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PURPOSE. To determine if sarpogrelate, a selective 5-HT2A receptor antagonist, is protective
against light-induced retinopathy in BALB/c mice.

METHODS. BALB/c mice were dosed intraperitoneally with 5, 15, 30, 40, or 50 mg/kg
sarpogrelate 48, 24, and 0 hours prior to bright light exposure (10,000 lux) as well as 24 and
48 hours after exposure. Additionally, a single injection regimen was evaluated by injecting
mice with 50 mg/kg sarpogrelate once immediately prior to light exposure. To investigate the
potential for additive effects of serotonin receptor agents, a combination therapy consisting of
sarpogrelate (15 mg/kg) and 8-OH-DPAT (1 mg/kg) was evaluated with the 5-day treatment
regimen. Neuroprotection was characterized by the preservation of retinal thickness and
function, measured by spectral-domain optical coherence tomography (SD-OCT) and
electroretinography (ERG), respectively.

RESULTS. Mice that were light damaged and injected with saline had significantly reduced outer
retinal thickness, total retinal thickness, and ERG amplitudes compared with näıve mice. A 5-
day administration of 15, 30, or 40 mg/kg of sarpogrelate was able to partially protect retinal
morphology and full protection of retinal morphology was achieved with a 50 mg/kg dose.
Both 15 and 30 mg/kg doses of sarpogrelate partially preserved retinal function measured by
ERG, whereas 40 and 50 mg/kg doses fully preserved retinal function. Additionally, a single
administration of 50 mg/kg sarpogrelate was able to fully preserve both retinal morphology
and function. Administration of 15 mg/kg of sarpogrelate and 1 mg/kg of 8-OH-DPAT together
demonstrated an additive effect and fully preserved retinal morphology.

CONCLUSIONS. A 5- or 1-day treatment with 50 mg/kg sarpogrelate can completely protect the
retina of BALB/c mice from light-induced retinopathy. Partial protection can be achieved with
lower doses starting at 15 mg/kg and protection increases in a dose-dependent manner.
Treatment with low doses of sarpogrelate and 8-OH-DPAT elicits an additive effect that results
in full protection of retinal morphology.

Keywords: neuroprotection, light-induced retinopathy, retinal degeneration, serotonin, 5-
HT2A receptor, sarpogrelate, Anplag, MCI-9042

Extended bright light exposure after complete dark-adapta-
tion results in retinal degeneration and reduced retinal

function in albino BALB/c mice. The brightness and duration of
light exposure have varied in previous studies, but the outcome
consistently induces severe thinning of the outer nuclear layer
and reduced photoreceptor function.1–9 Due to the acute,
quantifiable degeneration observed after bright light exposure,
light-induced retinopathy has been utilized as a screening tool
for potential therapies that can protect the retina from outer
retinal degeneration. Multiple studies using light-induced
retinopathy models have stratified the potential efficacy of
neuroprotective agents.1–9

Serotonin (5-hydroxytryptamine or 5-HT) is an ancient
neurotransmitter that is closely regulated in the mammalian
retina by a combination of limited production and aggressive
uptake.10–14 Currently, there are seven known 5-HT receptor
families (5-HT1 to 5-HT7), which have further been divided into
subtypes based on specific molecular properties. Thus far, at

least 17 subtypes have been described.15 The role of serotonin
in the retina is not fully understood, but recent studies suggest
that certain serotonin receptor agonists and antagonists can
elicit neuroprotective effects.16–20 For example, Collier et al.16

showed that two 5-HT1A receptor agonists, 8-OH-DPAT and AL-
8309B, can completely protect albino rat retinas, both
structurally and functionally, from blue light-induced photo-
oxidative damage. In addition, Chen et al.20 demonstrated that a
5-HT2A receptor antagonist, ketanserin, could protect the
morphology of Abca4�/�Rdh8�/� mouse retinas from light-
induced all-trans-retinal-mediated photoreceptor degeneration.

