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Abstract

Introduction—Immunophilin ligands such as FK506 (FK) preserve erectile function (EF)
following cavernous nerve injury (CNI), although the precise mechanisms are unclear. We
examined whether the thioredoxin (Trx) and glutathione (GSH) redox systems mediate this effect
after CNI.

Aim—Investigate the roles of Trx reductase 2 (TrxR2) and S-Nitrosoglutathione reductase
(GSNOR) as antioxidative/nitrosative and antiapoptotic mediators of the neuroprotective effect of
FK in the penis after CNI.

Methods—Adult male rats, wild-type (WT) mice, and GSNOR deficient (GSNOR -/-) mice
were divided into four groups: sham surgery (CN exposure only) + vehicle; sham surgery + FK
(5mg/kg/day/rat or 2mg/kg/day/mouse, for 2 days, subcutaneous); CNI + vehicle; and CNI + FK.
At day 4 after injury, electrically stimulated changes in intracavernosal pressure (ICP) were
measured. Penes were collected for Western blot analysis of TrxR2, GSNOR and Bcl-2 and for
immunolocalization of TrxR2 and GSNOR.

Main Outcome Measures—EF assessment represented by maximal ICP and total ICP in
response to electrical stimulation. Evaluation of protein expression levels and distribution patterns
of antioxidative/nitrosative and antiapoptotic factors in penile tissue.

Results—EF decreased after CNI compared with sham surgery values in both rats (p<0.01) and
WT and GSNOR —/- mice (p<0.05). FK treatment preserved EF after CNI compared with vehicle
treatment in rats (p<0.01) and WT mice (p<0.05) but not in GSNOR —/- mice. In rats, GSNOR
(p<0.01) and Bcl-2 (p<0.05) expressions were significantly decreased after CNI. FK treatment in
CN-injured rats restored expression of GSNOR and upregulated TrxR2 (p<0.001) and Bcl-2
(p<0.001) expressions compared with vehicle treatment. Localizations of proteins in the penis
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were observed for: TrxR2 (endothelium, smooth muscle) and for GSNOR (nerves, endothelium,
smooth muscle).

Conclusions—The neuroprotective effect of FK in preserving EF after CNI involves
antioxidative/nitrosative and antiapoptotic mechanisms mediated, to some extent, by Trx and GSH
systems.

INTRODUCTION

With even the most highly developed nerve sparing techniques, traction, contusion and
incision of the cavernous nerves (CN) may occur inadvertently at the time of radical
prostatectomy. Trauma to these nerves negatively affects erectile tissue health leading to
decreased postoperative erectile responses. In animal models of CN injury (CNI), increased
apoptosis, tissue hypoxia, fibrosis, and oxidative/nitrosative stress as well as decreased
smooth muscle to collagen ratios have been reported [1-5]. Recently, several treatment
modalities have been investigated with proposals that they are involved in the regeneration
and recovery of injured CN [6-8].

Immunophilin ligands such as FK506 (FK) have been shown to be neuroregenerative and
neuroprotective in both central and peripheral nerves [9-11]. Previous studies have shown
that FK promotes the recovery of erectile function (EF) in rats following both unilateral and
bilateral CNI [2, 12, 13]. The molecular mechanisms underlying this effect remain unclear
although current studies suggest that immunophilin drugs exert beneficial effects following
CNI through antioxidative/nitrosative and/or antiapoptotic pathways [2, 12].

Oxidative/nitrosative mechanisms are believed to play a major pathophysiologic role in
injured peripheral nerves. In this setting, an inflammatory response occurs and reactive
metabolites such as reactive oxygen species (ROS) and reactive nitrogen species (RNS) are
generated [14, 15]. Oxidative stress damage occurs when reactive metabolites are created in
excess of the cell’s capacity to neutralize or remove them and prolonged exposure to
oxidative stress can lead to cellular apoptosis [16, 17]. Redox defense systems such as
thioredoxin (Trx) and glutathione (GSH) systems are present within cells to limit neuronal
cell damage caused by oxidative/nitrosative stress phenomena (Figure 1) [18].

