Chapter 57
Tauroursodeoxycholic Acid Protects Retinal
Function and Structure in rdl Mice
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Abstract We explored the potential protective effects of tauroursodeoxycholic acid
(TUDCA) on cone photoreceptor survival in a model of rapid retinal degenera-
tion, the B-Pde6™ (rdI) mouse model. We injected two strains of 7d/ mice (B6.
C3-Pde6b™Hps4'®/] and C57BL/6J-Pde6b@~2/] mice) daily from postnatal day
(P) 6 to P21 with TUDCA or vehicle. At P21, retinal function was evaluated with
light-adapted electroretinography (ERG) and retinal structure was observed with
plastic or frozen sections. TUDCA treatment partially preserved function and
structure in B6.C3-Pde6bHps4'®/] mice but only partially preserved structure
in C57BL/6J-Pde6b’?/~2/] mice. Our results suggest a possible intervention for
patients undergoing rapid retinal degeneration.
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57.1 Introduction

Tauroursodeoxycholic acid (TUDCA) is neuroprotective in several rodent models
of neurodegeneration (reviewed in Boatright et al. 2009) and retinal degeneration
(Boatright et al. 2006; Phillips et al. 2008). In this study we explored the possible
neuroprotective effects of daily injections of TUDCA on two strains of rd/ mice.
The rd1 mouse, considered a model of retinitis pigmentosa, has a nonsense mutation
in the B-subunit of the rod cGMP phosphodiesterase, resulting in loss of rod photo-
receptors beginning at postnatal day P10 and finishing by about P21 (Sancho-Pelluz
et al. 2008). Despite the rapid degeneration of rod photoreceptors, cone photorecep-
tors degenerate at a slower rate, providing potential therapeutic opportunities. In
this study, we sought to examine whether TUDCA could preserve cone function.
We were able to replicate that no functional protection was observed in C57BL-rd 1
mice with TUDCA (Drack et al. 2012), even though we found partial structural
preservation. More importantly, we show functional and structural protection with
daily injections of TUDCA from P6 to P21 in B6.C3-rd] mice.

57.2 Material and Methods

57.2.1 Animals

All animal procedures were approved by the Institutional Animal Care and Use
Committee at the Atlanta VA Medical Center and conform to the standards of the
Association for Research in Vision and Ophthalmology Statement for the Use of
Animals in Ophthalmic and Vision Research. Two strains of B-Pde6™¥ mice were
obtained from Jackson Laboratories (Bar Harbor, ME): B6.C3-Pde6b¥/Hps4'¢/]
mice (B6.C3-7d1; Stock #: 000002) and C57BL/6J-Pde6b™~2/] mice (C57BL-rd1,;
Stock #: 004766). All mice were housed under controlled lighting conditions on a
12 h light/12 h dark cycle.

57.2.2 TUDCA Treatments

rdl litters were randomly divided at P6 to receive TUDCA (500 mg/kg, Calbio-
chem, San Diego, CA) or vehicle (0.15 M NaHCO, 1 ml/kg) treatment. TUDCA
solution was made fresh daily and pH was adjusted to 7.4 using 0.1 M HCI. Daily
intraperitoneal injections began at P6 as it has been previously shown that injections
every 3 days have no protective effects on the rd! retina, most likely due to the
increased degeneration rate compared to other models (Boatright et al. 2009). Treat-
ments ended at P21 for each animal. Mice were weighed daily prior to injection to
determine proper dosing of TUDCA and vehicle.



57 Tauroursodeoxycholic Acid Protects Retinal Function and Structure in rd1 Mice 433

57.2.3 Electroretinography

Electroretinography was performed at P21, as previously detailed (Mocko et al.
2011). Briefly, mice were anesthetized with ketamine (80 mg/kg) and xylazine
(16 mg/kg), the cornea was anesthetized (1% tetracaine), and the pupils dilated
(1% tropicamide) in both eyes. The body temperature was maintained at 37 °C via
a heating pad while the recording electrode, a nylon-silver thread, contacted the
cornea using 1% methylcellulose. The responses were referenced and grounded
to needle electrodes placed in the cheek and tail, respectively. A series of full-field
flash stimuli (— 0.82 to 1.9 log cd-s/m?) were presented by a Ganzfeld dome under
light-adapted conditions (30 cd/m?) to isolate cone responses. Acquired responses
were stored on a commercial ERG system (UTAS 3000, LKC Technologies, Gaith-
ersburg, MD).

57.2.4 Histology

Retinal morphology was assessed as previously reported (Mocko et al. 2011).
Briefly, mice were euthanized and eyes enucleated, injected with 4 % paraformal-
dehyde, and immersion fixed in the same fixative for 45 min. Eyecups of B6.C3-
rdl mice were rinsed with 0.1 M phosphate buffer, processed through a graded
alcohol series, and embedded in plastic resin (Embed 812/DER 736, Electron Mi-
croscopy Science, Inc, Hatfield, PA). Sections (0.5 wm) bisecting the optic disc
at the superior-inferior axis were cut using an ultramicrotome (Reichert Ultracut,
Leica Inc., Buffalo Grove, IL) with a histo-diamond knife. Eyecups of C57BL-rd!
mice were frozen in OCT and cryosectioned (10 um thickness) onto glass slides.
Both plastic and cryosections sections were stained with 1% aqueous toluidine
blue (Sigma; St. Louis MO) and imaged using a phase contrast microscope (Leica
DM LB, Leica Inc., Buffalo Grove, IL) at 20 x power. Photoreceptor nuclei cells
were counted using an image analysis program (Image-Pro Plus 5.0; MediaCy-
bernetics; Rockville, MD). For each retinal section, we quantified photoreceptor
nuclei across the retina moving outwards superiorly and inferiorly from the optic
nerve. The number of photoreceptor nuclei were averaged across three retinal
sections for each eye.

