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 Ancient and modern Asian pharmacopoeias classify bear
bile as a bitter, “cold” medicine used for detoxifying the liver,
dissolving kidney stones and gallstones, relieving convulsions,
and improving vision [1,2]. Notably, of the 28 types of Chi-
nese patent medicines containing bear bile, 15 are ophthalmo-
logic [2]. While bear bile has been used in Asia for over 3,000
years to treat visual disorders [1,2], its therapeutic potential
remains unexplored in Western vision research. Might the
ancient and modern vision-rescue claims made about bear bile
be tested in animal models of human retinal degeneration?

To answer this question, we assessed the effect of sys-
temic injection of tauroursodeoxycholic acid (TUDCA), a pri-
mary constituent of bear bile [1,3], in two animal models of
retinal degeneration, the Pde6brd10 (rd10) mouse, a genetic

model of blindness [4,5], and the light-induced retinal degen-
eration (LIRD) mouse, an environmental model of blindness
[6,7]. Mouse strains that have mutations in the β subunit of
rod photoreceptor cGMP phosphodiesterase (such as rd10) and
LIRD rodent protocols are some of the oldest and most-stud-
ied models of retinal disease [4,6].

Here we show that systemic injection of synthetic TUDCA
prevented apoptosis and preserved function and morphology
of photoreceptor cells in hereditary and environmental mouse
models of human retinal degeneration. The results suggest an
efficacy for this component of an ancient ophthalmic pharma-
ceutical.

METHODS

Animals:  All animal procedures were approved by the Insti-
tutional Animal Care and Use Committee and conform to the
standards of the Association for Research in Vision and Oph-
thalmology. C57/Bl6J, BALB/C, and rd10 mice were obtained
from Jackson Laboratories (Bar Harbor, ME) and were bred
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Purpose: Bear bile has been used in Asia for over 3,000 years to treat visual disorders, yet its therapeutic potential
remains unexplored in Western vision research. The purpose of this study was to test whether treatment of mice undergo-
ing retinal degeneration with tauroursodeoxycholic acid (TUDCA), a primary constituent of bear bile, alters the course of
degeneration.
Methods: Two retinal degeneration models were tested: the rd10 mouse, which has a point mutation in the gene encoding
the beta subunit of rod phosphodiesterase, and light induced retinal damage (LIRD). For LIRD studies, albino Balb/C
adult mice were subcutaneously injected with TUDCA (500 mg/kg body weight) or vehicle (0.15 M NaHCO

3
). Sixteen h

later, each mouse received repeat injections. Half of each treatment group was then placed in bright light (10,000 lux) or
dim light (200 lux) for seven h. At the end of exposure, animals were transferred to their regular housing. Electroretino-
grams (ERGs) were assessed 24 h later, mice sacrificed, eyes embedded in paraffin and sectioned, and retina sections
assayed for morphology and apoptosis by TUNEL and anti-active caspase-3 immunoreactivity via fluorescent confocal
microscopy. A subset of mice were sacrificed 8 and 15 days after exposure and retina sections analyzed for morphology
and apoptosis. For rd10 studies, mice were injected subcutaneously with TUDCA or vehicle at postnatal (P) days 6, 9, 12,
and 15. At p18, ERGs were recorded, mice were euthanized and eyes were harvested, fixed, and processed. Retinal
sections were stained (toluidine blue), and retinal cell layers morphometrically analyzed by light microscopy. Consecutive
sections were analyzed for apopotosis as above.
Results: By every measure, TUDCA greatly slowed retinal degeneration in LIRD and rd10 mice. ERG a-wave and b-
wave amplitudes were greater in mice treated with TUDCA compared to those treated with vehicle. Retinas of TUDCA-
treated mice had thicker outer nuclear layers, more photoreceptor cells, and more fully-developed photoreceptor outer
segments. Finally, TUDCA treatments dramatically suppressed signs of apoptosis in both models.
Conclusions: Systemic injection of TUDCA, a primary constituent of bear bile, profoundly suppressed apoptosis and
preserved function and morphology of photoreceptor cells in two disparate mouse models of retinal degeneration. It may
be that bear bile has endured so long in Asian pharmacopeias due to efficacy resulting from this anti-apoptotic and
neuroprotective activity of TUDCA. These results also indicate that a systematic, clinical assessment of TUDCA may be
warranted.
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and raised under 12:12 light:dark cycle and fed ad libitum
standard Purina mouse chow.

