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Abstract

The present study evaluates the effect of celastrol on the survival of retinal ganglion cells (RGCs)
injured by optic nerve crush (ONC). Celastrol, a quinine methide triterpene extracted from the
perennial vine Tripterygium wilfordii (Celastraceae), has been identified as a potential
neuroprotective candidate in a comprehensive drug screen against various neurodegenerative
diseases. Two weeks after ONC, the average density of remaining RGCs in retinas of animals
treated with daily intraperitoneal (i.p.) injections of celastrol (1 mg/kg) was approximately 1332
cells/mm?, or 40.8% of that of the Celastrol/Control group. In retinas of the Vehicle/ONC group
about 381 RGCs/mm? were counted, which is 9.6% of the total number of RGCs in the DMSO/
Control group. This corresponds to approximately a 250% increase in RGC survival mediated by
celastrol treatment compared to control. Furthermore, the average RGC number in retinas of ONC
animals treated with a single intravitreal injection of 1 mg/kg or 5 mg/kg of celastrol was
increased by approximately 80% (760 RGCs/ mm?2) and 78% (753 RGCs/mm?), respectively,
compared to controls (422 cells/mm2). Injection of 0.2 mg/kg of celastrol had no significant effect
on cell survival compared to DMSO-injected controls, with the average number of RGCs being
514 cells/mm? in celastrol-treated animals versus 422 cells/mm? in controls. The expression levels
of Hsp70, Hsfl, Hsf2, HO-1 and TNF-alpha in the retina were analyzed to evaluate the roles of
these proteins in the celastrol-mediated protection of injured RGCs. No statistically significant
change in HO-1, Hsfl and Hsp70 levels was seen in animals with ONC. An approximately 2 fold
increase in Hsf2 level was observed in celastrol-treated animals with or without injury. Hsf2 level
was also increased 1.8 fold in DMSO-treated animals with ONC injury compared to DMSO-
treated animals with no injury suggesting that Hsf2 induction has an injury-induced component.
Expression of TNF-alpha in retinas of celastrol-treated uninjured and ONC animals was reduced
by approximately 2 and 1.5 fold compared to vehicle treated animals, respectively. The observed
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results point to the role of TNF-alpha in RGC degeneration following axonal injury, and that
suggests mechanisms underlying celastrol’s RGC protective effect is associated with inhibition of
TNF-alpha-mediated cell death.
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1. INTRODUCTION

Celastrol, a quinine methide triterpene extracted from the perennial vine Tripterygium
wilfordii (Celastraceae), has been used in traditional Chinese medicine as a natural remedy
for inflammation and a variety of autoimmune diseases for hundreds of years (Pinna et al.,
2004; Tao et al., 2002). Celastrol has been identified as a potential neuroprotective candidate
in a comprehensive drug screen against various neurodegenerative diseases and has since
been demonstrated to have cell protective properties in animal models of “protein
misfolding” neurodegenerative disorders such as Parkinson’s, Hungtington’s, Alzheimer’s
diseases, and amyotrophic lateral sclerosis (Abbott, 2002; Allison et al., 2001; Cleren et al.,
2005; Kiaei et al., 2005; Wang et al., 2005). The neuroprotective effects of celastrol are
associated with the activation of heat shock and antioxidant responses that lead to an
induction of an array of cytoprotective genes involved in protein folding/aggregation/
turnover and the scavenging and export of reactive species (Wang et al., 2005; Trott etal.,
2008; Westerheide et al., 2004). Furthermore, celastrol was shown to attenuate microglial
activation and production of tumor necrosis factor (TNF)-alpha (Kiaei et al., 2005; Allison
etal., 2001). Since protein misfolding/aggregation (Liu and Vollrath, 2004; Guo et al, 2007),
oxidative damage (Kumar and Agarwal, 2007) and microglial activation (Neufeld and Liu,
2003; Tezel, 2008) have been associated with the pathogenesis of glaucoma, we
hypothesized that celastrol could be a potent multifactorial therapeutic drug for the treatment
of this disease.

