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1. Introduction

The guinea pig is both a common family pet and deitsl name as a term denoting an
experimental subject. A high level summary of thvailable scientific literature on ocular
diseases in guinea pigs is as follows:

* Information on diseases of the guinea pig eye igontant given the use of this
species as a laboratory anifal

* The Schirmer Tear Test (STT) is the simplest andtmommon test used in most
basic ophthalmic examinations.

A review of available literature indicates that rihds no accepted standard
methodology used for conducting the STT particylést small animals.

* No assured correlation was found between cornewitsaty and the quantity of
reflex tearing. Factors other than corneal sensitimay have a higher impact on
reflex tear productior.

* The incidence of ocular problems occurring in gaipégs is almost fifty percent
(almost in one in every two animals) in what otheemvere healthy animafs

* There is surprisingly very little published matém@aailable on the general health
of guinea pigs despite their being so important@aitaboratory sense. Limited
citations were found in the literature.

* The largest study to date of ocular disease inegujigs was carried out on 1000
animals by David Williams and Ann Sullivan in 2610

» The Schering- Plough STT strips appear to be th&t cmmmonly used product in
the investigations reviewed.

The eye is probably the most important sensoryltia¢ar all animals. The cornea is the
transparent front part of the eye and must congtdnat lubricated. Tears, produced by the
lacrimal gland, provide this lubrication. Blinking the process by which this lubrication is
administered. When an animal blinks a thin filmluddricant is spread across the cornea. This
also acts as an irrigation system to flush theayany foreign material. The absence of tears
gives rise to the condition called “dry eye” whichuses irritation of the ocular surface and
can give rise to a variety of eye diseases. Meaglwand understanding the blinking process,
tear production and this lubrication process hazipied the minds of ophthalmologists for
many years and many books have been written osuthject.

The aim of this research project was to conductnadepth literature review of the
Schirmer Tear Test, in particular its applicabilioytesting guinea pigs eyes, and to conduct
anin vitro andin vivo tests on a population of 20 healthy guinea pigsguboth a standard
(5mm wide) and modified (2.5mm wide) tear strip.this study STT values were measured
using modified test strips and compared to refexarmtues for guinea pigs published by other
researchers.



The Guinea Pig

Cavia porcellusthe domestic Guinea pig or ‘cavy’, is a small Eiotailless rodent of the
suborder Hystricomorpha, which has become incrgasipopular throughout the world as a
small companion animal and as children’s pets. Boblkeeders have selectively bred
domestic guinea pigs for coat characteristics dkerlast few decades resulting in a large
variety of genotypés The Guinea pig has also been used for many y&sam laboratory
rodent to the extent that its very nameysnonymous with a term denoting an experimental
subject’. The most common strains used in laboratoriestta@eDunkin-Hartley and the
American Shorthair (English) guinea pig.

In carrying out ophthalmic tests in animals thene rmany variables which to a greater or
lesser extent can influence the test results drfthee been investigated to varying degree by
many research studies. These parameters includeespbreed, gender, left eye versus right
eye, healthy versus unhealthy animals, laboratergus pet animals and the test environment
itself.

The Guinea Pig Eye

In his bookOphthalmology of Exotic Péfs David L. Williams has written extensively on
guinea pigs eyes and the following is a brief sumynod some aspects of the guinea pig eye.

Guinea pigs are a highly visual species using digimh the moment of birth. It remains
unclear how well guinea pigs kept as domestic pats see given the high prevalence of
ocular defects found in otherwise healthy animiils similar in size to many rodents but its
retina has no blood vessels. It is not capable/othesising its own vitamin C so that its diet
needs to be supplemented. As a result they ardigharisk of scurvy which is an early sign
of conjunctivitis. Neonatal guinea pigs have venyal eyes and are born with their eyes
open. They are prone to many eye diseases andogemtinctivitis is one such disease.
Clinical signs are ocular irritation, partial cleswf the palpebral aperture and a lack of clear
sharp reflection of light from the ocular surfadéhis generally suggests “dry eye”. The
Schirmer Tear Test is the standard method of etiatpéear production. Dr Williams refers
to data for mean STT values measured by a numberdependent researchefSchirmer
Tear Test results from these studies are discdatadby this author in paragraph 2.1. Guinea
pigs are also prone to ocular scarring from shafdsay or grass awns in their cages which
can impair their vision and lead to keratitis.

The guinea pig is prone to a wide range of ocdiaeases. The following literature
review is confined to those diseases linked to peaduction and how the Schirmer Tear Test
is used in studying these diseases. Some othemptees reviewed including their method of
measurement are summarised in Table 1 below. Guigsawere found to have a low CTT
and virtually no reflex tearing.



The palpebral fissure length of the eye variestiyré@m species to species depending on
their physical size. This makes measurement a rmdiffieult task for smaller species. An
improved standardized method for recording low galf strip notch) in Schirmer tear
testing in smaller animals and pets who have seyalglobes and palpebral fissure lengths is
necessary.

Table 1: Ocular parameters reviewed and their methods asorement.

Parameter Measured by
Corneal sensitivity CTT measured using Cocher-Btiring/mnt
Tear Production Schirmer tear tests: §BITTi in mm/minute

Quantity of reflex tearing _
_ _ Schirmer tear tests: (STF STT) mm
(Tear Production difference)

Palpebral Fissure length Measured in mm with caiip

1.1 Overview of the Schirmer Tear Test

The Schirmer Tear Test | (STTis the simplest and most commonly used semi-
guantitative routine test used in data collectismpart of most basic ophthalmic examinations.
It measures the aqueous portion of the precorresd film production as part of the
assessment of the basal level of tear secretianpatient. Basal tear production is defined as
the quantity of tears which lubricate the cornaaface, secreted under normal conditions
without any stimulatioh Measurements are reported in millimetres /minute.

The Schirmer tear test is named after Otto Schirsm&erman ophthalmologist, who first
developed the use of absorbent paper for the ei@iuaf the lacrimal system in humansA
veterinary modification was later described in 196lis test is recommended for all patients
presenting with external ocular disease whenevgrabmormal ocular discharge occurs as it
aids in the diagnosis of keratoconjunctivitis Si(K&S).

Prior to the 1980’s there is no evidence of angaesh into the basic factors affecting the
wetting rate of the paper strips. For example,tb& wetting rate of the strip depend on the
tear secretion rate or was it simply a functionhaf magnitude of the “wetting rate” (time) of
the strip. Researchers rather focused their atteriin the type of paper used in the test
including blotting paper, litmus paper, cigaretéper, and various filter papers. Many paper
types were testeid vitro by dipping the tip of the strip into a beaker after (unlimited fluid
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supply situation) and measuring the wetting ratenilimetres per minute. The wetting rate
was found to vary with the type of paper used. dswnly in 1961 that Schirmer test paper
strips were standardised and Black Ribbon No. 58%ime the standard (which has similar
characteristics to Whatm@rNo. 41 filter paper). Previous researchers coreduthat all
studies employing the Schirmer tear test shoulggdnspecify the maker and the lot number
of the strips used due to the propensity for vietin performance by different strips.

