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Abstract:

 

We investigated the tear secretion-stimulating effect of cyclosporin A (CyA) eye-
drops in rabbits using Schirmer’s method. The following findings were obtained: (1) CyA in-
duced tear secretion in a concentration-dependent manner. CyA in 0.1% concentration
showed the strongest effect in accelerating lacrimation, and this effect persisted from 3 to
8 hours after instillation. (2) CyA-induced lacrimation was inhibited by atropine sulfate,
a muscarinic blocker. (3) CyA-induced lacrimation was also inhibited in a concentration-

 

dependent manner by (D-Pro

 

2

 

, D-Trp

 

7,9

 

)-Substance P, which is a tachykinin-receptor–selective
antagonist. (4) CyA-induced lacrimation was also inhibited by capsaicin, which is a stimulator
that releases and depletes neurotransmitters from sensory nerve endings. We conclude from
these pharmacological studies that, in the rabbit, CyA-induced tear secretion is mediated by both
cholinergic and tachykinergic nerves.
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Introduction

 

Cyclosporin A (CyA), a cyclic undecapeptide of
fungal origin,

 

1

 

 is currently being used for immuno-
suppression in solid organ transplantation.

 

2

 

 There is
also reliable evidence that CyA improves tear pro-
duction in dogs with keratoconjunctivitis sicca

 

3

 

 and
in patients with Sjögren’s syndrome or dry eye syn-
drome.

 

4,5

 

 Recently, CyA has been reported to accel-
erate lacrimation in transplant recipients

 

6

 

 and exper-
imental rabbits.

 

7

 

 Although these effects of CyA are
believed to be the result of improvement in autoim-
munological conditions in the lacrimal gland of
treated subjects and animals, there is no evidence
that explains the causes of the same effect on lacri-
mation in normal subjects and animals.

It has been reported that after administration of
CyA eyedrops in rabbits, CyA concentrations in
both the lacrimal gland and Harderian gland tissues
were found to be below the detectable limit (50 ng/g

tissue) on radio immunoassay (RIA), and that the
effect of CyA on tear secretion was inhibited by at-
ropine sulfate.

 

7

 

 These findings indicate that en-
hancement of lacrimation by CyA in rabbits is not
attributable to direct actions on the lacrimal and
Harderian glands, but is caused by the parasympath-
omimetic nerves. In addition to the efferent para-
sympathomimetic nerves, the afferent trigeminal
nerves, which are involved in reflex tear secretion,
may play a role in enhancement of lacrimation in hu-
man eyes.

 

8

 

 Possible neurotransmitters of the trigemi-
nal nerve are neuropeptides, including substance P
(SP), and other tachykinins, such as neurokinin A
and B.

 

9,10

 

The present study, therefore, was designed to in-
vestigate the effect of CyA eyedrops on tear secre-
tion and its innervation, especially, pharmacological
involvement of the afferent tachykinergic nerves and
efferent parasympathomimetic nerves.

 

Materials and Methods

 

Experimental Animals

 

All animals were treated in accordance with the
ARVO Resolution on Use of Animals in Research.
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A total of 51 Japanese albino rabbits of both sexes
(bodyweight: 2.5–3.5 kg) were examined by slit-lamp
biomicroscopy and Schirmer’s Tear Test (STT).
Only animals without ocular abnormalities were
used.

 

Drug Preparation

 

The CyA eye drops (0.1%) and the vehicle, non-
ionic surfactant, were gifts from the Santen Pharma-
ceutical Company (Osaka). The CyA solutions were
diluted with the vehicle to concentrations of 0.01%
and 0.03%. Atropine sulfate (Sigma, St. Louis, MO,
USA) was dissolved in sterile isotonic saline for sys-
temic administration. Commercially available (D-Pro

 

2

 

,
D-Trp

 

7,9

 

)-Substance P (Sigma), which is a tachykinin-
receptor–selective antagonist,

 

11,12

 

 was dissolved in
sterile isotonic saline to make a final concentration
of 1% (6.6 mmol/L) or 0.3% (2.0 mmol/L) solutions.
Capsaicin (Sigma), which is known to excite some
sensory neurons and to release neurotransmitters
from their nerve endings, resulting in depletion of
the neurotransmitters within them,

 

13,14

 

 was dissolved
in saline solutions of 1.5% ethanol and 8.5% Tween
80 to make final concentrations of 1% (33 mmol/L)
or 0.3% (9.9 mmol/L).

 

Experimental Procedure

 

Only one drop of CyA eyedrops (about 40 

 

m

 

L) of
various concentrations was instilled to the right eye
and the vehicle, to the left eye. We determined the
tear volume of each animal using the Schirmer’s tear
test strip (Alcon, Fort Worth, TX, USA) under top-
ical anesthesia, because animals tend to remove the
strip by themselves due to the resulting foreign-body
sensation.

