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SUMMARY

O cular Toxicity can be caused by the direct application of chemicals to the eye or following 

systemic administration.

The assessment of eye irritation following local application is subjective. The eye test system 

is subject to such wide variation that it w ill never be possible to moke precise measurement of irritancy. 

C lin ical appraisal, supported by measurement of corneal thickness, is probably the best that can be 

achieved. The use of local anaesthetics should be considered when carrying out eye irritation tests 

in the rabbit.

The eye and its adnexa are subject to the entire spectrum of toxic reactions, and may appear to 

be highly sensitive to toxic substances.

The eye is derived from ectodermal, mesodermal and endodermal elements. Certain anatomical 

and physiological features contribute to the high incidence of ocular toxic ity . The cornea is clear, 

permitting observation of pathological processes. It is on avascular structure, bathed externally by the 

tears and other secretions and internally by the aqueous humour. The lens is avascular and contains 

specific lens proteins. The nutritional supply to the lens is essentially from the aqueous humour. The 

anterior chamber of the eye contains the aqueous humour, which is actively  secreted by the ciliary  

body. The aqueous humour is drown from the eye through the drainage angle. The blood/aqueous 

barrier con prevent the entry of some chemicals. Toxic levels of a chemical can be reached in the 

aqueous humour by high doily dosage, by slow excretion, or by prolonged administration. The retina 

and underlying choroid ore very vascular structures. The mechanisms of retinal toxicity ore poorly 

understood, but often involve the vasculature.

The low frequency at which ocular toxicity con occur has to be interpreted against the wide range 

of spontaneous pathology, therefore, emphasis has been placed on describing the normal eye and its 

variation and then differentiating drug-induced lesions.

The ocular toxicity of a compound cannot be anticipated from its chemical structure or its 

pharmacological ac tiv ity .

It is apparent from the observations presented that there are considerable qualitative differences 

in ocular toxicity between the species. Caution must be exercised in extrapolating the data across 

the species.

The clin ical data allows some speculation as to the mechanisms involved. The development in this 

field of ocular toxicity is dependent on a better understanding of the metabolism of the tissues of the 

eye and the mechanisms of toxicity .

The impairment or loss of vision by chemical agents is a highly emotive subject. Human clinical 

experience has shown many unfortunate incidents; dinitrophenol, corticosteroids, triparanol, phenothiazines, 

clioquinol andpractolol have caused major problems. Any compound which has been shown to be ocular 

toxic in any of the laboratory species should be developed with caution.



1 . IN TR O D U C TIO N

The potential hazards to man associated with the use of new chemicals in Industry, Agriculture 

and Medicine are now generally appreciated. Government Regulatory Agencies require that 

these new chemicals be investigated in animals before their introduction into man's environment.

A few years ago, the basic concept of a toxicity test was to introduce more and more of a 

chemical into the animals and then to compare the number of deaths at different stages and 

different times. The present-day studies are now conducted essentially to assess safety. It is 

required that these studies be carried out in two species -  a rodent and a non-rodent. Animal 

studies are essentially comparative in that the spontaneous and induced pathological 

manifestations are compared in control and dosed animals respectively. It is essential to 

determine whether any lesion found is attributable to the test compound and, if  so, whether its 

incidence is dose-related. Compounds ore administered to the chosen animal species by a 

similar route to that intended to be employed in man. Three dose levels are usually selected.

The high dosage level is selected to elucidate the toxic signs which can occur in the species.

The low dosage level should show some relationship to the like ly  human exposure, whilst the 

intermediate dosage level should be logarithmically between the high and the low dosage levels 

and should give some indication of the safety factor.

The choice of species in toxicological studies should be based on knowledge of the compound's 

metabolism. The most important interpretative factors are careful observation of the living  

anim al, assisted by veterinary clin ical techniques, laboratory investigations of blood and other 

fluids, and detailed pathological investigations. In addition, the local irritancy of the compound 

under investigation should be assessed.

The eye and its adnexa are subject to the entire spectrum of toxic reactions. The clear cornea 

permits observation of the pathological processes; functional alterations to vision con also be 

assessed.

Ocular toxicity con be caused by direct application of a compound, either by local ophthalmic 

use or by inadvertent ocular exposure, or by the systemic administration of chemicals.

The importance of this subject to industrial medicine and general clinical practice is 

appreciated (Pigott, 1968; Green and Spencer, 1969; G rant, 1974; Fraunfelder, 1976). 

Animal data has received little  attention and there has been little  attempt to establish clinical 

correlation. It is the intention of this thesis to compile and describe examples of ocular 

manifestations of toxicity in the common laboratory species, in the hope of correlating reliable  

animal data with human clinical experience.
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2 . E X A M IN A T IO N  OF THE EYE

Examination of the eye is an essential part of any general veterinary examination. The object 

is to obtain information about disease processes that may be present, as well as to detect local 

lesions. Ophthalmology allows the clin ician a unique opportunity to visualise the pathological 

processes and to follow their course; examination of the other organ systems is always by test 

and inference. By repeated examination, changes in the eye may be followed and quite 

frequently more information about local lesions may be obtained by clin ical observation than by 

histological examination of the tissues after death.

Veterinary ophthalmology is a recent speciality (Smythe, 1956; Uberreiter, 1959; Magrane, 

1965; Startup, 1969). Most interest has been shown in its application to the dog and the cat 

and to small animal practice in general; the comparative aspects as yet have received little  

attention, apart from the work by Rubin (1974).

The techniques used in veterinary ophthalmology are essentially the same as those used for man.

It is important to adopt a systematic procedure and to ensure that the findings at each stage of 

examination of the eye are recorded immediately.

The method of examination is based on simple optical principles, although sophisticated apparatus 

has been developed for use in the human fie ld . Animals may not be co-operative during the 

examination and it is therefore important to keep the experimental technique relatively simple. 

Because toxicological studies concern groups of animals, the technique adopted must be 

practical, not too time-consuming and applicable to the unanaesthetised anim al.

2.1 General examination

The general examination of the eye and its adnexa is usually possible with minimal 

restraint of the animal, under adequate diffuse daylight or by using a simple pencil 

flashlight.

To fac ilita te  examination of the conjunctival epithelium and the cornea, fluorescein 

staining can be used, as damaged epithelium retains the dye. One drop of 1% 

fluorescein solution con be instilled into the conjunctival sac; however, to prevent 

infection it is better to use fluorescein strips applied to the conjunctiva, a technique 

which, at the same time, establishes the patency of the tear duct.
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2 .2  Examination with the ophthalmoscope

Examination may be by direct or indirect ophthalmoscopy. The basic optical principles 

of each method are illustrated in Figures 1 and 2 .

To make a critical examination of the eye, the inspection should be conducted in a 

darkened room. Mydriasis is necessary for observation of the lens and fundus field; it 

is usually more d ifficu lt to dilate the pupil in an iris which is heavily pigmented than in 

one which is lightly pigmented.

Rubin and Wolfes (1962) tested eleven mydriatic drugs in the dog and found 1% tropicamide 

to be the most useful. In the Beagle dog, instillation of one drop of 1% tropicamide 

produces maximum dilation within 20 minutes, the mydriatic effect beginning to fade 

after 75 minutes. One drop of 1% trop I cam i de dropped into the conjunctival sac of an 

albino rat produces mydriasis within 2 -5  minutes, but full dilation is maintained for only 

30 minutes. Tropicamide in subhuman primates is effective after 30-45 minutes and this

effectiveness is maintained for 2 -3  hours, although in some cases full recovery may take 

up to 24 hours.

2 . 2 . 1  Direct ophthalmoscopy

The direct method is the one generally considered to be the most suitable for 

animals. By using the retinal reflex "opacities of the media" can be shown as 

shadows against the "red reflex"; a simple black dot suggests a lens opacity.

By correct use of the plus and minus lenses, a series of examinations of the eye 

from the fundus through the vitreous body, the lens, the chambers and finally  

the cornea can be made. Direct ophthalmoscopy enables one to carry out a 

very detailed examination of the eye, with assessment of the degree of myopia 

or hypermetropia.

2 . 2 . 2  Indirect ophthalmoscopy

The potential of this method of examination in the field of veterinary ophthalmology 

was recognised by Rubin (1960), while clinical experience with the instrument 

has been described by V ierheller (1966). Indirect ophthalmoscopy is particularly  

useful for examination of the eyes of animals undergoing toxicological tests.

The greater degree of illumination provided allows one to examine the cornea, 

lens, vitreous and retina more rapidly than with the direct ophthalmoscope.

The modern binocular instrument allows stereoscopic vision, facilitating  the 

recognition of lesions on the fundus and within the vitreous. Larger areas can 

be seen in one field and the peripheral fundus can be examined with comparative 

ease. It is easy to compare the two eyes quickly.
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Indirect ophthalmoscopy is the only feasible technique for the rot eye, and 

for the dog it is preferable to direct ophthalmoscopy. The technique is also 

applicable to primates, although direct ophthalmoscopy is preferable for these 

animals, as it  is a more hazardous procedure to hold the condensing lens at 

4 cm in front of the eye than to use the direct ophthalmoscope.

2 .3  Slit lamp biomicroscopy

Slit lamp examination of the eye cannot be performed with sufficient ease to recommend 

its use in the routine ophthalmologic examination. Modifications of the standard slit 

lamps and especially designed restraint have been recommended in animals (Uberreiter, 

1959). Restraint of the animal is one of the main problems, and anaesthesia or some 

degree of sedation is considered necessary in order to moke a detailed examination.

M artin  (1969) has described the biomicros copie examination of 20 apparently normal dogs, 

and his findings revealed significant differences from those in the human eye.

It is my practice to carry out slit lamp examinations to define more exactly lesions 

observed by the indirect ophthalmoscopic examination. The slit lamp microscope is on 

essential instrument in the critical examination of fine structural changes of the 

anterior segment of the eye.

2 . 3 . 1  Depth measuring

The thickness of the cornea and depth of the anterior chamber can be measured 

by means of on attachment to the slit lamp microscope. One of the two plane 

parallel glass plates is turned round its vertical axis, in front of the microscope, 

thus producing a doubling of the optical slit image. To fac ilita te  the setting 

of the double image, a split image eye piece is used.

2 .4  Photography of the eye

C linical records should be kept of each ophthalmoscopic examination and it is useful to 

obtain pictorial evidence of clinical abnormalities and eye changes. The technique of 

photography should be kept as simple as possible. Pork, Dolowy and Ivy (1959) 

described a technique for photographing cataractous lens changes in animals. I have 

found the fixed focal beam camera (Raynor-Wray) to be the most useful piece of 

apparatus for photographing the eye and Its adnexa, and with some experience very 

satisfactory photographs of the lens con be obtained.
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Lack of co-operation from the subject mokes fundus photographs d ifficu lt to obtain. The 

first good fundic photographs in the dog were obtained by Catcott (1952) using the 

Nordensen retinal camera. Donovan and Wyman (1964) used the Noyori hand fundus 

camera and obtained excellent photographs; it was, however, necessary to use some 

methods of chemical restraint. The Kowa hand-held fundus camera was found by 

Barnett and Keeler (1967) to be the most satisfactory for a ll animal species. The Kowa 2 

camera has been found to produce very satisfactory results in the dog and monkey, 

although it has not been found easy to obtain good retinal photographs of the ro t. Daniel 

(1963) described a simple method for examining the fundus oculi. The head of the 

anaesthetised animal (mouse, rot, cat, rabbit or monkey) is positioned so that one eye 

is directed upwards, a few drops of normal saline are placed on the cornea and a glass 

cover slip is laid upon the flu id . The fundus can then be visualised and photographs can 

be taken with an ordinary electronic flash. Using this technique, Byrom (1963), obtained 

satisfactory photographs of the retina of the rot.

Several slit lamps have had a camera incorporated into their optical systems, enabling 

photographs to be token during the course of the examination. The d ifficu lty  of 

obtaining satisfactory results is attributable to the necessity for time exposures of up to 

one or two seconds, which is impractical in unanaesthetised animals.

2 .5  Intraocular pressure

The tonometer measures intraocular pressure indirectly by determination of corneal 

tension. The Schiotz tonometer Is the usual model used in veterinary ophthalmology, 

although experience with this instrument is very limited (Magrane, 1951; Bryan, 1965).

This indirect technique is applicable to the dog and to the monkey. The recording is 

best mode using only topical anaesthesia and for this purpose 0 .5%  proporocaine 

hydrochloride is the best anaesthetic. With the dog, the head is held so that the eyes 

are directed upwards and the tonometer is allowed to rest by its own weight upon the 

cornea. Ideally the instrument should rest on the centre of the cornea, but in practice 

the upper third of the cornea is the site used. The mean of two readings is taken; the 

first using the 5 .5 g weight and the second using the 7 .5  g weight; this technique is 

applicable only to Beagles over 7 kg in bodyweight, for in young Beagles the corneal 

surface is smaller than the footplate of the tonometer.
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The same technique can be applied to primates, with the animals restrained in the 

supine position, but again the limitation is the size of the tonometer footplate.

There is no suitable technique applicable to the rat.

2 .6  Corneal radius of curvature

Corneal measurements are made with the Haag-Streit keratometer, which gives readings 

in units of refractive power and direct measurements of radii in millimetres; 

measurements are made by bringing the mires into apposition.

2 .7  Schirmer tear test

Commercial tear test paper is used for the Schirmer Tear Test. The paper is folded at 

its notched end and the fold is placed just within the lower lid margin, at the Junction of 

the lateral and middle third of the eye lid . The lids ore then held lightly closed. After 

one minute the paper is removed and the wetting measured. TTie tear flow is expressed 

os millimetres of wetting per minute.

The tear flow response in the dog is a measure of corneal responsiveness and ab ility  to 

produce tears. The Schirmer paper measures tears produced by irritation.

The test can be modified by applying a topical anaesthetic which reduces the reflex  

that stimulates the formation of tears. A drop of 0 .5%  proporocaine hydrochloride Is 

introduced into the conjunctival sac. The sac is dried before inserting the paper and 

making the measurement of tear flow response in the normal manner.

2 .8  Functional examination of the eye

Neurological examination of the dog has been described by McGrath (I9 6 0 ), Palmer 

(1965) and Foster (1968), all of whom have discussed eye reflexes in some d e ta il. The 

tests described are those that have been found to be useful for detecting toxicological 

damage.
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2 . 8 . 1  Nystagmus

Rhythmic oscillation of the eyes is a c lin ical sign which is very easy to observe 

in animals. The movement of the eyes may be horizontal or v e rtic a l. In 

some cases the degree of nystagnus is so slight that it is only recognised on 

ophthalmoscopic examination. Nystagmus is a feature of "Sernylon" 

anaesthesia in a ll primate species.

2 . 8 . 2  Pupillary light reflex

If a bright light is shone into each eye there is an immediate and rapid 

constriction of the pup il. Pupillary constriction is also observed in one eye 

when a light is shone into the other; this is known os the consensual reflex .

2 . 8 . 3  Blink reflex

The reflex is e lic ited  by threatening the eye with a hand or light source, the 

eye being protected by a sheet of gloss.

2 . 8 . 4  Cornea reflex

The corneal surface is lightly touched with a small twist of cotton wool, 

provoking a blink and causing the nictating membrane to transverse part of the 

cornea.

2 .9  C lin ical electroretinography

The electroretinogram records the sum of the action potentials generated by the retmal 

receptors and bipolar cells in response to a flash of light.

2 . 9 . 1  Amplifying and recording system

Recordings con be mode with a condenser-coupled am plifier. The ERG unit 

with the longest time-constant setting of about 0 .3 7  seconds gives good results 

and a direct and permanent recording con be obtained. The paper speed of 

the polygraph should be greater than 60 mm/sec. For our in itia l experiments 

we used a direct-coupled amplifier and viewed the response on an oscilloscope
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2 . 9 . 2  Light source

An electronic stroboscopic source of light is necessary. For single flash work, 

a flash duration of 3 microseconds at a peak light intensity of 7 x 10^ beam 

candle power ( 7 x 1 0  lux at approximately 1 metre) was used. The light 

source was set a t about 30 cm from the eye, attempting to place it on the visual 

axis. Flicker stimuli were produced at a flash rate of 400 per minute, with a 

flash duration of 3 microseconds at a peak light intensity of 4 .2  x 10^ beam 

candle power.

2 . 9 . 3  Contact lens electrodes

Several types of electrode hove been used. The first recordings mode on dogs 

employed cotton wick electrodes soaked in sodium chloride (Parry, Tansley and 

Thomas, 1953). Rubin (1967) recommended the use of the Korpe contact lens 

or a ring electrode.

We found that a ll commercially available electrodes were unsatisfactory, os 

their conduction was unreliable. We tried to improve contact with the corneal 

surface by using a number of electrolyte solutions, together with 1% methyl 

cellulose solution, but to no a v a il. Polarisation created problems with the 

silver electrode probe. The electrode which we hove found to give constant 

and reliable readings is made from plaited carbon fibres held in position on the 

cornea by a soft contact lens ( -6 .0 0  F. Soflens, Bausch and Lomb).

2 . 9 . 4  Procedure

Dilation of the pupil with 1% trop i cam ide is necessary to prevent pupil 

movement and changes in pupil size which would cause variation in the light 

reaching the retina. When working with dogs it  is necessary to induce on 

akinetic state in the animals. Anaesthesia is induced by intravenous infection 

of 0.025 ^ ^ g  thiopentone sodium with 0 .6  mg atropine sulphate also given 

intravenously. The animal Is maintained under anaesthesia with 0 .5%  

halothane in oxygen. Muscle paralysis is induced with 1 mg/kg intravenous 

gal lorn i ne triethiodide and the dog is then ventilated with a pump.
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The electrodes ore attached in dim illum ination. The indifferent electrode, 

which is a needle, is placed at the medial canthus, as close to the eye os 

possible. An interval of 5 minutes is allowed for dark adaptation; then 

single flash electroretinograms are recorded after 1 and 5 minutes. Flicker 

stimuli are administered for 5 minutes to investigate the "exhaustion phenomena", 

and then single flash recordings are made after 2 , 5 and 10 minutes.

A fter the experimental procedure, 0 .6  ml atropine sulphate is given 

intravenously and then the effects of goliomine ore dissipated by neostigmine 

methyl sulphate at the dosage level of 0 .5  -  2 .5  mg i . v .  depending on the 

duration of interference.

2 . 10  Biochemistry

Samples of aqueous humour for biochemical examination can be obtained by puncture 

of the anterior chamber. Under topical anaesthesia an Ansler needle is passed through 

the cornea, parallel to the anterior surface of the iris, and into the anterior chamber. 

The volume of aqueous humour that can be aspirated from the eye in this way is 

0 .3  -  0 .5  ml from the dog and 0.1 -  0 .3  ml from the baboon; this technique is not 

applicable to the rot. Samples are analysed by standard methods.

2.11 C lin ical pathological examination

On termination of a ll experiments and immediately the animals have been k illed , the 

eyes are dissected from the orbit using the technique described by Saunders and Jubb 

(1961) and are placed in Davidson's flu id . After fixation , the col lots are removed and 

the eyes are embedded in fibro wax which has a melting point of 5 6 °C . Sagittal sections 

are cut a t 5p and stained with haematoxylin and eosin. When necessary, additional 

sections ore cut using an interrupted serial technique.
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3 . OCULAR TO XIC ITY  FROM DIRECT C O N TA CT

Eye irritation studies cover two main areas. The first concerns the local effect on the eye 

produced by chemicals applied top ically , either by design or accident. These chemicals range 

from drugs designed for instillation into the eye itself to industrial detergents and noxious gases. 