For LIRD experiments, adult BALB/C mice were weighed
and injected subcutaneously in the nape of the neck with ei-
ther vehicle (0.15 M NaHCO

3
, 1 ml/kg) or vehicle containing

TUDCA (500 mg/kg; Calbiochem, La Jolla, CA) [8], dark-
adapted for 18 h, injected again, then exposed to 7 h of bright
(10,000 lux) or dim (200 lux) light [7]. TUDCA and vehicle
solutions were made fresh prior to every injection and pH ad-
justed to 7.4. Visual function was assessed by electroretinog-
raphy (ERG) 24 h later, after which mice were sacrificed and
eyes prepared for morphological and biochemical analyses. A
subset of animals was sacrificed two weeks later and retinas
prepared for additional morphological and biochemical analy-
sis.

For hereditary model experiments, rd10 mice were
weighed and injected with vehicle or TUDCA (formulation as
above) at postnatal (P) days 6, 9, 12, and 15. At P18, a stage
by which photoreceptor degeneration and visual function loss
are pronounced in rd10 mice [4,5], ERGs were recorded, mice
sacrificed, and eyes prepared for morphological and biochemi-
cal analyses.

Bile acid analysis of brain tissue:  Brains were removed,
flash frozen and stored at -70 °C. Bile acids were assessed by
gas chromatography after organic solvent extraction, purifi-
cation on Lipidex 1000, liquid-solid extraction, hydrolysis,
isolation by lipophilic anion exchange chromatography and
conversion to methyl ester-trimethylsilyl ether derivatives [9].
Bile acid concentrations were expressed as nmol/g of tissue.

Electroretinogram (ERG) methods:  ERGs were recorded
on mice dark-adapted overnight using a UTAS-E3000 record-
ing system (LKC, Gaithersburg, MD) as previously detailed
[5,10-12]. Briefly, anesthetized mice (ketamine 80 mg/kg and
xyalzine 16/mg/kg) were placed on a heating pad inside a Fara-
day cage in front of a desktop ganzfeld. The active electrode
was a silver wire loop on the cornea, the reference electrode
was a 1-cm platinum needle placed in the cheek, and the ground
electrode was a needle placed in the tail. For rd10 mice, dark-
adapted ERG responses to a series of increasing-intensity light
flashes ranging from 0.00039 to 137 cd sec/m2 were averaged
over 5 to 10 separate flashes per light intensity. The inter-stimu-
lus time was increased from 10 to 60 s as flash intensities
were increased. LIRD mice were tested with only the bright-
est flash intensity, 137 cd sec/m2.

To measure ERG amplitude, the a-wave was measured
from the baseline to the trough of the first negative wave. The
b-wave was measured from the trough of the a-wave to the
peak of the first positive wave, or when the a-wave was not
present, from baseline to the peak of the first positive wave.

Histology and morphometrics:  Morphological assessment
of retinal sections was done essentially as previously detailed
[5,10-12]. Following ERG recordings, eyes were marked on
the superior portion of the limbus using a permanent marker
while still in the eye socket for orientation. Eyes were enucle-
ated, immersion-fixed in 4% paraformaldehyde for 30 min,
and then stored in phosphate-buffered saline for later histo-
logical or apoptosis analysis. For histological analysis, eyes

were dehydrated through a graded alcohol series and embed-
ded in Embed 812/DER 736 plastic medium (Electron Mi-
croscopy Science, Inc, Hatfield, PA). Sections (0.5 µm) bi-
secting the optic disc superiorly to inferiorly were cut on an
Reichert Ultracut ultramicrotome (Leica Inc., Deerfield, IL)
using a histo-diamond knife and heat fixed to glass slides.
Staining was done with 1% aqueous toluidine blue (Sigma;
St. Louis, MO).

For each section, two 400 µm-wide areas, one approxi-
mately 150 µm superior to the optic disc and one approxi-
mately 150 µm inferior to the optic disc, were acquired as
Adobe Photoshop images at 200X magnification. Photorecep-
tor nuclei counts and thickness measurements for the outer
nuclear layer and photoreceptor outer segments were made
using Image Tool (UTHSCSA, San Antonio, TX). For each
image, 5 locations were measured and those values averaged
together as the representative measurements for that section.
Five sections were averaged for each eye. Student’s t-tests
were used to compare means of vehicle versus TUDCA treated
groups.

