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ABSTRACT
Objectives: The aim of this study was to determine the efficacy of mineralocorticoids in the treatment of ocular
inflammation, whose potential use has not been assessed.
Methods: Thirty-five New Zealand albino rabbits were used in the study. Rabbits were divided into five groups.
Only one eye was used for experimental purposes and the other eye was used as control. 11-deoxycortisol,
deoxycorticosterone acetate, fludrocortisone acetate, aldosterone and 11-deoxycorticosterone were studied in
a rabbit model of ocular inflammation. All animals in a group received the same corticosteroid. Paired t-tests
and analysis of variance between subjects (ANOVA) were used to evaluate efficacy.
Results: The eyes treated with 11-deoxycortisol, deoxycorticosterone acetate, and fludrocortisone acetate had
statistically significant lower fluorescence compared to control eyes. 11-deoxycortisol and deoxycorticosterone
acetate provided a greater reduction in fluorescence compared to other corticosteroids.
Conclusions: Topical use of corticosteroids, especially those with mineralocorticoid activity can decrease
ocular inflammation in a rabbit model. Clinical application of topical mineralocorticoids in human ocular
inflammation needs to be performed.
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Ocular inflammation is a common problem en-
countered in ophthalmology. Inflammatory re-

sponses in the eye are frequently seen in systemic
diseases (e.g. rheumatoid arthritis), ocular diseases
(e.g. infections), ocular surgeries (e.g. cataract extrac-
tion), or idiopathic conditions (e.g. anterior uveitis) [1-
5]. 
      The efficacy of glucocorticoids in treating ocular
inflammation is well documented [6, 7]. In the treat-
ment of ocular disease, this class of medications can
be given topically. They can also be given through
sub-tenon or intravitreal injections, with good ocular
absorption [8-10]. Increased intraocular pressure is the

primary complication of these medications [11]. 
      The potential use of other classes of topical corti-
costeroids in the treatment of ocular inflammation has
not been assessed, but they have theoretical utility. For
example, mineralocorticoid receptors have been doc-
umented in rodentia ocular tissue [12] to maintain
sodium-water homeostasis by regulating sodium chan-
nels [13, 14]. Through this role, the mineralocorticoids
may impact eye function via modalities such as aque-
ous humor formation and corneal fibroblast formation
[15, 16].
      Given the anti-inflammatory properties of steroids
and known intraocular receptors for mineralocorti-
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coids, it has been hypothesized that topical corticos-
teroids with primarily mineralocorticoid activity may
also reduce intraocular inflammation. In this study,
this hypothesis was tried to be tested. 
      This study had two specific aims: (1) to assess the
reduction of ocular inflammation associated with top-
ically administered mineralocorticoids in a rabbit
model of prostaglandin-mediated uveitis, (2) to com-
pare the efficacy of mineralocorticoids in reducing in-
flammation. 

METHODS

Corticosteroid Solutions 
We studied the following corticosteroids: 11-deoxy-
cortisol, deoxycorticosterone acetate, fludrocortisone
acetate, aldosterone, and 11-deoxycorticosterone.
These compounds were obtained from Sigma Com-
pany (Sigma Chemical, St. Louis, MO). 

Experimental Animals 
      Thirty-five New Zealand albino rabbits weighing
between 2.5 and 3.5 kg were used in the study. Rabbits
were treated in accordance with the principles of the
Association for Research in Vision and Ophthalmol-
ogy (ARVO) for the humane treatment of animals.
Principles of laboratory animal care (NIH publication
No. 85-23, revised 1985), the Office for Protection
from Research Risks (OPRR) Public Health Service
Policy on the Humane Care and Use of Laboratory
Animals (revised 1986), and the U.S. Animal Welfare
Act were also followed. Only one eye was used for ex-
perimental purposes and the other eye was used as
control. Slit-lamp and indirect fundoscopic examina-
tions were performed on all eyes before and after eu-
thanasia. No animals with pre-existing signs of ocular
infection or inflammation were included in the study.
The study was approved by Tulane University and
conducted in the research laboratory of Tulane Uni-
versity Faculty of Medicine. 
      Rabbits were divided into five groups (Group
1:11-deoxycortisol; Group 2: Deoxycorticosterone ac-
etate; Group 3: Fludrocortisone acetate; Group 4: Al-
dosterone; Group 5:11-deoxycorticosterone) with
seven rabbits in each group (total of 35 rabbits, 70
eyes), based on corticosteroid use. All animals in a
group received the same corticosteroid. All corticos-

teroids were administered topically as a 4 mg/ml so-
lution. 