The degeneration of retinal ganglion cells (RGCs) and their axons in the optic nerve is the
cause of visual impairment in patients with optic neuropathies, including glaucoma, which
affects more than 65 million people worldwide and is a leading cause of irreversible
blinding. Chronic forms of the glaucoma usually progress over many years. Currently,
reduction of intraocular pressure (I0OP) remains the main strategy in slowing the progression
of the disease. Yet, glaucomatous neuropathy often continues to progress even after IOP has
been reduced, especially in advanced stages of disease. It is clear that it is necessary to
develop new strategies to supplement or perhaps even to replace I0P reduction in some
patients in order to reduce the number of degenerating neurons and preserve the surviving
RGCs and their axons. However, this is extremely difficult since the exact molecular
pathways of RGC death in glaucoma are not well understood, and the cellular damage in this
disease may be caused by different molecular mechanisms that have the common
characteristics of optic nerve damage and visual loss patterns. Since the pathophysiologic
mechanisms underlying RGC loss in glaucoma remain unclear, several directions of RGC
neuroprotection are being investigated, including blocking glutamate excitotoxicity (Hare et
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al., 2001; Schori 2001), stabilizing Ca2* homeostasis (Zhang et al., 2003; Wood et al., 2003
Hains and Waxman, 2005), inhibiting nitric oxide production (Le and Lipton, 2001; Neufled
et al., 2002), overexpressing proteins regulating the cellular redox state (Munemasa et al.,
2009), supplying neurotrophins (Mansour-Robaey et al., 1994; Martin et al., 2003; Cheng et
al., 2002), preventing apoptosis (McKinnon et al., 2002; Huang et al., 2005), inducing heat
shock response (Park et al., 2001; Ishii et al., 2003; Kwong at al., 2015), and modulating the
immunologic status (Moalem et al., 2000; Bakalash et al., 2003; Anderson et al., 2005).
Each of these strategies increases the rate of RGC survival in the laboratory setting.
However, their effect is limited due to the possible presence of diverse mechanisms involved
in glaucomatous RGC degeneration, and none of these strategies have been evaluated
clinically with the exception of memantine (NMDA receptor antagonist) trials which
showed no significant beneficial effect compared to placebo (Allergan Press Release, 2008).

In the present study, we evaluated the neuroprotective effect of celastrol on RGCs with
axonal injury induced by optic nerve crush (ONC). In this model, both intraperitonial (i.p)
and intravitreal treatment with celastrol stimulate survival of injured RGCs. Expression
levels of Hsp70, Hsf1, Hsf2, heme oxigenase 1 (HO-1), and TNF-alpha were analyzed to
gain insights into potential mechanisms underlying the observed celastrol-mediated RGC
protection from axonal injury.

2. RESULTS

The effect of intraperitoneal injection of celastrol on RGC survival damaged by ONC

ONC was performed unilateraly with the contralateral eye remaining untreated. Celastrol (1
mg/kg) or vehicle (DMSQ) was injected i.p. daily starting on the day of ONC and continued
for 14 days, after which retinas were dissected and analyzed to determine the number of
surviving RGCs. The dose of celastrol was chosen based on previous studies in in vivo
model systems utilizing this drug (Venkatesha et al., 2011; Jiang et al., 2013; Kim et al,
2013). The number of surviving cells was determined by counting RGCs immunolabeled
with Rbpms in flat-mount retinal preparations. Rbpms has characterized as a marker of
RGCs in rodent retinas with a specificity matching that of retrograde labeling (Kwong et al.,
2010; 2011). An extensive loss of RGCs (~87% RGC loss in DMSO-treated group) was
observed in retinas subjected to ONC (Figs. 1A and B). The extent of RGC loss was similar
across the superior, inferior and temporal quadrants that were sampled in this experiment.
The average density of remaining RGCs in retinas of celastrol-treated animals was
approximately 13324152 cells/mm?, or 46% of that of the Celastrol/Control, whereas for the
Vehicle/ONC group it was about 381258 RGCs/mm?2, or 12.5% of Vehicle/Control (n=6 per
group; *P=0.004). These data indicate a more than 250% increase in RGC survival mediated
by celastrol treatment compared to the Vehicle/ONC control group.

