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ABSTRACT

Background: As pupillary diameter is exclusively regulated by the autonomic nervous sys-
tem, the assessment of pupil size (pupillometry) provides an indirect measure of sympathetic
nervous system activity and hence an estimation of the degree of stress in the patient. A
reliable, objective and non-invasive measure of stress is useful in achieving optimal animal
welfare standards, especially with exotic or zoo animals. Hence, we compared the iris-pupil-
lary ratios in populations of wild and zoo monkeys to determine the suitability of using this
ratio as a non-invasive index of stress. Materials and Methods: Digital photographs of wild
(n=32) and zoo (n=19) monkeys were used to measure the iris-pupillary ratio of both eyes
using NIH Image-J software. The data are represented as Mean + SD and were compared us-
ing unpaired t test with Welch's correction. Results: The ratio of the iris-pupillary area in wild
monkeys (17.03 + 701) was significantly (p<0.0001) higher compared to zoo monkeys (8.80 +
5.58). \We observed a similar trend in the ratio of iris-pupillary perimeter (4.04 + 1.22Vs 2.91 +
0.86). A lower ratio of iris-pupillary area or perimeter among zoo monkeys indicates pupillary
dilation due to higher sympathetic activity and hence a higher level of stress. It is likely that
the captive environment is a potential source of stress among zoo animals. \We also evaluated
the ratio of iris-pupillary mean grey values (1.568 + 0.52 Vs 1.34 + 1.09) and the ratio of iris-
pupillary integrated density (2769 + 1705 Vs 29.50 + 10.95). These parameters were similar
in the digital images of both wild and zoo monkeys, suggesting that the light conditions were
similar in both groups. Conclusion: The data from this study support the utility of iris-pupillary
area ratio as an objective, reliable and non-invasive index of degree of stress, which we be-
lieve will be a useful tool in managing the animal welfare of exotic animal species.
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INTRODUCTION

Stress is an integral part of everyday life, which can
impact wellbeing."” An objective and reliable mea-
sure of stress is essential to timely intervene optimal
animal welfare measures to minimise stress.®’* Stress
can broadly be classified into three categories based
on the degree of sympathetic system activity: 1) Phys-
iological stress, 2) Borderline stress and 3) Pathologi-
cal stress.'** While several invasive and non-invasive
approaches are described to evaluate the degree of
stress,*>12117 objectively quantifying the level of
stress has remained a challenge, especially in exotic
animals due to the limitations in approaching them.

Progressive elevation in the activity of the sympa-
thetic nervous system is integral to stress, which can
be directly quantified by measuring epinephrine/
nor-epinephrine levels in the circulation or indirectly
quantified by measuring various autonomic functions
influenced by the sympathetic system.'®*? The inva-
sive approaches can themselves be a cause of stress
in exotic animals, as restraint or sedation is usually
required for physical examination or blood sam-
pling.” In our quest to find a solution to this problem,

we looked at the feasibility of pupillometry (measure-
ment of pupillary diameter) as a method of quanti-
fying the level of activity of sympathetic system.**?
Under constant light conditions the diameter of the
pupil is exclusively regulated by the autonomic ner-
vous system.?*?” The diameter of the pupil is regu-
lated by radial and circular smooth muscles, which
are innervated by sympathetic and para-sympathetic
neurons respectively. Activation of radial muscles by
sympathetic neurons results in dilatation of the pupil,
while stimulation of circular muscles by parasym-
pathetic neurons leads to constriction of the pupil.
Hence, a stress associated increase in the activity of
the sympathetic system will increase dilatation of
pupil**?” Comparison of the variable diameter of
the pupil with the fixed diameter of the iris (Iris to
pupil ratio) accounts for individual variations in eye
size and under constant light conditions offers a reli-
able and objective measure of elevated sympathetic
activity and hence stress. We have recently evaluated
the sensitivity of the Iris to pupil ratio in reflecting
enhanced sympathetic activity by comparing normo-
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tensive and borderline hypertensive canines and felines.?® In this study
we evaluated the feasibility of objectively measuring Iris to pupil ratio in
captive and in wild primates and compared the findings in both groups.

MATERIALS AND METHODS

Images of primates living in the wild and in captivity acquired using digi-
tal cameras (Olympus OMD em5 mark lor Nikon D7200) were used for
analysis in this study. The images of wild monkeys in their natural habitat
were taken at Monkey Hill forest area, Phuket, Thailand. Captive mon-
keys were photographed from a local Zoo.

The digital images were analysed for Iris and pupil area, perimeter, mean
grey values and integrated density using NIH Image J software.” Images
with imperfect angle of the eye, where iris and pupil couldn’t be clearly
outlined were excluded from the analysis. Oval or free hand selection
tools were used to outline and measure iris and pupil parameters.”® The
data were transferred to a Microsoft Excel sheet for calculation of the
iris to pupil ratio and the data were analysed using Graph Pad Prism
software (Version 5) with significance accepted at p<0.05.

