved in 100% ethanol (hereaf:
ter referred to as in vitro models or models) in
the exact location over the same time period:on
a subsequent day (model day). The amount of
photoproduct (previtamin D, plus vitamin D.)
in the exposed models was used as a relative
index of photobiosynthetic opportunity; the
more conversion of provitamin I, the more op-
portunity.

In July 1997, the lizards were located and ob-
served for one cycle at each field site (all field
sites. were urban sites located in Tarrant County,
Texas) to increase familiarity with their behav-
ior. Then, three specimens of each species were

chosen for further observation. Each lizard was.

followed for.one diel cycle, and its location was
documented every 15 minutes or after each
move. When necessary, a photograph of the liz-
ard and location was. taken to ensure accuracy
of documenitation. All documentation was used
as a guide to place a model at the exact location
of the specimen on. the next available climaui-
cally similar day (usually one or two. days.later).

A model was moved along sequental locations.
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for three hours:and then replaced by a tresh
model for another three hours (rate of photo-
conversion in a model slows afier three hours;
unpubl. data). Thus, three or four models were
used to retrace a single activity cycle of one liz-
ard. Irradiance similarity between focal and
model days was monitored by exposing and re-
placing one model every three hours in a com-
mon neutral site on. both. days.

Because previtamin. Dy, once formed, spon-
taneously converts. to. several photoproducts
{mostly vitamin. D3), the analysis of total pho-
toproduct formation is simplified if the conver-
sion is retarded. Because the rate of conversion

to.vitamin D3 is temperature dependent, mod-

els were kept below 22 C_during exposure pe-
riod by fastening them to. frozen Blue Ice bags.
Bags were changed as necessary throughout the
cycle to maintain the low. temperatare, Cooling
was noti critical far accuracy of the data because
total photoproduct. (previtamin D, plus vitamin
D;) is equivalent to  previtanin. D, initially
formed. Atfter three hours of exposure, models
were replaced, wrapped in foil, stored on ice for
the remainder. of the field day, and then placed
in a =70 C freezer for later analysis.

An appararus was constructed to place mod-
els at documented locations. that were difficult
to reach due to height. Polyvinyl conduit was
cut into 1.54m lengths that could. be attached
to.each other, A styrofoam rectangle with a con-
cave side was affixed to one end of the conduit
and a frozen Blue Ice bag placed in the concav-
ity. A model was then placed on the Blue Ice
bag and held into position with a rubber band.

Vitamin D, photobiosynthesis ocecurs in the
skin of vertcbrates (Holick et al., 1995). UV (at
least UVB) irradiation” docs not penctrate the
skin. to deeper “tissue layers (Porter, 1967).
Thercfore, assessment of the ability for photo-
biusynthesis was achieved: by analyzing UVB-ex-
posed skin_ samptes: Four specimens. of each
species were captured from the field and stored
forup to 12 h in a cool (8 ), dark location.
Each was weighed, measured, then pithed, and
the brain macerated to ensure instantaneous
death. Skin patches were removed immediately
from the dorsal surface of the. specimenand
sectioned into four 5 X 5 mm rectangular sam-
ples using wrazor blade and a 5 X 5 mm paper
template. The samiples were kept moist through-
out the process using physiological saline. They
were then placed in a petri dish 34.29 cm under
a UV lamp (Spectroline Medium Wave UV 320
nm) and exposed to UVB radiation. for four
time intervals. A control received no exposure
(time zexe), whereas the other samples received
20, 40, or 60 min of UV exposure. The dish was
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TapLe Lo PrROVITAMIN Dy REMAINING TN CONTROL Viars ON FOCAL VERSUS Viar Day. Values are percent * SD
(n). Because there were six vomparisons, « was adjusted using Bouferroni correction from P < 0.05 10 P <
0.007. Gecko 3 failed the normality 1est; therefore vatues are given,

Lizard Foeal Day Viud Day ' r
Gecko 1 100.2 = 0.920 (1) 99.4 = 1.212 (4) 1.02 0.3477
Geeko 2 99.8 = (1.252 (4) 100.5 = 1.537 (4) —0.692 (1,4849
Gecko 3 99.1 (1) 98.7 (1) 220 0.3429
TS 98.0 £ 2,156 () 98.4 + 0.707 (4) —0.353 0.7364
TSI 2 95.9 = 6,10 (5) 96.8 = 3.24 (4) —0.449 0.6668
TSL. 3 93.3 = 5.41 (8) 94.4 = 470 (1) =0.329 0.7487

rotated every 5 min to compensate for position-.