Body weight assessment of animals treated with celastrol

To administer an appropriate dose of celastrol, the body weight of all animals used in this
study was closely monitored and measured before and during celastrol treatment (Fig. 2).
The average weight of animals in the control group injected with vehicle (DMSO) increased
from 260.8 g to 276.7 g within two weeks, which corresponds to approximately 6.1% weight
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gain. In the celastrol-injected group, the weight of animals remained relatively stable and no
weight gain was observed. In fact, over the two week period, the average body weight of this
group slightly decreased from 259.3 g to 253 g (2.4% weight loss). At the end of the
experiment (two weeks after first injection of celastrol), the difference in body weight
between DMSO- and celastrol-treated groups was 8.5% (n=6 per group; P=0.006).

The cell protective effect of intravitreal injection of celastrol in ONC model

As the aim of the study was to determine the RGC protective effect of celastrol, we thought
that a local delivery of this drug to the target cells could be more beneficial than a systemic
treatment for at least two reasons: a) the concentration of the drug delivered to RGCs by
intravitreal injection could be better controlled and easily adjusted to have the maximum
neuroprotective effect; and b) intravitreal injection would minimize any potential side
effects of the drug on other organs and tissues that are not targeted in this study. Since this is
the first study on the effect of celastrol on the retina and no information on the dosage of this
drug for intravitreal injection is available in the literature, three doses were used in these
experiments: 1 mg/kg, 0.2 mg/kg and 5 mg/kg. 1 mg/kg concentration was used for the
systemic treatment described above (Venkatesha et al., 2011; Jiang et al., 2013; Kim et al,
2013). A single injection of celastrol or DMSO at the time of the ONC procedure was
performed to minimize the injury. Results of RGC counts showed that injection of 0.2
mg/kg of celastrol had no significant effect on cell survival compared to DMSO-injected
controls: an average 514+82 cells survived in celastrol-treated animals compared to 422+55
cells/mm? counted in controls (Fig. 3, n=4 per group). In retinas of animals treated with
intravitreal injection of 1 mg/kg and 5 mg/kg of celastrol, the average number of RGCs was
increased by approximately 80% (760+56 RGCs/ mm?) and 78% (753+164 RGCs/mm?),
respectively, compared to ONC/vehicle controls (422455 cellss/mm?2; n=4 per group;
P<0.05).

Effect of celastrol on proteins of cellular heat shock response, HO-1 and TNF-alpha

As mentioned above, celastrol-mediated cell protection has been commonly associated with
activation of the cellular heat shock response, attenuation of oxidative stress and reduction
in TNF-alpha production. First, we evaluated the levels of Hsf1, Hsf2 and Hsp70 expression
in celastrol-treated (i.p.) retinas damaged by ONC with immunoblot. No significant changes
in Hsfl and Hsp70 expression in celastrol-treated compared to control retinas were detected
(Figs. 4A and B). Hsf2 expression in celastrol-injected animals with and without ONC was
upregulated by approximately 2.1 and 1.8 fold respectively compared to DMSO-treated
uninjured controls (Figs. 4A and B; n=6 per group; *P<0.05). In animals receiving
intravitreal injection of celastrol no change in Hsp70, Hsfl or Hsf2 expression levels were
observed. Immunohistochemical staining for Hsfl, Hsf2 and Hsp70 also showed no apparent
change in the expression pattern of these proteins in retinas of DMSO or celastrol-treated
animals (Fig. 5). The level of HO-1, which has been reported to be involved in attenuation
of oxidative stress by celastrol, was similar in vehicle and drug treated animals. However,
expression of TNF-alpha in retinas of celastrol-treated ONC and uninjured animals was
reduced approximately 1.5 and 2 fold, respectively, compared to DMSO-injected rats (n=6
per group; *P<0.05).
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DISCUSSION

A rationale for this study to investigate the neuroprotective effects of celastrol is based on
the ability of this drug to target several essential mechanisms that have been implicated in
glaucomatous RGC degeneration, including protein misfolding/aggregation, oxidative stress/
damage, and microglia/astrocyte activation. The multipotent qualities of celastrol, together
with its centuries long track record in oriental medicine make this drug an attractive
candidate for an alternative glaucoma treatment that could replace or complement the
current IOP reduction therapy.