Sarpogrelate hydrochloride, marketed as ANPLAG, is a 5-
HT2A receptor antagonist that has been used to treat patients
with peripheral arterial disease in Japan, China, and South
Korea.21,22 Sarpogrelate was found to prevent thrombus
formation in an experimental thrombosis mouse model, and a
clinical pharmacologic study has shown that it inhibits platelet
aggregation in patients with ischemic stroke.21,22 Inoue-
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Matsuhisa et al.23 investigated sarpogrelate’s neuroprotective
effects on an in vitro glutamate–induced retinal ganglion cell
death model and an in vivo rat retinal ischemia model. A 30
mg/kg dose of sarpogrelate was able to partially protect rat
retinas, both structurally and functionally, from inner retinal
ischemia.23 Because sarpogrelate has an established safety
profile in humans and has shown potential as a neuroprotec-
tive agent for the inner retina, we wanted to further investigate
sarpogrelate’s ability to protect the outer retina in a light-
induced retinopathy model, which would establish sarpogre-
late as a potential candidate for treating outer retinal
degeneration.

The present study aimed to determine if sarpogrelate, a
selective 5-HT2A receptor antagonist, could protect the retina
from light-induced retinopathy. A dose escalation study was
performed and two treatment regimens were evaluated. To
explore the potential for additive effects of different serotonin
receptor modulators, a subtherapeutic dose of sarpogrelate—a
5-HT2A antagonist—was administered with a subtherapeutic
dose of 8-OH-DPAT, a 5-HT1A agonist. Neuroprotection was
characterized by preservation of retinal thickness, measured by
spectral-domain optical coherence tomography (SD-OCT), and
functional preservation, measured by ERG.

METHODS

Animals

Eight-week-old albino BALB/c mice were obtained from The
Jackson Laboratory (Bar Harbor, ME, USA). Upon delivery, mice
were housed in a 12-hour alternating light/dark cycle room
(~15 lux with lights on from 9 PM to 9 AM, and lights off from
9 AM to 9 PM) for at least 2 weeks prior to injections. All
experiments were approved by the Institutional Animal Care
and Use Committee at Oregon Health & Science University and
adhered to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research.

Light-Induced Retinopathy

A custom light box was built for the induction of retinopathy. It
was able to hold up to 16 mice and produced approximately
10,000 lux of uniform light. After 2 hours of dark adaptation,
retinopathy was induced by exposing BALB/c mice to either 6
hours or 1 hour of light emitted by four CFL bulbs (42 W, 6500
K color temperature). Room temperature was maintained
within the box using an air conditioning unit. During bright
light exposure, mice were monitored and had access to food
and water. For each experiment, mice injected with 0.9%
sodium chloride were placed in the light box to serve as
controls and to ensure retinopathy was induced.

Injections

Sarpogrelate hydrochloride (Sigma-Aldrich Corp., St. Louis, MO,
USA) and (6)-8-hydroxy-2-dipropylaminotetralin hydrobromide
(8-OH-DPAT; TOCRIS, Bristol, UK) were dissolved in 0.9%
sodium chloride (Hospira, Inc., Lake Forest, IL, USA). Injections
were performed in dim red light 2 hours into the 12-hour dark
cycle. Care was taken to not expose mice to any illumination
other than dim red light during the 2 hours prior to light
damage. Mice received intraperitoneal injections of 0.9% sodium
chloride, 5 mg/kg, 15 mg/kg, 30 mg/kg, 40 mg/kg or 50 mg/kg
sarpogrelate 48, 24, and 0 hours prior to a 6-hour bright light
exposure as well as 24 and 48 hours after bright light exposure.
To evaluate a 1-day time course, a single 50 mg/kg dose of
sarpogrelate was delivered intraperitoneally right before 6 hours
of light exposure. Additional mice received intraperitoneal
injections of 1 mg/kg or 10 mg/kg 8-OH-DPAT 48, 24, and 0

hours prior to a 1-hour bright light exposure as well as 24 and
48 hours after bright light exposure. A combination treatment
consisting of 8-OH-DPAT (1 mg/kg) and sarpogrelate (15 mg/kg)
was administered following the 5-day time course and mice
were exposed to 1 hour of bright light. Näıve mice did not
receive injections or bright light exposure.