Most test strips today are made of sterile starisetdabsorbent Whatmamo. 41 filter
paper, with a rounded tip at one end and typicagasuring 5mm wide and up to 40mm in
length. Some brands have a notch 5mm from the exirehd, which demarcates the site
where the strip should be folded over before immerin the lid margin of the eye. Strip
design has improved over time with newer stripoiporating a measuring rule printed on
the strip marking it from 0 to 35mm in 1mm gradasipor from 2mm to 35mm. Some paper
strips incorporate a dye impregnated in the strifatilitate reading of the wetting line. The
paper strips are individually wrapped and are coroiakly available on the market in boxes
of 100 strips and are produced by a number of @iffemanufacturers.

Schirmer tear testing should be performed as tsedtep in any ophthalmic examination
before measurements are influenced by any furtke@meations. STilis performed prior to
the application of any topical solutions or medmas to the eye. It should also be conducted
before any treatments such as use of tonometrgeewn the eye globe or any manipulative
procedures such as corneal or conjunctival scrapamgl flushing of the lacrimal apparatus.
Such examinations may induce reflexive tear pradoctwvhich is defined as the quantity of
tears secreted in response to a corneal or conjahititant’. It is arguable that the Schirmer
tear test (STi) itself may even cause a reflex tear productiorsome species, but this is
unlikely in guinea pigs due to their very low coaheensitivity.

If there is a notch on the strip, the strip shdugdfolded over at this point before insertion
in the lid margin of the eye. This fold should badawhile the strip remains unopened in its
original packet, to avoid touching the strip witloxges or fingers. Potentially this could cause
contamination with foreign components or secretiatsch could influence or impact the
absorbing surfaces of the paper.

The strip should be gently placed between the ermm@face and the lower eyelid using
the fold as a hook to maintain its position over thiddle to lateral third of the lower lid in
the conjunctival fornix. The lids may be maintaingther in an open position, or closed by
gentle pressure on the upper lid if blinking angméon of the strip becomes a problem. Care
should be taken not to compress the eye which riay eeflex lacrimation and give false
valued? The strip should remain in position for 60secoatiiswing the tear fluid to migrate
along the strip. The strip should then be removenhfthe eye and the length of strip that has
now become moistened measured and recorded inmeities. This test is then repeated with
a new strip for the fellow eye. Some researcfiessidied the kinetics of the wetting process
by performing STT measurements at 5second inteteateack the wetting rate of the strip
over time.



It appears from a review of available literaturetbis subject that even today there is no
consistent or standard methodology for conductieg3TT. The author considers this may be
partly due to the varying designs of STT test sttlpgat have evolved over time.

A standardized method for recording low valu&snptch) in Schirmer tear testing,
particularly in smaller companion animals or exqgigts who have smaller eye globes and
smaller palpebral fissure lengths is necessary. @tiee aims of this research project was to
review and compare alternative methods used byaresers for measuring STT values with
the objective of recommending a more appropriaedard for small animals.



2. Literature Review

Guinea pigs have increased greatly in popularitiaasly pets over the last three decades.
On presentation to veterinarians it was observeat the incidence of ocular diseases
occurring in these animals also increased gred@tigre are not many studies published on
ocular measurements (and hence ocular diseasejineagpigs over the past three decades,
however more published material has become availalthe past decade.

The Schirmer tear test is one of the key parameterdied when performing ocular
examinations on all animals. However the actualspa} size of the cornea of the species
being studied presents challenges when trying ¢arately take measurements. Many studies
were published quoting STT measurement in a vargdtyanimal species however this
literature review focuses mainly on research intmga pigs. In this review the author also
searched for new measurement methodologies inrparfg the STT particularly in relation
to small or exotic animals. Typically STT measuratsevere always taken using a standard
commercially available strip size (5mm wide) whistsometimes too large to place in the eye
of a small animal. Some researchers performed tveir modifications to the standard STT
strip to reduce its size as there is no commeyceabailable “mini strip” or modified strip
available on the market for use in the eyes of wanall species. The author also researched
for variations in the type of tear strips used kffedent researchers to try to identify if STT
results are a function of the type of paper usedliffgrent manufacturers of tear strips.
Another factor researched in this literature revieas whether any researchers adopted
baseline calibration testing of STT strips, verfarsexample distilled water or saline, in their
laboratory practice before conducting an STT oammal.

David L. Williams (2005)® analysed the uptake of tears in the $TVitro and in vivofor
dogs. He tried to “dissect the origins of the teatting involved in the strip wetting for a
dog”. His aims were to study fluid uptake in stantd&chering-Plough test strips, the actual
kinetics of fluid uptake in the strips, and “to ke the value of determination of test strip
fluid uptake over time in the diagnosis of teamfideficiencies®®. He stated that “fluid
wetting the tear strip is comprised of tears alygagksent in the tear lake together with those
produced during the period of the té&t'He formed the opinion that initial rapid risethe
test strip wetting originates from tears in ther te&e, while the slower rise in the test strip
wetting arises from steady state tear productiantried to estimate the contributions of these
two fluid origins. He assessed the kinetics of ingtof the STT strip both with limited and
unlimited fluid availability by holding the stripg; contact with distilled water and 0.9%
saline and measured the length of wetting over.tifeerepeated this procedure for live dogs
(100) before conducting the normal full STand STT measurements. He found no
difference in tear strip wetting with distilled veatand 0.9% saline. The results from the
vivo study show “a marked transition between the inhi#gpid uptake and the steady state
uptake®®, This suggested that the initial rapid uptake corfrem the tear well and is
followed by a slower uptake that approximates mdosely to absolute tear production.
These results were reflected in the STT measuresradsd, initial rapid rise in STT (uptake



from the tear lake) followed by a smaller STT valgslower uptake from steady state tear
production). Williams was the only researcher fotmatonduct this calibration check versus
distilled and saline solutions. Williams also meaasutear uptake over time (reading STT’s
every 5 seconds) rather than simply measuring gles®@TT after one minute as most other
researchers did. In his opinion this “allows abmlmeasurement of tear turnover rather than
merely a figure for tear uptake by the STT filteppr at one point in time® His results were
presented graphically and clearly demonstrateihdBigs.

Montiani-Ferreira et al, (2008conducted a study to determine “Reference valoes f
selected ophthalmic diagnostic tests of the fermgith the aim of establishing normal
physiological reference values for this speciesylbonducted standard Schirmer tear tests
on 15 healthy ferrets as part of their researctandard Schering—Plough STT strips were
used to measure STand STTi for each animal. “Schirmer tear test mean valuesew .80t
0.88mm/min for male ferrets and 5.#221.50mm/min for female ferrets, the median was
5mm/min. There was no significant difference betwésdt and right eyes for the Schirmer
results P < 0.19".