The second group of studies is concerned with devices, in particular with contact lenses.

3.1  Chemical irritants

The methods for the study of irritation ore based on the well established Draize test 

(D raize, Woodard and Calvery, 1944). Most laboratories use the procedure laid down 

by the Federal Register (1964 or 1972). Albino rabbits are used as test animals. The 

animals must be protected from any extraneous source of eye irritation . The test 

material is placed in one eye of each animal by pulling down the lower lid away from 

the eyeball and instilling 0.1 ml of a liquid, or 50 or 100 mg of a solid or paste. The 

lids are then gently held together for one second before the animal is released. The 

other eye remains untreated and acts as the control. A fter the test material has been 

Instilled, the eyes are examined and the grade of ocular reaction recorded at 24 , 48 and 

72 hours, and up to 7 days if necessary. Under the present Code of Practice there is no 

provision for irrigation of the eye. One of the factors that can be varied is the period 

of contact between the material and the conjunctival sac. It has, however, been shown 

by Davies, Kynoch and Liggett (1976) that 10 seconds is the maximum acceptable delay 

time if  irrigation with water is to be beneficial.

Examination of the eye involves scrutiny of the cornea, conjunctivae and iris. Corneal 

lesions are scored for intensity and the area that they cover. The iris is examined for 

signs of inflammation and its response to light. The conjunctivae are examined and 

scored for swelling, redness and discharge. The scale for monitoring these changes is 

presented in Table 1 .

The irritancy test is a subjective one and it Is not surprising that the literature abounds 

with results which vary both between and within laboratories (W eil and Sea la , 1971). 

M arzulli and Ruggles (1973) reported that when criteria of corneal change, iris change, 

conjunctival redness and swelling were applied by means of a simple pass/foil procedure, 

reliable and reproducible results distinguishing between on irritant and a non-irritant 

were obtained in different laboratories.
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TABLE 1

Draize score -  monitoring scale

Cornea; A  -  Intensity (1 -4 )

B -  Area (1 -4 )

A  X B X 5 = 80 maximum

Iris: A  -  (1 -2 )

A  X 5 = 10 maximum

Conjunctiva: A -  Swelling (1 -4 )

B -  Reddening (1 -3 )

C -  Discharge (1 -3 )

(A +  B +  C) X 2 = 20 maximum

Total Maximum = 110
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O bjective tests for measuring corneal irritation hove seldom been applied, although it is 

possible to monitor several parameters: corneal curvature can be measured by means of

the Hoag-Streit keratometer; corneal thickness can be measured following the 

technique defined by Mishimo and Hedbys (1968); it is also possible to measure intra 

ocular pressure. McDonald, Baldwin and Beasley (1973) have laid down criteria for 

slit lamp examination and fluorescein staining. There is some debate on optimal 

staining time with fluorescein; Hickey, Beck and Botta (1973) have demonstrated that 

the intensity of the staining pattern is related to the time of contact with the stain.

It was decided to compare the subjective Draize score to more objective evaluation of 

ocular tissue changes. TVie compounds selected for investigation were sodium louryl 

sulphate (an anionic surfactant), benzylkonium (a cationic surfactant) and cetrimide 

(a quaternary ammonium detergent).

3 . 1 . 1  Materials and methods

Albino rabbits of both sexes ranging from 1.5 -  2 .0  kg bodyweight and rhesus 

monkeys ranging from 2 -  3 kg bodyweight were used. After instillation of the 

test materials, the reaction of the eye was rated according to D raize, corneal 

thickness and fluorescein patterns were recorded, and an attempt was made to 

measure corneal curvature. Some of the animals were investigated using the 

test compounds in conjunction with local anaesthesia of the cornea and 

conjunctival sac with 0 .5%  proparacaine. Other animals were investigated 

by washing out the treated eye with 100 ml of water (37°C ) within 10 seconds of 

instillation of the test compounds. The remaining animals were investigated 

using the test materials alone.

3 . 1 . 2  Results

The results ore presented in Tables 2 and 3,
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TABLE 2

Monkey eye irritancy (group mean values)

Tr*atm«nt
Number

1% NoLaS 

6

10% NaLoS 

6

10% NoLaS 
+ washout 

6

10% NaLaS 
+  onces th . 

6

Anaesthetic

6

0.1%  Benz 

6

1 .0% Benz 

6

1.0% Benz 
+ washout 

6

1% C e tr i-  

6

Corneal th ickneu 
PO

0.499
*0 .0 04

0.489
iO.025

0.498
T o .026

0.482
To.018

0.502
To.021

0.499 
To.004

0.497
To.Oll

0.506 
To.003

0.496
To.019

24
.0.502
-0 .008

0.559
-0 .089

0.518
To.031

0.636
To.062

^0.493 
To.024

0.499
To. 002

0.803
To .081

0.554
To.Oil

0.513
To.013

48
0.501

Î0 .0 0 3
0.512

To.032
0.509

To.019
0.901

To.148
0.495

To.019
0.500

Tb.oœ
0.703

To. 121
0.533

To.045
0.505

T0 .OII

72
- 0.489 

To.032
0.497

To.015
0.629

To.052
0.497 

To.017
- 0.659

To.089
0.504

To.004
-

96
- - - 0.557 

To.074
- - 0.612

To.113
- 0.502

To.006

Percentage jw e lling  
PD

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

24
0.00 14.28

Î1 5 .1 8
^5.67
^6.08

31.83
T9.82

0.62
Ti .52

0.00 .67
Ti 8.98

9.45
Tl.89

48
0.00 4.62

*5 .09
3.16

T2 .5 I
86.94

T29.33
0.28

To.68
0.00 41.27

T23.84
^5.17 
To .57

72
- ^1 .30

T2 .O3
J . 2 8
T2 .OI

30.44 
T9 .79

0.56 
-1 .3 6

- 32.41
Ti 7.67

0.00 -

96
- 0.00 - 15.28

T12.22
- - 22.89  

T2I .89
- J . 8 3

T2.96

Draize
PD

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

24
0.00 / . 6 7

T3 .2O
6.67

T3 .OI
14.00
T4.56

0.00 7.00
T l. lO

6.34
Ti .97

48
0.00 6.83

T4 . 3I
1.00

Ti.io
14.83
T3.76

0.00 0.00 tt:S 0.34
To. 82

72
- 3 .00

T3.95
0.00 / . 8 3

T2 .O4
0.00 - ^4 .2

T6.68
0.00 -

96
- 0.00 - 6.67

T2 . 8I
- - 10.0

T2.53
0.00

FI. staining 1 
PD A

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1
24 A

0.17
0.17

3 .50
3 .00

3.17
2.67

4.00
4.00

0.67
0.67

0 .34
0.34

4.00
4.00

1.50
1.17

0.834
0.667

1
48 A

0.00
0.00

1.83
0.83

0.67
0.50

4.00
3.34

0.17
0.17

0.00
0.00

4.00
2.83

0.34
0.34

0.834
0.834

1
72 A

- 0.67
0.50

0.00
0.00

3.67
2.50

0.00
0.00

- 2.67
1.34

0.17
0.17

-

1
96 A ■

................... i

0.67
0.67

- 2.50
1.17

- - 1.67
1.34

- 0.500
0.334
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TABLE 3

Rabbit eye irritancy (group mean values)

Treatment
Number

1% NoLaS 

6

10% NoLaS 

12

10% NoLoS 
+  washout 

5

10% NaLaS 
+  onaesth. 

6

Anaesthetic

6

0.1%  Benz 1.0%  Benz 

6

1.0%  Benz 
+ washout 

6

1% O s tr i-  
mide 

6

Corneal thickness 
PD

0.423
To.026

0.378
To.025

0.376
To. 017

0.384
To.022

^0.379
To.017

0.432
To .036

0.429
To.009

^0.431
To.OlO

.0.407
To.027

24
0.491 

To.065
0.506 

To.087
.0.463
To. 068

0.578
To.046

^0.382
To.019

0.514
To.042

^0.743
To.118

.0.451
To .035

^0.532
To.057

48
0.454

To.036
0.461

To.069
0.452 

To.077
0.460 

To.034
0.381

To. 017
0.435

TO.032
0.764

To.050
0.422

To .007
0.438

To.029

72
0.438

To .015
0.409

To.045
0.429

To.052
0.404

To.024
- 0.438

To.035
0.673

TO.032
0.427

To.008
-

96
0.428

To.022
0.396

To.050
- 0.380

To.025
- - 0.687

To.086
- 0.406

To.028

Percentage swelling 
PD

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

24
16.15

Ti 4.63
34.62 

T24.76
23.22

T16.O9
50.88 

T il .87
19.08
T8.59

^73.07
T28. I 5

31.37
Ti 8.46

48
8.26

Ti 2.31
J2.79
Ti 3.23

19.96
T17. I 6

20.53
T13.39

1.30
T3 . I 6

1.73
T3.38

78.60
Tio .59

0.00 +7.82 
To.05

72
4.68

T7 .OI
10.85

Tio .72
13.98

T i l .58
- ^1.31

Tl.58
5̂ 7.49 
To .23

0.00 -

96
+2.07
T3.38

6.97 
T i l .64

- 1- - 60.88
T2I.O8

- 0.00

Draize
PD

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

24
5.00

T4 . I5 t:::, 21.5
Tio.l

0.00 0.00 18.34
T4.72

48
11.34
T6.72

14.34
T2 .5O

0.00 0.00 23.00
To.40

0.34 
To. 82

72 4:: / . 1 7
T3.69

7.67
T2.58

- 0.00 20.80 
T i l . 17 tl:: -

96
0.00 3.92

T4 .2I
- 5.00

T2.53
- - 17.00

Tio .17
- 0.00

FI. staining 1 
PD A

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1
24 A

2.17
1.00

3.75
3.25

2.40
1.00

4.00
3.67

1.34
1.00

1.16
1.16

4.00
4.00

2.34
1.34

2.17
1.34

1
48 A

1.67
1.00

3.58
2.25

2.00
1.00

3.83
1.83

1.17
1.00

1.00
1.00

4.00
4.00

1.83
0.83

1.50
1.00

1
72 A

1.00
1.00

2.50
1.50

1.20
1.00

2.67
1.67

- 1.00
0.83

4.00
2.80

0.83
0.50

-

1
96 A

1.17
0.83

2.00
1.17

- 2.50
1.00

- - 4.00
2.80

- 1.67
1.00
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3 . 1 . 2 . 1  Draize total

3 . 1 . 2 . 1 . 1  Rhesus monkey

A ll predose values were zero. The scores were 

tested to see i f  they were significantly different 

from zero using a one-tailed "t" test.

a .  Sodium Louryl Sulphate:

A ll the monkeys given 10% sodium louryl 

sulphate hod a Draize score which differed 

significantly from zero. However, in the 10% 

sodium louryl sulphate and anaesthetic group, 

the score was significantly higher and stayed 

positive for longer than that of unanaesthetised 

animals.

b. Benzylkonium:

1% benzylkonium hod a significantly greater 

and more prolonged effect than 1% benzylkonium 

plus washout. 0 .1%  benzylkonium hod no 

effect at a l l .

c.  Cetrimide:

1% cetrimide produced a significant increase 

in the Draize score after 24 hours only.

3 . 1 . 2 . 1 . 2  Rabbit

Sodium Louryl Sulphate:

A ll treated groups showed a significant increase 

in the Draize score at 24 hours, but the 1% 

sodium louryl sulphate and the 10% sodium 

louryl sulphate plus washout groups hod 

significantly lower scores than the other two 

groups. The effects of 10% sodium louryl 

sulphate alone and 10% sodium louryl sulphate 

plus anaesthetic were significantly more 

prolonged than the effects of the other treatments,
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b. Benzylkonium:

0 .1%  benzylkonium did not produce an increase 

in Draize scores. Both 1% benzylkonium and 

1% benzylkonium plus washout produced 

significant increases, but the increase was 

significantly greater in the 1% benzylkonium 

group without washout.

c . Cetrimide:

This Induced a significant increase in Draize 

score at 24 hours only.

3 . 1 . 2 . 2  Draize -  Corneal opacity and area only

The corneal Draize score was statistically investigated, using "t" 

tests with a correction for continuity because of the limited 

number of different values in the data.

3.1  . 2 . 2 . 1  Rhesus monkey

a . Sodium Louryl Sulphate:

The only group to show any positive response 

was that treated with sodium louryl sulphate 

and anaesthetic, in which there were 

significant responses at 24 , 48 and 72 hours.

b, Benzylkonium:

The only group to show any positive response 

was the 1% benzylkonium, which was 

significant up to 72 hours.

3 . 1 . 2 . 2 . 2  Rabbit

a . Sodium Louryl Sulphate:

10% sodium louryl sulphate and 10% sodium 

louryl sulphate plus anaesthetic both produced 

significant responses at 24 and 48 hours and, in 

the case of 10% sodium louryl sulphate alone, 

also at 72 hours. No significant differences
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could be established between 10% sodium 

louryl sulphate and 10% sodium louryl 

sulphate plus anaesthetic at 24 and 48 hours.

Benzylkonium:

The only group to show a response was that 

treated with 1% benzylkonium; this group 

showed a significant response at 24 , 48 and 

72 hours.

3 . 1 . 2 . 3  Corneal thickness

Each animal was examined after dosing for changes in corneal 

thickness, and these changes were tested for statistical significance

3 . 1 . 2 . 3 . 1  Monkey

a . Sodium Lauryl Sulphate:

The eyes of monkeys treated with 1% sodium 

lauryl sulphate and 10% sodium lauryl sulphate 

and washout showed no significant response to 

treatment. Tbe group treated with 10% sodium 

lauryl sulphate gave significant responses at 

24 and 48 hours, but those given 10% sodium 

lauryl sulphate and anaesthetic showed highly 

significant responses after 24 , 48 and 72 hours.

b. Benzylkonium;

0 . 1 % benzylkonium did not produce any 

response. 1% benzylkonium and washout 

produced a highly significant response 

(P < .001 ) a t 24 hours, but no significant 

response at 48 and 72 hours. 1% benzylkonium 

produced a significant response whenever 

measured, the response becoming less 

significant with time.

c . Cetrimide;

This did not have any significant effect on 

corneal thickness.
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3 . 1 . 2 . 3 . 2  Rabbit

a . Sodium Lauryl Sulphate:

A ll the groups showed a significant response at 

24 hours, but the eyes of those animals treated 

with 10% sodium lauryl sulphate and 

anaesthetic showed a significantly greater 

response than that of the other groups, except 

those animals given sodium lauryl sulphate alone.

b . Benzylkonium:

1% benzylkonium and washout did not 

significantly affect corneal thickness. 0 .1%  

benzylkonium and 1% benzylkonium both 

produced a significant increase In corneal 

thickness, but in the 1% benzylkonium group 

the effect was greater and very much more 

prolonged.

c. Cetrimide:

This produced a significant change in corneal 

thickness, which persisted to 48 hours.

3.1  . 2 . 4  Fluorescein stain

Measurements of intensity and area of stain were scored on a 1 to 4 

scale. The data was treated as categorical data, which was 

analysed for statistical significance.

3.1 . 2 . 4 . 1  Monkey

a . Sodium Lauryl Sulphate:

1% sodium lauryl sulphate had no significant 

effect. 10% sodium lauryl sulphate and 

anaesthetic had a highly significant effect, 

which was still evident a t 96 hours. The 

effect of 10% sodium lauryl sulphate alone was 

still evident at 72 hours, but the effect of 

sodium lauryl sulphate and washout, although 

highly significant at 24 hours, had worn off by
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72 hours. A t 48 hours, the group treated with  

sodium lauryl sulphate and anaesthetic yielded  

significantly more scores of 4 than did the 

washout group or the 10% dosed group.

b. Benzylkonium:

10% benzylkonium and anaesthetic had the 

greatest and most proliferative e ffec t. Results 

based on area of stain were identical to those 

based on intensity of stain.

c . Cetrimide:

Cetrimide produced changes which were found, 

on fluorescein staining, to be significant when 

either area or intensity were considered, and 

which persisted for up to 94 hours.

3 . 1 . 2 . 4 . 2  Rabbit

a . Sodium Lauryl Sulphate:

A ll treatments had a significant and prolonged 

effect with regard to both area and intensity of 

reaction. When treatments ore compared, the 

10% sodium lauryl sulphate and 10% sodium 

lauryl sulphate plus anaesthetic groups hod 

significantly higher intensity values than the 

other groups, and also hod larger stained areas 

than the other groups.

b. Benzylkonium:

Animals in a ll the treatment groups gave 

significantly positive responses at a ll times.

1% benzylkonium produced responses of 

significantly higher intensity than did 0 . 1%  

benzylkonium. Assessment of areas stained 

gave similar results, except that, a t 72 hours, 

animals in the 1% benzylkonium group plus 

washout showed less stain.
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c . Cetrimide;

Staining, significant in intensity and area, was 

induced only after 24 hours.

3 . 1 . 3  Discussion

Pain is an important danger sign. The instillation of irritants into the 

conjunctival sacs of animals must be associated with pain, but pain in animals 

is d ifficu lt to assess and is an unreliable criterion for safety evaluation. 

Increasing capillary permeability has been shown by La il les, Plazonnet and 

Douarec (1975) to be the first event in eye irrita tio n . This con be demonstrated 

by injecting 50 mg/kg of Evans blue into the ear vein of rabbits and measuring 

the uptake by the cornea and conjunctiva and the concentration within the 

aqueous humour.

3 . 1 . 3 . 1  Droize score

The Droize test is the easiest assessment to score. Comparison of 

the total Droize score and scores for the cornea only suggest that 

the conjunctiva makes the in itial response to irritation and that 

the reaction persists for longer than it  does in the cornea. The 

effect of this conjunctival response on the overall eye reaction is 

not understood, but it could be considerable. The conjunctiva 

and cornea respond to remedial treatment. The iris reaction 

makes an insignificant addition to the total Droize score and occurs 

only if  there is extensive corneal reaction.

3 . 1 . 3 . 2  Corneal thickness and hydration

Corneal thickness and hydration ore related linearly ( Hedbys 

and Mishima, 1966), but thickness is easier to measure by 

calculating a percentage swelling, in the rabbit, correlations 

between total Droize score and corneal thickness following the 

instillation of 10% sodium lauryl sulphate can be shown after 48, 

72 and 96 hours, but not after 24 hours. These correlations ore 

between group mean values and cannot be shewn to consistently 

occur in individual animals. In the monkey, correlations cannot 

be established following instillation of sodium lauryl sulphate. 

When the irritant used is benzylkonium chloride, no significant 

biological correlations con be established in either monkey or

rabbit between Droize scores and corneal thickness,
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3 . 1 . 3 . 3  Conjunctival and corneal weight

Conjunctival and corneal weight were found to be precise 

measurements of irritation by Lollies et al (1975), who investigated

many organic solvents. For control animals, the percentage dry 

weight of cornea was 26 .4%  -  0 . 8 ,  but even with the most severe 

irritant this never fell below 10%,

3 . 1 . 3 . 4  Fluorescein staining of the cornea

Fluorescein staining appears to be the most sensitive indicator of 

corneal damage in the monkey; in the rabbit, however, a certain 

degree of corneal staining is present, even in control animals, and 

interpretation is therefore more d ifficu lt. It has been suggested 

that, in this species, the staining pattern is related to the 

physiological desquamation of the corneal epithelium (K ikkawa, 

1972). Nevertheless, this pattern of intense and light staining 

has not been established in the albino rabbit.

