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a b s t r a c t

Retinal blood flow has been reported to decrease early in human diabetes as well as in diabetic animal
models. The purpose of the present study is to investigate the role of thromboxane receptor binding in
the decrease of flow. C57BL/6 mice were injected with streptozotocin (STZ) at 11–12 weeks of age and
remained hyperglycemic for 4 weeks. The mice were treated with a selective thromboxane receptor
antagonist, GR32191B (vapiprost), in drinking water for the final three weeks at a dose of 1 mg/kg/day. In
separate experiments, vapiprost was administered only once, as an acute injection 25 min prior to the
experimental measurements. The measurements included retinal arteriolar and venular diameters and
red blood cell (RBC) velocities, from which retinal blood flow was calculated. STZ induced decreases in
vascular diameters and RBC velocities, resulting in an approximate 30% decrease in overall retinal blood
flow. However, these decreases were not seen in mice given the three-week administration of vapiprost.
Acute administration to diabetic mice of 1 mg/kg vapiprost, but not 0.1 mg/kg, induced arteriolar
vasodilation, with the dilation more substantial in smaller feed arterioles. In summary, STZ-induced
decreases in retinal blood flow can be attenuated by the thromboxane receptor antagonist vapiprost.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Microvascular complications in diabetes lead to sight-threat-
ening diabetic retinopathy (Rossing, 2005), which is the most
prevalent cause of blindness in western countries (Rossing, 2005).
Diabetic retinopathy affects 1 in 300 Americans over the age of 18
(Roy et al., 2004). The mechanisms of retinopathy and microvas-
cular complications in diabetes are still not well understood. Prior
to the progression of clinical manifestations of diabetes, decreases
in retinal arteriolar diameters and/or blood flow to the human
retina have been reported (Clermont et al., 1997; Klein et al., 2003;
Wong et al., 2002). Retinal ischemia may develop during diabetes
and may lead to the development of new blood vessels on the
surface of the retina, with a subsequent enhancement of blood flow
(Clermont et al., 1997; Fong et al., 2003; Yam and Kwok, 2007).

Data from animal models of hyperglycemia also demonstrate
decreases in blood flow and/or decreases in retinal arteriolar
diameter early in the diabetic retina (Bursell et al., 1992; Clermont
et al., 1994; Granstam and Granstam, 1999; Higashi et al., 1998;
Small et al., 1987). The extent to which decreased blood flow might
induce retinal hypoxia has not been established, although elevated
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tissue hypoxia has been reported for the streptozotocin mouse
model (de Gooyer et al., 2006). It is hypothesized that tissue
hypoxia is a major component which stimulates the development
of new blood vessels via vascular endothelial growth factor (VEGF)
in humans with proliferative diabetic retinopathy as well as in
experimental models (Ayalasomayajula and Kompella, 2003; Pe’er
et al., 1996).

Mechanisms for the early changes in blood flow have not been
fully elucidated. However, one potential mediator is the vasocon-
strictor thromboxane. Various models of hyperglycemia have
reported increases in thromboxane levels (De La Cruz et al., 1998,
2000; Lasserre et al., 2000; Moreno et al., 1995; Quilley and McGiff,
1985; Tesfamariam et al., 1989) that could lead to vasoconstriction.

Thromboxane is produced via the cyclooxygenase pathway.
Upon synthesis of prostaglandin G2 (PGG2), thromboxane synthase
converts PGG2 into thromboxane A2 (TxA2) which binds to the
thromboxane/prostanoid (TP) receptor, leading to constriction of
vascular smooth muscle (Bos et al., 2004). In previous experiments
in several animal models (Lee and Harris, 2008; Lee et al., 2008;
Wright and Harris, 2008), we have given acute administrations of
the thromboxane synthase inhibitor ozagrel, and found that it can
rapidly (within 25–30 min or less) dilate retinal arterioles that are
constricted in STZ mice, non-obese diabetic (NOD) mice, and STZ
rats, at 3–4 weeks of hyperglycemia. However whether the same
beneficial dilatory effect can be seen with acute, or prolonged,
administration of a thromboxane receptor antagonist has yet to be
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determined. However, consistent with this possibility is a study of
pial arterioles of diabetic rats, where the investigators found that
endothelium-dependent vasodilation can be improved by TP
receptor antagonism (Mayhan et al., 1991).