This author found their concluding comments remaydhe tear strips to be of particular
interest. “The commonly available 6mm-wide STTrused in this investigation just fit the
palpebral aperture of the adult ferret and reqgpatence to be placed correctly. With such a
low normal STT result (median of 5mm/min), detegtia significant reduction might be
difficult as a value of 3 or 4mm/min represents ignificant change (in percentage).
Nevertheless, whether or not a change of this niadmiis clinically significant still needs to
be investigated. A possible solution for this ptisdrproblem might be to use STT strips of
half width (3mm). This would allow for a larger abption distance in mm, making it
possible to detect more subtle changes. As thexenarSTT strips of this size available
commercially, the clinician would have to cut eanHividual strip in half manually. This
procedure might add another variable to the teggngthat small differences in the way the
strip was tailored might affect the resuit”.

To test this thesis they conducted a small sigeegment on 6 ferrets using manually
modified STT strips cut down to 3mm wide. “A higherean STT value was obtained
(6.5mm/min) but with noticeably larger variancea(stard deviation of +2.34mm/min).
Nevertheless, we believe that the mean referende \@lue obtained in this investigation
using commercially available standardized stripé v a useful parameter for ferrefsThis
clearly shows that modified STT strips do give eliéint results to standard STT strips. This
author believes that measurements made using snmadldified strips may well be more
accurate than the standard larger strips when wgnkith small species.

Four studies in particular focused in some detailtbe use of the STT for ocular
measurement in guinea pigs in the study of ocukgases and these studies are reviewed in
some detail in the following pages.



The first reported comprehensive study of oculaease in guinea pigs was carried out by
Trost, Skalicky and Nell (200%) The 2007 study was performed “to establish refege
values for the Schirmer tear tests $8nd STTi, the phenol red thread tear test (PRT), eye
blink frequency, corneal sensitivity in the guinpay”'® because no information about
physiologic tear production in this species exist€de precorneal tear film is essential in
maintaining normal corneal health. When eyelidslbthey spread the tears over the cornea.
While performing their study it was observed “tliag eye blink frequency in the guinea pig
was very low and to quantify this impression the biink frequency was also determinéd”.

They reported results for the PRT, STT and CTT 6ng8inea pigs. In their study they
only used the Dunkin-Hartley laboratory strain afirgga pig with similarly aged animals.
Their key findings were as follows. In all testerth were no significant differences between
the right and the left eye. They established refezeranges for STTSTTi and PRT. The
difference between STTand STT was not significant (implying no reflex tearingyitba
correlation was found between the STT of the leftl aight eye. Corneal sensitivity was
found to be higher in the central region than i fibur limbal regions but they surmised that
this may be attributable to the sensitivity of thetrument. Eye blink frequency in a group of
ten test cases was found to be between two andbfinks in twenty minutes but increased
greatly if the guinea pigs were in an excited stafiéhis is considered to be a low blink
frequency when compared with other species. Cosgaitivity in guinea pigs is lower than
in other domestic animals apart from the brachyabplecat. For instance a dog blinks at 2 - 5
times per minute, a cat 1 — 5 times per minutegraeh 5 — 25 times per minute and cattle at 5
times per minute. Blinking maintains the physiotoghickness of the preocular surface by
spreading the tears over the corneal surface. €hkalts found for STiTand STT are
summarised in Table 3 and discussed in paragrdpbefow.

A year later, Coster, Stiles, Krohne and Raskifp& conducted a study to report values
for the PRT, STT, CTT and IOP in 31 healthy guipégs of various breeds and ages. They
focused on the evaluation methods for ophthalmstirtg and ocular disease recognition.
They also looked at the effect of using topicalemtidesia on the PRT and STT values. Only
24 of the test population were used for measurififi. Sike the Trost et & study they found
no significant correlation between PRT and STT &slwbtained before and after topical
aesthesia in either eye but suggested that thititnig due to the low sample size. One
significant finding is that the PRT and STT valumsasured in their study were higher than
those previously reported by Trost et®alvho used a homogenous test population of 54
Dunkin-Hartley guinea pigs only. It was not clebthese were true differences and it was
proposed that this could be due to natural biokigi@riation or differences in population
characteristics, as guinea pigs in their study veénearious ages and breeds. They concluded
that the difference in STT values between theidtand the Trost et &l study could be
related to differences in the manufacturer, desigth absorptive capabilities of the tear strips
used in the two studies. A further reason they kmsxl may be due to differences in how
values were recorded for animals in which wettirdyrebt reach to or beyond the notch in the



test strip. This is discussed later in paragrafih IB. conclusion they proposed that a standard
method for recording low STT values (< 2mm/minjeguired.

The most comprehensive study of ocular diseasauineg pigs carried out to date was
conducted by Williams and Sullivan, (2010)The population group tested amounted to 1000
animals. All one thousand guinea pigs tested warenga full ophthalmic examination with
direct and indirect ophthalmoscopy and with slihpabiomicroscopy. Tear production was
measured using STTIntraocular pressure was measured using apptenednometry after
topical anaesthesia was undertakerselected animals his author notes that Williams and
Sullivan'’ adopted a different STT measuring methodologyhtt bf previous researchers.
Approximately 45% of all the guinea pigs examinedsented with some form of ocular
abnormality. This statistic is surprisingly highh& majority of abnormalities found were lens
lesions including 17% with cataract, and 21% witlbddinical lens abnormalities such as
nuclear sclerosis. Other abnormalities includedwmrtivitis in 4.7% and keratitis in 3.6%.
Lipid deposition in conjunctiva was observed in%.8f the guinea pigs and ciliary body
heterotopic bone formation in 0.8% of all animalk&ny of these conditions did not appear to
have a significant impact on the animal’s genegalltt or behaviour and, being visible only
on close ophthalmic examination, would not havenbeeted by owners when presented to
veterinarians. They found that neither STT's nadraocular pressures were significantly
different between eyes of individual animals usingaired t-test and so an average of both
eyes was used. However it is disappointing to teatlin this study of 1000 guinea pigs only
50 animals were selected to have the STT measured.

This study clearly shows that a high proportiorgoinea pigs eyes have some degree of
abnormality in animals which otherwise were con®déhealthy. “Information on diseases of
the guinea pig eye is important given the use efsiecies as a laboratory animal”

Cafaro et al, (2009)studied the functional & structural characteristaf the cornea of
healthy guinea pigs by performing analysis inclgdBUT and FS analysis vivo andin
vitro, but did not conduct any STT measurements. Althqugvious studies provide results
on tear production and values for corneal sengjtivi guinea pigs of different strains and
ages: > there appears to be little information about hisgiwal and ultrastructural anatomy
of the cornea of these animals. Their objective wasprovide a detailed histological
description of the Guinea pig’s corneal structunel ahe status of corneal surface. They
referred to the work done by Trost et>and Coster et awho used the STT methodology,
however no cross correlation of results was posgiblen the absence of STT values and the
different technologies used.