3 . 1 . 3 . 5  Corneal curvature

Measurement of corneal curvature is precluded by the effects of 

irritants on the precorneal film , for disturbances of this film and 

any superficial epithelial damage prevents lining up of the mires 

which ore used for measurement.

3 . 1 . 3 . 6  Intraocular pressure

Attempts have been made to measure intraocular pressure using 

the Schiotz tonometer. This proved to be im practical, because the 

swelling of the cornea cushioned the tonometer footplate. 

Significant increases in intraocular tension following instillation 

of various solvents and irritants have been recorded by Ballontyne, 

Gossord and Swanston (1972). Pressures measured with an 

applanation tonometer showed increases after 10 minutes, but had 

returned to normal after one hour. Higher concentrations of test 

materials produced marked increases in intraocular tension for 

each incremental increase in concentration.
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3 .1 .3 ,7  Choice of species

There ore minor anatomical and physiological differences between 

the eyes of rabbits and monkeys. In the rabbit, 25% of the globe 

is exposed, compared with 8% in the monkey. The cornea is 

0 .3 7  mm thick in the rabbit, and the epithelium 30 -  40 p thick; 

while in monkeys, the cornea is 0 .5  mm th ick, and the epithelium  

40 -  50 p th ick. The rabbit has a large third eyelid and under 

this membrane is the Harders gland which, when irritated, becomes 

active and secretes a w hite , m ilky flu id . In monkeys, the tear 

glands are active and irritants stimulate tear formation; although 

well defined lachrymal glands are found in the rabbit, tear 

secretion is rarely initiated by the application of irritants. In both 

species, the pH of the tears is 7 .4  -  8 .0 .  However, in monkeys 

the pH of the aqueous humour is 7 .2  and in rabbits it is 8 .3 .

There is, therefore, a difference In buffering capacity which might 

account for the ease with which the anterior segment of the rabbit 

eye becomes involved. In rabbits, the blink rate is 2 -  3 times 

per hour, whilst in monkeys, it  is 15 -  20 times per minute.

3 .1 .3 .8  Local anaesthetics

It is frequently suggested that local anaesthetics should be used to 

allev iate  the pain caused by these irritants. The local anaesthetic 

investigated was proparacaine 0 .5 % , which is a commonly used 

anaesthetic and has been shown to be free of irritant properties.

In the rabbit, when applying irritants to an anaesthetised cornea, 

the intensity of reactions was increased, although there was no 

evidence of any prolonging e ffec t. In the monkey, however, 

applying irritants to the anaesthetised conjunctival sac had a very 

marked effect, in which all reactions were intensified and prolonged, 

These results indicate that in the monkey, which has effective  

defence mechanisms against irritation -  such os increased tear 

formation and high blink rate -  the use of anaesthesia is contra

indicated on both scientific and humanitarian grounds.
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3 .1 .3 .9  Extrapolation of Irritancy results to man

There is considerable d ifficu lty  in extrapolating eye irritancy data. 

To justify these tests, it must be assumed that the human w ill 

be as sensitive as the test animals. With respect to cosmetic 

and to ilet preparations, these ore generally considered safe if there 

is no iris reaction, no corneal change, and the conjunctival change 

subsides in three days and is completely reversed in seven days. 

What is in debate is whether the neat product should be used, or 

the neat product followed by a washout procedure, or whether it 

is more applicable to investigate the products at working strengths.

These experiments show that the monkey and rabbit respond 

differently to moderately irritating surfactants. This is consistent 

with the findings of Buehler and Newmann (1964) and supports 

the views of Rieger and Battista (1964) that safety is more reliab ly  

established in volunteer panels.

3 ,2  Devices

Contact lenses can cause mechanical injury, due to poor fitting , or chemical injury, 

from substances released from the lenses or solutions used in conjunction with these lenses, 

There ore two types of contact lens, the hard and the soft variety.

Hard lenses are made from polymethylocrylote. It was suspected that methacrylic acid 

leached from the plastic produced corneal damage. Hard lenses were leached with 

boiling water for 10 days, 7 hours a day, and the extract was applied to the conjunctival 

sacs of rabbits at hourly intervals, 8 times d a ily , for 7 days. N o irritation was induced 

and it was concluded that this polymer was safe. In addition, methacrylic monomer 

has been tested by skin implantation in New Zealand W hite rabbits. The material is 

hard, clear and flex ib le , although containing 1 .4%  of w ater. The lens shape is under 

control and the fitting curve can be made highly reproducible. The lens can be fitted  

with a central thickness of 0.1 mm. Wetting agents are necessary to change the 

hydrophobic properties of the lens. These lenses are fitted to allow precorneal tear 

flow and gaseous exchange.
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Soft lenses ore mode from hydrophilic acrylates. They mould to the surface of the cornea 

and therefore must be considered os close fitting occlusive membranes. Changes in pH, 

tonicity and water equilibrium produce changes in the shape. The higher the water 

content of the m aterial, the better is the exchange flow , although these lenses never 

permit sufficient oxygen flow for corneal respiration. In selecting materials for soft 

lenses a balance has to be mode between trauma and anoxia. Soft lenses hove been 

tested in rabbits and monkeys.

3 .2 .1  Investigation of soft lenses in rabbits and monkeys

Soft lenses can be fitted with ease to rabbits and monkeys. The f it  is based on 

kerotometer measurements a t 90 ° and 180°, together with the corneal diameter. 

The results recorded in the rabbit show the corneal curvature (K value) to 

increase with bodyweight gain, the results being comparable with those 

reported by Roth (1969) for the Dutch rabbit. In rhesus monkeys, the cornea I 

curvature showed no significant change in animals weighing 2 . 5 - 7  kg .

Older monkeys tend to hove flatter corneas. The cornea I curvatures for rhesus 

monkeys and rabbits of known weight are presented in Table 4 . The corneal 

diameter for the rabbit is 15 .27  -  0 .5  and for the monkey is 10 .74  -  0 .2 0  mm.

3 .2 .1  .1 Fitting

Lenses 0 .3  mm flatter than the corneal curvature are fitted to the 

rabbit, with the lens diameter matching the normal corneal 

diameter for the rabbit. In the monkey, the lens thickness in the 

hydrated state is usually 0 .3  mm; the lenses are best fitted  

flatter than the normal cornea I curvature. In the first experiments, 

lenses 0 .3  mm flatter than the K value were fitted and satisfactory 

wear and tolerance were achieved. However, in the later 

experiments it was found that lenses 0 .6  mm flatter than K are best. 

The lens diameter should be 0 .7  to 1 .0  mm greater than the 

corneal diameter for the monkey. The lens power must be piano, 

with the concave curve fitted to a mono curve.
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Rabbit

TABLE 4 

Corneal curvature

Group Weight (gm) K value Group size

1 2413 -  4 2 .6 6 . 8 9 - 0 . 1 9 5

2 2782 -  150.7 6.81 - 0 . 1 5 10

3 3225 -  138.6 6 . 9 7 - 0 . 1 8 21

4 3 7 1 9 -1 1 2 .2 7 .23  -  0 .37 11

5 4278 -  181.6 7 . 5 7 - 0 .1 5 8

6 4708 -  236 .3 7 . 8 0 - 0 .2 3 3

7 5193 -  130.8 ■ 7 .5 2 - 0 . 3 3 2

Monkey

Group Weight (gm) K value Group size

1 2308 -  110.9 6 . 2 5 - 0 . 1 8 24

2 2776 -  149.7 6 .43  t o . 23 21

3 3239 -  137.7 6 .3 0  t o . 18 31

4 3831 -  162.1 6 . 3 4 t o . l 6 16

5 4275 -  173.9 6 .33  t o . 18 12

6 4600 6 .12 1

7 5125 -  150.0 6 .0 8  t o . 10 4

8 0

9 7567 -  246 .6 6 .2 9  t  0 .27 3

10 8100 6 .15 1
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3 .2 .1  .2  Observations

In our studies, every day, when the lenses were being fitted or 

removed, the gross appearance of the eye and the f it  of the lens 

were observed. Slit lamp ophthalmoscopic examinations were 

made at intervals. Corneal curvature and thickness were 

measured throughout the study; at the end of the experimental 

period, the eye and its adnexa were examined for histopothologicol 

changes.

3 .2 .1 .3  Results

In the rabbit studies, no evidence of irritation or anoxia was 

detected with any material investigated. In the rhesus monkey, a 

variety of clinical signs were observed. Most monkeys tolerated 

soft lenses without signs of discomfort. N inety per cent wear 

could be achieved over 18-hour periods with little  d ifficu lty . 

Occasionally lenses were lost. A  few monkeys could not tolerate 

contact lenses and although no satisfactory explanation could be 

found for this, such animals were excluded from this study on the 

grounds of unsuitability. Those hydrophilic acrylates which were 

tolerated did not induce any abnormalities of the eyelid or 

conjunctiva. Epithelial oedema and intraepithélial microcysts 

were found in 50% of animals at the end of the 6-month trial 

period. Punctate epithelial keratitis, which consists of fine 

cellular aggregations within the epithelium , was common.

Scarring at the apex of the cornea and extending to the limbus could 

be detected in 20% of cases. Vascularisation of the stroma was 

found after long periods of wear, but there was no concomitant 

oedema or cellular in filtration . Vascularisation of this type is 

considered to be due to hypoxia. Soft contact lenses have a tight 

f it  which precludes the free circulation of tears behind the contact 

lenses. Fitting the lenses flatter (up to 0 .6  mm flatter than K) 

improves tear circulation behind the lens and prevents hypoxia, 

particularly in the apical region of the cornea.
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3 .2 .2  Solutions for hard contact lenses

These are necessary for wetting, sterilisation, cleaning and storage of the 

lenses. A  minimum of two solutions is required -  one for wetting and the other 

for sterilising.

3 .2 .2 .1  W etting solutions

Wetting solutions ore based on polyvinyl alcohol and polysorbate. 

Their pH varies from 5 - 9  and their tonicity is equivalent to 

0 .9%  - 1 .1 %  N o C I. The purpose of these solutions is to change 

the hydrophobic surface of the lens to a hydrophilic one. They 

contain cellulose to increase viscosity and should also contain an 

antibacterial agent. W etting solutions have been tested by the 

standard Draize test and found to be non-irritant.

3 .2 .2 .2  Sterilising solutions

Sterilising solutions based on EDTA, benzylkonium chloride and 

thiomersal have been tested by standard Draize tests and found to 

be non-irritant.

3 .2 .3  Solutions for soft contact lenses

Problems arise with the sterilising of soft contact lenses because they absorb 

and concentrate bactericides and prolong their contact time with the cornea.

The absorbed chemicals may be released slowly or, very occasionally, rapidly. 

The amount of chemical taken up is dependent on the water content and pore 

size of the hydrophilic acrylate. TVie toxicity of chemicals to be used with 

hydrophilic gels can be assessed only in !'in use" situations, the monkey being the 

best model. The lenses ore fitted and the solutions are used following normal 

lens sterilising practice, if the materials are irritant to the eye, toxic 

manifestations appear over a 6-month treatment period. Signs of irritation  

first appear in the conjunctivae and the lid margins. There is vascular 

dilatation and conjunctival follicles develop. Lochrimotion is increased.

Corneal involvement becomes pronounced, with a prevalence of punctate 

epithelial keratitis and the appearance of gross deposits consisting of leucocytic 

infiltrations within the epithelium. The corneal changes become more 

pronounced with time, but ore capable of subsequent resolution. Davies (1973),
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using the rabbit eye as a model, has shown that the commonly used ophthalmic 

preservatives -  benzylkonium chloride, EDTA, chlorhexidine and chlorocresol ■ 

are unsatisfactory sterilising agents for soft lenses. Sterilisation of soft 

contact lenses is best achieved using boiling water.
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OCULAR TO XIC ITY  FROM SYSTHMIC A D M IN ISTR A TIO N

Ocular side effects have been reported following administration by a ll the systemic routes of 

chemicals ranging from pharmaceuticals to industrial chemicals and gases. Ocular toxicity  

occurs at a re latively  low frequency and for this reason it is important to know the variations of 

the normal eye and the spontaneous pathology.

4.1  The adnexa of the eye

The eyeball, together with its associated structures -  the muscles, the orbital 

connective tissue, lachrymal gland and the eyelids -  lies in the orbital fossa of the head

4 .1 .1  Spontaneous pathology

4 .1 .1 .1  The Dog

The orbit of the dog is not completely closed; the lateral 

completion is formed by the fibrous union of the zygomatic process 

of the frontal bone with the frontal process of the zygomatic bone. 

The eye is suspended by 4 recti muscles, 2 oblique muscles and 

1 retractor muscle. The eye of the mature Beagle weighs

6 .2  -  0 .5 5 .g and is of the following dimensions:

Sagittal section: 2 2 .0  mm -  0 .7 8

Transverse section: 23 .23  mm -  0 .8 9

Ventral section: 23 .19  mm - 1 . 1

In the dog, there are three eyelids -  the upper and lower external

eyelids and the nictating membrane (or third eye lid ), which moves

diagonally and laterally  behind the external lids. The third eyelid

is composed of a "T" shaped piece of cartilage, covered on both

surfaces with epithelium . The membrane is extensive and can

cover the whole of the anterior aspect of the eye. There is

lymphoid tissue on the concave aspect of the third eyelid; this is

commonly known as the Harderian gland. A t the margins of the

upper and lower lids, there ore minor glands -  the Meibomian glands.

Near the medial commissure are the two punto lacrimolio, through

which the lochrimol secretions drain via the nasal lachrimal duct

into the nasal cavity. The lachrimal gland is located in the

supraorbital fossa; excretory ducts empty the contents into the

conjunctival sac.
: 29 :



4 .1 .1 .1 .1  Congenital and hereditary anomalies

a . Coloboma:

Notching of the lids with absence of part of 

the lids and eyelashes is an uncommon anomaly, 

less than 0 .05  per cent.

b . Entropion:

Inversion of the lids is rare in the Beagle dog, 

less than 0 .05  per cent being affected.

c . Ectropion:

Eversion of the lids is equally rare in the 

Beagle dog, less than 0 .05  per cent being 

affected.

d . Trichiasis;

In this condition, the eyelashes turn inwards, 

to irritate the cornea and conjunctiva. It is 

very rarely seen in the Beagle dog.

e . Eversion of membrana n ictitons:

In this condition, prolapse is caused by 

swelling and hypertrophy of the gland, less 

than 1 per cent of animals are affected.

f .  Atresia of the lachrimal apparatus:

Congenital absence defects in the drainage 

apparatus are not uncommon in some breeds of 

dog, notably the Poodle, but this condition 

has never been recorded in the Beagle.

4 .1 .1 .1 .2  Infections

Infections involving the lids ore usually secondary 

to conjunctivitis or keratoconjunctivitis. There is 

thickening of the palpebral conjunctivae and the 

lid margins, usually involving the Meibomian glands, 

Dacryoadenitis is rare in the dog.
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4 .1 .1 .1 .3  Acquired abnormalities

a . Luxation of the Harder ion gland:

The lymphoid tissue in the third eyelid  

frequently becomes displaced and appears as a 

red ovoid moss at the nasal canthus (Figure 3 ) . 

This is a not uncommon condition in Beagle 

pups and is thought to be related to the use of 

sawdust as a bedding m ateria l. Surgical 

removal is the only effective treatment.

b. Wounds:

Lacerations of the lid ore not uncommon and 

most heal rapidly.

4 .1 .1 .2  The Rat

The eye is contained within a fla t orbit and is suspended by 3 recti 

muscles, 2 oblique muscles and 1 levator palpebral muscle. The 

eyelids are well developed, with fine eyelashes. There is a 

nictating membrane, supported by a semi lunar cartilage. The 

Meibomian glands are large. There are two lachrymal glands -  

the exorbital is below and in front of the ear and the intraorbital 

is triangular and at the posterior angle of the orbit. The duct from 

the exorbital gland unites with the duct from the intro orbital gland 

and empties in the region of the nasal conjunctival sac. The 

Harderian gland is extensive; it occupies most of the orbit, 

encircling the optic nerve. Port of the gland is visible between 

the intraorbital lachrymal gland and the orbit. The gland opens 

on the nictating membrane.

4 ,1 .1 .2 .1  Congenital and hereditary anomalies

a . Palpebral fissure:

This condition is usually associated with 

microphthalmos (Figure 4 ).

b. Coloboma:

Coloboma tous defects of the lids hove not 

been recorded in the rot.
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Figure 3; Luxation of Harderian Gland 

3 / .

Figure 4: Palpebral Fissure

-p. 3 L

Figure 5; Sialodacryoadenitis

f .  3)1.
Figure 6: Epiphora
p . 3% .

Figure 7; Paracetamol

p .  ^ 4 .

Figure 8; Protrusion of Third Eyelid

p. 34.



4 .1 .1 .2 .2  Infections

The rot is subject to a viral condition involving 

the lachrymal apparatus, known as sialodacryo

adenitis. Sialodacryoadenitis was first reported in 

rats by Innes and Stanton (1961) and Hunt (1963) 

described the condition in more deta il. It is a viral 

disease, caused by a corona virus which is 

antigenically related to mouse hepatitis virus. It 

induces self-limiting inflammation of the salivary 

and lachrimal glands. Swelling of the Harderian 

gland causes the eye to protrude and at times the 

swelling is severe enough to prevent closure of the 

eyelids. Conjunctivitis and keratitis, with 

corneal ulceration, can occur (Figure 5 ). The 

incidence of infection has been described by 

Heywood (1973), who found that the disease runs 

a 7 -  10 day course. However, there was a 

marked sex difference with regard to the severity of 

the infection, the male rats being more affected 

than the females. The mortality rate was very low. 

Among the affected rats, 20% of the males and 10% 

of the females showed permanent damage to the 

cornea and in many cases there was associated 

synechia.

4 .1 .1 .2 .3  Acquired abnormalities

Chronic epiphora:

This condition manifests itself as a red 

discharge from the conjunctival sac (Figure 6). 

The red colour is due to porphyrin in the 

lachrymal secretion. The cause of this 

condition would appear to be blockage of the 

nasal lachrymal duct. This blockage is often 

associated with overgrowth of the incisor teeth.
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4 .1 .1 .3  The Monkey

The eye is set within a deep orbital fossa and is suspended by 4 

recti muscles, 2 oblique muscles, 1 accessory lateral rectus muscle 

and the levator palpebral muscle. The eyelids are well developed, 

The nictating membrane is a membranous fold situated a t the medial 

angle of the eye and is not supported by cartilage. The lachrimal 

gland is in the upper lateral angle of the orbit and opens by a 

series of ducts into the inner surface of the upper eye lid , near its 

lateral margin. A t the inner angle there is the lachrimal papilla . 

A t the top of the papilla is the small opening which leads into the 

lachrimal sac and then via the lachrimal canals into the interior 

meatus of the nose.

4 .1 .1 .3 .1  Congenital and hereditary anomalies 

None hove been recorded in the monkey.