57.2.5 Statistical Analyses

We performed two-way repeated measures ANOVAs with Holm-Sidak post-hoc
comparisons and Student’s f-tests using commercial statistical analysis software
(SigmaStat 3.5; Systat Software; Chicago, IL). Significance was set at p<0.05
for all analyses and values are expressed as mean+standard error of the mean
(sem).
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Fig. 57.1 TUDCA protects cone photoreceptor function in B6.C3-rd] mice at P21. a Repre-
sentative light-adapted ERG waveforms from B6.C3-rdl mice across flash stimuli (— 0.81 to
1.9 log cd s/m?). b B6.C3-rd] TUDCA-treated mice have significantly larger b-wave amplitudes
responses at the brightest flash stimuli compared to vehicle-treated mice (two-way repeated mea-
sures ANOVA; F(1, 41)=16.986, p=0.005). C57BL-rd] mice did not exhibit measurable b-wave
responses at any flash stimulus

57.3 Results

57.3.1 TUDCA Injections Preserved Retinal Function
to P21 in B6.C3-rdl Mice

Light-adapted ERG waveforms from representative mice in each group showed larg-
er amplitudes with TUDCA treatment for B6.C3-rd/ mice compared to B6.C3-rd!
vehicle treated (Fig. 57.1a). Within the B6.C3-rd/ mice, those injected with TUDCA
had significantly preserved light adapted b-wave amplitudes compared to vehicle
treated mice at the brightest flash stimuli (Fig. 57.1b; 0.4, 0.9, 1.4, and 1.9 log cd s/
m?; two-way repeated measures ANOVA; F(1, 41)=16.986, p=0.005). C57BL-rd!
mice exhibited no measurable a-or b-waveforms at P21, regardless of treatment.

57.3.2 TUDCA Injections Preserved Photoreceptor Cell Counts
in Both rdl Strains

After TUDCA injections, the retinas of B6.C3-rd/ and C57BL-rd! mice main-
tained a thicker outer nuclear layer (ONL) of about 2 rows of photoreceptor nuclei
(Fig. 57.2b and 57.3b) compared to vehicle treated mice, which degenerated to a
sparse single row of photoreceptor nuclei (Fig. 57.2a and 57.3a). The summed pho-
toreceptor nuclei across the retina in TUDCA-treated B6.C3-rd/ mice was signifi-
cantly greater compared to vehicle-treated littermates (Student’s #-test; p=0.005;
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Fig. 57.2 TUDCA protects cone photoreceptor structure in B6.C3-rd/ mice. Retinal micro-
graphs of plastic sections taken 1.0 mm from the optic nerve from B6.C3-rd] mice shows that
mice injected with TUDCA had a thicker ONL (b) compared to those injected with vehicle (a). ¢
TUDCA-treated B6.C3-rd mice had significantly more photoreceptor nuclei compared to vehi-
cle-treated mice (Student’s #-test; p=0.005)
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Fig. 57.3 TUDCA protects cone photoreceptor structure in C57BL-rd 1 mice. Retinal micrographs
of cryosections taken 1.0 mm from the optic nerve in C57BL-rd/ mice injected with TUDCA had
a thicker ONL (b) compared to those injected with vehicle (a). ¢ TUDCA-treated C57BL-rd ! mice
had significantly more photoreceptor nuclei compared to vehicle-treated mice (Student’s r-test;
p=0.038)

Fig. 57.2¢). C57BL-rdl mice also showed significantly more photoreceptor nuclei
with TUDCA treatment (Student’s ¢-test; p=0.038; Fig. 57.3c¢).

57.4 Discussion

Here we demonstrate that significant cone protection in 7d/ mice is possible with
TUDCA injections. Daily injections of TUDCA were sufficient to protect both reti-
nal function (specifically light-adapted ERGs) and structure in B6.C3-rd] mice.
However, in C57BL-rdI mice, photoreceptor nuclei were preserved, but not retinal
function. A previous report also observed no functional preservation in C57BL-rd!
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mice (Dr. Val Sheffield, personal communication) with TUDCA injections at P21
(Drack et al. 2012), however, structural preservation was not explored. The differ-
ences in efficacy of TUDCA between the two strains of rd/ mice may be due to
the different rates of degeneration. It is possible that C57BL-rd/ have a more ag-
gressive degeneration compared to B6.C3-rd/ mice, as C57BL-rd] mice have no
measurable ERG response at any age (Chang et al. 2007), while B6.C3-rd] mice
treated with vehicle still have residual ERG responses at P21 (Fig. 57.1). Nonethe-
less, our findings illustrate the protective effects of TUDCA on cone photoreceptors
in a model of rapid retinal degeneration, and suggest a possible intervention for
aggressive forms of retinitis pigmentosa.
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