The Trx system is essential for cell proliferation and survival and is involved in protection
against oxidative/nitrosative stress and in the regulation of mitochondrial apoptosis signaling
[19-21]. Overexpression of Trx, using transgenic mice and gene therapy, increases
expression of the antiapoptotic factor Bcl-2 [22, 23]. Trx exists in two different forms,
cytosolic (Trx1) and mitochondrial (Trx2) [24]. In knockdown experiments of both TrxR1
and TrxR2 in cultured endothelial cells, TrxR2 knockdown produced a significant increase
in hydrogen peroxide (H»05), a common ROS, suggesting that TrxR2 may play a bigger
role in antioxidation than TrxR1 [25]. Thioredoxin reductase 2 (TrxR2) is an NADPH
dependent oxidoreductase responsible for maintaining Trx2 in its reduced state thereby
conserving its antioxidative and antiapoptotic function [26]. The Trx system has also been
shown to provide neuroprotection after injury in rat optic and hypoglossal nerves [18, 27].
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GSH is capable of scavenging both ROS and RNS, and its redox status is characterized by
the ratio of reduced GSH to oxidized glutathione disulfide (GSSG) [28, 29]. This antioxidant
system is induced after hypoglossal and sciatic nerve injury [18, 30], and depletion of GSH
leaves neurons susceptible to deleterious reactive metabolites and apoptosis [31]. One way
in which GSH exerts its function is by serving as an endogenous nitric oxide (NO) reservoir
of S-nitrosoglutathione (GSNO) [32]. GSNO reductase (GSNOR) is an enzyme that controls
tissue levels of GSNO, and mice deficient in this enzyme display increased nitrosative
stress, tissue damage and increased mortality [33].

In this study, we sought to characterize the molecular basis for the neuroprotective effect of
FK in the preservation of EF after CNI. Our objective was to investigate the potential
antioxidant/nitrosative and antiapoptotic capacity of this pharmacological agent in penile
tissue, in light of the putative pathophysiologic phenomena encountered by the penis after
CNI. Specifically, we proposed that the promotion of EF recovery after CNI by FK involves
Trx and GSH redox defense mechanisms. Our studies feature the use of the GSNOR-
deficient (GSNOR -/-) mutant mouse as an experimental tool to evaluate the role of the
GSH system [33].

METHODS

Chemicals

A rabbit polyclonal antibody for TrxR2 and a goat polyclonal antibody for GSNOR were
purchased from Abcam (Cambridge, MA, USA). A rabbit polyclonal Bcl-2 antibody was
purchased from Cell Signaling Technology (Beverly, MA, USA), and a mouse monoclonal
f-actin antibody was purchased from Sigma Chemical (St. Louis, MO, USA). FK was
purchased from LC Laboratories (Woburn, MA, USA) and diluted in a mixture of 50%
saline, 40% ethanol, and 10% dimethyl sulfoxide.

Animals and Treatment

Adult male Sprague-Dawley rats (Charles River Breeding Laboratories, Wilmington, MA,
USA) weighing 300-350 g and young adult (8-10 week old) male homozygous GSNOR -/-
mice with age-matched wild-type (WT) mice (C57 BL/6, The Jackson Laboratory, Bar
Harbor, ME, USA) were used. Animals were cared for and housed under strict guidelines
and all procedures were approved by the Johns Hopkins University School of Medicine
Animal Care and Use Committee. Animals were anesthetized with an intraperitoneal
injection of ketamine (100 mg/kg) plus xylazine (10 mg/kg). In rats, the right CN was
identified on the posterolateral aspect of the prostate and crushed 2-3 mm distal to the major
pelvic ganglion with an ultra fine hemostat (Fine Science Tools, Foster City, CA, USA)
using full closure for three minutes [13]. In mice, nerve injury was produced using Dumont
#5 forceps (Fine Science Tools, Foster City, CA, USA) that were held closed two times for
15 seconds each, causing a moderate injury, as described previously [2]. Sham surgeries
were completed by simply exposing the CN but not manipulating it. To limit variability, all
surgeries were completed by the same investigator. Animals were randomly divided into
four groups (n=5-8/group): sham surgery + vehicle, sham surgery + FK, CNI + vehicle; and
CNI + FK. FK was administered subcutaneously at 5mg/kg/day in rats or 2mg/kg/day in

J Sex Med. Author manuscript; available in PMC 2015 June 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lagoda et al.

Page 4

mice immediately after CNI and then on the day after injury (2 day treatment). We chose
this timeframe to measure acute functional and morphological changes in penile tissue
following CNI based on previous reports showing increased apoptosis in the penis as soon
as two days after CN denervation [4].

