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Reports of Original Studies

Effect of topically administered atropine on
tear production in dogs

Steven R. Hollingsworth, DVM; David D. Canton, DVM; Nedim C. Buyukmihci, VMD;
Thomas B. Farver, PhD

Summary: Baseline tear production values were
established for both eyes of 19 dogs, using the Schirmer
tear test. Atropine sulfate, 1% solution, was adminis-
tered topically in the left eye of each dog once daily for
14 days. Tear production was then determined for
both eyesat 15, 30, 60, 120, 180, 240, and 300 min-
utes, and 3, 6, 9, 12, and 15 days. A final Schirmer
tear test reading was obtained for each eye 5 weeks af-
ter the last atropine treatment to check for the possi-
bility of prolonged effect. Both eyes had statistically
significant (P < 0.05) decrease in tear production that
was most marked at 120 minutes after atropine
instillation, then returned to baseline values by 300
minutes after instillation. Although atropine was
placed in the left eye only, statistically significant dif-
ference was not apparent in Schirmer tear test values
between the left and right eyes. Tear production con-
tinued to decrease in both eyes over time, becoming
statistically significant (P < 0.05) on day 9. However,
on days 12 and 15, tear production in the untreated
eve plateaued, but that in the treated eye continued Lo
decrease. Five weeks after the last treatment with at-
ropine, both eyes still had a statistically significant
(P < 0.05) decrease in tear production, although
Schirmer tear test values had increased from day-15
values and appeared to be returning to baseline. As-
sociation was not evident between age or body weight
and magnitude of response to topically applied atro-
pine.

Atrop'me is a common topically applied medi-
cation for treatment of ocular diseases in dogs.
Systemically administered atropine decreases tear
production in dogs,!3 and although it is believed
that topically applied atropine does the same,*>
documentation of this latter effect could not be
found. The purposes of the study reported here
were to document and quantify the short- and
long-term effects of topically applied atropine on
tear production in dogs, to determine whether a
difference existed in the response of treated and
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untreated eyes, to determine whether topical ad-
ministration of atropine has prolonged detrimental
effects on tear production, and to ascertain whether
the response to atropine in dogs is modulated by
age or body weight.

Materials and Methods

Dogs—Nineteen dogs (6 males, 13 females;
age ranging from 1 to 8 years), belonging to
students, staff, and faculty at the teaching hospital
were studied. Dogs currently were not being given
any medication and were judged, by biomicro-
scopy and indirect ophthalmoscopy, to be free of
any ocular condition that would adversely affect
lacrimal function. Incidental findings included fo-
cal cataracts (n = 2), chorioretinal scars (n = 1),
mild distichiasis (n = 3), and remnants of the pu-
pillary membrane on the anterior lens capsule
(n = 4).

Study design—Each dog was weighed, and 2
baseline Schirmer tear test” (Schirmer I tear test)
readings were taken, using standard, commercially
available Schirmer tear test strips.® Because
Schirmer tear test strips and the subsequent values
obtained can vary among manufacturers and lot
numbers,® the strips used all came from the same
source and lot. At least a 30-minute interval was
used between the 2 baseline readings. After the
second baseline reading, 1 drop of 1% atropine
sulfate solution® was instilled in the left eye. Sub-
sequent tear production readings were taken for
both eyes at 15, 30, 60, 120, 180, 240, and 300
minutes after instillation (short-term study). This
was considered day 1 of the study. For the next 13
days (2 through 14), each dog was given 1 drop of
1% atropine sulfate solution in the left eye once a
day, between 6 and 9 AM. On days 3, 6, 9, 12, and
15, dogs were returned to the teaching hospital
between 6 and 9 aM, and tear production was mea-
sured for both eyes (long-term study) before they
were given their daily dose of atropine (no treat-
ment on day 15). Seven weeks after the study was
begun (5 weeks after discontinuance of atropine),
final determination of tear production was made
for both eyes.

4IOLAB Pharmaceuticals, Claremont, Calil.
bAllergan Pharmaceuricals, Irvine, Calif.

JAVMA, Vol 200, No. 10, May 15, 1992

Reports of Original Studies 1481




Table 1—Schirmer tear test (srt) values for the short-term
study

Dacrease Decrease
from from

Left ays baseline, Right eye baseling,

sTT left eye ST right eye
Time (mm,/min} (%} {mm,/min) (%)
Baseline 2303 L. 2329 L.
15 min 21.53be 65 21.47%bc 18
30 min 19.2108e 16.6 20,0042 141
60 min 17,8484 225 18,53 20.4
120 min 17.2¢' 250 17.95! 229
180 min 18,840 18.2 19.260%¢ 17.3
240 min 20,32bed 11.8 20.21b+4 132
300 min 21,740 5.6 21,840 6.2

Means that have one superscript in common are not statistically significantly

different from each other with a level of significance of 5% over all comparisons,

using Tukey's method for pairwise comparisons of means.

