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1. INTRODUCTION 

It was nearly twenty years ago that topical 2% 
cyclosporine in corn oil was first reported as a 

lacrimogenic agent in canine kerato 

conjunctivitis sicca (KCS) (Kaswan et al., 

1989). Since then other workers have repeated 
this initial work, using the immunomodulatory 

drug at lower concentrations (Olivero et al., 

1991) and in different vehicles (Sansom et al., 
1995) as well as investigating other drugs such 

as tacrolimus (Berdoulay et al., 2005, 

Radziejewski and Balicki 2016) and 

pimecrolimus (Nell et al., 2005) with similar 
immunomodulatory mechanisms. Twenty years 

ago the only regularly used medical treatments 

for canine KCS were regular tear replacement 
with topical medications such as 

carboxymethylcellulose drops, carbomer gel or 

hyaluronic acid (Williams et al., 2012 Williams 
and Mann 2014). These did not seek to target 

the cause of the condition, most notably an 

immune-mediated destruction of lacrimal tissue 

(Kaswan et al., 1984, Williams 2008, Williams 
and Tighe 2018) but merely ameliorated 

resulting ocular surface pathology. Topical 

pilocarpine has beneficial effects in increasing 

tear production in some animals (Slatter and 

Severin 1995) but its narrow therapeutic 

window meant that successful treatment was 
often accompanied by undesirable side effects. 

The surgical option of parotid duct 

transposition, widely used before the advent of 

topical cyclosporine, could be highly effective 
(Glen and Dawson 1971), and is still used today, 

mostly in cyclosporine-resistant neurological 

cases but in a sizeable minority gland atrophy or 
duct obstruction leads to failure of the operation 

long-term and in others over-production of 

saliva results in epiphora and facial scalding 
(Termote 2003)..  

The introduction of topical cyclosporine at 2% 

in corn oil led to a licensed product, Optimmune 

(Shering-Plough, New Jersey), containing 
cyclosporine at 0.2% in an ointment base, vastly 

improving the commercially available 

therapeutic options for canine KCS. 
Development of a similar drug for human 

patients took a considerable time but Resistas is 

more and more widely used as a topical 
lacrimogen for people with dry eye (Perry et al., 

2008). Yet Dr Kaswan’s original interest in 

using the drug stemmed from the experience of 
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a friend who, treated with cyclosporine per os 

after a renal transplant, experienced excess 
lacrimation (Kaswan pers comm 2015). This led 

Dr Kaswan to investigate the value of topical 

cyclosporine as a lacrimogen with the 
remarkable success that has led to a revolution 

in therapy of dry eye in both dogs (Williams 

1997) and in man eye (Perry et al., 2008). Since 
Kaswan’s first report, as we have noted above, 

numerous subsequent reports have documented 

the use of the drug topically. None, however, 

has investigated the lacrimogenic potential of 
cyclosporine delivered per os. The drug has 

been widely used systemically as a veterinary 

product for diseases from atopic dermatitis 
(Olivry et L., 2002) to anal furunculosis (Hardie 

et al., 2005) and its safety record is widely 

known (Stefan et al., 2005).  

In a number of canine KCS patients owners find 

regular topical administration difficult and the 

option of giving cyclosporine per os would be 

welcomed, were it to have the same 

lacrimogenic properties it does by topical 

application. Here we aimed to investigate the 

lacrimogenic effects of cyclosporine delivered 

per os in a controlled but not masked study 

carefully conducted under the auspices of good 

clinical practice (Salzberg and Muller 2003). 

2. MATERIALS AND METHODS 

Twenty dogs from the Queen’s Veterinary 

School Hospital, University of Cambridge, UK 

and a number of first opinion veterinary clinics 

for which DW provides an ambulatory 

ophthalmological service were included in the 

study out of 76 dogs seen with KCS in the study 

period. Inclusion criteria included the presence 

of bilateral keratoconjunctivitis sicca with a 

Schirmer tear test of 1-10mm/min, this higher 

level being the recognised cut-off for the 

diagnosis of the disease (Hartley et al., 2006). 