Lima et al, (2010) conducted a study of chinchillas along the sameslias previous
studies for guinea pigs. This paper was reviewesk®if any innovations were introduced to
the Schirmer tear testing process used which nligtgpplicable to the author’'s own planned
work. The chinchilla is a small rodent which isszty related to the guinea pig. The objective
of their study was to observe “the most importaatdires of chinchilla ocular morphology”
and “to establish normal parameters for ocularmiagc tests to serve as reference values for
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future investigations” This study used a group of 57 healthy chinchilad conducted “(i)
ocular inspection including blink frequency (ii) I$aner tear test STT (iii) palpebral fissure
length measurement”.

Standard Schering-Plough tear test strips were tospdrform STTtests, only measuring
basal plus a portion of the reflex tear secretioall animals tested. However there were no
innovations, such as tear strip modification, ia thethodology used in conducting the STT
and no details were provided on the actual meagugohnique. PFL was measured using
callipers which gave an average mean of 1.44cnalfanimals. They found that chinchillas
have a low STT and low blink frequency. An STT mealue of 1.0A 0.47cm was recorded
for males and 1.0& 0.59cm for females. This STT was “higher and sohmwmore
measurable than the mean value of a guine&’pithe blink frequency of 2 — 4 times in 10
minutes (2.6 0.84) is very low but very similar to the guinemy.pThis reference data
obtained from the study “will help veterinary opalitmologists to more accurately diagnose
discrete pathological changes of the chinchilld €ye

A similar study of chinchillas was undertaken i ttame year by Muller, Mauler and
Eule, (2010 with similar overall objectives. STeasurements were taken using standard
size Essex Pharma (now NUVISAN) tear strips ondifhals. The strip was bent at the notch
as normal and inserted in the eye. Wetting measemenwere taken after 1 minute. The $TT
measurements recorded were zero for 13 animalslamd in 5 cases. As a result the STT
measurement was discontinued as Muller concludaidtiie STT was too difficult to perform
due to the small size of the palpebral fissure ey considered 1 minute as too long a test
time. They concluded STT was not a suitable testchonchillas. This result suggests that
wetting below the notch was not measured (even sgative number as demonstrated by
Trost et a® and further demonstrates the lack of a standatbratory approach to
measurement of STT in small animals.

The author reviewed other studies to try to idgrdifd learn from researchers who made
modifications to the Schirmer tear test procedurdghieir work. When working with very
small animals it is recognised that it is extrenmdifficult to accurately perform standard tear
testing such as the Schirmer test considering ¢ing small palpebral fissures (PFL) involved.

da Silva, Sandmeyer, Gionfriddo, Montiani-Ferreiral Galera, (2013)nvestigated tear
production in canine neonates (four week old pug#)g a modified Schirmer tear test. The
objective of their study was to ascertain whetrew4born dogs have measurable aqueous tear
production at the fourth week of life. Because thegre working with very small animals
they developed a modified Schirmer tear test (mSaBlan aid to conducting their study.

The modified strip was obtained by aseptically $enting a standard commercial STT
strip measuring 5 x 35mm while still in its origireealed package with a ruler and scalpel.
This gave two 2.5 x 35mm long strips, using onlg tlunnotched” half in their study.
Referring to this as an mSTT test strip they cdroat both STTand mSTT measurements
firstly on the adult dogs in which the length of ttwey was measured and recorded in
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millimetres after 1 minute. The purpose was to khbe performance of the modified strips
versus the standard strips. This could only be domethe larger adult dogs eyes. The
modified strip occupied approximately 50 — 75% hé palpebral fissure. da Silva et did
“not believe that the decreased surface area ohd#fewidth STT strip caused significant
alterations in the wetting pattern, demonstratedabgifference of only 2.4% 0.68mm
between the mean mSTand the mean STT values in the adult gréufi’was noted that
“manually trimming the STT stripper semight directly affect the results if the stripear
unevenly trimmed, increasing its variability as\poeisly alluded to in a previous report on
ferrets”.* Human error can give different mSTT strip widthsnanually cut and this could
affect test results. However “commercially manufiaett mSTT's would help prevent
potential variability in the acquisition processm8TT"? The results of the STT and mSTT
measurements conducted on the adult dogs werdlagwdoThe mean STT calculated was
21.45% 3.42mm/min with values ranging from 15 to 29mmeThean mSTT calculated was
23.25+ 3.5mm/minute with values ranging from 17 to 30mim/m“The mean mSTilvalue
did not differ significantly P = 0.10) from the mean STT in these patiefits”.

In conclusion the study showed “that the mSTT, adted in some birds due to their
small palpebral fissurs could successfully measure total tear productioncanine
newborns™ This was a positive result overall and vindicates concept of seeking to have
standardised commercially available mSTT stripsaforking with small animals.

Inspired by a number of the above previous studigish showed that guinea pigs have a
very low threshold of corneal sensitivity and ngarb reflex tearing compared to dogs, cats
and horses Wieser, Tichy and Nell, (2022mbarked on a fresh study of this topic. The aim
of their study was to determine whether a corretagxisted between corneal sensitivity and
the quantity of reflex tearing which could be apglito a wider range of animals. They
recognised that in the majority of previous studiedy one parameter was investigated.
Therefore no correlations were made between paemsmeuch as corneal sensitivity and
quantity of reflex tearing, nor were values for tiierent species assess&drheir study
population was 160 animals of 8 different breedsinga pigs, dogs, cats, rabbits, goats,
sheep, cows and horses) using about 20 animakpperes. They measured the corneal touch
threshold (CTT) using a Cochett-Bonnet esthesiomdteey measured the length of the
palpebral fissure (PFL) with a calliper ruler. Amaresting innovation was in conducting the
Schirmer tear test (STT) they modified the tespstby adapting the width of the STT strip to
the PFL of each species. In addition they meas8iell after the application of anaesthesia.
This author reviews this new STT measurement meilbgg in paragraph 2.1 below. The
results of the Wieser et'alstudy were disappointing overall in that no assurerrelation
between the corneal sensitivity and the quantityefiex tearing could be found. The high
variance and low reproducibility of the results gest that the measuring devices are
inappropriate to assess the evaluated parametbes doncluded that factors other than
corneal sensitivity have a higher impact on reflear production. Finally, by using modified
STT strips to fit the PFL of each individual spegie¢he study concluded that accurate
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readings could be obtained in all species, whick m@ possible with the standard single size
STT strip for all species.