In Vivo Erection Physiology Studies

Four days after CNI, EF was evaluated in all animals. To monitor mean arterial pressure
(MAP) in rats, the right carotid artery was cannulated with polyethylene (PE) tubing filled
with heparinized saline (200U/ml). To monitor changes in intracavernosal pressure (ICP),
the penis was denuded of skin and fascia and a 23-gauge needle (rats) or 30-gauge needle
(mice) connected via PE tubing to a pressure transducer was inserted into the right crus.
Previously injured or sham-treated nerves were placed on a bipolar electrode attached to a
Grass Instruments S48 stimulator (Quincy, MA, USA) and stimulated at 4 volts, 16 Hz with
a 5 millisecond square-wave duration for 1 minute. ICP was recorded using the DI-190
system (Dataq Instruments, Akron, OH, USA) from the start of electrical stimulation until
60 seconds after stimulation ended. In rats, EF was represented by the normalized maximal
ICP/MAP (maximal ICP) and total area under the curve/MAP (total ICP). Since we did not
measure MAP in mice (to reduce surgical trauma and morbidity), we calculated ICP
responses to electrical stimulation of the right crushed nerve as percent ICP response of the
stimulation of the left sham nerve, as described previously [34, 35]. Results were analyzed
using the MATLAB program (Mathworks, Natick, MA, USA).

Western Blot Analysis

At the conclusion of experiments, penes were removed and immediately snap frozen in
liquid nitrogen, and animals were sacrificed by a lethal intracardiac injection of saturated
potassium chloride. Penes were homogenized, as described previously [36]. Thirty pg
protein was loaded on either 4-20% or 10% Tris HCI gels (Bio-Rad Laboratories, Hercules,
CA, USA) and transferred to a polyvinylidene fluoride membrane. After blocking the
membranes, sample-transferred membranes were incubated at 4 °C overnight with the
following antibodies (dilutions indicated): TrxR2 (1:1000), GSNOR (1:1000), Bcl-2
(1:1000) and B- actin (1:10,000). Blots were scanned and quantified using NIH Image J
software and standardized to B-actin. The ratio was determined in terms of arbitrary units
and expressed relative to the ratio for sham surgery + vehicle treated animals.

Immunohistochemistry

Penes from the sham + vehicle treated group were also collected for immunolocalization of
TrxR2 and GSNOR. Tissue was immediately fixed with 10% formalin, paraffin wax-
embedded and sectioned. Sections (10 um) were baked at 60 °C for 1 h, deparaffinized and
boiled in a target retrieval solution for 20 min. They were then quenched in 3% hydrogen
peroxide/phosphate buffered saline (PBS) solution for 10 minutes, blocked with 1.5%
normal goat serum in PBS for 1 hour and incubated overnight at 4°C in PBS containing 2%
bovine serum albumin with TrxR2 (1:1000) and GSNOR (1:50) antibodies. Staining was
visualized with the Vectastain Elite ABC Kit (Vector Laboratories, Burlingame, CA) using
diaminobenzidine (Sigma Aldrich, St. Louis, MO) as the chromagen. A tissue section
omitting primary antibody was used as a negative control. Microscopy was performed using
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a Nikon Eclipse E400 biological microscope and photographed using a Nikon DS —Fil color
camera.

Statistical Analysis

RESULTS

The data are expressed as the mean + SEM. Statistical analyses were performed using one-
way ANOVA, followed by Newman-Keuls multiple comparison or by Student's t-test. P less
than 5% was considered significant.

FK Treatment Upregulates TrxR2, GSNOR and Bcl-2 in the Penis after CNI

Densitometry results show TrxR2 expression was unchanged after CNI + vehicle treatment
compared with sham treatment group levels. FK treatment significantly increased TrxR2
expression after CNI compared with CNI + vehicle (p< 0.001) and sham (p< 0.001)
treatment group levels (Figure 2a). GSNOR (p<0.01) (Figure 2b) and Bcl-2 (p<0.05) (Figure
2¢) expressions were significantly decreased after CNI compared to sham treatment group
levels. Treatment with FK in CN-injured rats restored expression of GSNOR and
significantly increased Bcl-2 (p<0.001) expression level compared with vehicle treatment.
Bcl-2 expression after FK treatment was also significantly (p<0.05) increased compared
with sham treatment group levels. These data indicate that the mediatory effect of FK in
preserving EF after CNI is associated with preservation and upregulation of antioxidant/
nitrosative and antiapoptotic factors. Data from the sham + vehicle group were similar to the
sham + FK group suggesting that immunophilin ligand treatment does not influence
neuroregulated erectile responses or protein expressions in the absence of CNI.