Therefore, the aims of the present study were to (1) determine
whether the diabetes-induced constriction of retinal arterioles is
mediated by the thromboxane receptor, and (2) determine whether
prolonged antagonism of the thromboxane receptor can attenuate
the diabetes-induced decreases in retinal blood flow.

2. Materials and methods

2.1. Animals

Eleven to twelve week old C57BL/6 male mice (Jackson Labo-
ratories) were randomly assigned to intraperitoneal (i.p.) injection
of streptozotocin (STZ; Sigma, St. Louis, MO; 180 mg/kg dissolved in
pH 4.5 sodium citrate buffer) or sodium citrate buffer alone. STZ
was injected into the animals within 15 min of preparation. Non-
fasting blood glucose levels were checked via a tail vein puncture
on day six following STZ injection and on the day of the experiment
using a One Touch Ultra Glucometer (Milpitas, CA). Mice remained
on the protocol for four weeks and STZ-injected mice were included
in the study if glucose values on day six and on the day of the
experiment exceeded 250 mg/dl. Beginning on day six following
STZ injection, body weight was recorded three times per week and
mice received 0–2 U insulin/kg of body weight (Humulin R; Eli Lilly
& Co., Indianapolis, IN) 0–3 times per week as needed to attenuate
any measured loss in body weight. Insulin was stopped at least 48 h
prior to experimental measurements. Mice were housed one per
cage and received water and standard chow. Animals were treated
in accordance with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research.

2.2. Retinal blood flow – daily vapiprost treatment

Mice were administered GR32191B (vapiprost; Sigma, St. Louis,
MO; (4Z)-7-[(1R,2R,3S,5S)-5-([1,10-biphenyl]-4-ylmethoxy)-3-hydroxy-
2-(1-piperidinyl) cyclopentyl]-4-heptenoic acid hydrochloride),
a selective thromboxane receptor antagonist, in drinking water
beginning on day six following STZ injection. Mice were
segregated into four groups: (1) control with no vapiprost, (2)
controlþ 1 mg/kg/day vapiprost, (3) STZ-injected with no vapi-
prost, and (4) STZ-injectedþ 1 mg/kg/day vapiprost.

Red blood cells (RBCs) were labeled according to the methods
previously described (Braun et al., 2002; Unthank et al.,1993; Wright
and Harris, 2008). Briefly, age-matched donor mice were used for
collection of RBCs, collected in a 1-ml syringe containing 100 ml of
anticoagulant citrate dextrose (ACD; Sigma, St. Louis, MO). Whole
blood passed through a 5-ml syringe (with 1 g of cotton) was washed
with 10 ml of phosphate buffered saline (PBS; Sigma, St. Louis, MO;
pH 7.4) then centrifuged, with the supernatant removed and the
pellets resuspended in 1 ml PBS. The pellets were centrifuged
and washed an additional two times in PBS. RBCs were labeled with
1,10-dioctadecyl-3,3,30,30-tetramethyl-indocarbocyanine perchlorate
(DiI; Invitrogen Molecular Probes, Eugene, OR) and washed five
times in PBS. The RBCs (100 ml DiI-labeled) were then resuspended in
1.2 ml PBS and were used within 36 h of labeling. RBCs not used on
the day of labeling were kept at 4 �C overnight; prior to infusion the
RBCs were centrifuged and washed three times in PBS then
resuspended.

RBCs were infused and visualized using methods previously
reported with slight modification (Wright and Harris, 2008).
Briefly, at the end of four weeks, mice were anaesthetized with an
intramuscular (i.m.) injection of Nembutal sodium solution
(pentobarbital; 50 mg/kg) followed 4–5 min later with an i.m.
injection of ketamine (50 mg/kg). After the femoral vein was can-
nulated, the mice were placed on the left side of the body with
300 � 300 gauze placed under the head for support. One drop of
Tropicamide Ophthalmic Solution USP 1% (Falcon Pharmaceuticals
Ltd., Ft. Worth, TX) was used to dilate the right eye, followed 1–
2 min later with one drop of Gonak� Hypromellose Ophthalmic
Demulcent Solution, 2.5% (Akron Inc., Buffalo Grove, IL). A 5-mm
glass cover slide was placed on the Gonak� solution over the eye.
The optic disk was visualized using a CoolSNAP ES camera
(Photometrics, Tucson, AZ) attached to a Nikon Eclipse E600FN
microscope with a Gibraltar� Burleigh stand. Once the optic disc
was visualized via intravital microscopy, labeled red blood cells
were infused into the left femoral vein. Labeled RBCs were infused
at a rate of 20 ml/min for 2 min with an infusion pump (Harvard
Apparatus, South Natick, MA). Images were obtained using a 10�
objective with a Nikon rhodamine filter. NIS Elements Basic
Research software version 2.3 (Nikon Instruments Inc., Melville,
NY) was used for capturing and analyzing data. With a video
camera exposure time of 10 ms, DiI-labeled RBCs appeared as
fluorescent streaks in the vessels, with the length of the streak
proportional to RBC velocity. Images were recorded for each vessel
leading into or out of the optic disk for a minimum of 6 s per vessel.
Velocities were measured within 600 mm of the optic disk, with ten
consecutive RBC streaks averaged per vessel, and the mean repor-
ted in mm/s.