This study recommended that the modified or “srtegt strip should be used in all small
species like chinchillas, rabbits, rats, and hedgslor similar-sized species. The PFL should
be evaluated beforehand, and the adequate STT watithlated with the given formuld®.

One would have expected the results of STT measntsmn the above four studies on
guinea pigs to show a higher degree of consisteHoyever this is not the case as the
measurements of STT for guinea pigs reported ifoall studies varied widely (see Table 3).
All these studies conducted STT measurements asopatheir work however all four
researchers appear to have adopted slightly diffeneasurement methodologies. As a result
the reported STT values from all four studies vappreciably (see Table 3). Table 2
summarises the type and source of paper usedse gtadies. A comparison of the four STT
measurement methodologies and the results obtaneggresented in paragraph 2.1 below.

Table 2: Type of commercially available Schirmer tear tésps used in each study.

Guinea Pig Study Schirmer Tear Test Product Used
Trost et al, (2007) Vetoquinol- Osterreich Ges.m.pVienna, Austria
Coster et al, (2008) Schering-Plough Animal He@ltdnp, Union, NJlot # 6090621

Williams & Sullivan (2010) | Schering-Plough Animakglth Corp, Union, NJot #2051527

Wieser et al, (2013) Intervet Inc Merck Sharp & Deh(MSD).lot # 9042325

da Silva et al, (2013) Ophthalnfo$Sao Paulo, SP, Brazil
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2.1. Comparison of STT measurement methodologies andr's results

The following summarises the methodologies andltegaund for that group of four
studies which conducted STT measurements spebffimalguinea pigs:

(a) Trost, Skalicky and Nell, (200)used standard commercial tear test strips which
measured 5mm wide (Vetoquinol- Osterreich Ges.m,M/t¢nna, Austria) for conducting
the STT test. Both eyes were tested in random ofider distal end of the strip was bent
and inserted into the lower conjunctival cul de.sBlee strip was removed after one
minute and the amount of wetting recorded. Duéheogmall amount of tears in the eye
the notch of the tear strip was sometimes not e@chhe distance from the notch back to
where the strip was moistened was measured. Tregesvwere recorded as “negative
values”. Measurements were made for 5aid STTi after local anaesthetic was applied.
The reference range measured for S@a&s -1.78 to 2.5mm and the mean value calculated
was 0.36+ 1.09mm. This was considered to be a low valueugerther animals (dog
18.64+ 23.9mm, cat 16.92 14.7mm). For STIT the reference range measured was -2.1
to 2.96mm and the mean value calculated was £.429mm. The difference between
STTi and STT was not significant R=0.79) which “suggests there is no reflex
secretion® in guinea pigs. In addition no significant diffaces were found between the
left and the right eye in all tests performed.

Trost et al° believed “it is important to measure values lowlean Omm exactly,
because if all the negative values were recorddihan, the mean STirandll would be
recorded as higher than their actual value. Thenn&fali would be 0.67mm instead of
0.36mm, and for the STiTa mean value of 0.81lmm instead of 0.43mm would be
recorded.* In addition the minimum value of the referencegemwould obviously be
Oomm™, This author agrees that the total amount of strsited should be measured but
believes it should be recorded in total as a pasitumber rather than a negative value.

(b) Coster, Stiles, Krohne and Raskin, (2008ed tear test strips (notched)
manufactured by Schering-Plough to conduct theiSThiese were 5 x 35mm strips and
had a scale imprinted on them. Both eyes wereddeteevery guinea pig. The test strip
was folded at the notch and placed in the infecmmjunctival fornix. The eyelids were
held shut for one minute and the length of the @gktiortion of the strip was determined
by comparison with the scale imprinted on the stApvalue of Omm/min was recorded
for eyes in which wetting did not reach the notchtloe strip. A value of Imm/min was
recorded for eyes in which wetting stopped at thkemon the strip. In the authors opinion
recording measurements in this manner is not aorame methodology. The range for
STTi measured in the right eye was 0 to 11mm/minuteCatodl2mm/min for the left eye.
The Median STT value reported was 3mm/min. This author suggelséd greater
measurement accuracy would have been achievediy asnodified 2mm/ 2.5mm wide
strip.
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There is a marked contrast in the STT values recbtay Coster et al, (2008and
Trost et al, (2007} (see Table 3). This they attributed potentiallyniwonsistencies or “to
differences in the manufacturer, design and abiserpgapacities of the tear strips used in
the two studie¥® The Hawkins and Murphy (1986in vitro study demonstrated these
manufacturing inconsistencies clearly when theydooted tests on a range of strips.
However with modern production techniques this autielieves that standardization of
strip manufacture is more achievable today and maatwring inconsistencies probably
plays less of a role now than the differences iw flee actual tear wetting measurement
values themselves were recorded in each studyiqpiardy when wetting did not reach
the notch or beyond the notch).

(c) williams and Sullivan, (2016) also used STT strips manufactured by Schering-
Plough (Batch No. 2051527). These were normal Sniche wtandard unmodified strips as
per Coster et al, (2008) Both eyes were tested but only the average pegult
measurement was recorded for each animal. Thiy skoels not mention the measurement
technique used or if negative values were usetdtmw the notch wettings. This makes a
comparison with data reported in other studiesialiff. The only useful STIT
measurement reported was as follows. For the tesinaple of 50 randomly selected
guinea pigs with normal healthy eyes were chosem fhe 1000 population in the study.
The mean STIT calculated was 3.& 1.3mm/min. Williams noted the substantial
difference in the mean values for STTs determimedis study from those reported by
Trost et al® and Coster et &land was closer aligned to Coster’s results thasetof
Trost. He attributed this difference to the brepdc#icity in the Trost study. This author
is of the opinion that these differences are mikedy attributable to the difference in the
measurement technique of the wetted strips i.eusieeof negative values by Trost €fal
This author recognises that breed specificity mlay gome role as was seen in previous
studies on tear production in rabbjtehich demonstrated “that different breeds carehav
substantially varying STT values and the same neathb case in guinea pigs; here is an
opportunity for further research”

(d) wieser, Tichy and Nell (201%)used standard STT strips 5mm wide by 40mm,
manufactured by Intervet (single batch). An inténgsinnovation is they modified the
size of the test strip to suit the species. Thetwid the strip was adapted to the size of the
palpebral fissure length (PFL) for each of the &c#ps measured. They used a
mathematical formula to calculate the ideal strigtiv per species. The palpebral fissure
length is the latitudinal measure across the egeimmeasured in mm with callipers. The
average PFL was measured for 8 species (usingvadnper species). This data was used
as an aid to calculating the optimum size STT stiiglth for each species. The PFL data
was inserted into a formula which they developedrtove at the strip width. This process
optimised the strip width per species which helpedmprove the accuracy of STT
measures for each species.
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For dogs and cats they used standard Intervetss(Epm wide by 40mm long).
However for cows, horses, sheep and goats they atigrnzonstructed their own strips
from Whatmafl No.41 filter paper. They used 10mm wide by 100nemg! strips for
cows and horses. They used 6.5mm wide by 70mm stmygs for sheep and goats. For
guinea pigs they used the original Intervet stbp$ cut them manually to strips 3mm
wide. In the author’s opinion Wieser et®ainay have introduced a compatibility question
mark into their results because Intervet strips &datmar® No. 41 paper do not
necessarily have the same absorptive and otheaatkastics. The study did not report
whether any calibration tests were conducted tmlatd this.