TrxR2 and GSNOR Are Differentially Localized in Penile Tissue

We investigated the distribution pattern of TrxR2 and GSNOR in penile tissue (Figure 3).
TrxR2 was localized to vascular endothelial and smooth muscle cells lining the dorsal vein
and dorsal arteries. GSNOR was also localized to vascular endothelial and smooth muscle
cells in penile blood vessels but in addition was localized to penile nerves. These data
indicate that the cellular sites of action of antioxidative/nitrosative and antiapoptotic
mechanisms refer particularly to blood vessels and nerves in the penis.

GSNOR Deletion Limits FK-dependent EF Recovery after CNI

In rats, both maximal and total ICP were significantly (p<0.01) reduced after CNI compared
with that of sham treated animals (Figure 4). FK treatment significantly (p<0.01) preserved
both maximal and total ICP compared with that of vehicle treatment. These data are
consistent with previous experiments from our lab showing neuroprotective effects of FK on
EF after CNI inrats [2, 13, 34, 37].

In mice (both WT and GSNOR —/-), maximal and total ICP values were also significantly
(p<0.05) reduced after CNI compared with sham + vehicle treatment levels (Figure 5). FK
significantly preserved EF in WT mice (p<0.05) while in GSNOR —/- mice, FK treatment
did not produce an effect that differed from that of CNI alone (p>0.05). In GSNOR-/- mice,
maximal and total ICP values in the CNI + FK treatment group were also significantly

J Sex Med. Author manuscript; available in PMC 2015 June 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lagoda et al. Page 6
decreased compared with that of the sham + vehicle treatment group (p<0.05). We observed
that ICP data were variable when computing ICP response of the right nerve as percent
stimulation of the left nerve among animals. Overall, these data provide direct genetic
evidence that after CNI, GSNOR is essential for the protection of EF by FK.

DISCUSSION

This study broadens current knowledge regarding the reputed neuroprotective effect of FK
on EF after CNI [2, 12, 13, 34] by exploring molecular mechanisms involved in the drug’s
prevention of oxidative/nitrosative stress and apoptosis in the penis. Our current results
showed that after CNI regulatory proteins involved in oxidation and apoptosis were altered
and FK treatment attenuated these changes. Specifically, although TrxR2 expression was
unchanged and GSNOR and Bcl-2 expressions were decreased after CNI, following FK
treatment expression levels of all of these antioxidative/nitrosative and antiapoptotic factors
were greatly increased suggesting that FK exerts its protective effects by their upregulations
and actions. Our results showing that FK treatment was ineffective in CN-injured GSNOR
—/- mutant mice further substantiates this conclusion. Our immunolocalization results
indicate the effect potentially involves both vascular and neurologic systems.

Although the exact mechanism through which FK is protective after CNI is unclear, FK has
been shown to be integral in several diverse mechanisms. In vitro studies in human
neuroblastoma and glioma cells as well as rat hippocampal neurons and hepatocytes
demonstrated FK’s antioxidative properties are linked to increased glutathione and
superoxide dismutase levels and decreased ROS production [38-40]. These results add to
our previous work showing enhanced expression of glutathione peroxidase (an antioxidant
enzyme) and decreased expression of nitrotyrosine (a marker of peroxynitrite and oxidative
stress) after CNI with FK treatment [2]. Our current results are in line with these findings
and support the contention that antioxidative/nitrosative and antiapoptotic factors mediate
FK’s effect. One proposed mechanism of FK-induced neuroprotection involves FK directly
binding to cellular proteins known as immunophilins (FKBPs). The FK/FKBP complex
binds to calcineurin and inhibits its activity leading to decreased NO production and
decreased harmful RNS production [41]. FK may also indirectly involve the Ras/Raf/MAP
kinase signaling pathway or rely on rapid de novo protein synthesis of antioxidative and
antiapoptotic molecules [42, 43]. Our current results with FK treatment suggest possible
roles of these mechanisms in the nerve-damaged penis but until more studies are done this
remains an open question. Further studies may also be performed to examine molecular
changes of these target proteins directly in the CN following CNI.