Imaging

Retinas were imaged using SD-OCT 7 days after bright light
exposure as previously reported.24 Briefly, mice were sedated
using 1.5% isoflurane, corneas were anesthetized with
proparacaine, and pupils were dilated with 1% tropicamide
and 2.5% phenylephrine. Artificial tears were used throughout
the procedure to maintain corneal clarity. Images taken with
SD-OCT were acquired with a commercial device (Envisu
R2200-HR SD-OCT; Bioptigen, Durham, NC, USA). Two linear
horizontal scans (temporal and nasal) and two linear vertical
scans (superior and inferior) were obtained for each eye.

Image Processing and Segmentation

We processed and segmented SD-OCT scans as previously
reported.24 Scans were exported as audio video interleaved
files (from InVivoVue; Bioptigen, Inc.). These files were loaded
into ImageJ (version 1.45; http://imagej.nih.gov/ij/; provided in
the public domain by the National Institutes of Health,
Bethesda, MD, USA) where they were registered using the
Stackreg plug-in and averaged as a z-stack. A custom designed
SD-OCT segmentation program built in graphing and data
analysis software (IGOR Pro version 6.35A; WaveMetrics, Inc.,
Lake Oswego, OR, USA) was used to profile and measure the
average thickness of retinal layers seen in the SD-OCT
images.24,25 For segmentation analysis, total retinal (TR)
thickness and receptor plus (RECþ) thicknesses were obtained
and reported. Total retinal thickness defines retinal thickness
from Bruch’s membrane to the vitreous/retinal nerve fiber
layer interface. Receptor plus thickness was defined as the
distance from Bruch’s membrane to the inner nuclear layer/
outer plexiform layer interface.24

ERGs

Electroretinograms were recorded 2 to 20 days post–SD-OCT
imaging. Prior to ERGs, fully dark-adapted mice were
anesthetized with ketamine (100 mg/kg)/xylazine (10 mg/
kg). Mouse pupils were dilated with 1% tropicamide and 2.5%
phenylephrine and lubricated during the procedure with
hypromellose 2.5% ophthalmic lubricant (Goniovisc; Dynamic
Diagnostics, Westland, MI, USA). Anesthetized mice were
positioned on a heated platform (378C) inside of a Ganzfeld
dome coated with highly reflective white paint. Flash ERGs
were recorded from a platinum electrode positioned on the
center of the cornea. Similar platinum reference and ground
electrodes were placed in the forehead and tail. Signals were
amplified with a preamplifier (Model CP511, Grass Instru-
ments, West Warwick, RI, USA). Traces were averaged and
analyzed with custom software. Flashes were calibrated as
previously described.26,27 A mecablitz xenon flash (Metz,
Germany) was modulated with neutral density filters and
spectrally filtered with a 500-nm interference filter (Edmund
Industrial Optics, Barrington, NJ, USA) to achieve light
intensities ranging from �4.34 to 1.52 log cd�s/m2. The
maximum light intensity of 3.55 log cd�s/m2 was achieved
without the use of a neutral density filter. As the intensity of
the flash increased, the number of trials was decreased to
prevent light adaptation and the time between each flash was
increased to allow for pigment regeneration. The minimum
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interstimulus interval was 7 seconds and the maximum
interstimulus interval was 70 seconds.

Statistical Analysis

For analysis with SD-OCT, right eye and left eye TR thicknesses
and RECþ thicknesses were averaged together to give one TR
thickness and one RECþ thickness for each animal in both the
temporal and nasal regions of the retinas. Then, individual TR
thicknesses and RECþ thicknesses were averaged for each
group. Similarly, for ERG analysis, right eye and left eye a- and
b-wave amplitudes were averaged together to give one a- and
one b-wave amplitude per animal, per light intensity. Then,
individual a- and b-wave amplitudes were averaged for each
group at each light intensity. Standard deviations and standard
errors were calculated for all averaged data. One-way ANOVA
was performed to compare TR and RECþ thickness differences
and ERG amplitude differences between the groups. Electro-
retinogram amplitude comparisons were performed on data
collected at light intensities of�2.14 log cd�s/m2 (bmax,rod) and
3.55 log cd�s/m2 (a/bmax,rodþcone) in order to evaluate
differences at maximum rod only response and a maximum
rod and cone response. A value of P less than or equal to 0.05
was considered significant. To analyze the trend of the dose-
response data, two linear regressions were performed. One
linear regression compared the right eye RECþ thicknesses
(averaged temporal and nasal thicknesses) to the dose of
sarpogrelate administered. The second compared each animal’s
a-wave amplitude (averaged right and left eye) to the dose of
sarpogrelate administered.