In evaluating tear production (SiljTthe strip was bent at the notch and placed in the
middle third of the lower conjunctival sac for 1rmte. “The length of the wetted paper
was measured including the rounded end beyond obeh® i.e. the total length was
measured. A second strip was used to measure the &ter application of anaesthesia.
The quantity of reflex tearing, defined as the atiéihce between STBnd STTi, was
calculated in percentage terms for each species.

Test results reported for guinea pigs was a mean 8f19.65+ 3.48mm and a mean
STTi of 10.45 = 3.27mm using the 3mm wide modified pstriRabbits displayed the
biggest decrease in reflex tear production (ST$TTh) followed by sheep and dogs. The
guinea pig showed no decline but a small gain (16%

Of the 8 species tested sheep were found to haventst sensitive cornea followed
closely by cows, horses, goats, dogs and catseTere only small differences between
the 8 species. However guinea pigs and rabbits feered to have a significantly higher
CTT, meaning they have low corneal sensitivity,nthlbe other 6 species. In the final
analysis “a small but significant correlation” wé&sund between the corneal touch
threshold (CTT) and reflex tearing (ST¥ STT). They concluded that factors other than
corneal sensitivity have a higher impact on théerefear production.

Table 3: Results of key guinea pig studies.

Mean STTi Reference Mean STTi Reference
Study i range STTi i range STTi Measurement method
mm/min mm mm/min mm
Std 5mm strip
Trost et al, (2007) | 0.36 + 1.09 | -1.78t02.5| 0.43+1.29 | -2.1t02.96 Negative if < 0
3 Std 5mm strip
Coster et al, (2008) . 0 to 12 N/A N/A Value=0if<0
(Median) Value = 1if=0
Williams & Std 5mm strips
Sullivan, (2010) 38+ 13 N/A N/A N/A Normal wetting (>0)
. Mod 3mm strip
Wieser et al, (2013) 9.65 + 3.48 N/A 10.4% 3.27 N/A Total wetting (< notch)




2.2. Formula for calculating optimal STT with per speages

Wieser, Tichy and Nell (201%) developed a mathematical formula for use in fdating
the optimal size Schirmer tear strip for each imiml species. This was a very innovative
approach to resolving the question of what is themll STT paper width to suit very small
animals which have very small eyes. It is therefooethy of separate note in this review.

The only variable in this formula is PFL which \egiby species. The study hypothesized
that “as dogs and humans have a similar PFL and &1d STTi work well in these species,
the width of the original STT strips (5mm) was takes appropriate in relation to the size of
the canine PFL*® (mean 21mm). In other words they selected theadotipe base case for the
standard STT strip width and the strip width fdraher species was calculated using their
formula. Based on this PFL and STT ratio in the,dbgy used the following formula to
calculate the ideal STT width:

X (mm)  5(mm)
PLF (mm) 21 (imm)

5(mm)
21 (mm)

X (mm) = ( > X PLF (mm)
Where,

X is the width of the STT strip for new species (mm)

PFL of the new species (mm);

5(mm) is constant width of original STT; and

21(mm)is constant mean PFL of dog.

In this way they arrived at an optimal strip widtn each species and manually cut them
from Whatmafi No. 41 paper.

2.3. Corneal Touch Threshold Test and relationship wi STT values

Corneal sensitivity is defined as the minimum puesghat may be exerted against the
cornea which can just be felt and is measured ifmmmj2

The capability of the cornea to respond to stimoator touch is assessed by an
aesthesiometer. It measures the corneal touchhthicegCTT), which is the reciprocal of
corneal sensitivity. Sensitivity varies across twnea, with the centre being the most
sensitivé. A low value in g/mrindicating a very sensitive cornea is defined &swaCTT
value. A high value in g/mfrindicating a less sensitive cornea is defined kigla CTT*

The most likely explanation for the lack of difface between STiTand STTi values
measured for guinea pigs is attributed to theirdoworneal sensitivity (and hence low reflex
tearing) than that seen in other species. Thisuige ¢plausible as in a study by Strughold,
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(1930} a direct comparison of corneal sensitivity in vas laboratory animal species found
that the CCT of guinea pigs was less than rangasdféor other species (cats, dogs, pigeons,
rats and rhesus macaques). This implies that ordsnt apply a higher pressure to the
cornea to elicit a blink reflex. Trost et al, (2087found that corneal sensitivity, although
quite low in relation to other species, was sigaifitly higher in the centre than in the four
limbal regions. Their results also raised a quastibout corneal sensitivity in guinea pigs.
This relatively low corneal sensitivity in guine&g® may account for the lack of effect of
topical anaesthesia on their tear test valuegefléx tearing contributed substantially to tear
test values in guinea pigs, corneal anaesthesialgshiesult in a lower STT valu€”The
corneal sensitivity in guinea pigs is lower thandimgs and other domestic animals but the
values are fairly similar to brachycephalic catghe question which arises is whether this
low CTT value “is the only explanation for the |oeflex secretion?*?

A dog blinks at a rate of 3 — 5times/min. By comig@an a guinea pig’s eye which blinks
at a frequency of 2 to 5 times in 20 min is veny.ldf excited the guinea pigs eyes will have
an increased blink frequency as is the case withranimals (e.g. a restrained dog blinks at
a rate of 10-20 times/mil.“Blinking maintains the physiologic thickness tiet preocular
surface by spreading the tears over the cornetdcirAs regards the small STT values, the
low eye blink frequency in rest, and missing sigfisevaporation or corneal dryness, the
question arises about quantity and quality of thel land the mucin layer of the guinea pig
tears, which need to be evaluated in a furtherystiri

2.4. Conclusions

In these four separate studies of guinea pigs evislent that each study adopted a
distinctly different method for measuring and reltog STT data. It is this author’s opinion
that the key difference between the results offthe studies is mainly attributable to the
differences in how the tear wetting measurementieslwere recorded in each study
particularly when wetting did not reach the notahextend beyond the notch. Another
observation by this author is that none of theadiss conducted a baseline test to calibrate
their STT strips versus some standard such adietistvater or saline.