Apoptosis measurements via TUNEL and activated

caspase-3:  Fluorescent TUNEL signal in retinal sections was
used as a measure of apoptosis as previously described [5].
Briefly, microtome-cut paraffin sections (5 µm) bisecting the
optic disc superiorly to inferiorly were stained by terminal
deoxynucleotidyl transferase-mediated 2’deoxyuridine 5'-
triphosphate-biotin nick end labeling (TUNEL) using a
DeadEnd Fluorometric TUNEL kit (Promega, Madison, WI)
and counter-stained with propidium iodide. Images of sections
were captured by computer-aided confocal microscopy and
photoreceptor nuclei counted per field as above. For each field,
percentages of apoptotic-to-total nuclei were averaged across
three or more observers and those means averaged within treat-
ment group. Student’s t-tests were used to compare the means
of vehicle versus TUDCA treated groups.

Apoptosis was also assessed by immunohistochemical
staining of retina sections with an antibody specific for acti-
vated caspase-3 following manufacturer instructions
(Promega). Briefly, paraffin-embedded retina sections were
deparaffinzed in xylene, permeabilized in Triton X-100, then
incubated with anti-active caspase-3 primary antibody fol-
lowed by donkey anti-rabbit Cy®3 (MTP2) conjugated sec-
ondary antibody, and counter-stained with propidium iodide.
Sections were examined with the confocal microscope, as de-
scribed with the TUNEL labeling. Additionally, for some
samples fluorescence was obtained across entire retina sec-
tions by using the magic wand function of Photoshop to select
the ONL, then using the luminosity function to measure mean
pixel luminosity. This was used as another method to quantify
the fluorescence resulting from TUNEL or from activated
caspase-3 immunoreactivity.

RESULTS

Effect of subcutaneous TUDCA injections on brain levels of

TUDCA:  The accumulation of TUDCA in the brains of in-
jected mice was measured to determine whether injections alter
neuronal tissue levels of TUDCA. Retina tissue levels of
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TUDCA and other bile acids were too low to measure with
current technologies (data not shown). Subcutaneous injec-
tions of TUDCA at P6, 9, and 15 elevated whole brain levels
of TUDCA in P18 mice (0.61±0.06 nmol/g TUDCA-injected
versus 0.06±0.01 nmol/g vehicle-injected; n=6 per treatment;
p<0.0001).

Effect of TUDCA treatment on LIRD mice:  Bright light
exposure caused massive disruption of photoreceptor cells and
extreme disorganization of the outer nuclear layer (ONL) at
durations as short as 24 h post-exposure in vehicle-treated mice
(Figure 1). Conversely, retinas from TUDCA-treated mice
showed few morphological effects of bright light exposure.
Of note is the extent of damage to cells in the ONL; nearly the
entire ONL of vehicle-treated mice had damage, whereas in
TUDCA-treated mice almost no morphological damage was
observed across the ONL (Figure 1), By 15 days post-expo-
sure to bright light, the damage caused by light exposure, and
prevention thereof by TUDCA treatment, was even more dra-

matic (Figure 2). TUDCA treatment preserved the normal ver-
tical stacking of the photoreceptor nuclei while the nuclei in
the vehicle-treated eyes appear in extreme disarray (Figure
2). ONL thickness was greatly reduced in vehicle-treated mice
versus TUDCA-treated mice (means±SEM: 15.0±3.75 versus
42.6±2.61 µm, respectively; p=0.0034, t=4.343, df=7; Figure
2). Exposure to dim light did not cause significant cell death
as noted by cell counts and general retinal morphology.

Bright light exposure drastically suppressed ERG a-wave
and b-wave amplitudes in vehicle-treated mice compared to
dim light exposure (Figure 3 and Figure 4). TUDCA treat-
ment had no effect on mice exposed to dim light, but it largely
prevented loss of function in mice exposed to bright light (Fig-
ure 3 and Figure 4). Dark-adapted ERG a- and b-wave ampli-
tudes were significantly greater for TUDCA- versus vehicle-
treated mice following bright light exposure, and indeed, were
not statistically different from responses from mice exposed
to dim light (Figure 4; the statistical analysis was simple

©2006 Molecular VisionMolecular Vision 2006; 12:1706-14 <http://www.molvis.org/molvis/v12/a195/>