4 .1 .1 .3 .2  Infections

Infections involving the lids and lachrimal 

apparatus have not been recorded.

4.1 .1 .3 .3  Acquired abnormalities

a . Lacerations:

The only abnormalities seen have been the 

results of trauma in which parts of the eyelid  

hove been torn away.
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4 .1 .2  Changes affecting the adnexa

Compounds affecting the adnexa mainly involve the eyelids.

4 .1 .2 .1  Palpebral oedema and ptosis of the eyelids

This is a not uncommon sign recorded in acute intoxications in the 

ra t. However, it is not often observed following chronic 

administration of compounds. Oedema of the eyelids is associated 

with some oedema of the conjunctivae. In the case of paracetamol 

intoxication in the dog (Figure 7 ), dosage levels of 450 m@/kg/day 

cause a reduction in the size of the Meibomian glands and there is 

mixed inflammatory cell infiltration of the conjunctivae.

4 .1 .2 .2  Relaxation of the third eyelid

Relaxation of the third eyelid so that the membrana ni cti tans covers 

one-third of the cornea is not uncommon in the dog (Figure 8 ). 

Excessive prominence of the third eyelid is seen in debilitating  

conditions which result in the absorption of the retrobulbar fat and 

sinking of the eyeballs. It is also a feature of compounds that 

affect the autonomic system.

4 .1 .3  Compounds affecting the adnexa

These are best classified according to their intended use; they are listed in 

Table 5 .

4 .1 .3 .1  Pharmaceuticals

A ll the tranquillisers, the adrenergic neurone blocking agents, 

anti-hypertensives and vinca alkaloids ore all capable of causing 

relaxation of the third eyelid in the dog. Analgesic agents, such 

as dithiosalicylic acid and the anthelmintic Banminth tartrate have 

also been noted to induce this effect. Paracetamol is the only 

pharmaceutical noted to produce oedema of the eyelids in the dog.
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Rat

Dog

TABLE 5

Compounds affecting the adnexa

Dibutyl phthalate

Adrenergic blocking agents 

Banminth tartrate 

Dithiosalicylic acid 

Guanethidine derivatives 

Paracetamol

Pentazocine derivatives 

Phenothiozine derivatives 

Vinca alkaloids

Monkey

Imidopropionitrile
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4 .1 .3 .2  Industrial chemicals

Plasticisers have been found to cause relaxation of the third eyelid  

in the dog and dibutylphthalate has caused palpebral oedema in 

the rat (Radeva and Dinoeva, 1967). The only compound noted to 

induce palpebral oedema in the monkey is imidopropionitrile 

(Seyle, 1951).

4 .2  The cornea

The cornea is a continuation of the sclera; there is a very abrupt transition from the 

dense material of the sclera to the clear material of the cornea. The latter is derived 

from ectoderm and its transparency is dependent on the parallel arrangement of the 

corneal lam ellae, the maintenance of curvature and its state of turgescence. The cornea 

is made up of 5 layers, the stratified squamous epithelium. Bowman's membrane, the 

substantia propria, Descemet's membrane and the endothelium.

In the normal, healthy cornea there are no blood vessels. As it  is on avascular 

structure, it receives its nourishment by dialysis from the perilimbol vessel plexus and 

also from the aqueous humour and the tears. The cornea normally contains 75% water, 

its transparency being related to the degree of dehydration. Increase of the water 

content of the cornea to 80% causes noticeable cloudiness. The nerve fibres come from 

the pericorneal plexus; they lose their myelin after they enter the cornea, some forming 

a plexus below Bowman's membrane and others turning towards Descemet's membrane and 

supplying the substantia propria.

4 .2 .1  Spontaneous pathology

4 .2 .1 .1  The Dog

The cornea of the Beagle is circular and is 15 -  16 mm in diameter 

in mature animals. The corneal curvature is usually 8 .5  mm and its 

central thickness is approximately 0 .85  mm. The cornea is subject 

to several congenital and hereditary anomalies, infections and 

acquired abnormalities.
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4 .2 .1 .1 .1  Congenital and hereditary anomalies

Such anomalies are not common in Beagle dogs.

a . M icro cornea:

This is a rare condition in the Beagle dog and 

it is always associated with microphthalmia. 

Affected pups are never used for experimental 

work. Microphthalmia is a congenital 

malformation, which is inherited as a dominant 

non-sex-1 inked condition.

b. Corneal dermoid:

A dermoid is a choristomatous tumour, arising 

from an ectodermal aniage, and is composed of 

tissue not normally in the area of origin. One 

animal has been found to hove a limbol dermoid.

c . Coloboma:

This congenital defect has been seen in one 

animal and in that case was associated with a 

coloboma tous defect of the choroid (Figure 9 ).

d . Corneal dystrophies:

Although corneal dystophies have occasionally 

been seen, these changes have not been 

characterised. C lin ica lly , they appear as 

discrete areas of opacity within the corneal 

epithelium (Figure 10).

4 .2 .1  .1 .2  Infections

Inflammatory conditions of the cornea are common 

and have been described by many authors (Mogrone, 

1965; Lawson, 1969). Acute keratitis is 

characterised by leucocyte infiltration of the 

epithelium and stroma and superficial vascularisation 

where the vessels run from the episclero (Figure 11). 

Chronic keratitis is associated with fibroblasts and 

deep vascularisation, with the vessels arising from 

the anterior c iliary vessels. Pigmentary keratitis
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Figure 9: Coloboma
f5. 3 7.

Figure 10: Corneal dystrophy
p . 3%

Figure I I :  Acute keratitis

p.  37.

\

Figure 12: Interstitial keratitis

p .  3 8 .

Figure 13: Nasal quadrant keratitis

p

Figure 14: Staphyloma
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as described by Be 11 horn and Henkind (1967) is 

associated with chronic irritation and vascularisation.

4 .2 .1 .1 .3  Acquired abnormalities

a . Protrusions through the cornea:

Protrusions through the cornea are usually due 

to injury to the cornea, which may give rise 

to protrusion of Descemet's membrane. If the 

damage involves all layers of the cornea, the 

iris itself may protrude.

b. Foreign bodies:

Bedding materials such as sawdust may become 

embedded in the cornea,

c. Corneal lipidosis:

Fatty degeneration of the cornea of the adult 

dog has been described by Saunders and Rubin 

(1975).

d. Interstitial keratitis:

This is associated with infectious virus hepatitis 

or live virus vaccination. It Is a hyper

sensitive reaction, with live virus and antibody 

reacting. It is due to iridocyclitis causing 

change in the aqueous composition and 

subsequently oedema in the cornea (Figure 12). 

The reaction is usually seen two weeks after 

infection and normally subsides within three 

weeks.
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4 .2 .1 .2  The Rat

The cornea of the rot is circular and is between 6 .5  and 7 mm in 

diameter in adult animals. The cornea is subject to many 

spontaneous pathological changes.

4 .2 .1  .2 .1  Congenital and hereditary anomalies

a . Corneal dermoid:

A  corneal dermoid was described in 

laboratory rats by Nichols and Yannoff (1969), 

but this appears to be the only recorded 

incident.

b. Microphtholmus:

This is not on uncommon hereditary defect in 

some strains of rat. Such animals are not used 

on toxicological experiments.

4 .2 .1  .2 .2  Infections

The rot is subject to keratoconjunctivitis. Foster

(1958) described purulent conjunctivitis in young 

weaned rats, which spread from rot to rot. One or 

both eyes were affected. Micrococcus pyogenes 

was the organism which was Isolated.

Purulent panophthalmitis was described by Jones

(1959) in rots 8 months of age or over. Bilateral 

blindness frequently resulted. Staphylococcus 

aureus was cultured from direct smears of the 

conjunctivae.

Nasal quadrant cornea I opacities, which may be 

transient, unilateral or b ila tera l, have been recorded 

by Bellhorn (1973). The condition is associated 

with inflammatory change in the duct of the 

orbital lachrimal gland, which empties into the 

region of the nasal conjunctival sac (Figure 13).
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4 .2 .1  .2 .3  Acquired abnormalities

a . Trauma;

Because of the prominence of the eye, the 

cornea is subject to accidental trauma -  scars 

resulting from clow damage are not uncommon 

in older rots.

b . Experimental trauma:

The practice of bleeding rots from the orbital 

sinus results in a small incidence of corneal 

scarring which is induced by the pipette.

4 .2 .1  .3 The Monkey

The cornea of the monkey is circular and in 3 -  4 kg animals is 

1 1 - 1 2  mm in diameter. Corneal curvature is about 6 .4  mm and 

it has a central thickness of 0.51 mm.

4 .2 .1  .3 .1  Hereditary and congenital defects

None hove been recorded in the monkey,

4 .2 .1  .3 .2  Infections

Conjunctivitis is not often seen in monkeys, 

although Schmidt (1971 ) has recorded an outbreak 

of sudden onset in rhesus monkeys, in which the 

lesions were unilateral; the conjunctiva was 

reddened and oedematous and there was a 

mucopurulent exudate in the conjunctival sac. 

Attempts to culture the organism were unsuccessful 

The same author also recorded a cose of 

keratitis in a baboon.
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London and Bennett (1969) described six 3-w eek  

old infant rhesus monkeys suffering from nonfebrile 

conjunctokeratitis and found that simian virus 15 

was the causative agent.

Hermann and Fox (1971) recorded a cose of 

ponophtholmus in one of a group of rhesus monkeys 

that had developed enteritis. This was later 

attributed to diplococcic septicaemia. 

Conjunctivitis with associated keratitis has been 

observed in our monkey colony at Huntingdon 

Research Centre only os a secondary sign during 

an outbreak of shigellosis.

4 .2 .1  .3 .3  Acquired abnormalities

a . Protrusions through the cornea:

Protrusion of the iris through the cornea may 

result from severe trauma to the cornea 

(Figure 14).

b. Foreign bodies:

Slit-lomp biomicroscopy has shown that 3% of 

all monkeys arriving at Huntingdon Research 

Centre have foreign bodies embedded in the 

cornea, occasionally penetrating into the 

anterior chamber and in some cases Into the 

lens. These foreign bodies are invariably 

thorns or slivers of wood. Corneal scarring is 

found in 25% of animals examined and In one- 

third of these coses, the scarring is b ila te ra l,

4 .2 .2  Changes affecting the cornea

If systemically administered chemical agents are to affect the cornea they must 

pass the blood/aqueous humour barrier or, alternatively , they may be excreted 

in , or alter the composition of, the tears.
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4 .2 .2 .1  Insufficiency of iachrimai secretion in the Dog and Monkey

A definite clin ical en tity , known os keratitis sicca, is induced, to 

varying degrees, by insufficiency of Iachrimai secretion. Pain is 

usually the first symptom, followed by drying of the eye and the 

appearance of increasing quantities of mucopurulent material in the 

conjunctival sac (Figure 15). Oedema of the cornea around the 

periphery is a constant feature and the corneal epithelium lacks 

lustre. In occasional cases ulcers are ultimately produced (Figure 

16). The Schirmer tear test was devised to measure tear flow rote 

and is used in the diagnosis of this condition. Compounds inducing 

keratitis sicca include antiarrhythmic agents, diuretics, flavinoids, 

some antiseptics and antispasmodics.

4 .2 .2 .1 .1  Tear flow in normal dogs

The tear flow rote of 19.5 mm -  3 .8  mm (range 

1 0 - 3 0  mm) given by Marker (1970) confirms the 

findings of Rubin, Lynch and Stockman (1965), who 

give the rate as 19 .8  mm -  5 .3  mm (range 5 - 3 5  mm). 

No differences in this respect between age, sex or 

breed can be established, but minor variations con 

be induced by slight changes in the relative humidity.

In the Beagle dog, the rote of tear flow is 23.1 mm 

- 7 . 5  mm per minute. Using the modified Schirmer 

tear test on the anaesthetised cornea, G ela tt,

Peiffer, Erickson and Gum (1975) record rotes of 

21 -  4 .2  mm standard and 1 1 . 6 - 6 . 1  mm anaesthetised. 

Topical anaesthesia reduces the standard Schirmer 

result by 45% . Anaesthetising the cornea with 

0 .5 %  Propara CO i ne hydrochloride reduces the tear 

flow in Beagle dogs to 17.6m m  -3 .0 1  .

4 .2 .2 .1 .2  Tear flow in dogs with keratitis sicca

Dogs with chemically induced keratitis sicca have a 

tear flow of less than 9 mm/min. If the animals 

have very marked mucopurulent exudates, the tear 

flow is frequently zero. It is not unusual to find 

that the Schirmer tear test is influenced in one eye 

only. These findings are not inconsistent with those
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Figure 15: Keratitis sicca
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Figure 16: Keratitis sicca -  ulcerated
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Figure 17: Photophobia
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Figure 18: Chronic superficial keratitis
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Figure 19: Pigmentary keratitis

P -  44
Figure 20: Epithelial erosion
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of Aguirre, Rubin and Harvey (1971), who

investigated naturally occurring cases of keratitis 

sicca. If values of between 10 and 15 mm/min 

are recorded, there are grounds for suspicion of a 

drug-induced effect. In cases of profound keratitis 

sicca it is often difficult to locate the lachrymal 

glands for histological sectioning, but when glands 

are detected they are found to be of normal 

morphology.

4 .2 .2 .2  Increased Iachrimai secretion

Parenteral administration to the dog of the herbicide dichlorophen- 

oxyacetlc acid was recorded as causing sneezing, increased 

lachrimation. and gastrointestinal disturbance (Bucher, 1946).

4 .2 .2 .3  Conjunctivitis with keratitis

In this condition the eyes show generalised conjunctival hyperaemia, 

normal pupillary reflexes and superficial keratitis. Superficial 

vessels invade the cornea from the bulba conjunctiva and this 

vascularisation may be associated with corneal pigmentation and 

corneal oedema. Various grades of keratoconjunctivitis have 

been recorded:

4 .2 .2 .3 .1  Photophobia

The simplest form of keratoconjunctivitis is transient 

photophobia (Figure 17). This condition becomes 

apparent within 2 to 3 hours of treatment, but 

usually settles to normal within 24 hours.

Continual attacks of photophobia may lead to more 

chronic forms of keratoconjunctivitis. The vinca 

alkaloids have been found to induce photophobia.
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4 .2 .2 .3 .2  Superficial keratitis

This is characterised by generalised conjunctival 

hyperaemia. Some corneal opacity with superficial 

vascularisation is found. Some of the progestagens 

and tyrosine induce this type of damage.

4 .2 .2 .3 .3  Chronic superficial keratitis

Chronic superficial keratitis is vascularisation by 

superficial vessels originating from the bulbol 

conjunctiva and deep vessels originating from the 

ciliary  vessels. The presence of deep ciliary  

vessels is associated with anterior uveitis (Figure 18). 

Vascularisation is always associated with 

pathological processes. Areas of oedema may 

surround sites of local chronic superficial keratitis. 

Whether the oedema is the result o f, or is related 

to the cause of, the vascularisation is not known. 

Compounds inducing this type of damage include 

the su I phony I ureas, mimosine and some ^-blocking  

agents. Deficiency of Vitamin in the dog 

manifests as a superficial keratitis.

4 .2 .2 .4  Pignentary keratitis

Neovascularisation of the cornea encourages the migration of 

limbal melanocytes. Melanin is the end-product of the enzymic 

oxidative process within the melanocyte. Typically, there are 

patchy depositions of melanin within the cornea I epithelium and 

superficial stroma (Figure 19). Melanin deposition is usually 

associated with chronic conditions. Any compound listed as 

causing keratoconjunctivitis could subsequently induce pigmentary 

keratitis.

: 44



4 .2 .2 .5  Epithelial erosions

Small areas of corneal epithelial desquamation hove been induced 

in dogs (Figure 20 ), primates and rodents (Figure 21). These 

erosions ore usually small and many are less than 1 mm in diameter. 

By slit-lam p biomicroscopy they appear as fine grey dots, scarcely 

visible without the aid of fluorescein. With fluorescein staining 

the lesions show os slightly depressed, b rilliantly  stained points. 

Following the classification of Jones (1960) such lesions ore 

punctate epithelial erosions. O nly rarely does punctate epithelial 

keratopathy progress to keratoconjunctivitis. These punctate 

epithelial erosions, which ore points where immature cells are 

exposed by premature or discordant desquamation, are thought to 

be due to the direct action of the compound or its metabolite 

excreted in the tears. Some of the tricyclic antidepressants and 

progestagens have induced this type of damage.

4 .2 .2 .6  Hydropic degeneration of the corneal epithelium

Hydropic degeneration of the corneal epithelium, associated with 

mycotoxicosis of Pénicillium viridicatum, has been described in 

rats (M cO acken , Carlton and Tuite, 1974). In itia lly  the cornea 

loses its transparency and appears greyish and opaque, with 

subsequent signs of deep interstitial keratitis. The first change 

detected by microscopic examination is hydropic degeneration of 

the entire corneal epithelium , followed by oedema of the 

underlying stroma.

4 .2 .2 .7  Corneal vacuoles

Corneal vacuoles present in the corneal epithelium appear as shiny 

spherical bubbles surrounded by normal epithelium (Figure 22). The 

surface of the cornea is smooth and undisturbed by the presence of 

the vacuoles. The vacuoles appear to change their positions within 

the cornea on successive examinations. In some coses the cornea 

appears to be wrinkled because of the number of vacuoles. Corneal 

vacuoles are a recognised clinical entity in man, having been 

recorded following the administration of nicothiozone, thiacetazone 

and n-butanol vapour (G rant, 1974). The aetiology of these 

vacuoles Is obscure, but it is suggested that they are formed by 

loosening of the epithelial cells of the stroma.
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Figure 21: Epithelial erosion

p. 4^.
Figure 22: Epithelial vacuoles
p . 4

L

Figure 23: Endothelial damage

p. u c .

Figure 24: Corneal deposits

p . 4 ^ .

Figure 25: Corticosteroid -  aggravated lesion

p. 4  %

Figure 26: p-blocker reactivated lesion

p. 4



4 .2 .2 .8  Corneal endothelial damage

The corneal endothelium of the dog appears to be sensitive to 

chemicals. In the early stages of damage the dogs blink frequently. 

Stromal swelling becomes apparent in the whole cornea and the 

eye has a white appearance and bulges from the orbit (Figure 23). 

With some compounds, such as dichloroethane (Kuwubara, Quevedo 

and Cogan, 1968), the change may be transient, but with other 

compounds the Descemet's membrane is completed denuded and 

destroyed and regeneration does not take place; this was recorded 

with a bronchodilator agent.

4 .2 .2 .9  Corneal opacities

Opacities within the cornea can be induced by a variety of factors.

4 .2 .2 .9 .1  Deposits of compound

A compound or its metabolite may become deposited 

within the corneal stroma (Figure 24). This has 

been found in the case of chloroquin and 

ni troqui noline.

4 .2 .2 .9 .2  Deposits of calcium

Deposition of calcium in the region of Bowman's 

membrane has been associated with the administration 

of morphine and its derivatives to the rat. The 

opacities first appear as grey stippling and slight 

cloudiness of the cornea, but within a few days 

become areas of distinct opacity, with well defined 

borders (Fabian, Bond and Drobeck, 1967).
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4 .2 .2 .9 .3  Lipid droplets

These appear as small discrete opacities in the 

superficial layers, giving a stippling effect to the 

cornea. Histological examination with O il Red O  

staining shows that these opacities are lipoid in 

nature. Lipoid opacities have been reported 

following the administration of d ich loro -4- 

nitroaniline (Earl, Curtis, Bernstein and Smalley, 

1971).

