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ABSTRACT 
 

Sildenafil is used for the treatment of erectile dysfunction by enhancement of nitric oxide (NO) effects in 
penile tissue. The aim of the present work is to investigate if sildenafil can also enhance NO effects in two 
animal models of intraocular inflammation and surface allergy in rabbits. Twenty four Albino New Zeeland 
rabbits were used and divided into eight groups; four of which served as controls. Intraocular inflammation was 
induced in two groups (III and IV) by a single intravitreal injection of 10 µl complete Freund's adjuvant. Group 
IV also received daily oral sildenafil in a dose of 5 mg/kg/day for three weeks; one week before and two weeks 
after the intravitreal injections. Evaluation was done by clinical scoring of intraocular inflammation 4, 10 and 14 
days after the intravitreal injections and by light microscopic examination of retina and iris. Ocular surface 
allergy was induced in two groups (VII and VIII) by a single topical ocular application of 1000 µg compound 
48/80. Group VIII also received sildenafil in the same dose for three weeks before compound application. 
Rabbit eyes were evaluated by clinical scoring of ocular surface allergy 15 minutes, 30 minutes, 1 hour and 2 
hours after compound application and by light microscopic examination of the conjunctiva. Oral administration 
of sildenafil caused higher clinical scores at all intervals of examination in both animal models when compared 
with animal models without sildenafil administration. The clinical scores were significantly higher 4 and 14 
days after the intravitreal injections for the intraocular inflammatory model and 2 hours after compound 
application for the allergic conjunctivitis model. Both models also exhibited more marked inflammatory light 
microscopic changes in rabbits receiving sildenafil than rabbits not receiving the drug. In conclusion, sildenafil 
was found to augment ocular inflammation and allergy in two animal models of intraocular inflammation and 
ocular surface allergy in rabbits. 
 
Key words: Sildenafil, experimental intraocular inflammation, experimental allergic conjunctivitis, clinical  
                      scoring, histopathological examination. 
 
introduction 

 
The cyclic nucleotide phosphodiesterases (PDEs) are key enzymes in multiple biochemical signaling 

pathways in the body. They cleave the 3'5'-cyclic phosphate moiety of adenosine or guanosine 3'5'-cyclic 
monophosphate (cAMP or cGMP) generating 5'-nucleotides. This can terminate the biochemical pathways for 
which cAMP and cGMP serve as second messengers (Francis, S. H., et al., 2000). There are several isoforms of 
PDEs and therefore selective targeting of different isoforms represents an important locus for drug action 
(Kuthe, A., et al., 2001).  

Sildenafil, a selective inhibitor of PDE type-5 (PDE5), is widely used for treatment of erectile dysfunction 
by improving penile blood flow. The inhibition of PDE5 reduces degradation of cGMP leading to elevation of 
its levels. This enhances the relaxant effect of nitric oxide (NO) on the smooth muscle lining of both the arteries 
and the sinusoidal spaces of corpora cavernosa with subsequent increase in arterial blood flow into penile 
sinusoids for erection (Yuan, Z., et al., 2008). In fact, most of the biological effects of NO are believed to be 
mediated through the activation of guanylyl cyclase leading to stimulation of the formation of cGMP from 
guanosine triphosphate (4. Ruiz-Stewart, I., et al., 2004). Therefore, Sildenafil can enhance most of the effects 
of NO depending on the locations of PDE5. In addition to its occurrence in cavernosal tissue, PDE5 is found in 
urogenital tract, gastrointestinal tract, platelets, brain, retina, vascular smooth muscles and pulmonary tissue. An 
action at these sites may be of a beneficial physiological effect or behind the cause of a side effect (Gopal, V. K. 
et al., 2001).  

Sildenafil can affect the ocular tissues by inhibition of PDE5 with enhancement of NO effects particularly 
in vascular tissue leading to vasodilatation with its consequences and by additional inhibition of PDE6, present 
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exclusively in rod and cone photoreceptors, leading to retinal adverse effects (Laties, A. and E. Zrenner, 2002). 
Sildenafil was reported to produce significant vasodilatation of retinal arteries (Pache, M., et al., 2002) and 
major retinal veins (Metelitsina, T.I., et al., 2006). The drug increases blood flow velocity in retrobulbar and 
choroidal circulation (Harris, A., et al., 2008). It increases blood flow in ophthalmic (Foresta, C., et al., 2008), 
central retinal and short posterior ciliary arteries (Ozdemir, H., et al., 2005). Sildenafil also causes some changes 
in color and light perception, alterations in retinal electrophysiology, conjunctival hyperemia and blurred vision 
(Fraunfelder, F.W., 2005). In addition, sildenafil treatment has been associated with central serous 
chorioretinopathy (Fraunfelder, F.W. and F.T. Fraunfelder, 2008), serous macular detachment (Quiram, P., et 
al., 2005) and nonarteritic anterior ischemic optic neuropathy (NAION) (Pomeranz, H.D. and A.R. Bhavsar, 
2005). Moreover, some cases of blindness have been attributed to NAION due to misuse of sildenafil (Akash, 
R., 2005) and it was recommended that patients exhibiting sudden loss of vision should stop using PDE5 
inhibitors as a safety measure (Laties, A.M., 2009).  