Arteriolar and venular diameter measurements were captured
using methods previously reported (Wright and Harris, 2008), with
minor changes. Following infusion of labeled RBCs and video
capture of RBC streaks, the optic disk was placed in the center of the
field of view with the arterioles and venules in focus against the
autofluorescent tissue background (through the FITC filter). While
visualizing the optic nerve using a 4� objective, a 40–60 ml bolus of
4.5 mg/kg FITC–dextran (MW 2,000,000) was injected while
images were being recorded, to determine the vessel type (arteriole
vs venule). Vessels in which the FITC–dextran appeared first were
considered arterioles. Two to four minutes following the bolus
injection of FITC–dextran, baseline retinal diameters were recorded
by sequentially focusing on each vessel in a clockwise fashion.
Images were captured using a 10� objective through a Nikon FITC
filter. NIS Elements Basic Research software version 2.3 (Nikon
Instruments Inc., Melville, NY) was used for video capture and
analysis. Diameter measurements were taken at three different
locations along the vessel at least 30 mm apart and within 600 mm
of the optic disk. The diameter measurements were reported as
averages of the three measurements. Data were obtained from each
of the 4–7 primary arterioles extending from the optic and from
each of the 4–7 primary venules draining toward the optic disk.

Flow was estimated according to the calculation pVD2/4 where
V¼mean velocity of RBCs and D¼ the diameter of vessel. This
relationship assumes a uniform cylindrical diameter for the vessels
being measured. Total retinal blood flow was calculated by adding
all arteriolar or venular flow measurements for each eye.
2.3. Arteriolar and venular diameter – acute vapiprost

In separate experiments, using the methods described above,
the left femoral vein was cannulated and mice were prepared for
intravital microscopy to determine the arteriolar diameter change
following an acute intravenous infusion of vapiprost, in a protocol
matched to our previous study of acute ozagrel infusion (Wright
and Harris, 2008). Once the optic disk was in focus via intravital
microscopy, a 10 ml bolus of 4.5 mg/kg FITC–dextran (MW 2,000,000)
was injected while images were being recorded to determine the
vessel type (arteriole vs venule), followed by a slow infusion of
FITC–dextran for an additional 1.5 min at a rate of 15 ml/min.
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Baseline diameter images were recorded 2 min following the
slow infusion of FITC–dextran.

Following capture of baseline images, vapiprost was infused
over 2–4 min. Control and diabetic mice were infused with either
0.1 mg/kg (low-dose) or 1 mg/kg (high-dose) vapiprost. Retinal
vessel images were recorded a second time, 25 min after the start of
vapiprost infusion. At the conclusion of the experiment, mice were
killed with a pentobarbital overdose. Arteriolar and venule diam-
eters were analyzed as described above.

2.4. Statistics

Results are expressed as mean� standard error of the mean.
Statistical analysis was performed with GraphPad Instat version
3.05 software (San Diego, CA). A p-value< 0.05 was considered
statistically significant. t-Tests were performed unless multiple
groups were being compared, for which ANOVA with Bonferroni
correction was used.

3. Results

3.1. Animal data

Table 1 provides data on body weight and glucose values for the
experimental groups. Included in the study were 28 non-diabetic
control mice (divided into groups of acute 0.1 mg/kg vapiprost,
acute 1 mg/kg vapiprost, 3-week administration of 1 mg/kg vapi-
prost, and untreated; N¼ 7 for each) and 28 STZ-diabetic mice
divided into similar groups (N¼ 6–8 each). STZ induced a 3- to 4-
fold increase in glucose (compared with buffer-injected controls).
By day 6 post-injection, 5/28 STZ mice had glucose values
>600 mg/dl (the upper limit of the glucometer), with an additional
11 mice exceeding that level by the end of the fourth week;
therefore, in Table 1 we present median values. As expected, STZ
induced a decrease in body weight.