Antioxidant systems such as the Trx system play a critical role in the ability of injured
neurons to manage oxidative stress and apoptosis [20]. The antioxidative and antiapoptotic
properties of Trxs are mediated by TrxRs, which function to reduce oxidized Trxs [18]. In
this study we focused on TrxR2, commonly expressed in mitochondria, because it is
believed that mitochondria are the major source of ROS during pathological conditions such
as inflammation, a common side effect of nerve injury [44]. We showed four days after CNI
that TrxR2 expression was significantly increased with FK treatment. This suggests that the
protective effect of FK on erection physiology may be attributed to its antioxidative and/or
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antiapoptotic capability. Our FK treatment results are consistent with previous studies
suggesting Trx2 overexpression has protective effects against oxidative stress-induced
apoptosis after optic nerve transection [27]. Our observation that TrxR2 did not change after
CNI with vehicle treatment may be explained due to the fact that the CNI was unilateral and
perhaps a more significant injury, bilaterally or via CN transection, would have changed its
expression. Another explanation could be that the timeframe of the experiment of four days
after injury was relatively early to observe changes in TrxR2 expression with CNI alone.
Additional studies may be done to further evaluate this concern. Given that TrxR2
expression only changed after CNI + FK, it is likely that additional mechanisms are involved
in FK’s protective action and further studies may be done to examine possible roles of Trx1/
TrxR1 and other redox systems.

Prolonged exposure to oxidative stress can lead to cellular apoptosis [17]. Previous studies
have shown increased apoptosis in rat penile tissue following both unilateral and bilateral
CNI [4, 45]. Our current results support this finding and show that after CNI, Bcl-2
expression was decreased. Furthermore, we show that Bcl-2 was upregulated after CNI with
FK treatment. Taken together, these results suggest that apoptosis resulting from CNI may
be attenuated by the administration of FK. Although we did not measure apoptosis directly,
these data coincide with previous data from our lab showing downregulated antiapoptotic
pathways such as PI3K/AKkt up to 7 days following unilateral CNI [2]. Our results are
consistent with prior research indicating that Bcl-2 expression is decreased after optic and
facial nerve injury [46, 47]. The finding that FK treatment increased Bcl-2 expression also
coincides with other nerve injury studies suggesting that overexpression of Bcl-2 is
neuroprotective and that FK administration upregulates Bcl-2 expression [48-50].

Penile erection requires relaxation of cavernosal tissue controlled by the release of NO from
nerves and endothelial cells within the corpus cavernosum and is part of a unique
biochemical cascade involving production of the second-messenger molecule cyclic
guanosine monophosphate (cGMP) [51, 52]. However, additional cGMP-independent
mechanisms for NO bioactivity such as protein S-nitrosylation have recently been
investigated. S-nitrosylation refers to the addition of an NO group to the thiol moiety of a
cysteine residue consequently leading to S-nitrosothiol (SNO) formation [53]. The most
common non-protein SNO, GSNO, is generated when NO interacts with GSH and is
subsequently denitrosylated by the enzyme GSNOR. GSNOR plays important roles in the
regulation of protein S-nitrosylation and in protection against nitrosative stress [33, 54, 55].
The protective effect of FK seen in WT mice, unlike the GSNOR —/- mutant mice, is
conceivably mediated, at least in part, by unaltered GSNO regulation. Thus, GSNOR
appears to be critical for FK’s effect on EF preservation after CN injury. Although the
mechanism is unknown it could be a direct effect of FK on GSNOR activity or expression.
FK may also afford protection through GSNOR by indirectly affecting S-nitrosylation/
denitrosylation of factors involved in oxidative/nitrosative stress and apoptosis. Further
studies are needed to elucidate the mechanism by which GSNOR mediates the protective
effect of FK on EF.

Besides their plausible roles in countering oxidative/nitrosative phenomena directly, Trx and
GSH systems may also exert protective effects via denitrosylation [32]. S-nitrosylation
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describes a physiologic mechanism by which NO-based signaling regulates proteins
involved in apoptosis, inflammation and cellular degeneration [53, 56]. Denitrosylation, the
antithesis of NO-based pathobiologic regulation, may represent an alternative mechanism
for FK’s protective effect. Additional studies may further clarify the biologic consequences
of S-nitrosylation/denitrosylation on the regulation of target proteins involved in penile
erection.