One very positive innovation was the developmenthef modified STT strips and the
corresponding mSTT measurements. One can conchale at standardized method for
recording low values<( notch) is necessary in Schirmer tear testing,iquaarly in smaller
companion animals or exotic pets that have smalferglobes and smaller palpebral fissure
lengths. A smaller modified STT strip would gredtgilitate this. The ability to set definitive
reference values using a new standardised STT measnt methodology using modified
widths would better enable recognition of signeailar disease in guinea pigs.
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3. Own Investigations

3.1.In Vitro

3.1.1.Materials and Methods

Hamilton Microliter syringes (1ul, 5ul, 10ul, 15ul)
Glass Petri Dish,
Distilled water (22C), Room Temperature (23)
Disposable latex examination gloves,
Stopwatch,
Thermometer.

Eickemeyertear test strips Lot No: MIPL/A1/05

» 20 regular unnotched 5mm x 35mm strips
e 20 modified 2.5mm x 35mm strips (cut manually)

Method

For the unlimited fluid source a medium-sized glps#i dish was filled with distilled
water. Strips were held using forceps and submeugett the zero mark on the tear strip for
one minute. Wetting values were recorded at botke®@nd and 1 minute intervals. This was
performed five times for each group of strips.

When testing under limited fluid conditions Hamiitenicroliter syringes (1, 5, 10 and
15ul) were used to draw up and apply set valuadistifled water to the base of each strip.
This was performed five times for each of the fplivalues. Wetting values were recorded
after 30 seconds and 1 minute had elapsed.

Figure 1: Schirmer tear test strips transected into two a5mde/ 35mm long strips.
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3.1.2.In Vitro Results

Table 4: Summary of the results of tievitro investigation.

Ngtrrin;)al 30sec 1min Mg?r'if:oed 30sec Imin
#1 19 26 #1 20 27
Unlimited #2 20 28 #2 21 29
gizltlﬁgg #3 19 26 #3 19 28
water #4 19 27 #4 19 27
#5 18 27 #5 21 28
#1 1 1 #1 5 6
#2 1 -1 #2 3 4
1pl #3 1 2 #3 4 5
#4 0 1 #4 3 4
#5 0 0 #5 3 4
#1 6 7 #1 13 15
#2 6 7 #2 15 16
5ul #3 7 8 #3 13 15
#4 7 8 #4 14 16
#5 6 7 #5 14 16
#1 14 15 #1 20 26
#2 13 15 #2 20 26
10l #3 15 17 #3 21 26
#4 14 15 #4 21 29
#5 15 17 #5 21 25
#1 19 23 #1 23 30
#2 20 25 #2 23 31
15l #3 19 23 #3 25 34
#4 20 24 #4 24 33
#5 19 22 #5 23 29
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Figure 2: Graph exhibiting wetting of STT and mSTT stripghwunlimited volume of
distilled water.
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Figure 3: Graph exhibiting wetting of STT and mSTT stripgshwip of distilled water.
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Figure 4: Graph exhibiting wetting of STT and mSTT stripgshwsp of distilled water.
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Figure 5: Graph exhibiting wetting of STT and mSTT stripgshw10u of distilled water.

Length of wetting in mm
n 6 o & & 8 &

o

10u of distilled water

10

20 30 40 50 60
Time in seconds

70

=¢—=Norm 1
== Norm 2
e=gfe=Norm 3
=>e=Norm 4
=i=Norm 5
=0-Mod 1
e=t==Mod 2

Mod 3
Mod 4
==0==Mod 5

22



Figure 6: Graph exhibiting wetting of STT and mSTT stripgshwd5u of distilled water.
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3.2. In Vivo
3.2.1.Materials and Methods

Animals

Twenty mixed breed Guinea pigs were enrolled is 8tudy. 10 females and 10 males
were selected at random from the Guinea Pig Villpgpulation at the Budapest Zoo and
Botanical Gardens.

The females were all adults with an age range ogity 11 months to Syears and an
average body weight of 735.49. Adult sows typicallgigh between 700-900g. The males
selected however were all juvenile. The plan wash&we all adult males also but
circumstances on the day at the zoo were suchottigtthis batch of juvenile males was
available for the study. The males were aged apmately 2 to 6 monthsvith an average
body weight of 423.8g which is a little less thaalflthe average weight for an adult male
guinea pig. An adult male boar typically weighsthie range of 900-1,200g. This unplanned
change introduced an interesting result in thie @l is discussed below.

No topical medications were used in the guinea pigss prior to or during the test. The
population consisted of healthy guinea pigs withugble signs of ocular problems and
which had not undergone any recent surgical praesdu

Equipment
Standard sterile Schirmer strips used wekemeyertear test strips Lot No: MIPL/A1/05.

Modified Schirmer strips were obtained by manualijting the standard commercial strips in
half with scissors after first scoring a centrakliwith a metal ruler and blunt edge of a scalpel
blade while the strips remained in their originabled package. This gave two equal sized
strips measuring 2.5mm x 35mm long, see Figure 1.

Disposable latex examination gloves, stopwatchthatmometer.

Method

For all ophthalmic testing and clinical data acdigs, each Guinea pig was immobilised
and gently restrained by an experienced zoo hanalidr care taken to ensure the animal was
comfortable.Testing was delayed if any animal became too dilfifito physically restrain, or
if they became excessively agitated or vocal. Adarainations and measurements were
performed by the same single individual (the aithmravoid any discrepanciebhe time of
day (10am-1pm) and room temperature’C)Avere also recorded.
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The sequence of procedures performed in the stady w

0] Ocular inspection (including blink frequency obsaion),
(i) Schirmer tear test (ST)Tand modified tear test (mSWH;T
(i)  Each guinea pig was weighed.

The initial brief ophthalmic inspection of eachraai revealed normal ocular findings. No
swelling or redness of palpebrae, staining of fars or excess tearing was noted. Before
opening the individually wrapped packets of unmiedifstrips, the strips were first bent while
still in their wrappers. The purpose of this wasnaintain the sterility of test strips and not to
expose the strips to any superficial foreign mategtior to insertion in the guinea pig eye.

After bending the distal end, the strips were itexeinto the medial lower lid of the eye
into the conjunctival pocket. They were gently heidthis position for 60 seconds. The
measurement of the amount of wetting was immediatelcorded in millimetres on
withdrawal of the strip from the eye.

The STT was performed first in both eyes in a ranigoselected order, alternating
between left or right first. After both eyes weested, the guinea pig was returned to a small
holding pen to rest and refresh its eyes whileréis¢ of the animals were tested. After one set
of strips was used in all 10 animals (of one gendeese animals were then tested again
using the modified strips. The mSTias performed in the same manner as the STT and the
wetting area was measured and recorded in mm afterminute. The second eye was
measured using the same technique.

Figure 7: L to R: Guinea pig restraint, STT, mSTT.
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3.2.2.