al effects on the samples. Once irradiated, sam-
ples were placed in labeled vials and stored in
a —70 C freezer for later analysis. UVA and B
irradiation. measuremerits were taken prior to
exposure using Spectroline UV meters (Models
DM-300N medium wavelength 300 nm arid DM-
365N Jong wavelength 365 nm, respectively); ir-
radiances were 21 uW/em? (UVA) and 90 uW/

el
20
TSL
MEAN
181 e ADULY
O JUVENILE 1
o o . JUVENILE 2
z 10 4
o
E 51 o
=
c | <
O 04 o) o
l —
]
o H 0922-9182 121.’.‘1113 155316883 185-\‘1533
2 c g i g -
a s
o £
&
[
o
5 x
>
I c
a <
w
o]
E o7
06
2 ol GECKOS e
o0a ADULTA |
03 ApuLT2 '
02 ABULT 3
0.1 i
00
20562357 2403-0308 03050604 06040647
"TIME OF DAY
Fig. 1. Rate of photoproduct (previtamin D, plus

vitamin D) formation at different tmes of day for in:

vitro models at the lree-living locations of three Texas
spiny lizards (TSL). (Seeloporus. olivaceousy and three
house geckos. (Hemidactylus turcicus) in Fort. Worth,
Texas i July and Angust 1997. TSL locations photo-
product formation was greater than that of the gecko
locations. Maximum. TSL location photoproduct for-
mation occurred at auidday.

em? (UVB). In vitro models were exposed one
hour to these conditions for comparison to the
skins. All models, skin_samples, and stomach
contents were analyzed for provitamin D, pre-
vitamin' Dy, and vitamin Dy as previously de-
scribed (Holick et al., 1981).

Statistical analyses were” performed using Mi-
crosoft Excel version 7.0 and Systat version 6.0.
Transformations were made where necessary to
normalize the data. Where skin and stomach
sample values were below the limit of detection,
the maximum  possible. value was estimated by
dividing the minimum detection level by sample
mass. Detection limits were 0.5 ng for vitamin
D., 1.0 ng for previtamyin D., and 1.0 ng for pro-
vitamin 1),.

ResurLTs

Opportunity for photobiosynthesis—Comparison (£
test) of the photoconversion of the control
models for the focal and model days revealed
no significant differences berween days (Table
1). The rate of photoproduct {previtamin D,
plus vitamin D,) formation was higher at the
Texas spiny lizard (TSL.) locations than at gecko
locations. (minimum TSL= 0.0009 ng/min and
roaximum - gecko = 0.0004 ng/min; Fig. 1).
Maximum levels. of photoproduct formation.oc-
curred at midday for all three TSI locations and
minimum levels. tended. to occur at the later
hours.

Ability for photobiosynthesis—All TSL and gecko
skin samples started with less than 10% photo-
product conversion [100(previtamin D, + vita-
min Dg) / (provitamin D, + previtamin D, + vi-
tamin. D,)] except one gecko, which started
with 58% conversion. To standardize time 0 to
a low valuwe, this gecko was eliminated from sta-
tistical analysis. There was a significant trend for
an increase in. mean percent photoproduct con-
version with time_for both species combined
(time-effect £ < 0.05, F = 981, df = 3; repeated
measures ANOVA; Fig. 2). However, the conver-
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Fig. 2. Mean percent of photoproduct conversion
versus duration of skin exposure for 3 X 5 mm patch-
es of Texas spiny lizard (TSL) and gecko skin exposed
to a UV bulb (90 uW/cm? UVB). Vertical bars show
two standard errors, There was a significant trend for
increase in photoproduct conversion (time effect) as
well as a significant difference between the two spe-
cies (group effect; dmegroup interaction). See text
for statistical detail. In this experiment, the conver-
sion.in TSL skin was weak and not significant.

sion of previtamin Dy in TSL was weak and not
significant by itself. There was a significant dif-
ference between.the photoproduct formation of
the two species_over time (group effect P <
0.05, F = 36.18, df = 1; time-group interaction
P < 0.05, F= 6.84, df = 3; repeated measures
ANOVA). Mean percent conversion for the in
vitro models was 20.2% (SD * 2.2; n = 2). Mod-
el values were not significantly different from
those of geckos (x="31.3, SD * 8.1; n = 3) but
were significantly higher than those of TSL (%
=57,8D + 3.5, n = 4; P < (.05 ANOVA and
Tukey HSD) at one hour of exposure. The con-
trol skin patches of the TSI contained slightly
but not significantly. more provitamin D, than
those of the geckos (TSLx = 34.7, SD % 19.7
ng, n = 4; gecko x = 20.8, SD * 13.7 ng, n =
4; P = 029 rtest).