Nitric oxide plays an important role in ocular inflammatory conditions to the extent that it was suggested to 
be used as a marker for intraocular inflammation (Rocha, G., et al., 1997). Inflammation enhances inducible 
nitric oxide synthase enzyme (iNOS) to produce large amounts of NO which is converted to nitrite, peroxynitrite 
and free radicals to induce pathophysiological actions (Chiou, G.C., 2001). Constitutive isoforms of NOS, 
namely endothelial (eNOS) and neuronal (nNOS), were also suggested to play a role in developing some ocular 
inflammatory responses (Allen, J.B., 1996). In addition, expression of all three isoforms of NOS was increased 
in ocular surface diseases (Kim, J.C., et al., 2002).  

As sildenafil produces many ocular adverse effects through PDE inhibition with enhancement of NO 
actions, the question raised here is whether the inflammatory effects of increased NO production in ocular 
inflammatory and allergic diseases will also be enhanced by sildenafil leading to aggravation of these diseases. 
Therefore, the present work is designed to study the effect of administration of sildenafil in two animal models 
of intraocular inflammation and surface allergy in rabbits. The results are evaluated by clinical examination and 
scoring of inflammation and allergy in rabbit eyes together with histopathological examination of retina, iris and 
conjunctiva. 
 
Materials and Methods 
 
Animal Models: 

 
The animal model of intraocular inflammation was induced by a single intravitreal injection of 10 µl 

complete Freund's adjuvant (Sigma, Germany) (Kaya, M., et al., 1992). Allergic conjunctivitis was induced by 
topical application of compound 48/80 (Sigma, Germany) in the rabbit eye. The compound, which is a mast cell 
degranulating agent, was applied once in a dose of 1000 µg. The dose was dissolved in 0.1 ml phosphate-
buffered saline and the pH was adjusted to 7.4 with 0.1M NaOH (Allansmith, M.R., et al., 1989).      
 
Animal Groups: 

 
Twenty four Albino New Zeeland rabbits of both sexes weighing 1.5-2 Kgs were used. They were housed 

individually in separate cages under veterinary supervision. They were used in accordance with institutional 
guidelines and with the statement for use of animals in ophthalmic and vision research. They were fed with the 
standard diet and water and kept in 12 hours dark/light cycles under controlled temperature and humidity. 
Animals were divided into eight groups each consisting of three rabbits (six eyes in each group). Groups I, II, V 
and VI served as controls and the animal models were induced in groups III, IV, VII and VIII.   
 
a- Effect of sildenafil on intraocular inflammation: 

 
Group I. Rabbits were injected once with 10 µl saline intravitreally. 
Group II. The animals were injected once with 10 µl saline intravitreally together with oral sildenafil 

(Viagra from Pfizer Inc., USA). 
Group III. The animals received a single intravitreal injection of 10 µl complete Freund's adjuvant. 
Group IV. The rabbits were injected intravitreally with 10 µl complete Freund's adjuvant together with oral 

administration of sildenafil. 
 
b- Effect of sildenafil on ocular allergy: 

 
Group V. The animals received a single topical ocular application of 0.1 ml phosphate-buffered saline. 
Group VI. The animals received oral sildenafil followed by a single topical ocular application of 0.1 ml 

phosphate-buffered saline. 
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Group VII. The animals received a single topical ocular application of 1000 µg compound 48/80 dissolved 
in 0.1 ml phosphate-buffered saline. 

Group VIII. The animals received oral sildenafil followed by a single topical ocular application of 1000 µg 
compound 48/80 dissolved in 0.1 ml phosphate-buffered saline. 

Sildenafil was dissolved in distilled water and administered once daily by means of a stomach tube in a 
dose of 5 mg/kg/day for three weeks. In groups II and IV, sildenafil was administered one week before the 
intravitreal injection and continued for two weeks thereafter. While in groups VI and VIII, sildenafil was 
administered for three weeks before the previously mentioned topical ocular applications for both groups.   
 
Ophthalmological Examination: 

 
Ophthalmological examination was performed using slit lamp biomicroscopy (Topcon). For evaluation of 

intraocular inflammation, groups I, II, III and IV were examined 4, 10 and 14 days after the intravitreal 
injections. Clinical signs of ocular inflammation were assessed and scored according to the scoring system 
described by Bellot et al. (1996). Eyes were examined for vascular signs (in conjunctival, perikeratic and iris 
vessels), papillary signs (pupil size and reactivity) and exudative signs (presence of fibrin, hypopion and keratic 
precipitates). The total score (16 maximally) was obtained by addition of the scores for each sign observed.  