3.2. Retinal arteriolar and venular diameters

Retinal arteriolar and venular diameters were averaged and
pooled per mouse (4–7 of each per mouse), with the mean values
shown in Fig. 1 (N¼ 21 control mice; 20 diabetics; which excludes
the 7–8 mice per group given prolonged vapiprost treatment). STZ
significantly decreased arteriolar diameters from 60.4� 0.7 mm to
55.9� 0.9 mm (p< 0.001), and decreased venular diameters from
69.3�1.3 mm to 59.7�1.4 mm (p< 0.001).

Fig. 2A shows a histogram of the diameters of all the arterioles
(115 control vessels; 115 diabetic) from Fig. 1A. As shown in the
histogram, there were approximately twice as many arterioles with
diameters >60 mm in the control group as in the diabetic group,
suggesting a constriction of the larger arterioles. However, the
constriction may have been even more extensive (on a percentage
basis) for the smaller arterioles, as presented in Fig. 2B. The smallest
one-fifth (quintile; 23 of the total 115 arterioles in both groups)
were 11.6% smaller in the diabetic group compared with controls
Table 1
Body weight and blood glucose values in the experimental groups: control (N¼ 21), contro
(1 mg/kg/day; N¼ 8). Glucose levels are reported as median values.

Group Day of injection

Control STZ

Weight (g) 4 week 25.0� 0.4 25.1� 0.3
4 weekþ vapiprost 26.1� 0.4 26.4� 0.4

Glucose (mg/dl) 4 week
4 weekþ vapiprost

***p< 0.001 vs respective day of control, and p< 0.001 vs STZ day of injection.
(44.3�1.2 mm vs 50.1�1.3 mm, respectively). In the largest one-
fifth of diameters (23 in both groups), diabetic arterioles were 3.8%
smaller than controls. In successive order from smallest to largest
diameter quintiles, the percentage decreases in the diabetic arte-
riolar diameters were 11.6, 9.6, 9.2, 6.5, and 3.8%.
3.3. Daily vapiprost administration

The thromboxane receptor antagonist vapiprost was adminis-
tered over a period of three weeks to see if the drug could attenuate
the STZ-induced retinal vasoconstriction. Arteriolar diameters,
pooled per mouse from the four groups (control with and without
vapiprost; diabetic with and without vapiprost), are shown in
Fig. 3A. There was no statistically significant decrease in arteriolar
diameter induced by STZ with vapiprost treatment, as was present
without vapiprost. Neither was there an STZ-induced decrease in
venular diameter during vapiprost treatment, as shown in Fig. 3B.

Average RBC velocities in the arterioles and venules are shown
in Fig. 3C and D. In the absence of vapiprost treatment, arteriolar
velocities were significantly lower in diabetics (22.8� 1.0 mm/s)
compared to controls (28.3�1.4 mm/s), but this was not the case
with vapiprost treatment. Similarly, in the absence of vapiprost
treatment, venular velocities were significantly lower in diabetics
(22.3� 0.5 mm/s) compared to controls (26.3�1.2 mm/s).
Although this difference was not found with vapiprost treatment, it
was noted that venular velocities were significantly lower in
vapiprost-treated controls compared with untreated controls.

Blood flow rates were estimated from the diameters and
velocities of the individual vessels, then summed for an overall
retinal blood flow rate for each retina. As shown in Fig. 3E and F,
total retinal blood flow in response to STZ decreased by 28% (when
calculated from the arteriolar flow rates which decreased from
439� 42 nl/s in controls to 315� 22 nl/s in diabetics) or by 39%
(when calculated from the venular flow rates which decreased from
530� 40 nl/s in controls to 325�17 nl/s in diabetics). These
decreases were not present with vapiprost treatment; however, it
should be noted that flow rates in control mice given vapiprost
tended to be lower (although this was not statistically significant).
3.4. Acute vapiprost administration