In this study, we used the ONC model to evaluate the neuroprotective effects of celastrol.
This is a commonly used model for RGC degeneration characterized by specific, fast and
highly reproducible loss of RGCs. First, we evaluated the effect of i.p. injection of celastrol
at a dose of 1 mg/kg in ONC animals. I.p. injection of celastrol at this dose has been
successfully used in rat and mouse models of various human diseases with no side effects
reported (Venkatesha et al., 2011; Jiang et al., 2013; Kim et al, 2013). However, at least two
other studies observed a significant decrease in the body weight of animals treated with
celastrol (Huang et al., 2012; Kim et al, 2013). Treatment of six-week-old diabetic db/db
and non-diabetic db/m mice with 1 mg/kg/day of celastrol (i.p.) for two weeks was
associated with lower body weight due to decrease in food intake, independent of diabetic
status (Kim et al, 2013). Following celastrol administration into 4-week-old BALB/c mice
for 5 days per week for 4 weeks, body weight decrease was also observed at a dose of 4
mg/kg/day, but not at 1 mg/kg/day (Huang et al., 2012). On the other hand, celastrol
administered at 2 and 8 mg/kg/day doses in the diet to G93A SOD1 mice starting at 30 days
of age significantly improved weight loss as well as motor performance and delayed the
onset of ALS (Kiaei et al., 2005). No obvious toxicity or significant weight loss was seen in
mice treated with 0.5 mg/kg of celastrol (i.p.) 4 times per week for 3 weeks (Shao et al.,
2013). To avoid possible adverse effects and to ensure a proper drug dosage, we monitored
the body weight of animals during a two week period following i.p. administration of
celastrol. Compared to the weight gain of approximately 6.1% in the control group injected
with DMSO, 2.4% weight loss was observed in the celastrol-injected group. The data from
this and earlier studies suggest that the in vivo treatment with celastrol needs to be closely
monitored for body weight loss, especially at drug doses higher than 1 mg/kg, probably due
to decreased food intake.

The neuroprotective effect of celastrol in ONC animals was evaluated 2 weeks after ONC.
Celastrol treatment led to more than a 250% increase in the number of RGCs in ONC retinas
compared to the DMSO-treated group. After observing this impressive effect of celastrol on
RGC survival, we decided to substitute a systemic treatment of animals with intravitreal
administration of the drug. Local delivery of the drug may lead to better exposure of RGCs
to the treatment, which consequently could translate into more efficient neuroprotection, and
to fewer potential side effects on vital organs. However, the disadvantage of this approach is
that in order to minimize injury to the eye, only a single injection was performed at the time
of ONC procedure. Since, to our knowledge, this is the first experiment that employs
intravitreal injection of celastrol, three different doses of the drug were evaluated. The
lowest dose of 0.2 mg/kg had no effect on RGC survival. However, both 1 mg/kg and 5
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mg/kg protected RGCs from ONC induced damage by approximately 80% compared to
controls. The RGC protection mediated by a single intravitreal injection of celastrol was
significantly lower than that observed in animals subjected to daily i.p. administration of this
drug, suggesting that more frequent deliveries are required to achieve the full benefit of the
treatment.