Table 2—Schirmer tear test values for the long-term study,
left eye

Decrease from
bhaseline
Time STT {mm/min} (%)
Baseline 23.02° —
Day 3 22714 1.1
Day 6 22.74° 1.1
Day 9 20.37* 115
Day 12 20,32 1.7
Day 15 19.05¢ 11.2
See Table 1 for key.

Table 3—Schirmer tear test values for the long-term study,
right eye

Decrease from
baseline
Tima STT {mm/min} (%)
Baseline 2328 —_
Day 3 23.00» 12
Day B 22,4200 37
Day 9 20.68° 11.2
Day 12 21.630¢ 71
Day 15 20.89° 10.3
See Table 1 for key.

Analysis of data—Four specific responses were
analyzed statistically. Repeated-measures analysis
of variance was the statistical method used to eval-
uate the reaction of the left (treated) eye to the right
(nontreated) eye, the reaction of each eye toits own
baseline value, and the 5-week period of testing.’
Pairwise comparisons of means were made, using
Tukey's procedure.® Regression analysis was used
to determine the significance of age or body weight
on the extent of the response to topically applied
atropine.

Results

In the short-term study, statistical dilference
was not observed in the response between the right
and left eyes at any of the measurement times. Both
eyes had significant (P < 0.05) decrease in tear
production within 30 minutes after unilateral in-
stillation of atropine. This decrease reached max-
imum at 120 minutes after atropine instillation,
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Figure 1—Tear production of the left and right eyes at
measurement times in response to atropine applied topically
in the left eye. The decrease in tear production reached its
maximal extent at 120 minutes after atropine instillation,
then returned to baseline by 300 minutes after instillation.
Differences between right and left eyes were not statistical-
ly significant. sTT = Schirmer tear test. —s}— = right eve.
—— = left eye.
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Figure 2—Tear production of the left (atropine-treated) and
right (untreated) eyes decreased similarly through day 9, at
which time the tear production of the left eye continued to
decrease while tear production of the right eye leveled out.
See Figure 1 legend for key.

then returned to baseline values by 300 minutes
(Table 1; Fig 1).

In the long-term study, tear production of the
left eye had decreased significantly (compared with
the baseline value) by day 9 (P <0.05) and
continued to decrease until day 15, when atropine
was discontinued (Table 2; Fig 2). Tear production
by the right eye had also decreased significantly
(compared with its baseline) by day 9 (P < 0.05),
but then seemed to plateau (Table 3; Fig 2). When
the left and right eyes were compared with each
other for tear production, statistical difference was
not apparent in response through day 9, but on
days 12 and 15, tear production of the left eye was
significantly (P < 0.05) less than that of the right
eye.
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Table 4—Schirmer tear test values for the 5-week posttreat-
ment evaluation

Left eye, 51T Right eye, sTT
Time (mm,/min) {mm/min)
Baseline 23103 23.29
Five weeks after treatment 2184 22.16
See Table 1 for key.

At the 5-week evaluation, statistically signifi-
cant difference was not observed between Schirm-
er’s tear test values for the left and right eyes.
Whereas tear production of both eyes was increas-
ing toward the initial baseline readings, statistically
significant (P < 0.05) decrease in tear production
was still evident (Table 4). Association was not
found between age or body weight and magnitude
of the response to atropine.

Discussion

Lacrimation can be classified into 2 categories:
basic and reflex. Basic tear production is a process
in all vertebrates that spend at least part of their life
on land. It occurs during waking and nonwaking
hours.® The specific neuronal control of this type of
lacrimation is not understood completely but can
be alfected by autonomic agents, such as parasym-
pathetic antagonists (eg, atropine). Reflex lacrima-
tion is a response to peripheral or central stimula-
tion. Peripheral activation of this reflex is the result
of noxious stimulation of the sensory nerve endings
of the adnexa, conjunctiva, cornea, or uvea that
arise from the ophthalmic branch of the fifth cra-
nial nerve. The efferent portion is distributed prin-
cipally via parasympathetic nerve fibers, although
some sympathetic contribution exists.'®!! The
Schirmer tear test measures basic and reflex lacri-
mation stimulated by the tip of the test strip. Of all
the incidental findings during the initial oph-
thalmic examinations, only distichiasis could po-
tentially cause a change in lacrimation. All 3 dogs
with distichiasis, however, had only 1 or 2 disti-
chiae, and these were not in contact with the cor-
nea or conjunctiva. Central stimulation of reflex
lacrimation can be psychogenic, which is thought
to exist only in human beings, or retinal. The ret-
inal component of reflex lacrimation, which is ini-
tiated by light stimulating the retina, combines with
basic lacrimation to constitute normal tear pro-
duction during waking hours in healthy animals.’