RESULTS

Sarpogrelate

Figure 1 contains representative SD-OCT scans from a näıve
mouse and light-damaged mice injected with a 5-day course of
saline, 5, 15, 30, 40, or 50 mg/kg sarpogrelate. The first panel
in Figure 1 demonstrates the ability of SD-OCT to delineate
multiple retinal layers including the ganglion cells (GC), the
inner plexiform layer (IPL), the inner nuclear layer (INL), the
outer plexiform layer (OPL), the outer nuclear layer (ONL), the
outer limiting membrane (OLM), the photoreceptor inner
segments (IS), the photoreceptor outer segments (OS), and the
RPE. The retinas of saline-injected mice were degenerated due

to bright light exposure, which was demonstrated by the lack
of the ONL, IS, and OS. Similarly, the retinas of 5 mg/kg
sarpogrelate-injected mice were degenerated and lacked the
ONL, IS, and OS. The retinas of mice injected with 15, 30, 40,
or 50 mg/kg sarpogrelate retained the OLM, OS, IS, and RPE.
However, the thickness of the ONL increased in a dose-
dependent manner (Fig. 1).

Nasal and temporal SD-OCT images were segmented to
calculate outer retinal thickness (RECþ) and TR thickness.
Table 1 reports average RECþ and TR thicknesses for each
group. The 50 mg/kg treatment of sarpogrelate completely
protected retinal morphology and average RECþ and TR
thicknesses were not statistically different from the näıve
group (P > 0.05). Average TR thickness of the 40 mg/kg group
was not significantly different from the näıve group (P > 0.05),
but average RECþ thickness was thinner (P < 0.05). The 30
and 15 mg/kg treatments of sarpogrelate partially protected
retinal morphology. Average RECþ and TR thicknesses were
significantly increased compared to the saline group, but were
significantly decreased from the näıve group (P < 0.05). Lastly,
the 5 mg/kg treatment did not protect the retina from light-
induced retinopathy as RECþ and TR thicknesses were not
statistically different from the saline group (P > 0.05).

Figure 2A plots average topographic distribution of RECþ
and TR thicknesses centered at the optic nerve from näıve, 50,
40, 30, 15, and 5 mg/kg sarpogrelate-injected mice as well as
saline-injected mice. For the näıve data, gray shading was used
to indicate 62 SD from the average. The raw data highlights
the variable protection achieved in each group (Supplementary
Fig. S1A). The averaged data shows that saline-injected mice
and 5 mg/kg sarpogrelate-injected mice exhibited severe loss of
RECþ and TR thickness compared to näıve mice (Fig. 2A). Both
the 15 and 30 mg/kg groups showed a distinguishable
preservation in RECþ and TR thickness compared with the
saline group. The 40 mg/kg group had a significant preserva-
tion in RECþ thickness compared with the saline group and the
TR thickness was within 2 SD of the näıve group. However, the
50 mg/kg group showed maximum protection of retinal
morphology and maintained normal RECþ and TR thicknesses
(Fig. 2A). Quantification of the segmentation data from the
horizontal scans did not reveal any significant asymmetries in
retinal thickness between nasal or temporal retina (Table 1,
Fig. 2A).