For evaluation of ocular allergy in groups V, VI, VII and VIII, the clinical responses were graded using the 
grading criteria described by Miyazaki et al. (2008). For each eye, conjunctival edema, lid edema, tear/discharge 
and conjunctival redness were graded from 0-4. The cumulative clinical score was calculated as the sum of the 
scores of each of the four parameters with a range from 0-16. Examinations were performed 15 minutes, 30 
minutes, 1 hour and 2 hours after application of phosphate-buffered saline in groups V and VI or application of 
compound 48/80 in groups VII and VIII. Before the experiment, all the rabbit eyes had a clinical score of zero 
for both ocular inflammation and allergy.  
 
Histopathological Examination: 

 
Histopathological examination was carried out according to Drury and Wallington (1980). In groups I, II, 

III and IV, rabbits were sacrificed two weeks after the intravitreal injections and specimens were collected from 
the retina and iris for evaluation of intraocular inflammation. While in groups V, VI, VII and VIII, animals were 
sacrificed two hours after the topical ocular applications stated for each group and conjunctival specimens were 
collected for evaluation of surface allergic inflammation. All specimens were dissected and immediately double 
fixed in 4% glutraldehyde buffer, then 1.3% osmium tetraoxide in phosphate buffer (pH 7.3). The specimens 
were processed and embedded in araldite Cy 212. Semi-thin sections were stained with toluidine blue (TB) and 
examined by light microscopy. 
 
Statistical Analysis: 

 
Values of the clinical scoring were expressed as mean±SD. Analysis of variance (ANOVA) and student t 

test were performed to compare the values between groups. A post-hoc test was used to isolate significant 
differences if (P < 0.05). 
 
Results 

 
Ophthalmological Examination: 

 
a- Effect of sildenafil on intraocular inflammation. 

 
Examination of the rabbit eyes from both control groups I and II revealed absence of any signs of ocular 

inflammation as all the eyes had a clinical score of zero so they are not included in the result table (table 1). In 
group III, intravitreal injection of 10 µl complete Freund's adjuvant produced inflammatory vascular and 
papillary signs but no oxidative signs in any of the eyes examined with significant elevation of clinical scores. 
Clinical scores were 6.33±0.52, 6.17±0.41 and 5.83±0.41 on days 4, 10 and 14 after the intravitreal injections 
respectively. Oral administration of sildenafil, daily for one week before and two weeks after the intravitreal 
injection of 10 µl complete Freund's adjuvant (group IV), increased the severity of the inflammatory signs on all 
days of examination. All the eyes showed more marked inflammatory vascular and papillary signs and only one 
eye showed one of the exudative signs which is presence of fibrin. The clinical scores were 10.00±2.68, 
7.83±2.78 and 7.50±2.07 on days 4, 10 and 14 after the intravitreal injections respectively. Clinical scores of 
group IV were significantly higher than those of group III on days 4 and 14 but insignificantly higher on day 10 
after the intravitreal injections (Table 1).  
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Table 1: Means of clinical scores (±SD) recorded 4, 10 and 14 days after intravitreal injection of 10 µl of complete Freund's adjuvant in  
                group III (model of intraocular inflammation) and group IV (model of intraocular inflammation with daily oral sildenafil in a dose  
              of 5 mg/kg/day for three weeks; one week before and two weeks after the intravitreal injections).  

Groups Group III Group IV 
Mean ± SD after 4 days 6.33 ± 0.52 10.00 ± 2.68 
  P                                                                        0.001* 
Mean ± SD after 10 days 6.17 ± 0.41 7.83 ± 2.78 
 P                                                                          0.096 
Mean ± SD after 14 days 5.83 ± 0.41 7.50 ± 2.07 
P                                                                          0.032* 

Data are expressed as mean ± SD; n=6; * Significant difference at p < 0.05 

 
b- Effect of sildenafil on ocular allergy: 

 
All rabbit eyes in the two control groups V and VI had a clinical score of zero when examined at the 

previously mentioned time intervals so they are not included in the result table (table 2). In group VII, 
application of 1000 µg compound 48/80 to the ocular surface produced manifestations in the form of lid edema, 
conjunctival edema, discharge and conjunctival redness. The manifestations increased gradually and were most 
severe 1 hour after application of the compound. The rabbit eyes exhibited significant elevation of clinical 
scores which were 8.33±1.51, 8.83±2.14, 10.33±2.58 and 8.33±2.50 after 15 minutes, 30 minutes, 1 hour and 2 
hours of compound application respectively. In group VIII, topical ocular application of 1000 µg compound 
48/80 after three weeks of daily oral administration of sildenafil exhibited clinical scores that were higher than 
those of group VII at all time intervals of examination. The clinical scores were 8.50±0.55, 10.00±1.10, 
11.00±2.19 and 10.67±1.51 after 15 minutes, 30 minutes, 1 hour and 2 hours of compound application 
respectively. The clinical scores of group VIII were insignificantly higher than those of group VII except after 2 
hours of compound application as the scores of the two groups showed significant difference (Table 2).    
 
Table 2: Means of clinical scores (±SD) recorded 15 minutes, 30 minutes, 1 hour and 2 hours after topical ocular application of 1000 µg of  
                compound 48/80 in group VII (model of allergic conjunctivitis) and group VIII (model of allergic conjunctivitis after three weeks  
              of daily oral sildenafil in a dose of 5 mg/kg/day).  