4 .2 .2 .1 0  Exacerbation of existing and old corneal lesions

Exacerbation of traumatic lesions and reactivation of old infections 

hove been induced with two classes of compound. The steroid 

anti-inflammatory agents are excreted through the tears and these 

compounds can aggravate old corneal lesions (Figure 25 ). This 

effect of corticosteroids is well known, ^-blocking agents also 

have been found to reactivate old infections (Figure 26), 

particularly in old mole rats that have had previous infection of the 

Horderion gland. The mechanism is not known, but is probably 

caused by interference with tear secretion. W alker (1958) found 

sex differences with respect to age changes in the extraorbital 

Iachrimai gland of rots. In adult male rats the gland is composed 

of ac in i, which vary greatly in nuclear size.

4 .2 .3  Compounds affecting the cornea

Compounds inducing corneal change defy classification on pharmacological or 

chemical grounds and may best be classified by their intended use. They are 

listed in Table 6 .

4 .2 .3 .1  Nutritional

Nutritional factors hove been implicated in several cornea I 

conditions, notably in deficiencies of Vitamins A and Bg (Heywood, 

1971) and in tryptophan deficiencies. G iving an excessive level 

of tyrosine induces a variety of effects on the eye of the rat (Alam, 

Becker, Stucki, Rogers and Harper, 1966).
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Rat

Dog

Monkey

TABLE 6 

Compounds affecting the cornea

Chioroquine

Iminopropionitrile

Tricyclic anti depressants (Imipramine like)

Mimosine 

Morphine sulphate 

Pénicillium viridicatum  

Riboflavin

Sul phony I urea derivati ves ( Carbutam ide, Toi bu tom ide, Chi orpropom i de )

Tryptophan deficiency

Tyrosine

Vitamin A deficiency

Corticosteroids 

] ,2-Dibromoethane 

1 ,2 -D  i ch I oroe thane 

Dichloroethylene 

2 ,6 -D ich lo ro -4 -n itroan iline  

2,4-Dichlorophenoxyacetic acid 

Iminidopropionitrile 

Methyl hydrazine

Phenothiazine derivatives (Levomepromazine and Chlorpromazine) 

Progestérones (synthetic)

Pyrithione

Riboflavin deficiency

Sympathomimetic agents (Fluoromethane sulphonanilide)

N i troqui no I ones 

Vitamin A

: 48



4 .2 .3 .2  Pharmaceuticals

In this group a variety of compounds hove induced corneal lesions. 

They range from urinary disinfectants, such as phenazopyridine, 

through antispasmodics or semisynthetic atropine derivatives, to 

P-blocking agents, diuretics and oral contraceptives.

4 .2 .3 .3  Agrochemicals

The fungicide dichloran has been reported os inducing corneal 

damage.

4 .2 .3 .4  Industrial chemicals

Industrial agents inducing corneal change include industrial solvents, 

such os dichloroethane, and the missile propellant, methyl hydrazine.

4 .3  The anterior chamber

The anterior chamber occupies the space between the posterior surface of the cornea and 

the anterior surface of the iris and lens, and is bordered la tera lly  by the filtration angle. 

The aqueous is actively secreted by the c iliary body and passes across the anterior 

surface of the lens, through the pupillary opening, into the anterior chamber; it then 

leaves the eye by the filtration angle. Though the vitreous, which is contained in the 

posterior port of the eye, and the aqueous in the anterior chamber of the eye both 

contribute to the intraocular pressure, it is changes within the anterior chamber which 

induce variations in this pressure.
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4 .3 .1  Spontaneous pathology

4 .3 .1 .1  The Dog

The anterior chamber of the eye of the dog is deep and occupies 

one-fifth of the cavity of the eyeb a ll. On removal from the 

anterior chamber, the aqueous humour is found to be a clear fluid  

of low viscosity, with a volume of 0 .83  -  0 .1 0  ml in adult Beagles. 

The biochemical constituents from paired serum and aqueous humour 

samples are noted in Table 7 . The normal serum protein level for 

the Beagle dog is between 4 .9  and 5 .8  g per cent, but the aqueous 

has a very much lower protein content. The glucose concentration 

of the aqueous is less than that of the serum. Heywood and Street 

(1974) showed differences in glucose content of paired serum and 

aqueous samples, the differences being significant a t the 0 .1 %  

level of probability. The lower levels of glucose found in the 

aqueous ore attributable to utilisation of glucose by the lens. 

Ascorbic acid is found in the aqueous at levels ranging from 3 .4 0  

to 7 .7  m g/100 m l.

The intraocular pressure in the adult Beagle is 16.97 - 3 .5 1  mmHg. 

Heywood (1971) measured the intraocular pressures of Beagle dogs 

of varying age groups and could find no significant age-related or 

sex-related differences, although the pressure varied between 10 

and 31 mmHg. These values are within the range recorded in dogs 

of other breeds by Mogrone (1951 ).

4 .3 .1  .1 .1  Congenital and hereditary anomalies

a . Primary glaucoma;

This has not been recorded in the Beagle dog.
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4 .3 .1 .1 .2  Infections

Infections of the anterior chamber are rare and 

usually follow trauma of the cornea.

4 .3 .1 .1 .3  Acquired abnormalities

a . Haemorrhage;

Blood may be present in the anterior chamber 

as a result of direct or indirect injury to the 

eyes.

b. Secondary glaucoma;

In the Beagle, this condition occurs as the 

result of mechanical interference with the 

circulation. The only cose recorded has been 

associated with lymphoma (Heywood, 1975).

c . Opacities:

These are usually keratitic precipitates or 

exudates, and occur after uveitis (Figure 27).

4 .3 .1 .2  The Rat

The anterior chamber is very shallow. There is no satisfactory 

method of measuring the intraocular pressure in the rat.

4 .3 .1 .2 .1  Congenital and hereditary anomalies

a . Buphthalmus:

Three cases of primary glaucoma have been seen; 

these were in weanling Wistar rats (Figure 28).

: 52



Figure 27: Keratitic precipitates
f>. S i .

Figure 28: Buphthalmus
p. ■

Figure 29: Panophthalmitis Figure 30: Glaucoma

Figure 31: Persistence of pupillary membrane Figure 32: Choroiditis

p. S'S. r ? .



4 .3 .1 .2 .2  Infections

a . Endophthalmitis;

This is a not uncommon condition in the rat 

following severe keratitis or corneal injury 

(Figure 29),

4 .3 .1 .2 .3  Acquired abnormalities

a . Haemorrhage;

Haemorrhage into the anterior chamber has 

been seen in several young rats. In all cases 

the haemorrhage was unilateral, but In only 

one case was the bleeding found to be from the 

iris. Resorption of blood occurred within six 

weeks.

b. Secondary glaucoma:

Secondary glaucomas in the rat have been 

described by Heywood (1975). The glaucomas 

could not easily be categorised, but many of 

them could be associated with infections of the 

anterior segment of the eye (Figure 30). There 

is some evidence that they may have been 

associated with sialodacryoadenitis.

c . Opacities:

Precipitates or exudates into the anterior 

chamber are associated with anterior segment 

inflammatory conditions.

\
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4 .3 .1 .3  The Monkey

The anterior chamber occupies approximately one-fifth of the 

cavity of the eyeb a ll. The depth of the anterior chamber is

3 .1  -  3 .3  mm. It contains a clear flu id , the biochemical 

constituents of which ore listed in Table 8 and compared to 

paired serum samples. The aqueous contains lower concentrations 

of glucose than does the serum, but excess sodium and chloride 

ions ore found in comparison to the serum of the some animals.

The intraocular pressure of baboons has been found to be 17.98 -  

3 .4 9  mmHg and for macaques it  was 21 .53 - 3 . 1 5  mmHg. N o  

abnormalities of the aqueous hove been detected in the monkey.

4 .3 .2  Changes affecting the intraocular pressure

Compounds affecting intraocular pressure could be of major importance, 

particularly with respect to incipient coses of glaucoma. However, few of 

these compounds have been found; these ore listed in Table 9 .

4 .3 .2 .1  Increases in intraocular pressure

Pyrogallol and R O .44602 (both of which compounds are catechol 

methyl transferase inhibitors) induced exophthalmus in rodents 

(Stern and Stern, 1975). Administration of 5 and 25 mg/kg of 

each compound respectively Induced within 10 days exophthalmus 

which persisted for 30 -  50 days. In the dog a pholozine 

derivative with bronchodilator properties induced optic neuritis 

which was accompanied by a rise in intraocular pressure. Group 

mean intraocular pressure values for the control animals were 

12 mmHg and for the test animals were 18 mmHg.
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TABLE 9

Compounds affecting intraocular pressure

Rat

Catechol-o-m e thy I transferase inhibitor

Dog

FIuoromethane sulphonanilide 

Parasympatholytic compounds 

Pholozine derivatives
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4 .3 .2 .2  Decreases in intraocular pressure

Steffen, Henderson, Nelson, Cose and Saunders (1975) reported 

that a fluoromethane Sulphonanilide sympathomimetic agent reduced 

intraocular pressure to 7 mmHg. In addition, corneal opacities, 

mydriasis and anterior synechia developed. A  cholinergic 

blocking agent administered orally to dogs at high dosage levels 

for 6 months produced mydriasis and a fa ll in intraocular pressure. 

Mean values for the control group)were 17.5 mmHg and for the 

treated group were 7 .7  mmHg. These values were significant at 

the 1% level of probability (LSD 9 .1 2  mmHg) when compared to 

the control values.

4 .4  The uveal tract

The uvea forms the middle coat of the eyeb a ll. It is composed of the iris, the ciliary  

body and the choroid. There is a junction between the c iliary body and the choroid.

The iris regulates the amount of light admitted to the eye, through action of the pupil.

The iris has two distinct zones -  the c iliary  and the pupillary zones. The pupillary  

zone is finer than the c iliary zone and with dilation a definite collarette appears at 

the junction. The c iliary body consists of the c iliary muscle and the ciliary process.

The latter secretes the aqueous humour, and from it run the fine suspensor ligaments which 

hold the lens. Contraction of the ciliary muscle produces assocfoted change In the 

lens by relaxation of the suspensory ligaments. The choroid is the vascular coat between 

the retina and the sclera.

4 ,4 .1  Spontaneous pathology

4 .4 .1 .1  The Dog

In the Beagle dog, the irides vary in colour from light chestnut to 

dork brown, the pupillary border having dark brown to block 

pupillary excrescences. Usually, the lighter coloured Beagle has 

a lighter coloured iris.
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4 .4 .1 .1 .1  Congenital and hereditary anomalies

a . Coloboma:

Coloboma of the iris has been seen on one 

occasion only and was associated with a 

colobomatous defect in the choroid. In that 

case, the defect was unilateral.

b. Persistence of pupillary membrane:

Persistence of the pupillary membrane has been 

described in many breeds of dog. The pupillary  

membrane is a sheet of mesoderm, forming the 

central irido-pupiMaries. Atrophy of this 

membrane occurs in foetal life  but, should 

absorption be incomplete, single or multiple 

strands remain, crossing the pupillary opening 

(Figure 3 1 ). Roberts and Bistner (1968) 

suggested that the high incidence of this 

condition in the Bosenji dog appeared to be 

hereditary. Barnett and Knight (1969) found

it to be due to a dominant gene with a wide 

range of expression. There is no suggestion 

that this condition is hereditary in the Beagle 

dog and only 8 cases have been found.

c . Speckling:

This consists of pigmentary spots in the iris and 

is seen in a number of dogs.

d . Heterochromia:

Sometimes the irides ore of different colours.

e . Cysts:

Cysts of the iris hove been recorded. They ore 

usually seen in old age.

: 58



4 .4 .1 .1 .2  Infections

Anterior uveitis has not been seen. Coses of 

posterior uveitis ore usually localised and often 

hove been associated with infections by toxoplasma, 

although the organism has not been identified . The 

lesioi\usually appears first as a localised area of 

hyperreflectivity (Figure 32 ). Later, retinal 

atrophy with pigment invasion and an underlying 

inflammatory reaction in the choroid takes p lace. 

Other systemic conditions which are sometimes 

associated with uveitis are infectious viral 

hepatitis, tuberculosis, blastomycosis, coccidioido

mycosis and cryptococcosis.

4 .4 .1 .1 .3  Acquired abnormalities

Injuries to the iris ore rare and none hove been 

recorded.

4 .4 .1 .2  The Rat

The pupil of the rat dilates and constricts to a c irc le . In albino  

animals, the blood vascular system can be clearly seen.

4 .4 .1 .2 .1  Congenital and hereditary anomalies

a . Coloboma:

This is a rare condition in the rat and has been 

seen on only two occasions (Figure 33).

b. Persistence of the pupillary membrane:

There has been a 0 .5%  incidence of this 

condition in the Sprogue-Dowley rat (Heywood, 

1973). It is usually single strands and 

unilateral (Figure 34 ).
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Figure 33: Coloboma
f .  S9.

Figure 34: Persistence of pupillary membrane
(5 . 5 ' ? .

Figure 35: Coloboma

f>.

Figure 36: Pigmentary spot

Figure 37: Choroiditis

p. U .

Figure 38: Uveitis
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4 .4 .1 .2 .2  Infections

4 .4 .1 .3  The Monkey

In the rat, conjunctivitis, keratitis and iridocyclitis 

do not occur alone, but as a syndrome in anterior 

segment infections. The condition usually causes 

redness, lachrymation and exudation from the 

cornea. Up to 30% of rats brought into a 

laboratory can show mild anterior segment 

infections. These usually resolve spontaneously, 

but anterior and posterior synechia are frequently 

recorded as sequelae. However, endophthalmitis 

can occur following these anterior segment 

infections and in some cases can extend to become 

panophthalmitis. The ultimate result of these 

purulent infections is atrophy of the eyeball.

4 .4 .1 .2 .3  Acquired abnormalities

a. Pupillary tears;

These may occur in cases of glaucoma.

b. Tumours:

The only tumour described in the uveal tract 

of the rat was reported by Heywood (1975), 

who found an amelanotic malignant melanoma 

in rtie ciliary body of both eyes of a Sprague- 

Dowley rot.

The iris dilates and constricts to a circle in the monkey. The 

colour in baboons and macaques is brown.

: 60 ;



4 .4 .1 .3 .1  Congenitai and hereditary anomalies

a . Colobomo:

Coiobomas arise typically in the line of the 

foetal fissure and atypically in other locations. 

Schmidt (1971) has recorded coloboma in the 

eyes of a rhesus monkey and a baboon. In the 

baboon y it  was associated with a coloboma tous 

defect of the lens. An atypical coloboma has 

been seen in one young rhesus monkey and 

comprised a defect a t the lateral margin of 

the iris (Figure 35 ).

b . Persistent pupillary membrane:

Persistent pupillary membrane has been 

described by Burek, M cElyea, Fox and Stookey 

(1974). This can be bilateral or unilateral.

c . Colour albinism:

A lb in itic  changes may be confined to the tissues 

of the eye. One baboon and one cynomolgus 

monkey hove been found with incomplete 

albinism, the pupils being of a clear blue 

colour.

d . Pigmentary spots:

Pigmentary spots ore recorded in approximately 

10% of rhesus monkeys examined. It has been 

noted that many cases of iris pigmentation are 

found following outbreaks of undefined monkey 

viral disease (Figure 36).

4 .4 .1 .3 .2  Infections

Anterior uveitis has not been recorded. Three 

per cent of monkeys examined have been found to 

hove discrete dull grey areas on the retina and 

these have been shown to be coses of focal 

choroiditis (Figure 37). Heywood and Hague (1969) 

documented coses of tuberculosis involving the 

choroid in baboons. An echinococcus infection, 

resulting in unilateral solid retinal detachment has 
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been observed by Tote and Rubin (1973) in a rhesus 

monkey. No other systemic disease inducing 

choroiditis in the monkey has been recorded.

4 .4 .1 .3 .3  Acquired abnormalities

Trauma to the anterior segment occasionally results 

in some damage to the iris.

4 .4 .2  Changes affecting the uveal tract

A  side effect of many chemicals is disturbance of the refractive power of the 

eye and of the ab ility  of the eye to accommodate. The common response of 

the uveal tract is dilation or constriction of the pup il.

4 .4 .2 .1  Paralysis of accommodation

Dilation of the pupil is induced by the systemic administration of 

anticholinergic compounds and parasympatholytic agents. The 

pupil dilation con be transient or it can persist for 24 hours. In 

those coses that persist with continued administration of test 

compounds, the aqueous outflow could be affected. Pupillary 

dilation is easily detected in the dog, which appears to be the 

species which is most sensitive to these compounds.

4 .4 .2 .2  Myosis

Constriction of the pupil is induced by direct cholinergic or 

parasympathomimetic action. A gain, the dog seems to be 

particularly sensitive.

4 .4 .2 .3  A lteration in colour

Changes in the iris colour hove been induced in the dog following  

single infections of radium at the dosage level of 0.1 -  10 .0  pc/kg  

(Rehfeld, Strouer, Taylor, Atherton and Schnoebell, 1960). 

Disturbance of pigment at the pupillary margin spread inwards to the 

ciliary body, giving the iris a blue colour. The colour change was 

still evident 100 days after infection.
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4 .4 .2 .4  Inflammatory change

Inflammatory iris change of a haemorrhagic type has been 

recorded in rats fed with mimosine (Salmon, Grimes and Collins, 

1959). Regression of the inflammatory effect occurred after 

5 days, but resulted in a high incidence of posterior synechia.

In the normal course of events the eye is protected from antigens. 

However, protein molecules con traverse the blood aqueous 

barrier and cause sensitisation of the uveal tract. The resulting 

uveitis induces changes in the anterior chamber, shown by the 

presence of leucocyte deposits, and changes in the lens may also 

result (Figure 38 ).

4 .4 .3  Compounds affecting the uveal tract

Compounds affecting the uveal tract are mainly anticholinergic, para

sympathomimetic, anticholinesterase, or cholinergic agents. These compounds 

ore listed in Table 10.

4 .4 .3 .1  Pharmaceuticals

Compounds used os antispasmodics in the treatment of hypertension, 

allergy or Parkinsonism have anticholinergic properties. 

Antiarrhythmics and antihyper I ipidaemics have parasympatholytic 

side effects. Myosis is induced by many of the neuroleptics, 

the tricyclic  antidepressants and the phenothiazines; nerve gases 

can also induce myosis.

4 .4 .3 .2  Agrochemicals

The organophosphorus insecticides induce marked myosis.

4 .4 .3 .3  Industrial chemicals

Some plasticisers hove anticholinergic ac tiv ity .
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Rat

Dog

Monkey

TABLE 10 

Compounds affecting the uveal tract

Mimosine

Antiarrhythmics

Antispasmodics

Hexaméthonium

Hydroxypyridinethiones

Neuroleptics

Radium

Tricyclic anti depressants

Methanol

Morphine

Pen to ne hydrochloride
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4 .5  The lens

The lens is a biconvex transparent body, separating the aqueous and vitreous chambers 

and suspended by ligaments connecting the equator of the lens with the c ilia ry  body.