FIGURE 1. Sarpogrelate protects retinal morphology in a dose-dependent manner. Representative linear SD-OCT scans of nasal retina from a näıve
mouse or mice injected with either 50, 40, 30, 15, or 5 mg/kg of sarpogrelate or saline. Injections followed the 5-day time course with a 6-hour light
damage.
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Electroretinograms recorded from saline-injected mice
demonstrated severe attenuation of both the scotopic a- and
b-waves compared with näıve mice. Waveforms recorded from
5 mg/kg sarpogrelate-injected mice were slightly larger than
saline-injected mice, but significantly reduced compared with
50 with/kg sarpogrelate-injected mice or näıve mice (Supple-
mentary Fig. S2). Raw a- and b-wave amplitudes highlight the
variable protection achieved in each treatment group (Supple-
mentary Fig. S1B). Raw data was then averaged for each group
and reported in Figure 2B and Table 2. Average a- and b-wave
ERG amplitudes of the 50, 40, and 30 mg/kg group were not
statistically different from the näıve group (Fig. 2B, P > 0.05).
The 15 mg/kg treatment elicited partial protection in retinal
function as the average a- and b-wave ERG amplitudes of
bmax,rodþcone were significantly increased compared with the
saline group, but significantly decreased from the näıve group
(Fig. 2B, P < 0.05). A 5 mg/kg treatment of sarpogrelate was
unable to preserve retinal function (Fig. 2B).

To investigate if sarpogrelate is a fast-acting drug that can
elicit neuroprotective effects after transient delivery, a 1-day
time course was evaluated. A single 50 mg/kg dose of
sarpogrelate was delivered intraperitoneally right before light
damage. Figure 3A plots the average topographic distribution
of RECþ and TR thickness centered at the optic nerve from
näıve mice, mice administered 50 mg/kg of sarpogrelate for 1
day, mice administered 50 mg/kg of sarpogrelate for 5 days, and
saline-injected mice. Interestingly, a single injection of 50 mg/
kg sarpogrelate completely protected retinal morphology (Fig.
3A). Furthermore, average RECþ and TR thicknesses in both
nasal and temporal areas of the retina were not statistically
different from näıve mice (Table 1, P > 0.05). A single injection
of 50 mg/kg sarpogrelate also completely protected retinal
function. Average a- and b-wave amplitudes were not
statistically different from the näıve group (Fig. 3B, P >
0.05). Average bmax,rod, amax,rodþcone and bmax,rodþcone ampli-
tudes are listed in Table 2.

8-OH-DPAT

Previous studies have reported the neuroprotective effects
produced by activating the 5-HT1A receptor with 8-OH-DPAT in

albino rats.16 In order to elucidate the protection achieved
with 8-OH-DPAT in albino BALB/c mice, mice were injected
with either 1 or 10 mg/kg 8-OH-DPAT following the 5-day
regimen. On average, mice injected with 1 mg/kg 8-OH-DPAT
had only partially protected retinal morphology (Fig. 4A; Table
1). However, the raw data illustrates that individual protection
was variable between each mouse (Supplementary Fig. S3A). In
contrast, mice injected with 10 mg/kg 8-OH-DPAT had fully
protected retinal morphology (Fig. 4A; Table 1) and variation
between each animal was minimal (Supplementary Fig. S3A).
Both the 1 and the 10 mg/kg 8-OH-DPAT treatments elicited
partial protection in retinal function as the average a- and b-
wave ERG amplitudes were significantly increased compared
with the saline group, but significantly decreased from the
näıve group (Fig. 4B; Table 2; P < 0.05).

Combination Therapy

We hypothesize that the 8-OH-DPAT mediated protection is
due to the activation of the Gi pathway through the 5-HT1A

receptor, while the sarpogrelate-mediated protection is due to
inhibition of the Gq pathway through the 5-HT2A receptor.
Chen et al.19 showed that simultaneous activation of the Gi and
inhibition of the Gq pathways with an a2-adrenergic receptor
agonist and antagonist protect Abca4�/�Rdh8�/�mouse retinas
from light-induced retinopathy in an additive manner. If our
serotonin receptor agonist, 8-OH-DPAT, and antagonist, sarpog-
relate, are protecting the retina by activating the Gi pathway
and inhibiting the Gq pathway, then an additive effect should
be observed when these drugs are administered together.
Thus, BALB/c mice were administered 8-OH-DPAT (1 mg/kg)
and sarpogrelate (15 mg/kg) together following the 5-day time
course. Figure 5A plots average topographic distribution of
RECþ and TR thickness centered at the optic nerve from näıve
mice, mice injected with 8-OH-DPAT (1 mg/kg); and sarpog-
relate (15 mg/kg); 8-OH-DPAT alone (1 mg/kg); sarpogrelate
alone (15 mg/kg); or saline. Treatment with 1 mg/kg 8-OH-
DPAT alone or 15 mg/kg sarpogrelate alone only partially
protected retinal morphology, whereas administration of both
8-OH-DPAT and sarpogrelate together fully protected retinal
morphology (Fig. 5A; Table 1). Average RECþ and TR