Groups Group VII Group VIII 
Mean ± SD after 15 minutes 8.33 ± 1.51 8.50 ± 0.55 
P                                                                   0.759 
Mean ± SD after 30 minutes 8.83 ± 2.14 10.00 ± 1.10 
 P                                                                  0.166 
Mean ± SD after 1 hour 10.33 ± 2.58 11.00 ± 2.19 
 P                                                                  0.564 
Mean ± SD after 2 hours 8.33 ± 2.50 10.67 ± 1.51 
P                                                                   0.030* 

Data are expressed as mean ± SD; n=6; * Significant difference at p < 0.05 
 
Histopathological Examination: 
 
a- Effect of sildenafil on intraocular inflammation. 

In group I (negative control), light microscopic examination of semi-thin sections from the control retina 
revealed normal histological appearance of the nine layers of the sensory retina and the supportive pigment 
epithelium that forms the outer tenth layer (Fig 1). Examination of the iris tissue of the same group showed that 
the mass of the iris (stroma) consisted of loose vascularized connective tissue. Anteriorly, it was lined by a 
discontinuous layer of fibroblasts and melanocytes. Posteriorly, it was covered by two layers of pigment 
epithelium opposed to each other. Most of the blood vessels were situated posteriorly near the pigment 
epithelium. The dilator pupillae muscle formed a thin membrane between the vessel layer and the pigment 
epithelium (Fig. 2). 

Oral administration of sildenafil for three weeks to the positive control group (group II) showed dilated 
congested choroidal blood vessels together with histopathological changes in the retinal specimens. There was 
focal disruption of the outer segment of photoreceptors and deeply stained nuclei of cells of outer nuclear layer. 
The nuclei of the inner nuclear and ganglion cell layers appeared swollen with the presence of small number of 
vacuoles in their cytoplasm. In addition, the outer and inner plexiform layers appeared thickened (Fig. 3). Light 
microscopic examination of the rabbit iris of this group revealed intact anterior surface. The pigment epithelial 
cells showed deeply stained nuclei with few cytoplasmic vacuoles. The stroma appeared compact with some 
congested blood vessels (Fig. 4). These microscopically detected blood vessels were not apparent clinically as 
all these animals had a clinical score of zero. 

Induction of intraocular inflammation by a single intravitreal injection of 10 µl complete Freund's adjuvant 
(group III) revealed inflammatory signs that were more marked in the iris tissue than in the retina. After two 
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weeks of intravitreal injection, examination of retinal specimens revealed normal architecture with the exception 
of dilated congested choroidal blood vessels and mild inflammatory cellular infiltration (Fig. 5). On the other 
hand, the iris showed few epithelial cell cytoplasmic vacuoles, deeply stained stromal matrix and some stromal 
edema with swollen fibroblasts. The stroma also exhibited increased vascularity with many dilated blood 
vessels. The anterior iris border appeared intact (Fig. 6). 

Oral daily administration of sildenafil, for one week before and two weeks after a single intravitreal 
injection of 10 µl complete Freund's adjuvant (group IV), showed more marked histopathological changes than 
groups II and III. The pigment epithelium showed marked increase in thickness, its nuclei appeared swollen and 
rounded and the cytoplasm contained many vacuoles. The outer and inner segments of photoreceptors were 
fragmented into rounded structures. The cells of the outer nuclear layer showed some pyknotic nuclei. Swollen 
cells of the inner nuclear layer were noticed together with pale staining of their chromatin network. In addition, 
dilated blood vessels engorged with blood elements were observed invading the vitreous. Moreover, the retina 
was infiltrated with inflammatory cells (Fig. 7). Light microscopic examination of iris specimens revealed 
marked degeneration of the epithelial cell layer in the form of vacuoles and deeply stained nuclei. The stroma 
was markedly loose and had many congested blood vessels with intravascular clumping of blood elements. The 
anterior border appeared intact (Figs. 8 and 9). 
 
b- Effect of sildenafil on ocular allergy: 

 
Histological examination of the conjunctivae of control eyes (group V) revealed normal configuration of the 

conjunctiva. The epithelium was formed of three to four layers with interspersed goblet cells. The stroma was 
formed of delicate or loose connective tissue (Fig. 10). Oral administration of sildenafil for three weeks to the 
positive control group (group VI) showed normal appearance of the epithelial lining and goblet cells. However, 
the stroma showed scattered dilated and congested blood vessels with few inflammatory cells (Fig. 11). 
Induction of ocular surface allergy in group VII, by a single topical ocular application of 1000 µg compound 
48/80, produced histopathological changes in the conjunctival specimens obtained two hours after compound 
appliction. Although the epithelial lining was of normal thickness, the nuclei showed irregular contour and 
densely stained chromatin with the presence of many goblet cells. The stroma showed increased vascularity and 
cellularity. The vessels appeared congested and dilated with enlarged endothelial lining. In addition, the stroma 
was infiltrated by a large number of non-specific inflammatory cells (Fig. 12). In group VIII, topical ocular 
application of 1000 µg compound 48/80 after three weeks of daily oral administration of sildenafil revealed 
more marked light microscopic changes. After two hours of compound application, there was thinning of the 
covering epithelium with normal distribution of goblet cells. The stroma contained large numbers of 
inflammatory cells and markedly dilated congested blood vessels (Fig. 13). 
 