 

15

 

 One drop of 0.4% oxybuprocaine hydro-
chloride ophthalmic solution (Santen Pharmaceuti-
cal Company, Osaka) (40 

 

m

 

L) was administered to
both eyes of each animal. The Schirmer’s strips were
placed over the lower lid about 5 minutes after instil-
lation, and the length of wetting was determined af-
ter another 5 minutes. This was performed before
and at 1, 3, 5, 8, 24, and 48 hours after administration
of CyA eyedrops or the vehicle in all the following
experiments.

 

Experiment 1.

 

Various concentrations of CyA
eyedrops (0.01%, 0.03%, and 0.1%) or the vehicle
were instilled, and STT was conducted as described
above.

 

Experiment 2.

 

Atropine sulfate (0.8 mg/kg), a
muscarinic blocker, was administered systemically
via a marginal ear vein 1 hour before and 6 hours af-

ter CyA eyedrops or its vehicle were instilled. We
determined the effect of atropine sulfate on the eyes
by measuring the diameter of the pupil. Since mydri-
asis disappeared within a few hours, an additional
identical dose of atropine sulfate was injected 6
hours after instillation of CyA eyedrops.

 

Experiment 3.

 

(D-Pro

 

2

 

, D-Trp

 

7,9

 

)-SP, a tachyki-
nin receptor-selective antagonist, was administered
topically to both eyes 1 hour before administration
of CyA eyedrops or its vehicle.

 

Experiment 4.

 

Capsaicin, a substance that elimi-
nates neurotransmitters in the sensory nerves, was
administered topically to both eyes 1 hour before ad-
ministration of CyA eyedrops or its vehicle.

 

Statistical Analysis

 

All results were presented as the mean 

 

6

 

 standard
error (SE). Student’s paired 

 

t

 

-test was used to evalu-
ate the difference between the STT values of CyA and
vehicle in Experiment 1. Nonpaired 

 

t

 

-test was ap-
plied to evaluate the difference between without and
with pretreatment of atropine, (D-Pro

 

2

 

, D-Trp

 

7,9

 

)-SP
or capsaicin. Significance levels of 

 

P

 

 

 

,

 

 0.05 were
considered statistically significant.

 

Results

 

Experiment 1

 

Hyperemia of the conjunctiva was not observed in
any of the rabbits on slit-lamp examination. Figure 1
shows the time course of STT values after instillation
of CyA eyedrops or vehicle. CyA eyedrops increased
the secretion of tear fluid in a concentration dependent
manner. CyA eyedrops (0.1%) induced an effect on
lacrimation 3 hours after administration (

 

P

 

 

 

,

 

 0.05).
It took 5 hours for the effects of 0.1% CyA eyedrops
to reach the maximum (

 

P

 

 

 

,

 

 0.01). The peak STT
value was 24.83 

 

6

 

 2.70 mm, this action persisted un-
til 24 hours after instillation. Significant differences
were observed in the effects of the 0.1% CyA eye-
drops and its vehicle between 3 to 8 hours after in-
stillation (

 

P

 

 

 

,

 

 0.05 or 

 

P

 

 

 

,

 

 0.01). CyA eyedrops ex-
erted no effect on the contralateral control eye in
which only the vehicle had been instilled. There were
significant differences between the CyA-treated eyes
and contralateral control eyes after administration of
0.1% CyA eyedrops. The peak value of STT after
0.03% CyA eyedrops was 18.75 

 

6

 

 0.52 mm at 3
hours after instillation. Data on the vehicle are not
shown except for the control side, when 0.1% CyA
eyedrops were used. Since the strongest effect in en-
hancing lacrimation was noted with the concentra-
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tion of 0.1%, the 0.1% CyA eyedrop was used in the
subsequent experiments.

 

Experiment 2

 

Mydriasis of the pupil was observed by slit-lamp
examination after systemic injection of atropine sul-
fate. At first, not only 0.1% CyA eyedrops but also
the vehicle with atropine sulfate pretreatment en-
hanced STT value slightly until 1 to 3 hours after in-
stillation. Next, administration of additional atropine
sulfate 6 hours after instillation of CyA eyedrops al-

most completely suppressed the effect of 0.1% CyA
eyedrops in enhancing tear secretion compared with
0.1% CyA eyedrops without atropine pretreatment.
Significant difference was observed at 8 hours after
instillation (

 

P

 

 

 

,

 

 0.05) (Figure 2).