Celastrol’s cytoprotective effect is largely attributed to its antioxidant potency, induction of
heat shock response and downregulation of pro-inflammatory cytokine TNF-alpha (Allison
et al, 2001; Westerheide et al., 2004; Kiaei et al. 2005; Zhang and Sarge, 2007; Trott et al.,
2008; Salminen A et al., 2010). Celastrol and its ability to stimulate Hsp70 expression was
identified by screening a library of FDA-approved or biologically active drugs that suppress
the expression of mutant Huntingtin and superoxide dismutase, followed by screening of
positive compounds to induce expression of the luciferase reporter gene, driven by Hsp70.1
promoter (Abbott, 2002; Westerheide et al., 2004). Of the several compounds with a positive
effect, celastrol was of particular interest because it was also identified independently in five
laboratories using six different cell-based screens for Huntingtin aggregation and
neurotoxicity. The induction of Hsp70 gene expression by celastrol has been shown to be
due to the activation of Hsfl (Westerheide et al., 2004). In this study, the effect of celastrol
on the expression of Hsfl, Hsf2 and Hsp70 was analyzed. No significant change in Hsf1 and
Hsp70 levels was observed suggesting that celastrol-mediated RGC protection from ONC
injury is not associated with induction of Hsp70. Hsf2 was upregulated in celastrol-treated
animals with or without injury as well as to a lesser degree in DMSO-treated animals with
ONC injury suggesting that Hsf2 induction has an injury-induced component. To determine
whether the RGC protective effect of celastrol involves attenuation of oxidative stress, the
expression level of HO-1 was analyzed. However, no change in HO-1 levels in drug-treated
compared to the vehicle-treated animals was detected. With respect to the effect of celastrol
on the expression of TNF-alpha, celastrol-treated ONC and uninjured animals showed
approximately 1.5 and 2 fold decrease in the level of TNF-alpha, respectively, compared to
vehicle-injected rats. Our data is in agreement with many other studies showing the
association of TNF-alpha with neuronal death in various neurological diseases including
Alzheimer’s disease, multiple sclerosis, and Parkinson’s disease (Montgomery and Bowers,
2012), as well as with RGC degeneration in glaucomatous neuropathy and following optic
nerve injury (Tezel and Wax, 2000; Yan et al., 2000; Yuan and Neufeld, 2000; Tezel et al.,
2001, 2004; Yoshida et al., 2002; Nakazawa et al., 2006; Kitaoka et al., 2006; Tezel, 2008;
Yang et al 2011; Roh et al., 2012). Downregulation of TNF-alpha in celastrol-treated
animals suggests that the observed RGC protective effect of this drug involves inhibition of
TNF-alpha-mediated cell death pathways.

In conclusion, both i.p. and intravitreal injection of celastrol protects RGCs from ONC-
induced degeneration. Two weeks after ONC, the average density of remaining RGCs in the
retinas of animals treated with celastrol (1 mg/kg; daily i.p. injection) was increased by
approximately 250%. The average number of RGCs in retinas of ONC animals treated with
a single intravitreal injection of 1 mg/kg or 5 mg/kg of celastrol was increased by
approximately 80% compared to controls. Injection of 0.2 mg/kg of celastrol had no
significant effect on cell survival compared to controls. Hsp70 and HO-1 levels in celastrol-
and vehicle-treated retinas were similar, whereas the expression of TNF-alpha was
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significantly reduced by celastrol, suggesting that celastrol-mediated RGC protection from
ONC involves mechanisms controlling cell death pathways associated with TNF-alpha.

4. EXPERIMENTAL PROCEDURES

Ethics Statement

Animals

The use of animals and the procedures involving animals were approved by the Animal
Research Committee of the University of California at Los Angeles and were in compliance
with the National Institutes of Health Guide for the Care and Use of Animals and the ARVO
Statement for the Use of Animals in Ophthalmic and Vision Research.

Adult Brown Norway rats (3 month-old; 250-300pg) were used to generate ONC model.
Animals were housed with standard food and water provided ad libitum in a room with the
temperature set at 21°C and illuminated with fluorescent lights (330 lux) automatically
turned on at 03:00 am and off at 03:00 pm. The animals were kept at least 1 week in this
environment before surgical procedures. Surgical procedures (described below) were
performed on one eye of each rat. Celastrol or vehicle (DMSO) was administered by i.p. or
intravitreal injection.

Rat ONC injury model of RGC degeneration

ONC injury model was generated as described previously with minor modifications (Nadal-
Nicolas et al., 2009). Briefly, the optic nerve was exposed and crushed with fine forceps
approximately 2 mm behind the posterior pole of the eye for 5 sec. Care was taken not to
damage the blood circulation. Animals were excluded from the study if any obvious changes
in the retina and lens had occurred due to interrupted blood supply after ONC. The right
eyes were not used as normal controls because crushing one optic nerve has been
demonstrated to affect the morphology of the contralateral retina (Panagis et al., 2005). The
optic nerve in the untreated rat was used as a normal control. To evaluate the
neuroprotective effect of celastrol after ONC, the drug or vehicle was administered by daily
i.p. injection or single intravitreal injection. For i.p. injections, animals were divided into 4
groups (n=6 per group): vehicle treated; vehicle treated ONC; celastrol treated; and celastrol
treated ONC. For intravitreal injections, animals were divided into 8 experimental groups
(n=4 per group): 1) vehicle; 2) vehicle+ONC; 3) celastrol (0.2 mg/kg); 4) celastrol (1 mg/
kg); 5) celastrol (5 mg/kg); 6) celastrol (0.2 mg/kg) +ONC; 7) celastrol (1 mg/kg) +ONC;
and 8) celastrol (5 mg/kg) +ONC.