Discussion: 

 
The PDE inhibitors sildenafil, vardenafil and tadalafil have been in widespread use for the safe and 

effective treatment of erectile dysfunction for nearly a decade. During this time, a relatively small number of 
patients have experienced adverse visual events (Laties, A. M., 2009). However, the effect of administration of 
these drugs on progression of ocular inflammatory and allergic diseases has not been found in the literature. The 
present work is an attempt to study the effect of sildenafil administration in two animal models of ocular 
inflammation and allergy. In the ocular inflammatory model, intravitreal injection of complete Freund's adjuvant 
produced manifestations of intraocular inflammation with significant elevation of clinical scores accompanied 
by inflammatory histopathological changes in the retina and iris. Previously, intravitreal injection of complete 
Freund's adjuvant could successfully induce intraocular inflammation yielding significant effects (Kaya, M., et 
al., 1992) which agrees with the results of the present study. In the ocular allergic model, topical ocular 
application of 1000 µg compound 48/80 produced allergic inflammatory manifestations that were evident on 
clinical examination of the eyes as well as on histopathological examination of conjunctival specimens. 
Allansmith et al. (1989) also used compound 48/80 to induce ocular allergy and manifested clinical allergic 
manifestations and light microscopic changes that are in line with the results observed in the present 
investigation. 

Oral administration of sildenafil caused aggravation of the inflammatory manifestations in both animal 
models when compared with animal models without sildenafil administration. The clinical scores were 
significantly higher 4 and 14 days after the intravitreal injections for the intraocular inflammatory model and 
after 2 hours of compound application for the ocular allergic model. The histopathological examination also 
showed more inflammatory manifestations in animal models receiving sildenafil than those without sildenafil. 
In accordance with the results of the present study, sildenafil was reported to produce vasodilatation of retinal 
vessels in healthy subjects (Pache, M., et al., 2002) and in age-related macular degeneration patients 
(Metelitsina, T.I., 2006). It also increases blood flow in ophthalmic (Foresta, C., et al., 2008), central retinal and 
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short posterior ciliary arteries (Ozdemir, H., et al., 2005). The increase in blood flow by sildenafil was attributed 
to its vasodilator effect (Dundar, S.O., et al., 2001). In addition, sildenafil was reported to increase the 
intraocular pressure in sheep which was attributed to the vasodilator-evoked increase in fluid in the anterior 
chamber (Gerometta, R., et al., 2010). As many of the manifestations of inflammation are related to 
vasodilatation and subsequent formation of inflammatory edema, all the previously reported effects of sildenafil 
are in line with the results of the present work. 

Regarding histopathological effects, sildenafil administration to rats was reported to produce vasodilatation 
with increased number of blood vessels in penile tissue. Endothelial cells showed signs of activation such as 
cytoplasmic granules. The surface area of blood vessels was increased and the basement membranes were 
thickened (Gumus, B., et al., 2004). In the rat eye, sildenafil was reported to cause vasodilatation and congestion 
of choroidal vasculature (Vatansever, H.S., et al., 2003). These reports are also in agreement with the results of 
the present study. 

Nitric oxide plays an important role in the development of ocular inflammation (Rocha, G., et al., 1997; 
Chiou, G.C., 2001; Allen, J.B., 1996) and allergy (Kim, J.C., et al., 2002). It had been demonstrated that the 
hemodynamic and vascular permeability changes associated with experimental uveitis were partly due to 
increased production of nitric oxide (Becquet, F., et al., 1997). In allergic conjunctivitis, NO production was 
increased in endothelial cells and mediated vasodilatation with increased blood flow which led to increased 
vascular permeability and subsequent edema formation (Meijer, F., et al., 1996). The vasodilator effects of 
sildenafil on retinal vessels were not only due to inhibition of PDE5 but also due to activation of NOS enzyme 
leading to NO formation and subsequent activation of guanylyl cyclase enzyme (Yuan, Z., 2008). In fact, the 
authors considered the latter mechanism to be the major vasodilator pathway of sildenafil in retinal arterioles 
(Yuan, Z., 2008). Therefore, the effects of sildenafil in the present study are believed to be due to enhancement 
of NO effects on the animal models of ocular inflammation and allergy either by PDE5 inhibition or through 
NOS activation. 