Duke-Elder and Cooke (1963) and Mann (1964) have described the development of the 

lens in some d e ta il. The lens arises from ectoderm. The lens plate indents to form the 

lens p it, which in turn invagi nates to form the lens vesicle, still connected to the 

surface. The primary lens fibres begin to form from the cells of the posterior wall; the 

adult lens is composed of cells of the posterior wall and equatorial region. The lens 

vesicle separates from the surface, but the foetal fissure remains open. A t this time the 

primary lens fibres f ill half the lens vesicle. Later the foetal fissure closes and the 

cavity of the lens vesicle fills . The hyaloid artery and the tunica vasculosa develop.

The primary lens fibres remain exactly at the centre of the lens throughout life  and form 

the embryonal nucleus. These primary fibres reach uninterrupted from the posterior to 

the anterior extremities of the lens. From the region of the equator, cells lining the 

lateral part of the vesicle multiply rapidly and elongate to form the secondary lens 

fibres. The secondary fibres are not sufficiently long to extend from pole to pole, but 

their junctions ore linear, so forming the lens sutures, which are potential clefts between 

the swollen, flattened ends of abutting fibres. These sutures appear as an erect "Y" on 

the anterior surface of the lens and an inverted "Y" on the posterior aspect. During life  

the lens continues to increase in size by the growth of lens fibres from cells just beneath 

the equatorial capsule and these are the only lens cells which retain their nuclei. The 

layering of secondary fibres over the primary ones and the formation of the sutures 

maintain the shape of the lens. The most superficial layer of the lens Is composed of 

fibres which are incomplete and still growing, these fibres not having yet reached the 

suture lines. This layer is thicker at the equator than at the pole.

Fully formed lens fibres are transparent. During their growth and differentiation, their 

index of refraction may alter and they may appear opaque. The lens is unique in that as 

growth proceeds, the old cells are compressed in the centre by the young cells at the 

perimeter.
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4 .5 .1  Spontaneous pathology

4 .5 .1 .1  The Dog

The lens of the Beagle is biconvex with symmetrical anterior and 

posterior curvatures. A t the equator it  has a diameter of 9 -  11 mm 

and a thickness of 6 -  7 mm. Graph 1 shows the growth curve for 

the lens. The lens undergoes a normal progression of age-related  

changes and may also develop opacities.

4 .5 .1 .1 .1  Suture lines

Suture lines appear in the course of normal 

development with or without associated peripheral 

opacities. By indirect ophthalmoscopy they appear 

as distinct white lines close to the lens capsule, 

having the form of an inverted "Y" on the posterior 

surface and an upright "Y" on the anterior surface 

of the lens (Figure 39 ). The points at which the 

suture lines meet are the anterior and posterior 

poles, the geometrical centres of the convex 

surfaces of the lens. The lines extend to the 

periphery of the lens, where they may be associated 

with variable opacities (Figure 40); these opacities 

are usually arrowhead or heart shaped, and in some 

cases they coalesce and appear as a halo around 

the equator of the lens.

A t six weeks of age, the lens is opalescent, but it  

gradually clears by twelve weeks of age. A t this 

time prominent posterior suture lines and opacities 

can be seen in 95% of animals. These suture lines, 

with or without their associated opacities, gradually 

disappear with age. Opacities associated with the 

peripheral ends of the suture lines ore seen in 67% 

of the animals examined at fifteen weeks of age.

The onset of sexual maturity brings about rapid 

fading and fina lly  complete disappearance of these 

opacities. However, they return in some animals 

at three and a half years of age, until at eight years
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Figure 39: Suture lines
p. ùù.

Figure 40. Suture lines with opacities
f3 . (> (i ■

Figure 41: Posterior subcapsular opacity

p. yo.

Figure 42: Posterior streak opacity

p>. 7o.

i l

I

Figure 43; Peripheral opacity

p V o .

Figure 44: Nuclear sclerosis

p. )  0 .
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of age they can be detected in 7% of animals 

examined. This phenomenon was first described 

by Heywood (1971 ) and was confirmed by Bel I horn 

(1973). The suture lines also fade with age, but 

from three years onwards there is a progressive 

increase in the presence of posterior lens sutures. 

The histogram shows the results of observation in 

1,150  dogs over one year. The suture lines can be 

seen by slit-lam p examination in all dogs. They 

appear as thin black lines with white borders, which 

often appear feathery.

4 .5 .1 .1 .2  Cataracts

Cataracts are lens opacities which can be seen 

using standard ophthalmoscopic methods. They 

occur anywhere within the lens substance, 

producing various morphological patterns. Cataracts 

of the dog can be classified according to their 

location within the lens. They may be present at 

birth or develop at any subsequent time, the 

majority constituting a simple senile change. Others 

may be a response of the lens to an insult such as 

trauma, endocrine disturbance, radiation, chemicals, 

impaired nutrition or metabolic defects; hereditary 

factors may also be involved. Anderson and 

Schultz (1958) demonstrated the transmission of 

non-sex-linked cataracts from parent to offspring 

Beagles through the male gametes, but there is no 

evidence that cataract is an inherited condition in 

the British strains of Beagle dog.
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Mature cataracts are easily recognised as they

appear as white opacities within the pupils. Small 

opacities appear under direct ophthalmoscopy os 

white or greenish-blue areas.

The results of a survey of 1 ,064  dogs to two years 

of age and 86 dogs to eight years of age are 

presented in Table 11 . In the survey, 39 animals 

(3 .6 % ) were found to have cataracts at one year 

of age. The most common site was the posterior 

aspect of the lens. Some animals showed posterior 

polar opacities. These were round, dense sub

capsular opacities covering one-third of the lens 

surface and invariably were bilateral (Figure 41 ). 

However, posterior subcapsular opacities usually 

appeared as streaks or small plaques below the 

lens capsule and were mainly unilateral (Figure 42 ). 

The incidence of these opacities increased with age 

and a t 8 years of age 14% of animals had some 

form of cataract. The anterior subcapsular zone 

is rarely involved in cataracts. Some animals 

showed peripheral, subcapsular opacities (Figure 43). 

Increasing age brought about an increased incidence 

of equatorial subcapsular opacities, associated with 

the posterior lens sutures. The most common 

opacity of age involved the foetal nucleus of the 

lens (Figure 44). Most dogs from five years of age 

showed some degree of nuclear sclerosis, but for 

the purpose of this survey, only those showing 

distinct opacity of the nucleus were recorded. 

Nuclear sclerosis was found in one animal only 

three years old. The incidence of this type of 

opacity gradually increased until seven and a half 

years of age, but in the last six months of the study 

the incidence had doubled.
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Direct comparison of the data with Bellhorn's 

observations (1973, 1974) is not possible because 

of dissimilar methods of examination; however, the 

two studies are in general agreement on lenticular 

phenomena to two years of age. Increases In the 

incidence of nuclear sclerosis with age were 

recorded by Schiavo and Field (1974).

4 .5 .1 .2  The Rat

The lens of the rat is almost spherical and occupies about tw o- 

thirds of the intraocular cavity . The rate of growth of the lens has 

been investigated by Norrby (1958), who found that the increase in 

weight followed an asymptotic curve. The rate of growth of the 

lens decreased with advancing age and from about 270 days was 

much less than in the studies earlier in life . Graph 2 shows the 

growth curve for the lens. The rat lens shows opacities, and also 

changes, which can be attributed to age. Table 12 shows the 

percentage incidence of various changes observed ophthalmoscopically 

in the lenses of rots.

4 .5 .1 .2 .1  Suture lines

Normally the lenses of rots are transparent. The 

posterior suture lines are barely discernible, but are 

seen in 63% of rats examined at six weeks of a g e ,

By 32 weeks they are seen in only 4% of the animals 

examined, and are rarely seen In rats older than 

52 weeks. Conversely, the anterior suture lines 

are rarely seen in rats less than 52 weeks old; 

occasionally an old animal has been found with 

prominent anterior suture lines associated with 

anterior cortical changes (Figure 45).
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Figure 45: Suture lines
p. l i .

Figure 46: Plaque opacity

p .

Figure 47: Subcapsular opacity

p. 1 ^ -

Figure 48: Equatorial opacity

1

Figure 49: Total cataract

7 / .

Figure 50: Optical discontinuity

p . K ,
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4 .5 .1 .2 .2  Cataracts

The lens opacities are most conveniently 

classified according to their situation w ithin the 

lens substance.

a . Opacities associated with posterior capsule 

and cortex;

2% of the young rats examined at six weeks of 

age showed posterior capsular damage, which 

was associated with the remnants of the 

central hyaloid artery; this disappeared by 

21 weeks of age. Posterior cortical cataracts 

in the form of small plaques (Figure 46) or 

definite opacities (Figure 47) immediately below

the lens capsule were recorded in rots older 

than one year. Tbe opacities can be 

b ila tera l, but are usually unilateral, with an 

incidence of about 8% between 52 and 104 

weeks of age .

b. Opacities in other locations in the lens: 

Opacities have been seen in other areas of the 

lens, but in a ll age groups the incidence is less 

than l i % .  These opacities are equatorial or 

nuclear and in all cases are unilateral (Figure 

48 ). Two rats have been seen with vacuoles 

in the lens. Rarely is complete opacification  

of the lens seen (Figure 49).

c . O pacity of the foetal nucleus:

The density of the foetal nucleus increases 

with age and, using indirect ophthalmoscopy, 

optical discontinuity between the cortex and 

the nucleus can be clearly detected. Lenses 

of young rots that have not yet reached sexual 

maturity appear uniformly transparent and 

homogeneous; between 10 and 26 weeks,

50% of animals showed an increase in the 

nuclear density, while rats older than 40 weeks 

invariably showed zones of optical discontinuity 

(Figure 50).
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The data indicate a low natural occurrence of 

cataract in the rat and suggest that senile change of 

the lens is not identifiable as cataract. In a 

histological survey of naturally occurring cataract 

in full-term  foetal Sprague-Dawley rat lenses, 

Hartman (1968) described an incidence of less than 

4% . The lesions described could possibly progess 

and form areas of opacification which would be 

detectable by macroscopic examination at a later 

date. A similar survey was carried out by Weisse, 

Nisseschulze and Stolzer (1974), who found that 

only 3 .6 %  of animals had cataracts and nuclear 

cataracts were infrequent.

Histological studies of the changes in the eyes of 

Wistar albino rats were reported by Leopold and 

Calkins (1951), who observed a striking increase in 

overall lens size and capsule thickness with a g e . 

Balazs, Oh take and Noble (1970) made a 

biomicroscopic and histological examination of the 

lenses of 200 Sherman rats and reported anterior 

cortical subcapsular arcuate striations, perisutural 

changes, posterior cortical vacuoles and increased 

nuclear density as their main findings, the incidence 

of which increased with age.

G enetically determined cataract has been described 

by Bourne, Campbell, and Pyke (1938) and Bourne 

and Gruneberg (1939) in a strain of piebald Agouti 

rats. In the cases described, the lesion was 

associated with degenerative change of the retina. 

More recently. Smith, Hoffman and Cisar (1969) 

found cataracts associated with skull malformations 

in newborn rats of a Sprague-Dawley strain. The 

cataracts were shown to be inherited as a simple 

autosomal recessive characteristic.
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4 .5 .1 .3  The Monkey

The lenses of baboons and macaques are yellow and from 3 .0  -  3 .6  

mm th ick. They weigh 0 .2  g in 5 kg baboons and 0 .1 4  g in 3 kg 

macaques.

4 .5 .1 .3 .1  Suture lines

The suture lines can be observed only with s lit-  

lamp biomicroscopy.

4 .5 .1 .3 .2  Cataracts

In our laboratory, only young animals are used and 

these are screened during the in itia l quarantine 

phase; it is not possible therefore to assess the 

incidence of cataracts in laboratory monkeys. Those 

cataracts that are found are usually associated with 

trauma. Slit-lam p examination of monkey lenses 

shows that 1% have damaged anterior lens capsules. 

Most cataracts, whether in baboons or rhesus monkeys, 

are usually associated with some iris damage and 

with a posterior synechia. O nly one case of 

mature cataract has been seen and this was in an 

old breeding fem ale. It is possible that 

spontaneous cataracts may occur relatively  

frequently in monkeys and they are recorded in many 

reports from zoological gardens. There is some 

evidence that inherited cataracts can occur;

Souri (1973) recorded cataracts in the offspring of 

a pair of Green monkeys, which themselves 

displayed cataracts.

4 .5 .2  Changes affecting the lens

The lens exhibits characteristic responses to injury. It does not display 

inflammatory lesions but undergoes degeneration, initiated by hydropic changes, 

with swelling of the lens fibres. After subsequent coagulation or proteolysis of 

the cytoplasmic protein, the fibres rupture and disintegrate.

: 77 ;



The lens has no blood supply and relies on the aqueous humour and, to a much 

lesser extent, the vitreous for its supply of nutrients. For a drug to be 

catoractogenic it must enter the anterior chamber, which necessitates 

traversing the blood/aqueous barrier; this restricts both the amount and type 

of chemical or drug that can penetrate. Toxic levels of the drug may be 

reached in the aqueous humour as a result of high doily dosage, slow excretion 

or prolonged administration. In the adult, pathological conditions leading to 

dilation of the intro-ocular vessels, trauma or inflammation may increase the 

permeability of the blood/aqueous barrier.

The selective entrance of drugs into the aqueous is dependent on molecular 

size and lipid solubility. Large molecules, particularly proteins, are held 

back by the capillary membrane; smaller water-soluble molecules pass out of 

the capillaries easily, and a steady state between blood level and aqueous may 

result. Lipid-soluble substances rapidly traverse the blooc^aqueous barrier 

and reach equilibrium.

Drug-induced lenticular lesions are termed cataracts and can be classified 

according to their morphology and their development. Cataracts can be 

classified into two major groups -  transient lens opacities and permanent cataracts.

4 .5 .2 .1  Cataracts in the Dog

4 .5 .2 .1 .1  Transient lens opacities

Transient lens opacities in the dog occur only in 

animals less than five months old. The opacities 

first present in association with the peripheral 

ends of the posterior lens sutures: they increase to

involve the equator of the lens, particularly with  

regard to the posterior subcapsular zone, with the 

anterior subcapsular zone affected to a lesser extent 

(Figure 5 1 ). A  few pinhead spot opacities may be 

seen at the anterior pole. These changes usually 

reverse within seven days of appearance, even with 

the continued administration of the test compounds. 

It is suggested that these temporary opacities are 

due to disturbance in the osmolarity in the aqueous 

humour, causing hydropic changes in the lens fibres.
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Figure 51: Transient lens opocity

p .  7 8.

Figure 52: Acute cataract

Figure 53; Acute cataract 

p . 7 9.

Figure 54; Acute cataract

Figure 55: Prominent suture lines

p . go

Figure 56; Triangular opacity
f>. go.



This type of opacity has been induced In dogs by 

daily stepwise increase of dosage levels with a 

variety of compounds, in particular antimitotics, 

chelating agents, tranquillisers and diuretic 

compounds, which affect temporarily the biochemical 

constituents of the aqueous humour.

4 .5 .2 .1 .2  Permanent cataracts

The clinical development of drug-induced cataract 

in the Beagle dog appears to follow three distinct 

courses. There is always a latent period between 

the administration of the test compound and the 

onset of the lenticular change, and this period can 

vary from a few days to several months.

Cataracts initiated at the equator of the lens: 

The first sign is the appearance of small 

vacuoles and sometimes striations around the 

equator of the lens. The cells at the equator 

become opaque and the lens may appear to 

have a surrounding halo. In animals under 

four months old, the opacities associated with 

the suture lines become more pronounced. 

Opacification of the superficial lens fibres 

continues and extends towards the poles of 

the lens following the sutural planes. At this 

time the suture lines may appear prominent, 

as they are edged by clear lens fibres.

Initially, only lens fibres immediately below 

the capsules are involved, but the end result is 

invariably total cataract. The progression of 

this type of cataract Is relatively rapid and 

occurs over a period of weeks. This is 

illustrated in Figures 52 -  54.
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b. Cataracts initiated at the posterior pole of 

the lens;

In this type of cataract the first sign is a change 

in the character of the posterior lens sutures, 

which become broadened but do not extend to 

the periphery of the lens. The lens sutures 

often have a "ground glass" appearance when 

viewed by indirect ophthalmoscopy (Figure 55), 

Slit-lamp biomicroscopy reveals that these 

lines are broad with markedly feathery edges, 

while in the centre the lines begin to gape.

The next stage is the formation of a roughly 

triangular opacity around the sutures, involving 

in itially only subcapsular fibres, and often 

leading to the formation of a similar type of 

opacity around the anterior pole . These 

cataracts show a variety of morphological 

patterns, but they all develop slowly, often 

taking many months to progress to total cataract. 

This type of cataract is illustrated in Figures 

56 -  59 . Following the development of 

mature cataracts, some resorption can take 

place (Figure 60).

c. Changes in refraction -  nuclear sclerosis:

Changes in the transparency and the refraction 

of the lens nucleus have been recorded, usually 

in association with a decrease in the normal 

relucency of the lens cortex. The nuclear zone 

of the lens becomes opalescent and is 

surrounded by the clearer cortical fibres. This 

is illustrated in Figure 61. Dimethylsulphoxide 

(Rubin and Mattis, 1966; Rubin and Barnett, 

1967) seems to be the only compound so far 

observed to have this effect.

d. Cataracts secondary to hyperglycaemia:

Persistent severe hyperglycaemia from injury 

to the pancreas can lead to cataract formation. 

Diabetic cataracts ore invariably bilateral, 

involving the anterior and posterior subcapsular 

QQ  ̂ zone (Figure 62).



Figure 57: Drug induced cataract
p. 8 0 .

Figure 58: Drug induced cataract
p . S o .

Figure 59: Drug induced cataract
p. S o .

Figure 60: Resorption of lens
p 80.

/ .  I

Figure 61: D .M .S .O . 

p. 8 0 .

Figure 62: Hypergiycoemic cataract
p . 8 o .



They progress rapidly. Two dogs showing 

such cataracts had at termination plasma/ 

aqueous levels of 400:355 mg% and 740:560 mg%.

Heywood (1971 ) considered the first two types of 

cataract described to be acute and chronic forms 

of lenticular toxicity. In both types of lenticular 

change described, the superficial cortical cells 

initially only were involved. The presence of 

equatorial cataracts suggests that the dividing cells 

at the equator are the first to be affected. The 

polar cataracts also may be initiated by a disturbance 

in the metabolism of the dividing cells at the 

equator, but in this case the development of the 

opacity is revealed only when the cells are at the 

point of greatest physiological stress, i .e .  when 

they reach the poles. It is suggested that both 

types of cataract are manifestations of damage to 

the nucleate cells beneath the equatorial capsule.

4 .5 .2 .2  Cataracts in the Rat

4 .5 .2 .2 .1  Transient lens opacities

Opacities of a transient nature, in which the lens 

returns to normal within a few hours, have been 

produced in young rats following administration of 

substituted phenothiazines, catecholamines, and 

morphine-like analgesics. These opacities are 

associated with the anterior capsule and are of 

two types. The first comprises superficial 

subcapsular opacities which start at the anterior 

suture lines and spread peripherally to the equator 

of the lens. In some cases they appear first as a 

cloudy crescent in the lower half of the lens, and 

then extend around the periphery and inwards until 

the whole of the lens appears opaque. The second 

type of opacity is caused by discrete plaque or 

granular deposits which appear on the anterior 

surface of the lens. The acute reversible lens
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opacities ore ascribed primarily to changes in the 

osmolarity of the aqueous humour, although other 

factors may be involved. The changes may be 

prevented by closure of the eyelid.