RESULTS

We show the feasibility of objectively measuring the Iris and pupil
(I/P) area ratio in wild and zoo monkeys using digital photographs
acquired from a suitable distance without intervening the animal vicin-
ity. Although a very small number of photographs were not suitable for
analysis, a majority of the photographs were of high resolution and satis-
factory for the objective assessment of Iris and pupil area ratio. The I/P
area (17.03 £7.01 Vs 8.80 + 5.58) (Figure 1) or perimeter (4.04 £ 1.22 Vs
2.91 * 0.86) ratio was significantly (p < 0.0001) higher in wild monkeys
compared to zoo monkeys. The data from this study indicated that zoo
monkeys on average had a dilated pupil compared to monkeys living in a
natural habitat. Further the mean grey value (1.58 £ 0.52 Vs 1.34 £ 1.09)
and integrated density (27.69 £ 17.05 Vs 29.50 + 10.95) ratio were similar
in both groups, suggesting that the digital photographs from both the
groups were acquired under similar lighting conditions.

DISCUSSION

This study supports the feasibility of measuring iris/pupil (I/P) area ratio
as a reliable, objective and non-invasive index of stress among primates.
The dilated pupil observed among zoo monkeys compared to wild mon-
keys reflects higher sympathetic activity,**** which may be due to captiv-
ity-related stress.”*? Despite the best welfare measures adopted, nothing
can fully replace a natural habitat, hence several studies have reported
stress among captive exotic animals.***? Furthermore, the reliability of
pupil diameter as a reflection of autonomic system activity (Figure 2)
and mental stress has previously been demonstrated in humans.**2+2273

The feasibility to non-invasively and objectively quantify stress based on
iris/pupil area ratio in our opinion has potential to be of utility in person-
alised animal welfare measures. A personalised animal welfare screening
can be achieved with minimal intervention by monitoring I/P area ratio
at regular intervals at the point of care. Compared to currently avail-
able methods of assessing distress in animals,'*!**3¢ I/P area ratio offers
objective and early recognition of stress, hence facilitating early inter-
vention measures to improve animal welfare. Several studies in human
subjects have reported the potential of pupillary diameter as a sensitive
indicator of mild sympathetic system activity;"***** this feature in our
opinion is specifically useful in distinguishing between physiological and
borderline stress. To best of our knowledge, a non-invasive method of
distinguishing physiological Vs borderline stress is not currently avail-
able. The potential of such refined differentiation of physiological and
borderline stress based on I/P ratio analysis offers a robust tool for a
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wider application in animal welfare protocols to detect early stages of
stress especially among exotic species.

One of the potential applications of I/P ratio analysis could be in labora-
tory animal welfare, where currently the grimace scale is used to mea-
sure the degree of pain/stress.’®** I/P ratio analysis could be integrated
to grimace scale scores to refine the efficiency and sensitivity of progres-
sively detecting animal in pain/stress. Although this study was focused
on primates, we see the general principle of this work is applicable to
all species. Nevertheless further studies are warranted to evaluate both
the species-specific iris/pupil area ratio and to compare this index with
established invasive or phenotypic measures of stress. We also envisage
future research work to develop species-specific I/P area ratio thresholds
to objectively quantify stress/sympathetic activity. The stress threshold
can be set on a three point scale as follows: 1) Normal 2) Borderline or
3) Abnormal. Such an approach can be automated based on smartphone
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Figure 1: Right and left eye Iris-pupillary area ratio of wild (n=32) and zoo
(n=19) monkeys with a representative image from each group. Data are
represented as Mean =+ SD. *** p<0.0001.
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Figure 2: A schematic representing the effect of autonomic system activity
on pupil diameter.
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applications to analyse the I/P area ratio from a captured digital image
with real-time outputs for point of care use.

This study has the following limitations. We did not correlate I/P area
ratio changes with circulatory levels of sympathetic system activity. How-
ever, considering the borderline nature of stress in this study population,
it would have been technically not possible to measure minor changes in
sympathetic system activity. Moreover, the evidence of exclusive regula-
tion of pupillary diameter by the autonomic nervous system under con-
stant light conditions is well established. The wild and zoo monkeys eval-
uated in this study are not of the same breed. We are not sure if pupillary
diameter can be significantly influenced by differences in breed; never-
theless we did normalise the pupillary area to that of the iris to account
for variations in eye size. We have not quantified the I/P area ratio of
the same individual at different lighting conditions, although we did not
observe any difference in the mean grey values between the two groups,
which indicates that light intensity was not likely to be a confounding
variable in this study.In conclusion we report here the feasibility of mea-
suring I/P area ratio as an index of stress in wild and zoo primates, which
we believe will prove to be a valuable tool for assessing animal welfare.
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