There are other concerns about the effects of sildenafil on ocular tissues. Neovascularization or 
angiogenesis is a common and potentially visually threatening complication of eye diseases such as diabetic 
retinopathy and age-related macular degeneration. Vascular endothelial growth factor (VEGF) plays a critical 
role in the pathogenesis of retinal and choroidal neovascularization (Eichler, W., et al., 2006). The stimulated 
angiogenesis and increased vascular permeability by VEGF is mediated through NO by stimulation of guanylyl 
cyclase and subsequent elevation of levels of cGMP (Morbidelli, L., et al., 2010). In addition, PDE5 inhibitors, 
such as sildenafil, were reported to promote angiogenesis through increasing endothelial cell cGMP (Zhu, B., et 
al., 2010). Moreover, prostaglandin E2, an important ocular inflammatory mediator, was reported to increase 
angiogenesis also through activating NO/cGMP signaling pathway (Namkoong, S., et al., 2005). Furthermore, 
accumulating data suggest the contribution of inflammatory processes to the development of diabetic 
retinopathy (Kern, T.S., 2007). Therefore, administration of sildenafil to patients with ocular diseases (such as 
diabetic retinopathy) in the presence of ocular inflammation with increased levels of inflammatory mediators 
(such as prostaglandin E2 and NO) may lead to deleterious ocular complications. However, this complex 
interrelation needs further investigation. 

In conclusion, sildenafil was found to augment ocular inflammation and allergy in two animal models of 
intraocular inflammation and ocular surface allergy in rabbits. Until this effect is also detected in humans, care 
should be taken while administering sildenafil or any PDE5 inhibitor to patients with ocular inflammatory and 
allergic diseases. 

 
Fig. 1: Light micrograph of control rabbit retina (group I) showing retinal pigment epithelium (PE), 

photoreceptor layer (Ph), outer limiting membrane (OLM), outer nuclear layer (ONL), outer plexiform 
layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer (GCL), nerve 
fiber layer (NFL) and inner limiting membrane (ILM) (TB X1250). 
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Fig. 2: Light micrograph of control rabbit iris (group I) showing the normal appearance of the iris tissue with its 

double layer of pigment epithelium (arrow) and the dilator pupillae muscle (double arrow). The stroma 
(S) is formed of loose connective tissue, fibroblasts and blood vessels. Anteriorly, the stroma is covered 
by a discontinuous layer of fibroblasts (*) (TB X500). 

 

 
Fig. 4: Light micrograph of rabbit iris of group II (oral administration of sildenafil for three weeks) showing few 

vacuoles in the cells of pigment epithelium (v), some congested blood vessels in the stroma (arrows) and 
intact anterior border (*) (TB X250).    

 

 
Fig. 3: Light micrograph of rabbit retina of group II (oral administration of sildenafil for three weeks) showing a 

dilated congested choroidal blood vessel (V), focal fragmented outer segment of photoreceptors (arrow), 
deeply stained nuclei of outer nuclear layer (ONL) and swollen nuclei of inner nuclear and ganglion cell 
layers (INL and GCL) (TB X1250). 
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Fig. 6: Light micrograph of rabbit iris of group III (after two weeks of induction of intraocular inflammation by 

a single intravitreal injection of 10 µl complete Freund's adjuvant) showing few epithelial cytoplasmic 
vacuoles (V), deeply stained stroma with swollen fibroblasts (arrows) and dilated blood vessels (bv). 
The anterior border appears intact (*) (TB X500). 

 

 
 

Fig. 5: Light micrograph of rabbit retina of group III (after two weeks of induction of intraocular inflammation 
by a single intravitreal injection of 10 µl complete Freund's adjuvant) showing dilated congested 
choroidal blood vessel (V) and few inflammatory cells in the retinal layers (arrow) (TB X1250). 
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Fig. 7: Light micrograph of rabbit retina of group IV (daily oral administration of sildenafil for one week before 

and two weeks after a single intravitreal injection of 10 µl complete Freund's adjuvant), showing 
thickening of the pigment epithelium (PE), fragmented photoreceptor layer (Ph), few pyknotic cells of 
the outer nuclear layer (arrow) and swollen cells of the inner nuclear layer (INL). Some dilated blood 
vessels are observed invading the vitreous (V). The retina is infiltrated with inflammatory cells (stars) 
(TB X500). 

 

 
 
Fig. 8: Light micrograph of rabbit iris of group IV (daily oral administration of sildenafil for one week before 

and two weeks after a single intravitreal injection of 10 µl complete Freund's adjuvant) showing the 
epithelial layer with many vacuoles (V) together with stromal edema (*) and congested blood vessels 
(bv) (TB X500). 

 

 
Fig. 9: Light micrograph of rabbit iris of group IV (daily oral administration of sildenafil for one week before 

and two weeks after a single intravitreal injection of 10 µl complete Freund's adjuvant) showing 
vacuolar cytoplasmic degeneration and deeply stained epithelial cell nuclei (arrows) together with 
stomal edema (*) (TB X1250). 
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Fig. 10: Light micrograph of control rabbit conjunctiva (group V) showing the covering epithelium (E) with 

interspersed goblet cells (G) resting on the stroma (ST) (TB X500). 
 

 
Fig. 11: Light micrograph of rabbit conjunctiva of group VI (oral administration of sildenafil for three weeks) 

showing normal epithelium intermixed with goblet cells (G). The stroma shows scattered dilated and 
congested blood vessels (V) with few inflammatory cells (arrows) (TB X500). 