Corticosteroid Administration 
In this study, the experimental model described by Wa-
terbury and Flach [17] was systematically followed.
Accordingly, the rabbits were anesthetized with an in-
tramuscular injection mixture of 1 ml of ketamine hy-
drochloride (35 mg/kg) and xylazine hydrochloride (5
mg/kg). Corticosteroid solutions were applied to the
right eye and saline was applied to the left eye. Both
corticosteroid and saline solutions were administered
four times per hour. The first drop application repre-
sented the time zero of the experiment. Drugs and
saline were administered to the eyes as a single 50μL
drop. 
Dextran-isothiocyanate-fluoroscein FITC-dextran,
(Sigma Chemical, St. Louis, MO) was used as a sys-
temic marker in an anterior chamber fluorophotomet-
ric model to evaluate the impact of corticosteroids on
inflammation [17]. A 20 mg/ml dose was prepared and
injected into the marginal ear vein of each rabbit at
hour 1.5 of the experiment. Endotoxin (2.5 μg/kg) iso-
lated from Salmonella Typhimurium (Sigma Chemi-
cal) was injected into the same vein at hour 2,
coinciding with the administration of drop three to ini-
tiate an inflammatory response.
The concentration of dextran-FITC in the anterior
chamber was evaluated using a prototype flurophome-
ter (OcuMetrics, Mountain View, CA) 90 minutes after
endotoxin administration (30 minutes after the final
drop application). This time frame is best to observe
leakage of the fluorescent material [17]. The excitation
wavelengths of this instrument are approximately 410
to 490 nm, with emission wavelengths of approxi-
mately 520 to 630 nm. The scanning optic head of the
device is computer controlled. The computer also
stores and processes all data. 
Rabbits were put in a plexiglas holder and then placed
in front of the instrument. Blue excitation light was
focused on the eye of interest. The resulting fluores-
cence emitted by FITC-dextran was identified by a
photomultiplier tube. Both right and left eyes were
scanned. 

Statistical Analysis 
      Paired t-tests were used to evaluate the effects of
each corticosteroid versus saline control. Therefore,
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each animal served as its control. Analysis of variance
between subjects (ANOVA) was used to evaluate the
efficacy of the corticosteroids compared to each other.
Post-hoc analyses were done with Tukey’s LSD. A p
value <.05 was considered statistically significant.

RESULTS

Table 1 shows the mean levels of fluorescence emitted
by Dextran-FITC in treatment and control eyes for the
various corticosteroids. Eyes treated with 11-deoxy-
cortisol, deoxycorticosterone acetate, and fludrocorti-
sone acetate had statistically significantly lower
fluorescence compared to control eyes (p = 0.021, p =
0.003, and p = 0.042; respectively). This suggested
lower levels of leakage of dextran-FITC, and thereby,
lower levels of inflammatory response in treatment
eyes. 
      Table 2 shows the mean reduction levels in fluo-
rescence seen for each of the corticosteroids. The re-
duction in fluorescence for each study animal was
calculated by subtracting fluorescence in the treated
eye from fluorescence in the control eye. Means for
this difference were then calculated for each corticos-
teroid. Therefore, larger means indicate a greater re-
duction in fluorescence and suggest a greater reduction

in the inflammatory response. 
      ANOVA results showed a significant difference in
the mean fluorescence reduction among the mineralo-
corticoids [F(6, 27)=3.95, p < 0.01]. Tukey’s LSD re-
sults revealed that 11-deoxycortisol and
deoxycorticosterone acetate provided greater reduc-
tions (p < 0.05) in fluorescence compared to aldos-
terone and 11-deoxycorticosterone. Other pairwise
comparisons were not statistically significant. 

DISCUSSION

Of the five corticosteroids studied, none showed min-
eralocorticoid activity and only two showed glucocor-
ticoid activity (minimal activity only, defined as
1/1000th of the mineralocorticoid effect [18]). Our re-
sults showed that topically administered corticos-
teroids with little or no glucocorticoid activity reduced
ocular inflammation in a rabbit model. Three of the
topical corticosteroids produced a significant decrease
in ocular inflammation in the experimental animals.
11-deoxycortisol, deoxycorticosterone acetate, and
fludrocortisone acetate resulted in decreased endo-
toxin-induced fluorescein leakage into the anterior
chamber compared to control eyes. Of these, 11-de-
oxycortisol and deoxycorticosterone acetate had only

The European Research Journal   Volume 9   Issue 2   March 2023 188

#
#

!

!

! !

!"#$%&'(&)%"*&"*+%,-.,&/0"1#%,&2$3.,%4/%*/%&%1-++%5&#6&5%7+,"*89:!;&-*&+,%"+1%*+&<%,434&
/.*+,.$&,"##-+&%6%4!
!"#$%&'()(%*")("+,, -"./*,01$,,

23%$&*4$#*5,
6$7*,01$,,
28(#*%('5,

!295:" #,;&'<$,

! !$&#,,
2#45,

=>,,
2#45,

!$&#,,
2#45,

=>,,
2#45,

" ,

?%(<@,A,
"##$%&'()*'+,-.'/0!

112342! 541365! 7#8322! 511394! $13:9! BCBDA,

?%(<@,D,
";&'()*'+,-*'.,&+'<&!=*&,=,&0!