 

Experiment 3

 

Hyperemia of the conjunctiva was not observed in
any of the rabbits by slit-lamp examination. (D-Pro

 

2

 

,
D-Trp

 

7,9

 

)-SP significantly inhibited the effect of 0.1%
CyA eyedrops in enhancing tear secretion in a concen-

Figure 1. Time course of Schirmer’s Tear Test (STT)
values after instillation of Cyclosporin A (CyA) eye-
drops. STT values increased significantly, with peak
effects 3 to 5 hours after 0.1% CyA eyedrop instilla-
tion (**P , 0.01 or *P , 0.05). Tear secretion-stim-
ulating effect of CyA eyedrops was concentration-
dependent. Mean 6 SE. d 0.1% CyA (n 5 6); m
0.03% CyA (n 5 4); , 0.01% CyA (n 5 4); h vehi-
cle (n 5 6).

Figure 2. Time course of Schirmer’s tear test (STT)
values following instillation of 0.1% Cyclosporin A
(CyA) eyedrops after pretreatment with atropine
sulfate, which inhibits effects of CyA. Additional in-
travenous atropine sulfate 6 hours after eyedrop in-
stillation almost completely blocked effects of CyA
eyedrops (*P , 0.05). Mean 6 SE. At: intravenous
atropine sulfate; m At 1 0.1% CyA (n 5 4); , At 1
vehicle (n 5 4); d 0.1% CyA (n 5 6).
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tration dependent manner, as compared with the STT
values in the control eyes in which CyA eyedrops were
instilled without pretreatment (Figure 3). Significant
differences were observed between the 0.1% CyA eye-
drops with preinstillation of 1% (D-Pro

 

2

 

, D-Trp

 

7,9

 

)-SP
and 0.1% CyA eyedrops without pretreatment be-
tween 5 to 8 hours after instillation (

 

P

 

 

 

,

 

 0.05).

 

Experiment 4

 

Hyperemia of the conjunctiva was not observed in
any of the rabbits by slit-lamp examination. Pretreat-
ment with concentrations of either 1% or 0.3% cap-
saicin significantly inhibited the effect of 0.1% CyA
eyedrops in enhancing tear secretion, as compared
with the STT values in the control eyes to which only
0.1% CyA drops had been instilled (Figure 4). Sig-
nificant differences were observed between the 0.1%
CyA eyedrops with preinstillation of 1% capsaicin
and 0.1% CyA eyedrops without pretreatment be-
tween 5 to 8 hours after instillation, and between the
0.1% CyA eyedrops with preinstillation of 0.3%
capsaicin and 0.1% CyA eyedrops without pretreat-
ment at 5 hours after instillation of CyA eyedrops
(

 

P

 

 

 

,

 

 0.05).

 

Discussion

 

In this study, we investigated the concentration-
dependent acceleration of lacrimation by CyA eye-
drops, and the possible innervation of this action.
The effects of CyA eyedrops were noted over a pro-
longed period from 3 to 8 hours after a single instilla-

tion of CyA eyedrops with significant differences
(Figure 1). These effects do not appear to be a di-
rect, simple inflammatory stimulation, because tear
secretion increases immediately after instillation of
such irritants as prostaglandins in response to the ir-
ritation.

 

15

 

 Since the present study was designed so
that STT was measured under topical anesthesia, it
can be denied that CyA eyedrops were irritating to
the ocular surface. A past report suggested that CyA
eyedrops did not directly affect secretion from the
lacrimal gland.

 

7

 

 Among adverse reactions to CyA,
effects on the nervous system have been reported in
the brain

 

16

 

 and vessels.

 

17,18

 

 Accordingly, we investi-
gated the effects of CyA on the nerves involved in
lacrimation.

In our study, acceleration of lacrimation by CyA
eyedrops was inhibited by pretreatment with atro-
pine sulfate, (D-Pro

 

2

 

, D-Trp

 

7,9

 

)-SP, which is an SP
antagonist, and capsaicin, which depletes tachykinin
in nerve endings (Figures 2–4). These findings indi-
cate that both the parasympathomimetic and trigem-
inal nerves are involved in the action. In the present
pretreatment with atropine sulfate study, not only
0.1% CyA eyedrops but also the vehicle enhanced
STT values slightly until 1 to 3 hours after instilla-
tion. We cannot explain why atropine sulfate had
this effect. One possibility is that this is an unknown
side effect of atropine sulfate. At the moment, the
roles of lacrimation, including both basal tear secre-
tion and reflex tear secretion, have not been clari-
fied. Recently, the cloning of the cDNAs that en-
code muscarinic receptors has identified five distinct