In separate animals, vapiprost was given acutely to investigate
its effect on retinal arteriolar diameters (measured prior to and
25 min following vapiprost infusion in the same animal). In 37–40
arterioles per group (N¼ 7 mice per group), paired t-tests of the
individual vessel responses to acute 1 mg/kg vapiprost indicated
a statistically significant dilation for the arterioles in the diabetic
mice (58.3�1.1 mm vs baseline diameters of 55.9�1.3 mm; highly
significant at p< 0.0001), but no significant changes were found in
arterioles of control mice (59.1�1.1 vs 59.2�1.1 mm baseline).
Additionally, 1 mg/kg vapiprost did not significantly alter venular
diameters in either controls (67.0� 2.6 vs 66.2� 2.5 mm baseline)
or diabetics (59.6� 2.4 vs 61.2� 2.5 mm baseline).
lþ vapiprost (1 mg/kg/day; N¼ 7), streptozotocin (STZ; N¼ 20), and STZþ vapiprost

Day 6 after injection Week 4 after injection

Control STZ Control STZ

26.0� 0.4 20.6� 0.6***
27.3� 0.3 22.2� 1.1***

182 509 212 >600
170 566 190 >600



Fig. 2. (A) Histogram of the number of arterioles segregated by baseline diameter. Data
were obtained from 115 arterioles in both control and diabetic mice. (B) Average
diameters separated by equal percentiles of the total. N¼ 23 arterioles per quintile.
**p< 0.01 and ***p< 0.001 vs respective control.

Fig. 1. Retinal arteriolar (A) and venular (B) diameters in control (N¼ 21) and diabetic
(N¼ 20) mice. Data are pooled from 4 to 7 vessels per eye. ***p< 0.001 vs control.
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Arteriolar diameter changes following acute vapiprost admin-
istration in diabetic mice were broken into quintiles based on
baseline diameters. In general, acute vapiprost administration
(1 mg/kg) induced an approximate 5–10% increase in arteriolar
diameters of STZ-injected mice (Fig. 4A); however, the percentage
vasodilation was more substantial in the smallest arterioles. In the
smallest quintile of baseline diameters, vapiprost induced an
8.8� 3.2% vasodilation. Statistically significant vasodilation also
was observed in the next two quintiles (6.1�1.9% and 6.4�1.2%,
respectively), but not in the largest arterioles. At a lower dose of
vapiprost (0.1 mg/kg), no vasodilation was observed in the STZ mice
(Fig. 4B).
4. Discussion

Previous studies from our lab have indicated that retinal blood
flow decreases within the first few weeks of hyperglycemia
induced by STZ injection (Lee and Harris, 2008; Lee et al., 2008;
Wright and Harris, 2008). Our data have come from a variety of
models, that is, STZ injection of mice, STZ injection of rats, and in
the non-obese diabetic (NOD) mouse model. In each case, the
decrease in flow could be acutely reversed upon administration of
a thromboxane synthase inhibitor, ozagrel. Data from the current
study give an important confirmation of a role for thromboxane in
the retina, inasmuch as the thromboxane receptor antagonist
vapiprost was able to acutely reverse the arteriolar constriction due
to STZ-induced diabetes. Moreover, the current study demon-
strated that extended (three-week) administration of vapiprost
could attenuate the STZ-induced vasoconstriction.

Characterizing the mediators of diabetes-induced vasocon-
striction could have clinical relevance given the decreases in human
retinal blood flow reported in the early stages of diabetes (Bursell
et al., 1996; Clermont et al., 1997). One potential consequence of
a decrease in flow is an insufficient supply of oxygen, and retinal
hypoxia has been measured in diabetic animal models (de Gooyer
et al., 2006; Linsenmeier et al., 1998). It has been hypothesized that
increases in hypoxia lead to the development of new blood vessels
on the surface of the retina. The growth of new blood vessels is
mediated by vascular endothelial growth factor (VEGF), which has
been shown to increase in diabetic patients in the inner retinal
layers (Pe’er et al., 1996). In an experimental model of diabetes,
VEGF has been reported to increase in the retina within seven days
of STZ injection in the rat, with the increase inhibited by a selective
cyclooxygenase-2 (COX-2) inhibitor (Ayalasomayajula and Kom-
pella, 2003). In the mouse, retinal VEGF has been reported to
increase six weeks after STZ injection (Nagai et al., 2007).