Figure 1. Effect of TUDCA on LIRD mouse retina morphology and apoptosis: 24 h post-light exposure.  Composite images of confocal
micrographs of LIRD mouse retina sections assayed for apoptosis by fluorescent TUNEL. The images were assembled into a composite from
confocal micrographs laid over one another in Photoshop to provide a complete image of a retina section. A representative composite of the
results obtained with vehicle (left) versus TUDCA (right) injections is shown. In each composite, the optic nerve is to the left and the cornea,
which was removed, would be to the right. The composites represent the full diameter of the adult eye, which is approximately 3 mm. Bright
light exposure induced massive apoptosis (yellow signal) and morphological damage in photoreceptor cells and retinal outer nuclear layer of
vehicle-treated (left) but not TUDCA-treated eyes (right). The percentage of TUNEL-positive photoreceptors was greatly reduced in TUDCA-
versus vehicle-treated LIRD mice (49.4±11% versus 11.9±4.2%; p=0.0074, t=3.443, df=9; counts per field as detailed in Methods).
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ANOVA with Newman-Keuls post-hoc analysis, the asterisk
indicates a p<0.005).

TUDCA injections suppressed apoptosis in LIRD mice.
Bright light exposure resulted in wide-spread apoptosis in the
ONL (but not other nuclear layers) of retinas from vehicle-
treated mice as assessed by TUNEL (Figure 1 and Figure 2).
Conversely, TUNEL signal was nearly absent in ONL of
TUDCA-treated mice (Figure 1 and Figure 2). The percent-

age of TUNEL-positive photoreceptors was greatly reduced
in TUDCA- versus vehicle-treated mice exposed to bright light
(11.9±4.2% versus 49.4±11%; p=0.0074, t=3.443, df=9). Simi-
larly, immunoreactivity for activated caspase-3 was virtually
nonexistent in sections from TUDCA-injected mice yet abun-
dant in retina sections from vehicle-injected mice (mean pixel
luminosity per whole retina section: 0.26±0.05 versus
3.12±0.36; n=24/group; p=0.0001 by Student’s t-test; Figure

©2006 Molecular VisionMolecular Vision 2006; 12:1706-14 <http://www.molvis.org/molvis/v12/a195/>

Figure 2. Effect of TUDCA on LIRD mouse retina morphology and apoptosis: 15 days post-light exposure.  Confocal micrographs of LIRD
mouse retina sections assayed for apoptosis by fluorescent TUNEL. Bright light exposure induced massive apoptosis and morphological
damage in retinal photoreceptors of vehicle-treated (left) but not TUDCA-treated eyes (right). Of particular note in the vehicle-treated sample
is the thinning of the outer nuclear layer (ONL) and the nearly-complete loss of inner segments (IS) and outer segments (OS) of the photore-
ceptors. Additionally, nearly all the photoreceptor nuclei are TUNEL-positive. Conversely, TUDCA-treated samples showed intact photore-
ceptors, thick ONL, and very few TUNEL-positive photoreceptor cells. Treatment had no discernable effect on the inner nuclear layer (INL),
ganglion cell layer (GCL), or retinal pigment epithelium (RPE).

Figure 3. Effect of TUDCA on LIRD mouse retina function: Representative ERG traces at 24 h post-light exposure.  To test whether TUDCA
protects the retina from bright-light damage, mice were pretreated with TUDCA or vehicle only and then exposed to bright or dim light. After
light treatment (24 h), electroretinograms (ERGs) were recorded as an outcome measure of retina function. Representative ERGs are shown,
in response to a 137 cd sec/m2 Ganzfeld flash (+2.5 dB). A illustrates a mouse that received vehicle only and was exposed to dim light. This
represents a normal ERG profile for this ERG flash stimulus. B is from a mouse treated with TUDCA and exposed to dim light. This tracing
is normal, suggesting that TUDCA by itself does not affect the ERG. C was recorded from a mouse that was treated with vehicle only and
exposed to bright light. This condition reflects extensive damage to the retina, and the ERG shows a greatly diminished a-wave, b-wave, and
oscillatory potentials. D illustrates a trace recorded from a mouse treated with TUDCA and exposed to bright light. The ERG is very similar to
the response shown in A, the vehicle treated dim-light mouse, suggesting that retina function is unimpaired. The implicit times are the same
among all four groups, and the number of oscillatory potential peaks appears the same. This experiment shows that major differences are the
profound loss of ERG signal (about 80% reduction) following light damage, and the apparent full protection from light damage by TUDCA.
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5). Exposure to dim light did not cause significant cell death
as noted by cell counts, TUNEL or caspase-3 labeling.