 

 
Fig. 12: Light micrograph of rabbit conjunctiva of group VII (after two hours of induction of ocular surface 

allergy by a single topical ocular application of 1000 µg compound 48/80) showing varied size and 
shape of epithelial cell nuclei with average number of goblet cells (G). There is a moderate 
inflammatory cell infiltration in the stroma (arrows) with multiple dilated congested blood vessels (V) 
(TB X500). 
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Fig. 13: Light micrograph of rabbit conjunctiva of group VIII (after two hours of induction of ocular surface 

allergy by a single topical ocular application of 1000 µg compound 48/80 preceded by three weeks of 
daily oral administration of sildenafil) showing thinning of the epithelium (E) with average number of 
goblet cells (G). The stroma shows markedly dilated congested blood vessels (V) with dense 
inflammatory cellular infiltration (arrows) (TB X500).  

 
References 
 
 Akash, R., D. Hrishikesh, P. Amith and S. Sabah, 2005. Case report: association of combined nonarteritic 

anterior ischemic optic neuropathy (NAION) and obstruction of cilioretinal artery with overdose of viagra. 
J. Ocul. Pharmacol. Ther., 21(4): 315-317. 

 Allansmith, M.R., R.S. Baird, R.S. Ross, N.P. Barney and K.J. Bloch, 1989. Ocular anaphylaxis induced in the 
rat by topical application of compound 48/80. Acta Ophthalmol., 67(S192): 145-153. 

 Allen, J.B., M.C. McGahan, J.B. Ferrell, K.B. Adler and L.N. Fleisher, 1996. Nitric oxide synthase inhibitors 
exert differential time-dependant effects on LPS-induced uveitis. Exp. Eye Res., 62(1): 21-28. 

 Becquet, F., Y. Courtois and O. Goureau, 1997. Nitric oxide in the eye: multifaceted roles and diverse 
outcomes. Surv. Ophthalmol., 42(1): 71-82. 

 Bellot, J.L., M. Palmero, C. Garcia, R. Espi, C. Hariton and A. Orts, 1996. Additive effect of nitric oxide and 
prostaglandin-E2 synthesis  inhibitors in endotoxin-induced  uveitis  in  the  rabbit.  Inflamm.  Res., 45: 
203-208. 

 Chiou, G.C., 2001. Review: effects of nitric oxide on eye diseases and their treatment. J. Ocul. Pharmacol. 
Ther., 17(2): 189-198. 

 Drury, R.A. and E. A. Wallington, 1980. Carleton's histological techniques. Oxford Univ. Press, pp: 241-242. 
 Dundar, S.O., M. Dundar, I. Kocak, Y. Dayanir and S. B. Ozkan, 2001. Effect of sildenafil on ocular 

hemodynamics. Eye (Lond.), 15(Pt 4): 507-510. 
 Eichler, W., Y. Yafai, P. Wiedemann and D. Fengler, 2006. Antineovascular agents in the treatment of eye 

diseases. Curr. Pharm. Des., 12(21): 2645-2660. 
 Foresta, C., N. Caretta, D. Zuccarello, A. Poletti, A. Biagioli, L. Caretti and A. Galan, 2008. Expression of the 

PDE5 enzyme on human retinal tissue: new aspects of PDE5 inhibitors ocular side effects. Eye (Lond.), 
22(1): 144-149. 

Francis, S.H., I.V. Turko and J.D. Corben, 2000. Cyclic nucleotide phosphodiesterases: relating structure and 
function. Prog. Nucl. Acid Res. Mol. Boil., 65: 1-52. 

 Fraunfelder, F.W. and F.T. Fraunfelder, 2008. Central serous chorioretinopathy associated with sildenafil. 
Retina, 28(4): 606-609. 

 Fraunfelder, F.W., 2005. Visual side effects associated with erectile dysfunction agents. Am. J. Ophthalmol., 
140: 723-724. 

 Gerometta, R., L.J. Alvarez and O.A. Candia, 2010. Effect of sildenafil and tadalafil on intraocular pressure in 
sheep; implications on aqueous humor dynamics. Invest. Ophthalmol. Vis. Sci., 51(6): 3139-3144. 

Gopal, V.K., S.H. Francis and J.D. Corben, 2001. Allosteric sites of phosphodiesterase-5 (PDE5). A potential 
role in negative feedback regulation of cGMP signaling in corpus cavernosum. Eur. J. Biochem., 268(11): 
3304-3312. 

 Gumus, B., H.S. Vatansever, T. Muezzinoglu, S. Muftuoglu, F. Kaymaz and C. Buyuksu, 2004. 
Histopathological effects of sildenafil citrate on rat corpus cavernosum. Acta Histochem., 106(1): 37-45.  

Harris, A., L. Kagemann, R. Ehrlich, Y. Ehrlich, C.R. Lopez and V.A. Purvin, 2008. The effect of sildenafil on 
ocular blood flow. Br. J. Ophthalmol., 92(4): 469-473. 