TABLE 1. Summary of OCT Findings

Group n

Nasal Temporal

TR, lm

Mean 6 SD

Recþ, lm

Mean 6 SD

TR, lm

Mean 6 SD

Recþ, lm

Mean 6 SD

6-h light damage

Saline 6 104 6 2 25 6 2 98 6 4 21 6 3

Sarpogrelate, 5 mg/kg 5 106 6 7 26 6 3 98 6 3 21 6 3

Sarpogrelate, 15 mg/kg 6 138 6 22 55 6 22 121 6 12 37 6 12

Sarpogrelate, 30 mg/kg 6 154 6 27 73 6 30 134 6 29 52 6 29

Sarpogrelate, 40 mg/kg 6 186 6 7 105 6 7 181 6 10 97 6 11

Sarpogrelate, 50 mg/kg 5 196 6 5 115 6 5 194 6 4 113 6 4

Sarpogrelate, 50 mg/kg* 6 195 6 2 114 6 1 194 6 1 113 6 1

Näıve 10 199 6 9 119 6 5 193 6 10 114 6 6

1-h light damage

Saline 11 109 6 8 32 6 5 111 6 9 31 6 8

Sarpogrelate, 15 mg/kg 8 185 6 6 105 6 6 169 6 14 88 6 14

8-OH-DPAT, 1 mg/kg 6 174 6 15 96 6 15 169 6 24 89 6 24

8-OH-DPAT, 10 mg/kg 11 196 6 10 115 6 10 193 6 11 112 6 11

Sarpogrelate, 15 mg/kg þ 8-OH-DPAT, 1 mg/kg 8 197 6 3 116 6 2 196 6 3 115 6 3

Näıve 10 199 6 9 119 6 5 193 6 10 114 6 6

* 1-day time course.
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thicknesses of 8-OH-DPAT þ sarpogrelate-injected mice were

not statistically different from the näıve group (P > 0.05), but

average RECþ and TR thicknesses of mice injected with 8-OH-

DPAT alone or sarpogrelate alone were significantly reduced

from the näıve group (P < 0.05). The additive retinal

morphology preservation achieved by the 8-OH-DPAT þ
sarpogrelate treatment is clearly represented with the SD-

OCT scans in Figure 5B.

DISCUSSION

This study provides the first evidence that sarpogrelate can

fully protect albino BALB/c retinas, both structurally and

functionally, from light-induced retinopathy. Photoreceptor

degeneration that occurs within 7 days of bright light exposure

was fully prevented with a 50 mg/kg dose of sarpogrelate,

whether delivered for 5 days or 1 day immediately before light

exposure. Partial protection was observed after a 5-day 15 mg/

kg treatment of sarpogrelate and protection increased in a
dose-dependent manner.

The receptor 5-HT2A has become a favorable target for
retinal neuroprotection. Not only is the 5-HT2A receptor
present in the mammalian retina,28 but the 5-HT2A receptor
transcript is expressed at higher levels than all other 5-HT
receptors in the human retina.19 Furthermore, different 5-HT2A

receptor antagonists, ketanserin, ritanserin and now sarpogre-
late, are capable of protecting BALB/c mice from light-induced
retinopathy.20

We chose to study the selective 5-HT2A antagonist
sarpogrelate hydrochloride, marketed as ANPLAG, because it
has already been approved for the treatment of patients with
peripheral vascular disease in Japan, China, and South
Korea.21,22 Sarpogrelate has specificity to the 5-HT2 receptor
and lacks significant specificity to other 5-HT receptors, a-
adrenergic receptors and histamine receptors.29,30 Further-
more, sarpogrelate has higher binding and functional affinity to
the 5-HT2A receptor over the 5-HT2B/2C receptors, while the
majority of clinically used 5-HT2A antagonists have little