Effect of TUDCA on rd10 mice:  The data from the LIRD
experiments demonstrate that TUDCA can prevent retinal de-
generation when treatment precedes an environmental insult.
Of additional importance to the clinical setting is testing
whether TUDCA treatment alters retinal degeneration in a
genetic model. Accordingly, rd10 mice were injected with
vehicle or TUDCA from P6 through P15. At P18, a stage by
which photoreceptor degeneration and visual function loss are
pronounced in rd10 mice [4,5], ERGs were recorded and mor-
phological and biochemical analyses of the retina were per-
formed.

TUDCA injections preserved retinal photoreceptor cell

function in rd10 mice: TUDCA treatment resulted in signifi-
cantly greater dark-adapted ERG a- and b-wave amplitudes
compared to vehicle treatment, indicating preservation of reti-
nal function (Figure 6; Repeated measures ANOVA:

©2006 Molecular VisionMolecular Vision 2006; 12:1706-14 <http://www.molvis.org/molvis/v12/a195/>

Figure 4. Effect of TUDCA on LIRD mouse retina function: Quanti-
fication at 24 h post-light exposure.  Bright light exposure suppressed
ERG a-wave and b-wave amplitudes to a bright Ganzfeld flash (137
cd sec/m2); TUDCA treatment completely prevented this loss of func-
tion (simple ANOVA with Newman-Keuls post-hoc analysis, N=7-
9/per group, The asterisk indicates a p<0.005).

Figure 5. Effect of TUDCA on LIRD mouse retina caspase-3 activation.  Confocal micrographs of paraffin-embedded mouse retina sections
assayed for immunoreactivity to activated caspase-3 following vehicle or TUDCA injections and exposure to dim or bright light. There was
significantly more immunoreactivity (yellow signal) in bright-light exposed vehicle-treated sections than in TUDCA-treated sections (3.2±1.5
versus 0.25±0.16 mean pixel luminosity per section; p=0.0180, t=2.15, df=12).
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F
(9,369)

=10.04, p<0.0001 for a-wave comparison and
F

(9,369)
=1.93, p=0.047 for b-wave comparison).

TUDCA treatment preserved photoreceptor number and
morphology (Figure 7, Figure 8, Figure 9, and Figure 10).
The number of photoreceptor nuclei in the outer nuclear layer
(ONL) was significantly greater with TUDCA treatment com-
pared to vehicle treatment (Figure 7; 522±45 versus 355±43
ONL nuclei per 400 µm-wide retinal section; p=0.0077). Com-
bined inner segment (IS) and outer segment (OS) length was
markedly greater in mice treated with TUDCA compared to
vehicle (14.8±1.14 versus 8.12±2.03 µm; p=0.0222), with no
change in thickness of inner nuclear layer (INL) or ganglion
cell layer (GCL; Figure 7, Figure 8, and Figure 9).

TUDCA injections suppressed apoptosis in rd10 mice.
By P18, about 20% of photoreceptor cell nuclei (but no other
cell type) were TUNEL-positive in retinas of vehicle-treated
mice (Figure 8 and Figure 9). Conversely, TUDCA-treated
retinas showed almost no TUNEL signal (Figure 8 and Figure
9). Significantly more fluorescence was measured in retina
sections from vehicle-treated mice than from TUDCA-treated
mice (1.21±0.42, n=5 versus 0.09±0.19, n=6 mean pixel lu-
minosity per section; p=0.0180). Similarly, retina sections from
TUDCA-injected mice exhibited much less immunoreactiv-
ity for activated caspase-3 (mean pixel luminosity per whole
retina section: 0.09±0.19, n=6 versus 1.21±0.42, n=5; p=0.0180
by Student’s t-test; Figure 10).

DISCUSSION

 TUDCA was readily delivered into mice by subcutaneous
injection. Treatment resulted in high levels in the brain (a rep-
resentative neural tissue) as previously found [8,13,14].

Treatment of LIRD mice resulted in profound inhibition
of apoptosis and prevention of the retinal degeneration and
ERG amplitude diminution normally seen with the toxic lev-
els of light used here and in other studies (e.g., [7]). The rd10

genetic model of retinal degeneration perhaps demonstrates a
more clinically relevant situation. In rd10 mice, TUDCA treat-
ment prevented apoptosis and greatly diminished the morpho-
logical and functional deficit normally seen in these animals
at P18 [4,5], suggesting that TUDCA might be useful for slow-
ing the progression of retinal degeneration in human heredi-
tary retinal disease involving apoptosis.