Dogs with absolute dry eye and an STT of zero 

or those which has previously been treated with 

topical cyclosporine were excluded from the 

trial, as were those with corneal ulceration and 

animals with systemic diseases, as detailed in 

table 1. Withdrawal criteria included worsening 

of tear production or ocular surface health or 

uncontrollable side effects such as emesis or 

diarrhoea. 

The aim of the study was to evaluate both tear 

production, as measured by the Schirmer tear 

test (STT) (Gelatt et al., 1975) and ocular 

surface health as determined by a battery of 

scores of ocular surface pathology, namely 

blepharospasm, conjunctival hyperaemia, ocular 

discharge, corneal opacification, vascularisation 

and pigmentation before and during per os 

cyclosporine treatment. Initially given at the 

standard dose of 5mg/kg given once daily, the 

drug was gradually reduced in a tapering 

regime, being given once daily for the first 42 

days, then every other day for the next 28 days 

then twice weekly to the end of the study. The 

carbomer gel tear replacement Viscotears 

(Allergan New York) was given three times 

daily in each eye but not on the day of 

ophthalmic examination. Changes in tear 

production and ocular surface health were 

documented on a regular basis with 

examinations at 0, 14, 28, 42, 70, 84 and 98 

days involving direct and indirect 

ophthalmoscopy and slit lamp biomicroscopy 

together with the assessment of tear production 

with the Schimer tear test. Owner evaluation of 

changes in the animal’s ocular health and 

behaviour were achieved by a standard 

questionnaire at each examination involving the 

amount of discharge, the degree of eye rubbing 

and squinting.  

The statistical significance of changes STT 

values while on treatment were obtained using a 

Mann Whitney U test given that the data were 

not normally distributed, with significance 

deemed to have been reached at p<0.05. 

3. RESULTS 

The 20 dogs were of breeds as documented in 

table 2. 55% were spayed females. The mean 

age of all dogs was 8.22 years with a range from 

0.09 to 16.8 years. 80% of dogs had a body 

weight of 15kgs or less. 

The mean STT for left and right eyes and the 

average of both is given in table 3 and shown 

graphically in figure 1. STT rose from an 

average of 5.7±2.3mm/min at the first 

examination before drug administration to a 

maximum of 10.7±5.9mm/min (p<0.0001) at the 

fourth examination 42 days after the initiation of 

treatment with daily cyclosporine 

administration. STT fell to 9.5±5.7 mm/min on 

cyclosporine treatment every other day, 

decreasing further to 8.7±6.0mm/min (p=0.017) 

on twice weekly administration. 
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Figure 1. Schirmer tear test during Atopica medication once daily (Visit 1-4) and then in reduction to once 

every other day daily (visit 5-6) and then twice weekly (visit 6-7))   

Mean values for measures of ocular surface 

health are shown graphically for blepharospasm 

in figure 2, conjunctival hyperaemia in figure 3, 

corneal opacification and oedema in figure 4, 

corneal vascularisation in figure 5 , ocular 

discharge in figure 6 and corneal pigmentation 

in figure 7. The total clinical score as a 

summation of the individual scores noted 

previously is shown in figure 8. Owner 

assessment of ocular discharge through the 

period of assessment is shown graphically in 

figure 9, for eye rubbing in figure 10 and for 

squinting in figure 11.  