FIGURE 2. Sarpogrelate elicits neuroprotective effects in a dose-dependent manner. (A) Receptor plus thicknesses and total retinal thicknesses
obtained from segmented horizontal SD-OCT scans were averaged and plotted versus retinal eccentricity from the optic nerve head. The gray area

indicates 62 SD of the näıve averaged data. The correlation coefficient, r, was determined by comparing right eye RECþ thicknesses to the dose of
sarpogrelate administered. (B) Electroretinogram a- and b-wave amplitudes from mice in each group were extracted from individual waveforms,
averaged and plotted versus the light intensity of each flash. Averages are represented as mean 6 standard error. ‘‘V’’ indicates at which light
intensity the statistical analysis was performed. The correlation coefficient, r, was determined by comparing each animal’s amax amplitude to the
dose of sarpogrelate administered. Three animals died after acquiring OCT images, but prior to ERG recordings. Injections followed the 5-day time
course with a 6-hour light damage. Black: Näıve. Red: 50 mg/kg sarpogrelate. Yellow: 40 mg/kg sarpogrelate. Purple: 30 mg/kg sarpogrelate. Green:
15 mg/kg sarpogrelate. Blue: 5 mg/kg sarpogrelate. Gray: Saline.
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FIGURE 3. A 1-day time course of 50 mg/kg sarpogrelate completely protects retinal morphology and function. Receptor plus thicknesses (A) and
total retinal thicknesses (B) obtained from segmented horizontal SD-OCT scans were averaged and plotted versus retinal eccentricity from the optic
nerve head. The gray area indicates 62 SD of the näıve averaged data. Electroretinogram a- (C) and b-wave (D) amplitudes for all mice in each
group were extracted from individual waveforms, averaged and plotted versus the light intensity of each flash. Averages are represented as mean 6
standard error. ‘‘V’’ indicates at which light intensity the statistical analysis was performed. Black: Näıve. Red: 50 mg/kg 1-day time course. Blue: 50
mg/kg 5-day time course. Gray: Saline.

TABLE 2. Summary of ERG Parameters

Group n

bmax,rod, lV

Mean 6 SD

amax,rodþcone, lV

Mean 6 SD

bmax,rodþcone, lV

Mean 6 SD

6-h light damage

Saline 6 117 6 28 74 6 32 141 6 80

Sarpogrelate, 5 mg/kg 4 183 6 102 115 6 56 177 6 77

Sarpogrelate, 15 mg/kg 4 233 6 55 190 6 41 390 6 84

Sarpogrelate, 30 mg/kg 6 405 6 59 291 6 40 622 6 102

Sarpogrelate, 40 mg/kg 6 427 6 26 384 6 37 679 6 68

Sarpogrelate, 50 mg/kg 5 598 6 90 389 6 74 554 6 62

Sarpogrelate, 50 mg/kg* 6 463 6 36 383 6 21 670 6 36

Näıve 10 477 6 131 380 6 95 670 6 130

1-h light damage

Saline 11 189 6 47 116 6 48 274 6 110

Sarpogrelate, 15 mg/kg 8 562 6 81 450 6 90 1117 6 188

8-OH-DPAT, 1 mg/kg 6 469 6 90 355 6 64 790 6 210

8-OH-DPAT, 10 mg/kg 10 400 6 59 342 6 80 620 6 157

Sarpogrelate, 15 mg/kg þ 8-OH-DPAT, 1 mg/kg 8 572 6 45 503 6 29 914 6 130

Näıve 10 602 6 64 536 6 75 1074 6 131

* 1-day time course.
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selectivity for the human 5-HT2A receptor over the 5-HT2B/2C

receptors.29 The selectivity of 5-HT2A is most likely due to the
unique chemical structure of sarpogrelate that lacks the N-
ethyl piperidine.29 Because sarpogrelate can completely
protect BALB/c retinas from light-induced retinopathy, it has
a relatively benign side effect profile31,32 and is more 5-HT2A

selective compared to other 5-HT2A antagonists, we feel that
sarpogrelate should be investigated for the treatment of outer
retinal degeneration. The tolerability of sarpogrelate in humans
at the doses used in our study will need to be explored prior to
examining the efficacy of sarpogrelate.