4 .5 .2 .2 .2  Permanent cataract

Drug-induced cataract in the rat shows a greater 

variety of morphological patterns.

a . Cataracts initiated at the equator of the lens;

The first change in the lens that can be 

observed by indirect ophthalmoscopy is the 

appearance of vacuoles at the equator, and 

in some coses peripheral striations are seen. 

Occasionally, local areas of equatorial change 

extend to the poles, giving the appearance of 

a wedge-shaped opacity within the lens.

These are illustrated in Figures 63 and 64.

b. Anterior subcopsular opacities:

These opacities appear just beneath the lens 

capsule and form a definite pattern of lens 

fibres radiating peripherally from the anterior 

pole of the lens. The lines become dense 

with time and the anterior "Y" suture becomes 

clearly defined (Figure 65).

c. Posterior subcopsular opacities:

Posterior subcopsular change can be differentiated 

into three distinct patterns. First, there are 

those opacities which show os minute vacuoles 

below the posterior lens capsule. When these 

are viewed by indirect ophthalmoscopy, they 

give the impression of a lace network. The 

vacuoles eventually coalesce to form an 

irregularly shaped posterior polar opacity 

(Figure 66). Second, the posterior lens 

suture lines can become more prominent, 

appearing as broad white lines which tend to
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Figure 63; Equatorial cataract Figure 64: Equatorial cataract
a .

Figure 65; Anterior subcopsular cataract 
p. g it .

Figure 66; Posterior subcopsular cataract
p. 8 1 .

Figure 67; Posterior subcopsular cataract

p. 8 3.

Figure 68; Posterior subcopsular cataract

p. 8 3 .



gape in the centre. Triangular subcapsular 

posterior polar cataracts eventually develop 

(Figure 67). Third, there are the 

irregularly shaped subcapsular opacities 

(Figure 68).

d . Changes in refraction -  nuclear sclerosis:

With this type of cataract, circular lines of 

disjunction appear, and the changes occur 

within this border. With Para ch I oropheny I -  

alanine (Gralla and Rubin, 1970), the nucleus 

becomes faintly hazy, but outside the junction 

the cortex lens fibres remain clear. The 

majority of nuclear cataracts appear as 

definite opacities of the nucleus (Figures 69 

and 70). Dimethyisulphoxide administered 

by oral gavage, at levels which induce changes 

in dogs and rabbits, failed to produce lesions 

in rots after one year of drug administration.

The types of cataracts described in time progress to 

total cataract, with continued treatment (Figure 71). 

The site of predilection and the orderly progression 

from hydropic change, through coagulation or 

proteolysis of the protein, to the mature cataract 

which may eventually show fibre rupture and 

disintegration, is the same as in the dog; the same 

mechanisms are operative in both species.

4 .5 .2 .3  Cataracts In the Monkey

4 .5 .2 .3 .1  Transient lens opacities

None hove been observed.
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Figure 69: Nuclear cataract
p . 8 i .

Figure 70; Nuclear cataract 
p. 8 ^ .

Figure 71; Total cataract 

p- 8 3 .

Figure 72; Cataract initiated at equator 
p. 8 4 .

Figure 73; Posterior subcapsular cataract

p. 84
Figure 74; Anterior subcapsular cataract 
p . 8 4 .



4 .5 .2 .3 .2  Permanent cataracts

Cataracts in monkeys can be grouped into three 

main headings.

a . Cataracts initiated at the equator of the lens: 

These cataracts first appear at the equator at 

the points of the anterior and posterior lens 

suture lines, and initially only the subcapsular 

fibres are involved. The opacities spread to 

the poles of the lens, appearing as wedges 

with their bases around the equator, and 

black against the red fundic reflex (Figure 72).

b. Cataracts initiated under Hie posterior lens 

capsule:

These cataracts first appear as vacuoles under 

the posterior lens capsule, at or near the 

posterior pole. The vacuoles coalesce and 

spaces often develop between the lens fibres 

(Figure 73).

c. Cataracts initiated at the anterior pole:

In this type of cataract, the opacity appears 

at the anterior pole as an irregularly shaped 

opacity. In the case seen, the opacities 

were secondary to a disturbance in the 

anterior chamber; the primary cause was 

uveitis with an associated aqueous flare 

(Figure 74).

4 .5 .3  Compounds affecting the lens

Chemicals with widely differing structures and pharmacological activities have 

been reported to cause cataract of laboratory animals. Incriminated compounds 

are listed in the tables. These compounds defy easy classification, because the 

mechanism of their cotaractogenicity is poorly understood, but I have attempted 

to classify them according to their pharmacology or mechanism. The compounds 

are listed in Table 13.
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TABLE 13 

Compounds affecting the lens

Rat Rot (continued)

Adrenalin Methyl Ethinyl Nortestosterone

Alloxan Mi rex

Anticholinesterase * Morphine Sulphate

Aziridinodinitrobenzamide Myleran

Carbutamide Naphthalene

Catecholamines Oestrogen (synthetic)

Chlorophenylalanine Para chlorophenylalanine

Chlorpromazine Phenelzine with Serotonin

Chlorpropamide Phenyl Hydraz inopropioni tri le

Clomiphene Piperazinethanoldihydrochloride

Cobalt Chloride Riboflavin deficiency

Desferi examine Strep tozocin

4,6-D ini tro-o-cresol Strontium

Diquat Sulfaethoxypyridazine

Epinephrine Thallium

Folic acid deficiency Threonine

Galactose Tolbutamide

Heptochlor Triethylene Melomine

lodoocetate Triparanol

Methalibure Tryptophan deficiency

Methionine Sulphoximine Tyrosine

Methoxsolen Xylose

Mimosine Yogurt

Dog Dog (continued)

Aziridinonitrobenzamide Hydroxypyridinethiones

Desferi examine Piperazine thanoldihydrochloride

DIazoxide -  Benzothiadiazine Progestagens -  Chlormadinone, Megestrol ,

Dichloronitroaniline Prostaglandin synthesis inhibitors

Dinitrophenol SKF 12276 (Thyromimetic)

Diphenylthiocarbazone Sulphomethoxine

Diquat Sulphaethoxypyridazine

Disophenol Triparanol

DMSO Vespamil

Monkey

Dinitrophenol

DMSO

Prostaglandin synthesis inhibitors * Transient opacities
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4 .5 .3 .1  Drugs with an ti-m itotic  action -  radiomtmetics

A lkylating agents such as myleran (Solomon, Light and De Beer, 

1955, and Light, 1967), 5 -a z ir id in o -2 , 4-dinitrobenzamide (Cobb, 

1970), mimosine (Von Sollmon, Grimes and Collins, 1959) and 

other coded compounds such as SKF 1 12276 (Steelman and 

Sekelia, 1966) have been shown to induce cataracts in rats. The 

cataracts are similar to those induced by radiation. The acute 

form of the cataract is first seen around the equator of the lens; 

the more chronic form appears at either the anterior or posterior 

pole. Tbese polar cataracts first present as vacuoles immediately 

below the lens capsules.

4 .5 .3 .2  Drugs interfering with enzyme action

It is thought that many of the agents inducing cataracts do so by 

specific interference with enzyme systems. The many drugs which 

fa il into this category include porach I orophe ny I alanine (G ra lla  

and Rubin, 1970), piperazine and ethanol dihydrochloride 

(De Boecke et o l, 1971), naphthalene (Fitzhugh and Buschke, 1949), 

and the hydrazinopropionitriles (Das 1er and W ang, 1972). The 

specific enzymes affected are not always known, but with N -p hen y l- 

hydrozinopropionitrile (Dosler and Wang, 1972) it  was found that 

the adenosine triphosphate levels in the lenses began to fa ll one 

week before the cataracts began to appear. In experiments with 

iminodipropionitrile in rats, Seyle (1957) found that simultaneous 

treatment with thyroxine completely prevented cataract formation.

4 .5 .3 .3  Nutritional cataracts

Variable cortical and nuclear opacities have been associated with  

vitamin and amino acid deficiencies. Tryptophan cataract is 

described by Buschke (1943). Cataracts can also be induced by 

feeding amino acids in association with low protein diets. Alam  

et al (1966) observed cataracts in rats fed tyrosine and threonine.

It is suggested that excess of these amino acids produced an 

interference with tryptophan utilisation. Methionine sulphoxamine 

has been reported to produce cataracts in rats, which were 

considered to be due to protein deficiency (Bagchi, 1959).
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4 .5 .3 .4  Galactose -  Sugar Cataracts

Cataracts associated with feeding high levels of galactose and 

xylose are the classical drug-induced type. These cataracts are 

initiated at the equator and spread over the anterior surface of the 

lens. When they cover almost the entire surface, the subcortical 

vacuoles coalesce to give an appearance of partial recovery due to 

the clarity of the liquid cortex. A  little  later, the nuclear cataract 

appears, which then enlarges to f i l l  most of the capsule. Cataracts 

in rats fed galactose normally proceed to completion. Booth,

Wilson and De-Eds (1953) found that cataracts in weanling rats fed 

a diet containing 35% xylose were not permanent. Mature cataracts 

were induced in weanling and older rats fed a d iet of 50% xylose. 

Rots fed on an exclusive diet of yoghourt grew, mated, conceived 

and gave birth to normal litters, although all developed cataracts 

(Richter and Duke, 1970).

4 .5 .3 .5  Drug-induced diabetes

Rats made diabetic by the injection of alloxan developed 

cataracts (Bounds, Janes and Leinfelder, 1955). In a study of 

the morphology of these cataracts by Sallman et al (1958), the 

first changes were seen in the anterior cortical layer, and 

consisted of hydropic swelling of the lens fibres. It was 

interesting that the peripheral stratum of the germ I native area did 

not seem to lose its capacity to provide new fibres, at a time when 

excessive cataractous changes had taken place in the anterior 

and posterior cortex.

Streptozocin is another agent capable of inducing hyperglycaemia, 

A single i . v .  injection was observed by Verheyden (1967) to 

induce bilateral cataract in hyperglycaemic rats, after a latent 

period of between 11 and 18 weeks. However, streptozocin- 

induced hyperglycaemia to the level of 400 mg% failed to induce 

cataracts in young Sprague-Dawley rots within 50 days.

Diazoxide is a non-diuretic benzothiadiazine derivative used for

the treatment of hypertensive crisis. Hyperglycaemia was induced

at doses of 50 m g/kg/day or above in dogs; cataracts were

Induced and on histological examination of the pancreas,

vacuolation or absence of islet cells was seen (Schiavo, Field and

Vym etal, 1975).
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Elevated serum glucose, glucosuria and bilateral cataract, together 

with cytoplasmic vacuolation in pancreatic, renal tubular and 

hepatic cells were induced by chlormadinone and megestrol acetate 

in the United States. The symptoms and pathology recorded are 

classical features of diabetes mellitus in the dog.

4 .5 .3 .6 .  Oral an ti-d iabetic  agents

Three sulphonyl urea hypoglycaemic drugs have been shown to 

induce lenticular opacities in rats on long-term administration 

(W right, 1963). The effects of these three drugs were related to 

dosage and duration of administration, and occurred in increasing 

frequency with increased dosage after 8 to 12 months' drug 

administration. The mechanisms in the development of these lens 

opacities are not known. It is possible that changes observed in rats 

were a species-specific phenomenon, since there was no evidence 

of similar changes occurring in dogs maintained on the some drugs for 

periods of 2 to 3 years. Other hypoglycaemic agents have induced 

posterior subcapsular opacities in monkeys.

4 .5 .3 .7 .  Steroids

Classical posterior subcapsular cataracts have been produced in man 

by a variety of glucocorticoids. Animal experiments, particularly  

in the dog and monkey, have failed to induce changes in the lenses.

An oral contraceptive, based on a synthetic progestin-oestrogen, 

produced cataracts in rats after administration for 18 months, 

females being more affected than males. Ray and Schut (1969) 

recorded cataracts in rats following the administration of 7a - 

m ethyl-17a-ethinyl-l9-nortestosterone. An oestradiol salt was 

found to induce occasional lens opacities in rats after prolonged 

administration at a high dosage le v e l.

M ethalibure, a compound used for synchronisation of oestrus in pigs 

by inhibition of the output of gonadotrophins from the pitu itary, was 

found by Baker and Dave y (1970) to produce cataracts in rats, but 

this was the only toxic symptom.

Clomiphene citrate, a potent inhibitor of endogenous gonado

trophic ac tiv ity , which is used to induce regular ovulatory-type 

menses in anovulatory women, induced lenticular opacity in a few 

rats receiving doses as high as 40 m g/kg /day . There was no 

definite indication of cataracts in dogs receiving the some dosage 

levels (N ew berne, Kuhn and Elsea, 1966).
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4 .5 .3 .8  Hypocholesterolaemîc agents

Triparanol, a drug once used in the treatment of hypercholesterolaemia, 

was found in the early 1960's to produce cataracts. A t dose levels 

only four times greater than those intended for human clin ical use. 

Bellows (1963) readily produced cataracts in dogs in 5 to 7 months. 

Cataracts similar to those observed in man have been produced in 

rats fed diets containing 0 .1%  triparanol.

A  hypercholesteroloemic alkylated steroid, 3p-(p-d iethylam ino- 

ethoxy)-ondrost-5-en-17-one methoxime hydrochloride, given in 

the d ie t, induced cataracts similar to those induced by triparanol.

4 .5 .3 .9  Anti chol i nesterases

These agents produce myosis in laboratory animals. Some anti

cholinesterases, such as diisopropyl phosphorofluoridote, ore 

irreversible, whereas others, such as demecarium bromide, are 

reversible. The cataracts induced by these agents appear as 

vacuoles immediately below the anterior capsule of the lens.

These opacities are similar to the acute reversible lens opacities 

described earlier and can be attributed to changes in the state of 

hydration of the lens. The mechanism by which anticholinesterases 

produce cataracts is not clear; cataracts could be caused by 

simple over-exposure of the cornea and subsequent drying, or 

more probably could be attributable to the inhibition of a specific 

enzyme.

4 .5 .3 ,1 0  Sympathomimetic drugs

Catecholamines produce acute reversible opacities in rodents. It 

is suggested that the mechanisms behind these cataracts are 

secondary to a retained lid reflex , causing water to be lost through 

the cornea and so changing the tonicity of the aqueous humour. 

This hypothesis is supported by the fact that suturing the eyelids 

protects against this type of opacity.
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4 .5 .3 .1 1  Chelating agents

The iron chelating agent desfera I induces changes in the lenses of 

rots and dogs (Bruekner et o l, 1966). The changes are not 

attributable to the specific influence of iron metabolism. Other 

iron chelating compounds, such as EDTA or ferrioxomine, failed to 

induce cataracts when administered to rats at toxic dosage levels. 

The potential zinc chelating agents, the hydroxypyridinethiones, 

were found by Delohunt et al (1962) to cause occasional cataracts 

in dogs.

4 .5 .3 .1 2  Prostaglandin synthesis inhibitors

These compounds are used mainly for their anti-inflammatory 

activ ities . They have been shown to induce cataracts in both 

dogs and monkeys. The specific toxicity of these compounds is 

usually directed to the gastrointestinal tract or the kidneys; many 

are immuno-suppressant agents, and their cataractogenicity is 

thought to be in some way related to this a c tiv ity .

4 .5 .3 .1 3  Photosensitising agents

Cataracts have been reported in animals following exposure to 

light after administration of certain compounds. Neither the 

light nor the chemical alone was capable of producing cataracts. 

Curtis et al (1968) reported that 2 ,6-d ich loro -4-n itroan iline  

produced photosensitisation cataracts.

4 .5 .3 .1 4  DMSO

DMSO has been recorded as producing refractive changes in the 

fibres of the lens nucleus of many species (Rubin and M attis, 1966; 

Rubin and Barnett, 1967). The dog was the species most severely 

affected, but there is little  evidence to indicate that the rat lens 

was damaged. There is some debate with regard to the effect of 

DMSO on the lens nucleus of subhuman primates ; Barnett and 

Noel (1967) observed changes after 6 months of treatment, but 

Vogin et al (1969), who evaluated the compound over an 18-month 

period, failed to find evidence of ocular toxicity .
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4 .5 .3 .1 5  Sulphonamîdes

Two of the brood-spectrum sulphonamîdes, sulphaethoxypyridazine 

(Ribelin et a l , 1967) and sulphomethoxine (Bohni e t a l , 1969) when 

administered to dogs at high dose levels over long periods, con 

cause cataracts. Sulphaethoxypyridazine can also induce 

cataracts in rats. The mode of action of these sulphonamides is 

unknown, but it  is known that some sulphonamides can persist for 

some time in the aqueous humour. One feature of sulphonamide 

cataracts in experimental animals is the re latively  long latent 

period of development, and the fact that, in rats, cataracts have 

appeared after the administration of sulphonamides had been 

discontinued.

4 .5 .3 .1 6  Phenothiozines

Acute reversible lens changes have been induced experimentally 

in rodents using substituted phenothiozines (Smith, C avitt and 

Karmin, 1966). The cause of these cataracts is primarily 

dehydration through the exposed cornea, although other factors 

might contribute to the formation of the opacities.

4 .5 .3 .1 7  Miscellaneous causes of cataracts

Several agents known to produce cataracts cannot be assigned to 

any definite category.

a . C ç -C 2̂ Petroleum distillates:

Exposure of eyes to the vapours of these fractions causes 

irrita tion , and liquid contact leads to corneal damage with 

subsequent scar formation. Prolonged exposure can also lead 

to cataract.
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b. Dinitrophenols:

These are well-known for their cataractogenic activ ity  in man. 

This was recorded in the early 1930's, when they were used 

extensively as metabolic stimulators and aids to slimming. 

Attempts to produce cataracts in laboratory animals were 

remarkably unsuccessful, until it  was found that these compounds 

caused acute reversible lens opacities in immature and 

mature chickens. Later, strains of mice and scorbutic guinea 

pigs developed dinitrophenyl-induced cataracts. Recently, 

it has been reported that di isophenol preparations, which 

ore closely related to the dinitrophenols, can produce 

transient cataracts of variable severity in young weanling pups. 

Cataracts have been induced in rats with a compound which 

hod a contaminant of 1% of a dinitrophenol. The mechanism 

of dinitrophenol cataracts remains unknown.

c . Diquat:

Diquat-induced cataracts in rats have been extensively studied 

by Pirie and Rees (1970); as they found no damage to the 

nuclei o f the lens epithelium, it was concluded that diquat was 

not acting as a radiomimetic agent. The mechanism of diquat 

toxicity is not clear; however, it  is of interest to note that 

the glutathione content of the lens remains high, even when 

severe cataracts have developed.

d . Thallium;

The salts of thallium produce cataracts in young rats at dose 

levels of 0.1 m ^ day  (Pirie and van Heyningen, 1956).

e .  Cobalt:

Lens vacuoles and the clouding of lens fibres have been 

induced in rats following the administration of cobalt chloride 

(Alogno and d'Aquino, 1956).

f .  Heptachlor:

Rats dosed with heptachlor in the d iet a t 6 mg/kg developed 

cataracts within 4  to 10 months, and their offspring also 

developed cataracts.
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g. Mirex:

M irex , a stomach insecticide, which is particularly active  

against ants, has been found to induce cataracts in neonate 

rats (Chernoff, Scotti and Linder, 1976). It is also 

cataractogenic in neonates after lactational exposure. 