CONCLUSION

Following radical prostatectomy CN functional recovery is gradual, and it is understood that
the cavernosal tissue deteriorates in the absence of functional innervation. Thus, it is
important to investigate pharmacological modalities that may protect these injured nerves
and counter apoptosis in the penis. Our study suggests that immunophilin ligands such as FK
may serve to preserve EF after CNI through upregulation of proteins (TrxR2, GSNOR and
Bcl-2) involved in reduction of oxidative/nitrosative stress and apoptosis.
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Figure 1. Model of the regulation of antioxidant redox mechanisms
The Trx and GSH redox systems limit oxidative/nitrosative stress caused by ROS/RNS and

function via Trx reductase and GSH reductase enzyme activities. NO may directly cause
increased RNS production (via peroxynitrite formation) although NO may also interact with
GSH leading to GSNO formation through S-nitrosylation. GSNOR is the major enzyme
involved in GSNO metabolism and protects against increased ROS/RNS. (GSSG,
glutathione disulfide; S-nitroso-GSH, GSNO; ROS, reactive oxygen species; RNS, reactive
nitrogen species; NO, nitric oxide)
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Figure 2. FK increased expressions of TrxR2, GSNOR and Bcl-2 in rat penile tissue after
unilateral CNI

A.) TrxR2 expression (56 kDa) did not change after CNI + vehicle compared to the sham
treated groups while FK treatment caused TrxR2 expression to increase significantly after
CNI compared to both the sham and CNI + vehicle treated groups. B.) GSNOR expression
(40 kDa) decreased after CNI compared to the sham treated groups. FK treatment prevented
this decrease, and GSNOR expression levels in the CNI + FK group were similar to sham
values. C.) Bcl-2 expression (26 kDa) decreased after CNI compared to the sham treated
groups. FK treatment prevented this decrease, and expression increased significantly in the
CNI + FK group compared with both the CNI + vehicle and sham treatment groups.

* p<0.05, ** p<0.01, *** p<0.001 vs sham + vehicle. TT p<0.01, 111 p<0.001 vs. CNI +
vehicle. Top panels: representative immunoblots; bottom panel: densitometry data; bars
represent mean = SEM of 7-8 rats per group. All protein expressions were normalized to -
actin and expressed as a ratio of sham values. (S +V = sham + vehicle, S + FK = sham + FK
treatment, CNI +V = unilateral injury + vehicle, CNI + FK = unilateral injury + FK
treatment).
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Figure 3. TrxR2 and GSNOR immunoreactivities in rat penis
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A.) TrxR2 immunoreactivity was observed in smooth muscle and endothelium of dorsal
veins (solid arrows) and arteries (open arrows). B.) GSNOR immunoreactivity was also
observed in smooth muscle and endothelium of dorsal veins (solid arrows) and arteries
(open arrows) as well as in nerves (arrowhead). Negative controls without primary antibody
for TrxR2 (C) and GSNOR (D) did not show staining. Magnification x100.
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Figure 4. FK treatment preserved EF 4 days after CNI in rats
A.) Maximal ICP was significantly decreased after CNI compared with that of both sham

groups. FK treatment increased maximal ICP compared with that of CNI + vehicle. B.) Total
ICP was also significantly decreased after CNI compared with that of both sham groups. FK
treatment increased total ICP compared with that of CNI + vehicle. ** p<0.01 vs. sham +
vehicle. Tt p<0.01 vs. CNI + vehicle. (S +V = sham + vehicle, S + FK = sham + FK
treatment, CNI +V = unilateral injury + vehicle, CNI + FK = unilateral injury + FK
treatment).
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Figure 5. FK treatment preserved EF 4 days after CNI in WT mice but not in GSNOR -/- mice
A.) In WT mice, maximal ICP significantly decreased after CNI compared with sham

treatment while FK treatment increased maximal ICP compared with CNI + vehicle. B.)
Total ICP was also significantly decreased after CNI compared with that of sham treatment
in WT mice while FK treatment increased total ICP compared with CNI + vehicle. C.) In
GSNOR -/- mice, maximal ICP significantly decreased after CNI compared with sham
treatment while FK treatment had no effect. D.) Total ICP was also significantly decreased
with CNI while FK treatment had no effect. * p<0.05 vs. sham + vehicle, T p<0.05 vs. CNI
+ vehicle (S +V = sham + vehicle, S + FK = sham + FK treatment, CNI +V = unilateral
injury + vehicle, CNI + FK = unilateral injury + FK treatment).
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