Thromboxane is produced from arachidonic acid through the
cyclooxygenase pathway via the enzyme thromboxane synthase,
with its receptors found on vascular smooth muscle as well as
platelets (Shen and Tai, 1998). Thromboxane works in tissues in an
autocrine and paracrine manner and has a short half-life, as it is
converted to the stable inactive thromboxane B2 (Shen and Tai,
1998). Potential sources for increased thromboxane production are
platelets (De La Cruz et al., 2002) and macrophages (Sun et al.,
2001), which have both been reported to increase in the diabetic
retina (Esser et al., 1993; Yamashiro et al., 2003). Although
controversial, another potential source of thromboxane is the
endothelial cell. Human aortic endothelial cells exposed to high
levels of glucose have been found to increase the production of
thromboxane, which was associated with increased COX-2 levels
(Cosentino et al., 2003). Bovine retinal endothelial cells incubated
with high glucose increased production of the stable metabolite



Fig. 3. Arteriolar diameter (A), venular diameter (B), arteriolar velocity (C), venular velocity (D), arteriolar blood flow rate (E), and venular blood flow rate (F), each with and without
daily vapiprost administration. Values are reported as whole eye averages, N¼ 7–8 animals per group. *p< 0.05, **p< 0.01, and ***p< 0.001 vs control without vapiprost treatment.
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thromboxane B2, levels of which were attenuated by a throm-
boxane synthase inhibitor (Sone et al., 1996). However, others have
reported that platelets within primary cultures of human umbilical
vein endothelial cells contribute to the thromboxane measure-
ments (Pfister et al., 2002).

The STZ-induced decrease in retinal blood flow is likely to be
caused by the observed constriction of arterioles. Consistent with
this possibility is the relationship between changes in flow pre-
dicted by the observed arteriolar constriction. For Poiseuille flow
with a given pressure gradient, changes in vascular resistance are
inversely proportional to the fourth power of diameter, and
therefore, flow will be predicted to decrease by 34% in a vessel
when the diameter constricts by 10% (0.94¼ 0.66). This prediction
is within our observations of a 25–40% decrease in flow associated
with 5–15% vascular constrictions in the diabetic mice.

It should be noted that a decrease in flow also could be attrib-
uted to changes in ocular perfusion pressure (OPP), which is
defined as the mean arteriole pressure (MAP) minus the intraocular
pressure (IOP). However, we have previously measured and
reported no change in MAP or IOP in the same protocol, that is, after
4 weeks of hyperglycemia in an STZ-injected C57BL/6 mouse model
of diabetes (Wright and Harris, 2008). Our findings were consistent
with other studies that have found no change in MAP or IOP at early
time points in various experimental models of hyperglycemia
(Horio et al., 2004; Kanamori et al., 2004; Lee and Harris, 2008). If
our treatments altered MAP, this could influence retinal flow rates;
however, evidence in the literature using acute (receptor
antagonist) and chronic (knockout) models do not indicate any
alterations in MAP due to inhibition of the TP receptor pathway
(Guth and Muller, 1997; Thomas et al., 1998; Xu et al., 2006).

In the present study, we found that the role of TP receptor-
induced vasoconstriction may be more dominant in the smaller
subset of arterioles. As shown in Fig. 2A, feed arterioles extending
out of the optic disk range in diameter from 30 to 80 mm. Although
vasoconstriction may occur throughout the size range (see Fig. 2B),
acute administration of the thromboxane receptor antagonist
caused a more potent vasodilation in the smaller arterioles
(Fig. 4A). In our previous study using the thromboxane synthase
inhibitor ozagrel (Wright and Harris, 2008), we also found
heterogeneity in the arteriolar response, and we interpreted the
variability as being influenced by the proximity of the arterioles to
the neighboring venules. In that study, we noted that the dilation
produced by ozagrel occurred to the greatest extent when the
arterioles were more closely paired with countercurrent venules,
which could be consistent with a mechanism by which venules
contribute to the delivery of tissue-derived thromboxane to the
arterioles. However, in the present study we noted that more
closely venule-paired arterioles were typically smaller, and there-
fore, an alternative or additional explanation for the variability in
the vapiprost response could relate to differences in phenotype
depending on vascular size.

In summary, we have shown that STZ-induced retinal vaso-
constriction can be attenuated by both acute and extended
administration of the thromboxane receptor antagonist vapiprost.



Fig. 4. Percent change in arteriolar diameter in STZ-injected mice following acute
administration of (A) 1.0 mg/kg vapiprost (N¼ 7–8 arterioles per group) or (B) 0.1 mg/
kg vapiprost (N¼ 6–7 arterioles per group). Data are segregated by baseline diameter
percentiles. *p< 0.05, **p< 0.01 vs a value of 0.
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Future studies may address the mechanisms by which retinal
thromboxane levels may increase, and the extent to which either
thromboxane or its receptor increase in the diabetic retina.
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