84 
Res. J. Medicine & Med. Sci., 6(2): 73-84, 2011 

 

 

 Kaya, M., D.P. Edward, H. Tessler and R.L. Hendricks, 1992. Augmentation of intraocular inflammation by 
melanin. Invest. Ophthalmol. Vis. Sci., 33: 522-531. 

 Kern, T.S., 2007. Contributions of inflammatory processes to the development of the early stages of diabetic 
retinopathy. Exp. Diabetes Res., 200: 95-103. 

 Kim, J.C., T.B. Cheong, G.S. Park, M.H. Park, N.S. Kwon and H.Y. Yoon, 2002. The role of nitric oxide in 
ocular surface diseases. Adv. Exp. Med. Boil., 506(Pt A): 687-695. 

Kuthe, A., A. Wiedenroth and H.J. Magert, 2001. Expression of different phosphodiesterase genes in human 
cavernous smooth muscle. J. Urol., 165: 280-283. 

Laties, A. and E. Zrenner, 2002. Viagra (Sildenafil citrate) and ophthalmology. Prog. Retin. Eye Res., 21(5): 
485-506. 

 Laties, A.M., 2009. Vision disorders and phosphodiesterase type 5 inhibitors: a review of the evidence to date. 
Drug Saf., 32(1): 1-18. 

 Meijer, F., J.L. Van Delft and I.M. Garrelds, 1996. Nitric oxide plays a role as a mediator of conjunctival 
edema in experimental allergic conjunctivitis. Exp. Eye Res., 62: 359-365.  

Metelitsina, T.I., J.E. Grunwald, J.C. DuPont, G.S. Ying and C. Liu, 2006. Effect of viagra on retinal vein 
diameter in AMD patients. Exp. Eye Res., 83(1): 128-132. 

 Miyazaki, D., T. Tominaga, K. Yakura, C. Kuo, N. Komatsu, Y. Inoue and S.J. Ono, 2008. Conjunctival mast 
cell as a mediator of eosinophilic response in ocular allergy. Mol. Vis., 14: 1525-1532. 

 Morbidelli, L., A. Pyriochou, S. Filippi, I. Vasileiadis, C. Roussos, Z. Zhou and H. Loutrari, 2010. The soluble 
guanylyl cyclase inhibitor NS-2028 reduced vascular endothelial growth factor-induced angiogenesis and 
permeability. Am. J. Physiol. Regul. Integr. Comp. Physiol., 298(3): 824-832. 

 Namkoong, S., S.J. Lee, C.K. Kim, Y.M. Kim, H.T. Chung, H. Lee, J.A. Han, K.S. Ha and Y.G. Kwon, 2005. 
Prostaglandin E2 stimulates angiogenesis by activating the nitric oxide/cGMP pathway in human umbilical 
vein endothelial cells. Exp. Mol. Med., 37(6): 588-600. 

 Ozdemir, H., S. Kargi, C. Yesilli, S. Tomac, K. Mahmutyazicioglu and A. Mungan, 2005. The effects of 
sildenafil on ocular blood flow. Acta Ophthalmol. Scand., 83(3): 355-359. 

Pache, M., P. Meyer, C. Prunte, S. Orgul, I. Nuttli and J. Flammer, 2002. Sildenafil induces retinal 
vasodilatation in healthy subjects. Br. J. Ophthalmol., 86(2): 156-158. 

 Pomeranz, H.D. and A.R. Bhavsar, 2005. Nonarteritic ischemic optic neuropathy developing soon after use of 
sildenafil (viagra): a report of seven new cases. J. Neuroophthalmol., 25(1): 9-13. 

 Quiram, P., S. Dumars, B. Parwar and D. Sarraf, 2005. Viagra-associated serous macular detachment., 243(4): 
339-344. 

 Rocha, G., M.G. Baines, J. Deschenes, A. Duclos, E. Antecka and M. Di Silvio, 1997. Nitric oxide and 
transforming growth factor-beta levels during experimental uveitis in the rabbit. Can. J. Ophthalmol., 32(1): 
17-24. 

Ruiz-Stewart, I., S.R. Tiyagura and J.E. Lin, 2004. Guanylyl cyclase is an ATP sensor coupling nitric oxide 
signaling to cell metabolism. Proc. Natl. Acad. Sci. USA, 101(1): 37-42. 

 Vatansever, H.S., O. Kayikcioglu and B. Gumus, 2003. Histopathologic effect of chronic use of sildenafil 
citrate on the choroid and retina in male rats. Indian J. Med. Res., 117: 211-215. 

Yuan, Z., T.W. Hein, R.H. Jr. Rosa and L. Kuo, 2008. Sildenafil (Viagra) evokes retinal arteriolar dilatation: 
dual pathways via NOS activation and phosphodiesterase inhibition. Invest. Ophthalmol. Vis. Sci., 49(2): 
720-725. 

 Zhu, B., L. Zhang, M. Alexeyev, D.F. Alvarez, S.J. Strada and T. Stevens, 2009. Type 5 phosphodiesterase 
expression is a critical determinant of the endothelial cell angiogenic phenotype. Am. J. Physiol. Lung Cell. 
Mol. Physiol., 296(2): L220-228. 