The data suggest that TUDCA treatment preserved reti-
nal function and morphology, likely by inhibiting caspase-
mediated photoreceptor apoptosis. To our knowledge, this is
the first controlled, experimental proof of the ophthalmic effi-
cacy of a bear bile constituent, and critically, it was achieved
in tests of both environmental and genetic models of retinal
degeneration. Though the benefits and mechanism of action
of TUDCA have not been examined previously by vision sci-
entists and clinicians, TUDCA and ursodeoxycholic acid
(UDCA), the unconjugated form of TUDCA, have been shown
to reduce endoplasmic reticulum stress and inflammatory re-
sponses in models of diabetes [15] and liver disease [16] and
to be cytoprotective and anti-apoptotic in animal models of
neurodegeneration, including Huntington disease [13],
Parkinson disease [14], and stroke [8]. Similar to these dis-
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Figure 6. Effect of TUDCA on rd10 mouse retinal function.  A: Rep-
resentative ERG traces from two mice showing large a-waves for
TUDCA-treated mice compared to vehicle-treated mice. B and C:
Intensity response functions for dark-adapted a-wave (B) and b-wave
(C) amplitudes of rd10 mice. TUDCA treatment (n=11; red) resulted
in significantly greater amplitudes compared to vehicle treatment
(n=12; blue) as tested by repeated measures ANOVA: F

(9,369)
=10.04,

p<0.0001 for a-wave comparison (B) and F
(9,369)

=1.93, p=0.047 for
b-wave comparison (C), indicating preservation of photoreceptor
function. Values are mean±sem.
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Figure 7. Effect of TUDCA on rd10 mouse retinal morphology.  Representative micrographs stained with toluidine blue showing significant
preservation of photoreceptor nuclei in the outer nuclear layer (ONL) in TUDCA treated eyes (right) compared with vehicle treated (left).
Counts of photoreceptor nuclei were significantly greater in eyes with TUDCA treatment (right; n=7) compared to vehicle treatment (left; n=9;
522±45 versus 355±43 ONL nuclei per 400 µm-wide retinal section; p=0.0077). Combined inner segment (IS) and outer segment (OS) length
was similarly preserved (14.8±1.14 versus 8.12±2.03 µm; p=0.0222), with no change in thickness of inner nuclear layer (INL) or ganglion cell
layer (GCL).

Figure 8. Effect of TUDCA on rd10 mouse retinal morphology and TUNEL.  Confocal micrographs of paraffin-embedded rd10 mouse retina
sections assayed for apoptosis by TUNEL. TUNEL-positive cells (yellow signal) were abundant in vehicle-treated sections, but rare in TUDCA-
treated sections (19.4±2.24%, n=9 versus 0.430±0.117%, n=7; p<0.0001).
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Figure 9. Effect of TUDCA on rd10 mouse retinal morphology and TUNEL: Further observation.  Fluorescence microscopy using a B-2A
longpass emission fluorescence filter allows further observation of the preservation of photoreceptor inner segments (IS) and outer segments
(OS; the light-capturing structure of the cell) present in TUDCA-treated (right) versus vehicle-treated retina sections (left). Similar to confocal
imagery (Figure 8), TUNEL-positive nuclei (green/yellow signal) are seen to be abundant in vehicle-treated sections, but rare in TUDCA-
treated sections. TUDCA treatment provided significant preservation of photoreceptor nuclei number in the outer nuclear layer (ONL). Treat-
ment had no discernable effect on the inner nuclear layer (INL) or ganglion cell layer (GCL).

Figure 10. Effect of TUDCA on rd10 mouse retinal morphology and activated caspase-3 immunoreactivity.  Confocal micrographs of paraffin-
embedded rd10 mouse retina sections assayed for immunoreactivity to activated caspase-3. There was significantly more immunoreactivity
(yellow signal) in vehicle-treated sections than in TUDCA-treated sections (1.21±0.42, n=5 versus 0.09±0.19, n=6 mean pixel luminosity per
section; p=0.0180).
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eases, apoptosis is central to the etiologies of several forms of
human blindness such as age-related macular degeneration
[17,18], retinitis pigmentosa [6], and glaucoma [6,19]. These
diseases affect more than 100 million people worldwide, a
number that will increase as the population ages. The poten-
tial relevance of our results to world health is further under-
scored when it is considered that synthetic hydrophilic bile
acids are inexpensive, well tolerated at high doses in humans,
and are already FDA approved for treatment of human liver
disease [2,16].
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