Quantification of RGCs immunolabeled with Rbpms

Animals were deeply anesthetized with intramuscular injections of 80 mg/kg sodium
pentobarbitual and then transcardially perfused with 4% paraformaldehyde in 0.1 M
phosphate buffer. The eyes were enucleated, immersed in fixative for 0.5 hours, and the
lenses were removed. The eyecups were postfixed for another 0.5 hours. Retinas were used
for immunohistochemistry with a custom-made antibody against Rbpms according to a
published protocol (Kwong et al., 2010; 2011). Briefly, the retinas were washed with PBS,
incubated with 10% fetal bovine serum for 1 hour to block nonspecific staining, followed by
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incubation with the primary antibody against Rbpms in PBS containing 1% triton, 0.5%
BSA, and 0.9% sodium chloride (PBS-T-BSA) overnight at 4°C. The retinas were washed in
PBS-T-BSA and incubated with secondary Alexa Fluor 488 goat anti-rabbit 1gG antibody
(1/1000) overnight at 4°C. Retinas were then washed with PBS, flat mounted with several
radial cuts on a glass slide, air dried and covered with a cover-slip in an aqueous mount.
Topographical analysis of RGC density was performed under a fluorescence microscope
(LSM410; Carl Zeiss, Oberkochen, Germany). Three areas (0.32 x 0.24 mm each) per
retinal quadrant (superior, temporal, inferior and nasal) at 1, 2 and 3 mm from the center of
optic nerve head were analyzed yielding 27 separate retinal areas for RGC counting. RGCs
were counted by one observer masked to the protocol used for the eyes.

Immunoblot analysis

Protein concentrations were determined with a BCA Protein Assay Kit (Pierce, Rockford,
IL). Aliquots of 1 ug of detergent-soluble retinal proteins were separated on precast 12%
SDS-polyacrylamide gels (Mini-Protein TGX™, BIO-RAD, Hercules, CA) and transferred
to nitrocellulose membranes (Immobuline-P, Millipore, Billerica, MA). After blocking with
5% non-fat milk, membranes were incubated at 4°C overnight with primary antibodies
against Hsfl (1:1000; Enzo, Farmingdale, NY), Hsf2 (1:5000; Enzo), Hsp70 (1:5000; Enzo),
HO-1 (1:250; Enzo), iNOS (1:100; Abcam, Cambridge, MA), and TNF-a (1:100; Abcam).
Membranes were subsequently incubated for 1 hour at 4°C with species-specific biotynilated
antibodies (1:500; Enzo) and horseradish peroxidase (1:400; Enzo). Immunoreactive bands
were detected using ECL western blotting detection reagents (Amersham/GE Healthcare,
Piscataway, NJ). Quantification was carried out with NIH image software. To confirm equal
loading of samples, membranes were further reprobed with antibodies against beta-actin
(1:10000; Sigma, St. Louis, MO).

Immunohistochemistry

Immunohistochemistry was performed according to a standard procedure published
elsewhere. Briefly, enucleated eyeballs were immersed in fixative for 1 hour, bisected, and
postfixed for 3 hours. The eye cups were incubated with 30% sucrose at 4°C overnight and
embedded in optical cutting temperature compound (O.C.T.; Sakura Finetec, Torrance, CA).
Sections (10 um thick) were obtained along the vertical meridian through the optic nerve
head. The sections were washed in 0.01M PBS and twice in 0.01M PBS with Triton-X (T-
PBS), followed by a 1-hour blocking at 4°C (T-PBS containing 20% bovine serum albumin
and 5% goat serum). After blocking, tissues were incubated in T-PBS with primary
antibodies for Hsfl (1:500; Enzo), Hsf2 (1:500; Enzo), or Hsp70 (1:500; Enzo) at 4°C
overnight following VECTASTAIN ABC kit protocol (Vector Labs, Burlingame, CA).
Sections were labeled with DAB Peroxidase Substrate Kit (Vector Labs) and mounted.