In Vivo Results

The results of the ophthalmic diagnostic testirggsarmmarized below.

Table 5: Summary of the results of tivevivo investigation in females.

Fgcr)':;'e ;Tt STTI mRS_Tth' mSTT] 23‘82 E;g’s
. 19 19
AELAIALES Weight Eye LEﬂ/EYe Eye LEﬂ/EYe STTI mSTTI
grams mm/min | "V mimin | MMM mm/ming | mm/min
Minimum 666 1 -1 2 2 -1 2
Median 739 3 4 9 7.5 8.5
Maximum 794 6 9 16 18 18
Mean 735.4 3 3.9 9.2 8.7 3.45 8.95
Std. Deviation 43.33 1.633 2.846 3.853 4.218 2.305 3.94
f/ltd' Error off 137 | 05164 0.9 1218| 1334 05154 o081
ean
P value 0.6446 0.691 0.927% 0.663 0.11y73 0.518 88.36
Table 6: Summary of the results of tivevivo investigation in males.
Male STTI STTI mSTTI mSTTI Both Both
Body Right Right Eyes Eyes
R Weight Eye Left Eye Eye Left Eye STTI mSTTI
grams | mm/min | MM/Min 4 min | MYMIN - m/min | mm/min
Minimum 321 0 1 0 1 0 0
Median 413.5 2 1 2 2 15 2
Maximum 633 4 2 3 4 4 4
Mean 423.8 1.7 1.3 1.7 2.2 1.5 1.95
Std. Deviation 95.36 1.16 0.483 0.8233 1.033 0.889 0.945
f’/ltgér'f”or of | 3016 | 03667| 01528 02603 03266 01987  0.2112
P value 0.0717 0.6133 0.18738 0.2878 0.7517 0.05%77.8890

For normally distributed data, results are repodedneart: SD and comparisons between
means were made using unpaired T test resultslé2htaFor non-normally distributed data,
results are reported as mediaimterquartile Range (IQR) and comparisons betweedians
were made using the Mann-Whitney test. Correlatisese made using Pearson’s correlation
co-efficient. Within this project a P value <0.0&aswdetermined to have reached significance.
Data was entered into an excel spreadsheet ashiEbgreviously. Statistical analyses were
performed in GraphPad Prism version 6.0b for Mac>O&nd multiple regression analysis
was performed using GraphPad InStat version 3.16it3r Windows (GraphPad Software,
La Jolla, California, USA, www.graphpad.com).
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Figure 8: Scatter graph exhibiting wetting of STT and mSTrips in both eyes in females.
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Figure 9: Scatter graph exhibiting wetting of STT and mSTrips in both eyes in males.
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Figurel0: Scatter graph exhibiting weight distribution offéles and males.
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3.3. Discussion

IN VITRO: The purpose of these tests was to observe théiddgra strip wetting of the
standard and the modified STT strips in both atkohiand unlimited fluid supply situation.
This was done primarily to check that the perforogaaf these strips, such as the absorptive
capacity, are identical and not compromised inwway due to modification. Thia vitro test
was performed using standard and modified tegisstrom the same batch.

Figure 2 illustrates that for the unlimited suppituation the performance of the standard
and modified strips are essentially similar in thia¢ir graphs are generally overlapping
(within the bounds of accuracy of this experimefkigures 3 to 6 demonstrate that in the
limited supply situation the graph for the modifiegst strip lies consistently above that for
the standard strip. From this one can conclude tiatmodified strips enable extended
wetting of the test strip thus enabling a bettadneg of STT values with a greater degree of
accuracy.

The initial 30seconds of wetting demonstrated & digsake of fluid, followed by a more
gradual absorption between 30seconds and 1 mimtts.is illustrated well in the series of
graphs above from Figures 2 to 6. These resulte@msistent with similar findings in more
detailed studies conducted by Williams and Sullj@010)*’

IN VIVO: The average weight of female guinea pigs was f8&ms while the average
for males was 423.8grams. It transpired that tlreigrof male guinea pigs selected for the
project were all juveniles, aged in the range td 8 months. The average weight for the male
group was less than half the average weight ofllaghown adult male guinea pig (900-
1,200g). It was not planned to use a juvenile graupe male and female groups therefore
must be considered as two distinct population gsoapd their STT results interpreted
separately rather than jointly as a total studyigro

The Mean STTfor females measured with the standard strip wéSmm+ 2.3 and the
Mean mSTT for the modified strips was 8.95mu13.94.

The Mean STTfor males measured with the standard strip wasnh & 0.89 and the
Mean mSTT for the modified strips was 1.95m#10.95.

The results for the male guinea pigs were marketitferent (lower) to that of the
females. This is attributed to the fact that thdemavere all juveniles and is consistent with
results found byla Silva et &iwhen STTs were measured for canine neonates anpaceth
with adult canines. Their conclusion was that s=gretion in canine neonates, and possibly
most species, is lower than that for adults ofsiecies.

Results obtained for the standard $™alues in the adult female group in this
investigation were very similar to those reportgditilliams et al” (3.8+ 1.3mm) and Coster
et af (Median 3mm), which corroborates their finding.aaér et af was the only study to
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report a value for STiusing a modified 3mm wide strip recording a meb8.65+ 3.48mm.
This compares closely with this study which meaguaemean STiTof 8.95mmz+ 3.94mm
using the modified 2.5mm wide strip.

The STT values reported in this study are for guinea pigh healthy eyes and no visible
signs of ocular disease. The results of this sfjudyide some additional information on the
use of a modified Schirmer tear test strip in caithg Schirmer tear tests in guinea pigs.
Values found in this study reflect well with thogeeviously reported in other studies, (see
Table 3).
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4., Summary

The kinetics of strip wetting of standard and miedifSchirmer strips are exactly similar
and clearly show an initial rapid absorption ratdlaid followed by a moderate absorption
rate as the rate of absorption slows down.

The results of the study show that a modified Swéirstrip can be successfully used to
measure tear production in guinea pigs and smaknts. The STiTand modified STIT
measurements found in this study are broadly ia With similar findings by others. The
modified strips can provide a greater degree ofil@my when performing STT measurements
in small rodents. A commercially available modifistlip would be preferable to manually
modified strips as it would eliminate the variatyilfactor and would be of great benefit to
assist with ocular testing of small rodents.
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6. Abbreviations and Acronyms

BUT Break Up Time

CTT Corneal Touch Threshold

FS Fluorescein Staining

IOP Intraocular Pressure

KCS Keratoconjunctivitis sicca

PFL Palpebral Fissure Length

PRT Phenol Red Thread Tear Test

STT The Schirmer Tear Test

STT The Schirmer Tear Test, performed without topocaheal anaesthetic
STT The Schirmer Tear Test, performed with topicaheal anaesthetic
mSTT Modified Schirmer Tear Test
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