 

Figure 2. Blepharospasm score during Atopica medication once daily (Visit 1-4) and then in reduction to once 
every other day daily (visit 5-6) and then twice weekly (visit 6-7))   
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Figure 3. Conjunctival hyperaemia score during Atopica medication once daily (Visit 1-4) and then in 

reduction to once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   

 

Figure 4. Corneal opacification score during Atopica medication once daily (Visit 1-4) and then in reduction to 

once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   
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Figure 5. Corneal vascularization score during Atopica medication once daily (Visit 1-4) and then in reduction 

to once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   

 

Figure 6. Ocular discharge score during Atopica medication once daily (Visit 1-4) and then in reduction to 
once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   
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Figure 7. Overall clinical score during Atopica medication once daily (Visit 1-4) and then in reduction to once 
every other day daily (visit 5-6) and then twice weekly (visit 6-7))   

 

 

Figure 8.  Owner assessment of ocular discharge during Atopica medication once daily (Visit 1-4) and then in 

reduction to once every other day daily (visit 5-6) and then twice weekly (visit 6-7)) 
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Figure 9. Ocular assessment of ‘rubbing of eyes’ during Atopica medication once daily (Visit 1-4) and then in 

reduction to once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   

 

Figure 10. Ocular assessment of ‘squinting of eyes’ during Atopica medication once daily (Visit 1-4) and then 

in reduction to once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   
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Figure 11. Owner assessment of improvement in clinical signs since last visit during Atopica medication once 

daily (Visit 1-4) and then in reduction to once every other day daily (visit 5-6) and then twice weekly (visit 6-7))   
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since the drug, given topically twice daily, is 

highly effective in ameliorating the signs of 
canine KCS. Yet a number of owners find twice 

daily topical treatment difficult especially in 

dogs in which ocular surface pathology is 
painful and regular topical treatment is thus 

Clinical improvement vs last visit

0=bad, 1=poor, 2=acceptable, 3=good, 4=excellent

s
c
o

re

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

visit

V2 V3 V4 V5 V6 V7 visit















Lacrimogenic Effects of Cyclosporine given per Os in Dogs with Keratoconjunctivitis Sicca 

 

ARC Journal of Animal and Veterinary Sciences                                                                                  Page | 9 

uncomfortable for the animal. In addition it 

might be hoped that systemic medication could 
markedly reduce the frequency of administration 

to a dosing rate considerably lower than twice 

daily, this being of benefit to the patient and 
owner. This was not found to be the case 

although the administration of cyclosporine per 

os once daily was considered substantially 
preferable by eight of the owners of dogs in the 

study, compared with the concept of twice daily 

topical administration. Two dogs were 

withdrawn from the study because of lack of 
drug efficacy but this was at the point of 

reducing from every other day to twice weekly 

treatment and on daily treatment they had shown 
excellent response to treatment.  

Most of the dogs experienced some 

gastrointestinal side effects at the beginning of 
the study with slight vomiting and loose faeces, 

if not frank diarrhoea over a short time period, a 

recognised side-effect seen during the early 

period of cyclosporine therapy in dogs (Steffan 
et al.., 2006). Two dogs experienced more 

prolonged side effects and were withdrawn from 

the study and one died of causes unrelated to the 
study after an orthopaedic injury. One 

developed diabetes mellitus during the study 

which was considered coincidental. While 

human patients on per os  cyclosporine for 
transplant rejection have previously been 

reported to develop diabetes mellitus (Perfornis 

and Kury-Paulin 2006), this is caused by insulin 
resistance and occurs at much higher levels of 

cyclosporine than that given in this study. The 

dog affected in this study was responsive to 
injectable insulin and thus the condition was 

considered extremely unlikely to have been 

caused by the drug. 

Following the successful use of cyclosporine 
administered per os in this study, we have 

utilised this method of drug administration in 

four dogs with KCS where aggression made 
topical administration of any medication 

dangerous. In these animals oral cyclosporine 

has been beneficial as a sole agent. Clearly such 
anecdotal evidence requires further 

confirmation, but this, together with the findings 

of this study on the increase of tear production 

using the drug per os, suggests that oral 
cyclosporine alone is likely to be sufficient for 

the treatment of canine KCS. 

5. CONCLUSION 

In conclusion this study has demonstrated that 

cyclosporine given per os can have 

lacrimogenic effects resulting in beneficial 

effects for dogs with KCS. Further studies 

comparing the efficacy of the drug orally and 
topically are clearly warranted. 
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