OQur results suggest that topically applied atro-
pine causes transient decrease in tear production in
dogs, beginning with the first application and pos-
sibly persisting for several weeks after atropine is
discontinued. In the short-term study, both eyes
responded in statistically identical manner, even
though atropine was instilled only in one eye. This
indicates that topically applied atropine may have
a systemic effect on tear production over the short
term. This similarity of the response of both eyes
continued through the ninth day of the long-term

study, at which time tear production by the treated
eye became significantly less than that by the un-
treated eye. This indicates that topically adminis-
tered atropine may have local effect that becomes
more pronounced over time. It was surprising that
a persistent significant decrease in tear production
was detectable 5 weeks after atropine treatment
was stopped. However, we believe that Schirmer
tear test values would eventually reach the inital,
baseline values, and that topically administered at-
ropine alone probably does not induce a perma-
nent decrease in tear production.

There were 3 major limitations to our study.
We assumed that, after each daily dose of atropine,
tear production would go through the same de-
crease and increase as was seen after the first ap-
plication of atropine. We did not attempt to doc-
ument this during the course of the long-term
study. Also, our study was designed only to docu-
ment the response to topically administered atro-
pine, not to explain the underlying mechanisms of
this response. Although it is likely that the systemic
nature of the response to topically applied atropine
was attributable to uptake of the drug into the gen-
eral circulation and subsequent spread to the glan-
dular tissue of the contralateral (right) eye, a cen-
tral neuronal control mechanism, as has been
hypothesized in the control of intraocular pres-
sure,!? is possible. Finally, because of difficulties in
acquiring adequate sample size, we did not have a
specific control group. We recognize that topically
applied atropine causes changes in the untreated
eye, rendering that eye inadequate as a control.
Despite these limitations, we believe our results are
suggestive that atropine was responsible for the
decrease in tear production. It seems unlikely that
extraneous factors could account for the decrease
and subsequent increase in baseline Schirmer tear
test values detected in the short-term study or the
differences in tear production detected between
the eyes on days 12 and 15 of the long-term study.

Because atropine is a commonly used oph-
thalmic drug, it was our intent to simulate a stan-
dard, clinical atropine treatment regimen, which is
usually once a day. Although we were able to de-
tect a statistically significant decrease in tear pro-
duction, it is doubtful that this decrease would have
any clinical effect in a dog with normal Schirmer
tear test values prior to topical administration of
atropine. However, it may be prudent to do
Schirmer tear tests on all dogs being considered for
long-term atropine administration. Dogs with low
normal pretreatment values could be at risk of de-
veloping problems secondary to insufficient tear
production when treated topically with atropine for
long periods. This persistent effect of atropine on
tear formation becomes especially relevant when
planning a treatment regimen for a dog that is
starting with borderline Schirmer tear test values.
This may be exacerbated by more than one daily
topical application of atropine. Because of the po-
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tential for problems, it may be appropriate to do
Schirmer tear tests at least once a week on dogs
being treated with topically administered atropine.
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Efficacy of an in-feed preparation of ivermectin against endoparasites and scabies mites

in swine

In 2 trials, the efficacy of an
in-feed preparation of ivermec-
tin was evaluated in 40 pigs nat-
urally infected with endopara-
sites and Sarcoptes scabiei var
suis. Treated pigs (n = 10 in
each trial) were fed a ration
containing 2ppm ivermectin for
7 days, followed by consump-
tion of a nonmedicated ration
for the duration of the trial.
Control pigs (n = 10 in each
trial) were fed a complete, non-
medicated ration for the dura-
tion of the trial. Pigs in trial A
were monitored for 14 days after
treatment; those in trial B were
monitored for 35 days after treat-
ment.

In trial A, treatment efficacy
of ivermectin was 100% against
Ascaris suum, Physocephalus sexa-
latus, Oesophagostomum dentum,
O brevicaudum, 99.8% against

Ascarops  strongylina, 90.9%
against Trichuris suis, and 13.1%
against  Macracanthorhynchus
hirudinaceus. At the end of the
trial, statistically significant
(P < 0.05) differences were ob-
served between numbers of
treated and control pigs infected
with A suum, Ascarops strongy-
lina, and Oesophagostomum spp.
On posttreatment day 14, S sca-
biei were not found in any scrap-
ings taken from treated pigs, but
were found in scrapings from 3
of 10 control pigs. The number
of infested pigs in the treatment
group was not statistically dif-
ferent from the number of in-
fested pigs in the control group.

In trial B, treatment efficacy
was 100% for A suum and
Metastrongylus spp; 96.9% for
Ascarops strongylina; and 76.9%
for M hirudinaceus. At the end of

the trial, statistically significant
(P < 0.05) differences were evi-
dentbetween numbers of treated
and control pigs infected with A
suum, Ascarops strongylina, and
Metastrongylus spp.

On postireatment days 7,
21, and 35, S scabiei were not
found in scrapings taken from
treated pigs. On posttreatment
days, 7, 21, and 35, S scabiei
were found in scrapings from 8
pigs, 6 pigs, and 1 pig, respec-
tively, whereas live mites were
not found in scrapings taken
from treated pigs on those days.
Statistically ~ significant (P <
0.05) differences were evident
between the numbers of infested
pigs in the treated and control
groups on days 7 and 21.—
Nicholas D. Primm, William F.
Hall, Joseph A. DiPietro, et al in
Am ] Vet Res 53 (April 1992).
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