Figure 3. Time course of Schirmer’s Tear Test
(STT) values following instillation of 0.1% Cyclosporin
A (CyA) eyedrops after pretreatment with tachyki-
nin antagonist (D-Pro2, D-Trp7,9)-SP, which inhibited
effects of CyA on STT values in a concentration
dependent manner. Three to 5 hours after instillation
significant differences were observed between effects
of 0.1% CyA eyedrops with and without tachykinin
antagonist pretreatment. (*P , 0.05). Mean 6 SE.
aSP: topical (D-Pro2, D-Trp7,9)-SP. m 1% aSP 1 0.1%
CyA (n 5 6); , 0.3% aSP 1 0.1% CyA (n 5 4); s
1% aSP 1 vehicle (n 5 6); d 0.1% CyA (n 5 6).
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gene products, m

 

1

 

 to m

 

5

 

. Their cellular properties
correspond to pharmacologically designated proper-
ties M

 

1

 

, M

 

2, M3, and M4 (M5 is not clarified).19 A pre-
vious study by our group reported that pirenzepine,
which is an M1 selective antagonist, was not effective
in inhibiting the acceleration of lacrimation by CyA
eyedrops, but atropine sulfate,7 which antagonized
all types of muscarinic receptors, did inhibit it. Fur-
ther studies are necessary to clarify the subtype most
closely related to lacrimation. In the present study,
we used atropine sulfate to antagonize the parasym-
pathomimetic effect completely. Based upon this, we
can consider that it may be possible to substitute
pilocarpine or SP for CyA to enhance lacrimation.
However, the effect of accelerating tear secretion af-
ter instillation of pilocarpine lasted a much shorter
time than the effect of 0.1% CyA eyedrops.20 A
larger dose of pilocarpine would cause miosis and in-
sufficiency of accommodation, even in lower concen-
trations. In the present study of pretreatment with
(D-Pro2, D-Trp7,9)-SP or capsaicin, since SP itself
has been reported not to have a direct action in ac-
celerating tear secretion,21 it seems possible that en-
dogenous tachykinins present in the trigeminal nerves,
other than exogenously applied SP, may be involved.22

If there are few side effects, CyA will become one of
the drugs of choice to enhance lacrimation.

The actions of CyA are generally thought to be ac-
tivated for the first time when it becomes bound to
intracellular receptors or binding proteins called cy-
clophilin or immunophilin. Hasel et al23 reported
that cyclophilin is universally present in various or-

gans of mice and humans in a study using cDNA
cloning. They detected manifestation of cyclophilin
in the entire eyeball. The site of action, however, re-
mains unknown, because examinations of different
tissues of the eye have not been conducted. In a pre-
vious study, we found that CyA-induced miosis was
atropine resistant and suggested its mechanism was
very complicated.24 It may be possible that cyclophi-
lin is involved in both the acceleration of lacrimation
and the miosis caused by CyA eyedrops.

In our study, CyA eyedrops accelerated tear se-
cretion in a concentration-dependent manner after a
single instillation. The effect was prolonged from 3
to 8 hours by a single instillation of 0.1% CyA eye-
drops. Both the parasympathomimetic and trigeminal
nerves were indicated in involvement in the mecha-
nism of action. These findings suggest that CyA eye-
drops could be applied as a clinical therapeutic drug,
not only to decrease tear secretion due to autoim-
mune diseases, but also to decrease tear secretion in
conditions not related to autoimmune diseases (e.g.,
conjunctivitis sicca, dry eye syndrome). Some adverse
reactions, however, have not been sufficiently inves-
tigated, and the possibility of species-related differ-
ences between man and rabbit remains. Further
studies, including clinical administration, are neces-
sary before CyA eyedrops can be applied as a safe
therapeutic drug for dry eye and conjunctivitis sicca.

An abstract of this study was presented at the 100th General Con-
ference of the Japanese Ophthalmological Society, May 1996, Kyoto.

Figure 4. Time course of Schirmer’s tear test (STT)
values following instillation of 0.1% Cyclosporin A
(CyA) eyedrops with and without pretreatment with
capsaicin, which completely blocked effects of CyA.
Five to 8 hours after instillation, significant differ-
ences were observed between effects of 0.1% CyA
eyedrops with and without 1% capsaicin pretreat-
ment. Effects also differed between 0.1% CyA eye-
drops with and without 0.3% capsaicin pretreatment
5 hours after instillation. (*P , 0.05). Mean 6 SE.
Cap: topical capsaicin. m 1% Cap 1 0.1% CyA (n 5
6); , 0.3% Cap 1 0.1% CyA (n 5 5); s 1% Cap 1
vehicle (n 5 6); d 0.1% CyA (n 5 6).
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