Stomach. contents—There was no significant dif-
ference in vitamin D, levels between gecko and
TSL stomach. contents (P = 0.3734, t = 0.962,
df = 6). Mean muaxirum possible vitamin D). lev-
el level in gecko stomach content was less than
443 ng/g. (5D = * 2.76,n = 4), whereas mean
in. TSL. stomach contents was 6.98 ng/g. (SD +
4.53, n = 4). TSL stomachs contained mostly
greenlarval lepidopterans, whereas gecko stom-
achs contained mostly adult lepidopterans and
coleopterans.
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Discussion

As expected the diurnal Texas spiny lizard
had a greater opportunity for photobiosynthesis
of vitamin D, than the house gecko (Fig. 1).
The only apparent opportunity for photobiosyn-
thesis in the nocturnal/crepuscular _house
gecko was during dusk and/or dawn (crepus-
cular) exposare, The presence of photoproduct
formation in models retracing gecko activity at
midnight is surprising and may be attributed to
artifact since the conversion is very low and no
known source of UV was present at that hour,
Since all nights were clear and the sun did not
set completely until. 2130, the sun cannot be
ruled out as a possible factor responsible for the
presence of some photoproduct formation dur-
ing the first gecko time interval,

Geckos located on west-facing walls seemed to
emerge earlier (at dusk} than those on east-fac-
ing walls, and those on the eastfacing walls
seemed. to.remain active longer (into dawn)
than those on west-facing walls, but these obser-
vations were not quantified. This is what would
be expected if geckos were adjusting their activ-
ity cycle to obtain morning or evening sun ex-
posure. Although most geckos have been gen-
erally assumed to be nocturnal and exposed to
very little sunlight or opportanity for vitamin D,
photobiosynthesis, . Frankenberg (1978) ob-
served significant diurnal activity in several
gecko species (including H. turcicus) during cer-
tain times of the year.

The gecka’s capacity to produce vitamin D,
was significantly higher than that of the TSL
(Fig. 2). Because concentrations of provitamin
D, were similar; this was not a factor in their
higher capacity, which may result from in-
creased skin absorptivity of UVB. Their sensitiv-
ity may be an adaptation that allows the gecko
to maximize its limited exposure to UVB, or
photobiosynthetic. opportunity. Because the
TSL has ample opportunity for basking, there is
no need to rapidly convert a large percentage
of its provitamin D, to photoproducts. It is in-
teresting that one gecko had already converted
58% of ity provitamin.D, prior to experimental
irradiation.

Because TSL and geckos are active at differ-
ent times with probable. differences in their
body temperatures during these times and
knowing that the photobiosynthesis of vitamin
D includes a ternperatare-sensitive step (conver-
sion of previtamin D, to vitamin D,, Tian et al.,
1993), it would be interesting to see whether
these species have different optimal tempera:
tures for formation of vitamin D,. Holick et al.
(1995) found a lower rate of vitamin D, for-



CARMAN ET AL.—PHOTOBIOSYNTHESIS OF VITAMIN D

mation at lower temperatures (5 C) than higher
temperatures (25 C) in the skin of [guena igua-
na.

The TSL had measurable vitamin D,.in its
.stomach contents. Reanalysis with larger sam-
ples of gecko. stomach contents is necessary to
see whether measurable dietary levels of vitamin
D; occur and whether. they differ between the
species.

We must emphasize that in vitro models sim-
ilar to those used in this study provide an_ex-
cellent way to measure relative. availability of
photobiosynthetically active light in the enyiron-
ment. It provides no good information on the
absolute levels of photobiosynthetic production
for an organism that may occupy the location
of a maodel at a similar time when the model is
exposed to the sun. The rate and absolute per-
cent of conversion of provitamin D; to photo-
products is not the same. for alcohol solutions
and lizard skin (Holick et al., 1995; this study).
Furthermore, probably due to factors such as
UVB absorptivity (Porter, 1967) and provitamin
D, concentration, potential synthesis in a patch
of skin varies. So, studies combining models and
animal skin samples will provide the best clues
to the relative importance of endogenous pro-
duction of vitamin D}, in animals of different life
stage and species. This should help us under-
stand the role of basking for functions other
than thermoregulation.
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