The mechanism by which antagonism of the 5HT2A

receptor provides retinal neuroprotection is not fully under-
stood. We hypothesize that sarpogrelate is inhibiting the Gq

pathway through the 5-HT2A receptor. Upon activation of the
5-HT2A receptor, the Gq subtype activates phospholipase C,
which increases the second messengers inositol triphosphate
(IP3) and diacylglycerol.20,33,34 Water-soluble IP3 diffuses
through the cytoplasm into the endoplasmic reticulum, where
it binds to and opens calcium channels, releasing calcium
stores in the cytoplasm. This ionized calcium can activate
NADPH oxidase, which is capable of generating reactive

oxygen species (ROS).20,33,34 Antagonism of this pathway
may decrease ROS load and promote cell survival.20 It has also
been reported that simultaneous activation of the Gi pathway
and inhibition of the Gq pathway can provide additive
neuroprotection.19 Thus, we hypothesized that if sarpogrelate
is providing neuroprotection through inhibition of the Gq

pathway, then activation of the Gi pathway with the well-
established 5-HT1A agonist, 8-OH-DPAT, should provide additive
neuroprotection. When a low dose of sarpogrelate and a low
dose of 8-OH-DPAT were administered together, additive
protection of retinal morphology was observed.

Our data supports the previously published data that 5-HT2A

receptor antagonists can protect the outer retina from light-
induced retinopathy and that simultaneous activation of the Gi

pathway and inhibition of the Gq pathway can provide additive
neuroprotection.19,20 We have established that another 5-HT2A

antagonist, sarpogrelate, which is more selective for the 5-HT2A

receptor and has an established safety profile, should be
investigated for the treatment of outer retinal degeneration.
Our future studies will focus on exploring the mechanisms and
pathways responsible for the observed neuroprotection and

FIGURE 4. Chemical 8-OH-DPAT elicits neuroprotective effects in BALB/c mice. (A) Receptor plus thicknesses and total retinal thicknesses obtained
from segmented horizontal SD-OCT scans were averaged and plotted versus retinal eccentricity from the optic nerve head. The gray area indicates
62 SD of the näıve averaged data. (B) Electroretinogram a- and b-wave amplitudes from mice in each group were extracted from individual
waveforms, averaged, and plotted versus the light intensity of each flash. Averages are represented as mean 6 standard error. ‘‘V’’ indicates at which
light intensity the statistical analysis was performed. One animal died after acquiring OCT images, but prior to ERG recordings. Injections followed
the 5-day time course with a 1-hour light damage. Black: Näıve. Red: 10 mg/kg 8-OH-DPAT. Blue: 1 mg/kg 8-OH-DPAT. Gray: Saline.
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FIGURE 5. A combination therapy of sarpogrelate and 8-OH-DPAT provide additive neuroprotection. (A) Receptor plus thicknesses and total retinal
thicknesses obtained from segmented horizontal SD-OCT scans were averaged and plotted versus retinal eccentricity from the optic nerve head. The
gray area indicates 62 SD of the näıve averaged data. (B) Representative linear SD-OCT scans. (C) Electroretinogram a- and b-wave amplitudes from
mice in each group were extracted from individual waveforms, averaged and plotted versus the light intensity of each flash. Averages are represented as
mean 6 standard error. ‘‘V’’ indicates at which light intensity the statistical analysis was performed. Injections followed the 5-day time course with a 1-
hour light damage. Black: Näıve. Green: 8-OH-DPATþ Sarpogrelate. Blue: 1 mg/kg 8-OH-DPAT. Red: 15 mg/kg Sarpogrelate. Gray: Saline.
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evaluating sarpogrelate’s neuroprotective effects in clinically
relevant models of retinal degeneration.
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