Statistical Analysis

Data are presented as the mean + SD. Differences among groups were analyzed by the
Mann-Whitney test. P<0.05 was considered statistically significant.
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Systemic treatment of animals with celastrol protects RGCs from ONC injury. RGC
densities in vehicle- and celastrol-treated animals. Celastrol (1 mg/kg) or vehicle was
administered daily by i.p injection. RGCs were immunolabeled with antibodies against
Rbpms and counted in inferior, superior, temporal and nasal retinal quadrants. A. Images
represent inferior retina 3 mm from the center of the optic nerve head. B. Two weeks after
ONC, the average density of remaining RGCs in the retinas of animals treated with celastrol
was 1332+152 cells/mm? compared to 381+58 RGCs/mm? in the DMSO/ONC group (n=6

per group; *P=0.004).
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Figure 2.

The effect of celastrol on animals’ body weight. The animals were weighed before
(weighing 1) and 3 times per week after i.p. injections of celastrol (1 mg/kg) or DMSO
(weighing 2—4 during first week and 5-7 during second week). The average weight of
animals in the control group injected with DMSO increased from 260.8 g to 276.7 g within
two weeks, whereas the weight of animals in the celastrol-injected group decreased from
259.3 g to 253 g. The difference in body weight between DMSO- and celastrol-treated
groups was 8.5% at the time of last weighing (n=6 per group; P=0.006).
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Figure 3.

Intravitreal injection of celastrol stimulates survival of RGCs injured by ONC. RGCs were
counted in inferior, superior and temporal retinal quadrants of animals without and with
ONC injury treated with single injection of celastrol (0.2, 1 or 5 mg/kg) or DMSO. Injection
of 0.2 mg/kg of celastrol had no statistically significant effect on cell survival compared to
DMSO-injected controls (n=4 per group). The average number of RGCs in animals injected
with 1 and 5 mg/kg of celastrol was increased by approximately 80% (760+56 RGCs/ mm?2)
and 78% (753+164 RGCs/mm?), respectively, compared to DMSO-treated ONC controls
(422455 cells/mm?; n=4 per group; *P<0.05).
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Figure 4.
Quantitative analysis of Hsp70, Hsfl and Hsf2 expression levels in ONC animals treated

with celastrol. A. Representative western blot of Hsp70, Hsfl, Hsf2, HO-1 and TNF-alpha.
Lanes contain protein from retinas of: 1, vehicle-treated uninjured; 2, celastrol-treated
uninjured; vehicle-treated ONC and 4, celastrol-treated ONC animals. B No significant
changes in expression levels of Hsf1 Hsp70, and HO-1 in celastrol-treated (1 mg/kg; i.p.)
compared to control retinas were observed. The level of Hsf2 in ONC animals with DMSO
injection was elevated approximately 1.6 fold compared to DMSO-injected uninjured
animals. Injection of celastrol upregulated Hsf2 expression in animals with and without
ONC by approximately 2.1 and 1.8 fold, respectively, compared to DMSO-treated uninjured
controls (n=6 per group; *P<0.05). Expression of TNF-alpha in retinas of celastrol-treated
ONC and uninjured animals was reduced approximately 1.5 and 2 fold, respectively,
compared to DMSO-injected rats (n=6 per group; *P<0.05). C. Intravitreal injection of
celastrol (0.2, 1 and 5 mg/kg) and expression of Hsp70, Hsfl and Hsf2. A single intravitreal
injection was performed on the day of ONC and protein levels were analyzed two weeks
after ONC. No significant change in Hsf1, Hsf2 or Hsp70 levels was observed in celastrol-
treated animals (n=4 per group).
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Figure 5.

Representative images of Hsfl, Hsf2 and Hsp70 retinal immunostaining in ONC retinas. No
significant change in staining patterns for Hsf1, Hsf2 and Hsp70 in celastrol- and DMSO-
treated animals was observed.
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