522342! #72326! 198322! #51316! $:317! BCBBE,

?%(<@,E,
">/?%+'*'+,-.'<&!=*&,=,&0!

#:7342! #47325! 57#3:2! 562314! $5386! BCB9D,

?%(<@,9,
"@/%'.,&+'<&0!

569342! #4237:! ##13:#! ##13:#! 2357! 234#7,

?%(<@,F,
"##$%&'()*'+,-*'.,&+'<&0!

511362! 599324! 5#7342! #893#1! 2318! 239#:,

!!"#$%#&'(#)&*&+$,-$$%&./&/-$$+.0&



Eur Res J 2023;9(2):186-191 Topical mineralocorticoids in a rabbit model

mineralocorticoid activity. The ocular anti-inflamma-
tory properties of these mineralocorticoids are unique.
Fludrocortisone acetate has both mineralocorticoid
and glucocorticoid activity. However, in a model of
inhibition of corneal angiogenesis, fludrocortisone
was effective at dosages as low as 5 µg/ml, which was
a dose where glucocorticoid activity would be mini-
mal (Peyman GA, unpublished observation). 
      In comparing the different corticosteroids, neither
aldosterone nor 11-deoxycorticosterone had a statisti-
cally significant effect on inflammation. Interestingly,
aldosterone actually increased vascular inflammation
when presented systemically [19, 20]. 
      The rabbit model used in this study was used in
other studies of ocular inflammation similarly [17, 21,
22]. The model was considered an appropriate esti-
mate of human disease. Therefore, the results showed
that topical use of a variety of corticosteroids, espe-
cially those with mineralocorticoid activity, could de-
crease ocular inflammation in a rabbit model. 
      The mineralocorticoid receptor (MR) may be ac-
tive in the anterior segment of the eye, in particular in
the iris and ciliary body epithelium of rat and human
eyes. MRs are found in all cells that make up the
blood-aqueous barrier and raises the question of their
role in acute inflammatory conditions, such as uveitis
[23]. 
      There are publications in the literature showing
that stimulation of mineralocorticoid receptors in-
creases inflammation and plays a role in many vascu-
lar and inflammatory processes. 
      Long-term inappropriate or excessive MR activa-

tion was found to promote inflammation and increase
oxidative stress markers in kidney and cardiovascular
pathologies in humans as well as in animal models
[24]. 
      Bousquet et al. [26] demonstrated that aldosterone
reduced the intensity of clinical inflammation in a
dose-dependent manner in an experimental model of
uveitis. The clinical benefit of aldosterone may be at-
tributed to its being an MR antagonist [26]. 
      Topical administration of Spironolactone-Loaded
Nanomicelles, an MR antagonist, inhibited glucocor-
ticoid-induced corneal wound healing in rabbits [27]. 
      The mineralocorticoid receptor (MR) has a role in
regulating retinal fluid homeostasis and also manages
water and ion channel expression in Müller glial cells.
In addition, the MR significantly contributes to the
pathological mechanism behind central serous chori-
oretinopathy (CSCR) and it is thought to play a role
in choroidal vascular bed relaxation. 
      Zhao et al. investigated the role of MRs in the de-
velopment of CSCR, showing that intravitreal injec-
tion of glucocorticoids or aldosterone in rats
propagated CSCR [25]. This was identified by
choroidal vessel dilation and increased leakage and ex-
pression via the K channel KCa2.3 in ECs. This
demonstrated that EC-MRs significantly contributed
to the observed effects. Furthermore, subsets of pa-
tients thought to have chronic CSCR who were given
oral eplerenone exhibited a marked improvement in
visual acuity, which was linked to the resolution of
choroidal vasodilation effects and even retinal detach-
ments [25, 28]. 
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      Considering the results of these studies showing
that MR stimulation increases inflammation, suppres-
sion of inflammation seems contradictory in our study.
However, mineralocorticoids are likely to suppress in-
flammation using pathways and mechanisms similar
to glucocorticoids. This may be dose-dependent or re-
lated to other unexplained mechanisms. 

Limitations 
      The major limitation of the study is the lack of dif-
ferent corticosteroids. Further studies in large groups
need to be performed to generalize the results, as our
study was conducted with specific corticosteroids.

CONCLUSION

The ocular anti-inflammatory properties of corticos-
teroids with mineralocorticoid activity have not yet
been determined. Our current results indicate the need
for more comprehensive research on this class of cor-
ticosteroids for the treatment of ocular inflammation,
e.g. reducing inflammation without increasing intraoc-
ular pressure. In addition, the clinical application of
topical mineralocorticoids in human ocular inflamma-
tion needs to be established and it is an important topic
to be investigated in future studies. In addition, more
comprehensive studies are needed to explain the rea-
sons for the results related to the suppression of in-
flammation, which is inconsistent with the literature.
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