Dosages of 1 to 10 m g /k^ d o y  administered to maternal rats 

for four consecutive days after birth induced cataracts in the 

neonates, which were found when the eyes opened on about 

day 13.

Administration of a related compound, chlordecone, did not 

result in cataracts in any neonates.

h . Miscellaneous chemicals:

Many other compounds have been found to be cataractogenic, 

but for commercial or other reasons the results hove not been 

published.

4 .5 .4  Biochemistry of cataract

4 .5 .4 .1  Aqueous humour -  Dog

The lens obtains its nutritional requirements from the aqueous 

humour; therefore, any change in the metabolism of the lens 

might be reflected in biochemical change of the aqueous humour. 

The aqueous humour is a secretion of the ciliary body and closely 

resembles an ultrafiltrate of the plasma; it is not in equilibrium  

with the blood. The aqueous humour passes across the anterior 

surface of the lens through the pupillary opening into the 

posterior aqueous, and drains mainly through the trabecular 

system in the irido-corneal angle. As the aqueous passes over 

the lens, its constituents exchange with those in the lens and 

vitreous; for this reason, the concentrations of some substances 

in the anterior aqueous may differ from those in the posterior 

aqueous.

On removal from the eyeball, the aqueous humour is found to be 

a clear fluid of low viscosity, with a volume in adult dogs of 

0 .83  -  0 .1 0  m l. The biochemical constituents of paired serum 

and aqueous humour samples are presented in Table 7 .
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4 .5 .4 .1 .1  Tronsient lens opacities

Two compounds, a diuretic and a tranquilliser, 

both of which hod been shown to produce 

reversible lens opacities, were studied in three 

pairs of 16 week old pure-bred Beagle dogs. One 

pair acted as controls; the other pairs received 

the encapsulated test compounds by mouth doily  

for 17 days.

During the study, samples of blood and aqueous 

humour were taken on days 2 , 7 , 14 and 17, after 

the animals had been fasted for 18 hours. The 

blood samples were obtained from the jugular vein, 

just before the Beagles were anaesthetised with 

Brietal Sodium. Under anaesthesia, the eyelids 

were retracted, the eye held with forceps, a 21 G  

l i "  needle introduced into the anterior chamber, 

and a 0 .3  ml sample of aqueous humour withdrawn, 

as described previously.

Glucose and chloride were measured by the 

Technicon Autoanalyser, sodium and potassium 

with the EEL flame photometer, and osmolality with 

an osmometer. The glucosetserum glucose ratio  

of the aqueous humour was subjected to statistical 

analysis. Examinations with an indirect 

ophthalmoscope were performed at the same time 

intervals as the biochemical investigations, after 

full mydriasis had been induced with 0 .5%  

tropicamide.

a . Compound A  (diuretic):

Before the experiment started, the lenses of 

the animals were clear. A t day 7 , both 

animals receiving the test compound showed 

suture line opacities at the 12, 4 and 8 o'clock  

positions; these opacities were more prominent 

than one would expect in dogs of this age. The 

opacification increased to involve the equator 

of the lens, particularly with regard to the
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posterior subcopsular zone, with the anterior 

subcopsular zone affected to a lesser extent.

The posterior lens suture lines were clearly  

visible and their margins appeared feathery.

A  few subcapsular pinhead spot opacities were 

seen a t the anterior pole (Figure 51 ). By day 

17 of the experiment, the opacification around 

the equator was no longer apparent, and at this 

time posterior lens sutures only were visible.

The results of the biochemical examinations 

ore presented in Table 14. N ot a ll the 

proposed investigations could be carried out, 

because insufficient samples of aqueous humour 

were obtained. The results were subjected to 

statistical analysis.

Inspection of the aqueous humour glucoserserum 

glucose ratio at the various time intervals 

suggested that the relationship might be 

quadratic (Graph 3 ) . The ratio rose to a peak 

between days 7 and 14, then fe ll to the in itia l 

level by day 17. A  second degree polynomial 

was, therefore, fitted to the data by the least 

square regression. The analysis showed that 

there was no linear trend, but a significant 

quadratic effect (P < 0.01 ).

The increase in the glucose content of the 

aqueous humour during days 7 to 14 of the 

experiment collates directly with the presence 

of lens opacities. During this period there was 

also a decrease in the serum potassium values, 

attributable to the diuretic effect of the test 

compound. There was no apparent osmolar 

imbalance, even when the opacification of 

the lens fibres was maximal.
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TABLE 14

Biochemical examination of aqueous humour -  Dog 

Transient opacities

Diuretic induced cataract

Time
(days)

Dog
N o .

Glucose
(mg%)

Sodium
(m Eq/l)

Potassium
(m Eq/l)

Chloride
(m Eq/l)

Osmolality 
(Osm/kg H^O )

Serum Aqueous Serum Aqueous Serum Aqueous Serum Aqueous Serum Aqueous

A 1 100 74 141 152 4 .2 5 .2 104 112 245 250
U

2 94 74 144 156 4.1 6 .3 104 115 254 -

n 1 104 102 138 147 4 .3 4 .6 90 105 244 250
Z

2 104 - 140 - 4.1 - 90 - 283 -

1 118 124 139 148 3 .8 4 .6 92 104 275 280/
2 116 134 142 151 3 .8 5 .0 88 104 270 295

14
1 104 110 140 141 3 .0 5 .0 93 105 260 270
2 108 114 144 - 3 .5 - 92 - 255 255

17 1 104 70 147 4 .3 93 102 260 220
2 114 96 154 141 4 .6 - 99 107 280 265

Tranquilliser induced cataract

Time
(days)

Dog
N o .

Glucose
(mg%)

Sodium
(m Eq/l)

Potassium
(m Eq/l)

Chloride
(m Eq/l)

Osmolality 
(Osm/kg H ^O )

Serum Aqueous Serum Aqueous Serum Aqueous Serum Aqueous Serum Aqueous

Q 3 100 82 144 148 4 .6 6 .0 105 107 251 250
4 98 86 142 150 4 .2 5 .0 104 110 250 -

2 3 98 141
4 108 94 142 151 4 .6 5 .0 106 - 245 255

7 3 114 90 147 150 5 .0 4 .9 108 112 275 294
4 126 106 143 148 4 .3 4 .8 109 - 270 285

14 3 110 96 148 145 4 .8 5 .0 104 100 225 275
4 106 100 148 148 4.1 5.1 104 - 220 270

]7 3 110 90 145 142 5.1 5 .3 103 103 250 255
4 102 64 150 - 4 .7 - 105 98 255 240
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4 .5 .4 .2  Lens-D og

b. Compound B (tranquilliser)

Before the experiment, the lenses of the dogs 

were clear. A t days 2 and 7 , both animals 

showed suture lens opacities at the 12, 4  and 

8 o'clock positions, and the posterior lens 

sutures could be seen clearly . Subsequent 

examination showed that the lenses were 

clear.

The results of the biochemical examinations 

are presented in Table 14.

Inspection of the data shows no change in the 

biochemical parameters monitored. One dog 

at day 7  showed an osmolality value of the 

aqueous humour at the upper end of the normal 

range.

4 .5 .4 .1 .2  Permanent cataract

Biochemical examination of the aqueous humour 

was carried out after total cataracts had been 

induced. The results are presented in Table 15.

The glucose value remained unchanged. The 

sodium and potassium levels were increased, and 

there was slight leakage of protein from the lens 

into the aqueous humour. Ascorbic acid levels 

remained within normal limits.

The lenses from a number of eyes hove been dissected out and 

weighed in their fresh state; at 12 months of age the weight was 

0 .5 4  -  0 .03  g and at 18 months of age 0 .58  -  0 .05  g. The mean 

water content of the lenses from 16 12-months old animals was 

found to be 62.2%  -  2 .9 5 8 % . The lenses from Beagle dogs aged 

1 -  I j  years were dissected out immediately after the animals were 

killed  and were investigated biochemically. Proteins, soluble 

and insoluble, were measured using a Biuret method adapted for
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TABLE 15

Biochemical examination of aqueous humour -  Dog 

(Permanent cataract)

Parameter Units N o . Mean Range

Protein g% 4 0.85 0.61 - 1 .12

Glucose mg% 4 77 73 82

No mEq/l 4 425 314 545

K mEq/l 4 27 2 4 .2  - 3 0 .0

Ascorbi c Acid mg% 2 4 .2 3 .8  - 4 .4
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use on the Technicon Auto-onolyser, and protein fractions were 

determined by means of M illipore-acetate  strips. Sodium and 

potassium were estimated by the EEL flame photometer, and 

reduced glutathione was measured by the method of Kay and 

M urfitt (1960). The results are presented in Table 16.

4 .5 .4 .2 .1  Cataract -  Dog

Lenses, with cataracts induced by drugs A  

(coronary dilator) and B (bronchodilator), were 

dissected from the eye at post mortem, weighed in 

their fresh state and subjected to biochemical 

analysis.

The results are presented in Table 17.

The most obvious difference between normal and 

cataractous lenses, apart from opacification, was 

the reduction in lens weight with total cataract.

The lens proteins were not significantly affected.

With both acute and chronic forms of total 

cataract the lens sodium was increased, whilst 

the lens potassium was decreased.

Glutathione concentration Is high in the lens.

Its main role is that of a co-enzyme, and it may have 

a minor role in respiration. The high concentration 

is thought to protect the sulfhydryl complexes of 

lens proteins from oxidation. Glutathione levels 

were decreased, particularly with total cataracts, 

although with the coronary dilator (Compound A ), 

the glutathione content remained unchanged.

Diquat is the only other compound recorded 

showing this distinguishing feature (Pirie and Rees, 

1970).
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TABLE 16 

Normal lens biochemistry -  Dog

Parameters Units N o . Mean 95% confidence limits

Lens Proteins

Insoluble Protein (Albuminoid) g /100 g 35 6 .0 6 6  -  0 .884 4 . 2 6 - 7 .8 8

Soluble Protein g /100  g 35 29.311 -  3 .4 0 21.15 - 3 7 .4 7

a Crystallin s /100  g 10 11.03 -  1 .69 7 .0 9  - 14 .96

P Crystallin c /1 00 g 8 11.25 -  0 .9 6 8 .8 8  - 13 .62

y Crystallin c /1 00 g 10 4 .2 9  -  0 .8 6 2 . 2 9 - 6 .2 9

Reduced Glutathione m g/100 g 18 170 .27  - 3 9 .4 7 85 .77  - 254 .79

Sodium m ^ l  00 g 33 5 7 .1 0  -  13.48 2 9 .6 4 - 84 .60

Potassium mg/100 g 33 210 - 1 4 . 7 1 7 6 .4 6 - 240
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4 .5 .4 .2 .2  O ïtaract -  Rat

Lenses, with cataracts induced by an agrochemical, 

were dissected from the eye a t post mortem and 

subjected to glutathione analysis. The results are 

presented in Table 18. When total cataract was 

induced, the glutathione levels were significantly 

reduced.

4 .6  The vitreous

The vitreous body is a c lear, transparent, g e l-like  substance, which fills  the space 

between the posterior surface of the lens and the inner surface of the retina. The 

vitreous body is surrounded by the hyaloid membrane, which is a surface condensate, 

A narrow canal passes through the vitreous from the central part of the lens to the 

optic disc. This represents the site of the hyaloid artery.

4 .6 .1  Spontaneous pathology

4 .6 .1 .1  The Dog

The vitreous contains a clear flu id , which has been found to hove 

a volume of 2 .8 9  -  0.81 m l, and a protein content of 1 6 .8 4 -  

8 .73  mg%. The anterior hyaloid is thick and hardly attached 

to the posterior lens capsule. The primary vitreous persists 

anteriorly, being larger in younger than in older animals. It is 

confined to a funnel-shaped membranous condensation of the 

secondary vitreous. The secondary vitreous gel is rigid and more 

transparent.

4 .6 .1 .1 .1  Congenital and hereditary anomalies

a . Hyaloid arteries;

The hyaloid remnants can be seen in 30% of 

young Beagle dogs between the ages of 4 and 6 

months, but the incidence drops with age, and 

in adult dogs only 3% show this anomaly 

(Figure 75 ). S lit-lam p biomicroscopy shows that 

the hyaloid artery is attached to a point below
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Figure 75: Hyaloid remnant

p.

Figure 76: Asteroid bodies
p . / o  s'.

Figure 77: Ocular fundus -  dog
p .  /  a  9 .

Figure 78: Focal atrophy
/o  g.

r

Figure 79: Retinal folds

p. /C)9.

Figure 80: Absence of tope turn
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TABLE 18

Lens glutathione analysis mg/100 g -  Rat

Agrochemical induced cataract

No. Moles Females

Control
lens

32 77.1 ± 4 0 .2 79.1 ± 4 3 .9

Lens with Group 1 8 71 .0  ± 3 8 .3 66.2 ± 3 0 .4
equatorial
opacity Group 2 8 6 2 .4 ± 3 6 .9 68.8 ± 3 2 .9

Total Group 1 8 22 .0  ± 1 7 .2 25.9 ± 1 9 .8
cataract

Group 2 8 14,9 ±  6.5 2 1 .8 ± 11.3

: 104 :



4 .6 .1 .2  The Rat

the centre of the lens, in the angle formed 

by the 4 and 8 o'clock suture lines. This can 

be shown in 88% of Beagle dogs examined, 

but cataract is not associated with this damage.

4 .6 .1 .1 .2  Infections

Infections of the vitreous have not been recorded 

in the dog.

4 .6 .1  .1 .3  Acquired abnormalities

a .  Asteroid hyalosis:

This condition has been described in the dog 

by Rubin (1974). The asteroid bodies are 

composed of a calcium lipid complex. Heywood^ 

Hepworth and Van Abbe (1976) found asteroid 

bodies in 3 .5 %  of 8 -year old Beagle dogs 

examined (Figure 76).

b. Opacities within the vitreous;

Opacities found within the vitreous ore usually 

associated with haemorrhage into the vitreous.

The vitreous of the rat is not extensive and anomalies are few

105 :



4 .6 .1 .2 .1  Congenital and hereditary anomalies

a . Hyaloid arteries:

In the ra t, there are two distinct hyaloid 

systems. There are the central hyaloid vessels, 

which consist of between three and five  

arteries, running from the disc to the posterior 

pole of the lens. In addition, there ore the 

hyaloid vessels, which run from the disc to the 

equator of the lens and lie close to the surface 

of the retina. The hyaloid vessels are present 

in 100% of animals up to six months of age 

(Cairns, 1959). Closure of these vessels takes 

place between days 7 and 2 2 . A t six weeks 

of age, 60% of animals show remnants of 

hyaloid systems and in 2% of these animals, 

blood is still contained within the vessels.

These hyaloid remnants rapidly disappear with  

age and at six months ore distinct in only 2%  

of animals.

4 .6 .1 .2 .2  Infections

Abscess of the vitreous occurs in cases of 

endophthalmitis.

4 .6 .1  .2 .3  Acquired abnormalities

a . Opacities:

Opacities of the vitreous are invariably 

associated with haemorrhage within this cavity,

4 .6 .1 .3  The Monkey

Abnormalities of the vitreous have not been described in 

subhuman primate species.
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4 .6 .2  Changes affecting the vitreous

No compounds have been described that have affected the vitreous in any of 

the species of laboratory animals investigated.

4 .7  The retina

The retina is the inner layer of the eyeball and is concerned with the reception of 

images. It is composed of 10 distinct layers, but can be considered to be made up of 

two parts -  the pigment epithelium, which arises from the primary optic vesicle, and 

the optic layers, which arise by invagination of the primary optic vesicle to form the 

secondary optic vesicle. The retinas of the dog, rat and monkey differ markedly in 

appearance.

4 .7 .1  Spontaneous pathology

4 .7 .1 .1  The Dog

The refractive index of the retina has been assessed by direct 

ophthalmoscopy and found to be 0 ± 2  dioptres in the Beagle dog. 

The ocular fundus can be conveniently divided into two portions 

(Figure 77). The topetum lucidum in the dorsal quadrants of the 

fundus is triangular in shape, with the hypotenuse as a horizontal 

baseline. In the adult Beagle dog, the base length is 18.75 -  

2 .33 mm, with a height to apex of 10 .26  ±  0 .970  mm. The 

lateral side is 12.56 ± 2 .9 4  long and the medial side 13.31 ±

2 .0 0  mm. The tapetum lucidum is backed by a lustrous structure 

of specialised cells, known os the tapetum cellulosum, and this 

layer of cells is situated immediately behind the pigment 

epithelium of the retina. The tapetum lucidum cannot be 

recognised ophtha Imoscopi cal I y in the first five weeks of life .  

Between the fifth  and tenth week, it appears as a dark grey-blue 

to purple coloured area. A t 15 weeks of age the tapetum has 

taken on its characteristic irridescence and its adult colour. It Is 

composed of green, yellow and blue coloured elements, any of 

which may predominate; 89% of animals have green tape ta . Ten

per cent of animals show some degree of granulation of the tapetum 

with increasing age and the colour tends to become clearer and 

paler. In animals aged two years or more, it is easier to
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distinguish the Stars of Winslow (which ore the choroidal vessels 

viewed end-on), the tapetum having a "beady" appearance.

There is no correlation between coat colour and the colour of the 

tapetum lucidum. The nontapetal fundus occupies the ventral 

quadrants of the ocular fundus and surrounds the triangular tapetum 

lucidum; this is the tapetum nigrum. The colour of the nigrum 

varies in shades of brown to block. The nontapetal fundus may 

lack pigment and appear red, with the choroidal blood vessels 

clearly visible. The entire nontapetal fundus or just areas of it 

may be involved. A correlation between coat colour and this 

tigroid tapetum can be identified. This defect is found in both 

coat colours, although the variation of the tricolour in which the 

black is replaced by liver colour always shows this anomaly. Five 

to six per cent of Beagle dogs show deficiency of colour in the 

tapetum nigrum. There is a dual blood circulation to the eye: the 

retinal blood supply enters the globe by the optic nerve and 

supplies the inner layers of the retina only; the other parts of the 

eye are supplied by the c ilia ry  system. The primary veins are 

the most visible retinal veins, which are usually four in number. 

W ithin the disc, a complete venous ring was found in 24% of the 

animals examined. In the other dogs, the venous ring was 

incomplete and appeared as an arc. The arteries are more 

variable in number, usually between 10 and 20, and are d ifficu lt 

to distinguish from the minor veins.

4 .7 .1  .1 .1 Congenital and hereditary anomalies

a . Retinal atrophy:

Two forms of retinal atrophy ore described. 

Progressive retinal atrophy was first described 

by Magnussen (1909). Hodgeman et al (1949) 

showed that, in Irish Setters, the condition is 

carried by a single autosomal recessive gene.

The other type of retinal atrophy is the central 

form, described by Parry (1954) in the 

Labrador Retriever. Mogrone (1965) lists 

the Beagle as being a breed which is subject 

to progressive retinal atrophy; and although 

this condition has been recorded in the American 

Beagle, only one British Beagle has been found 

with focal central retinal atrophy (Figure 78).
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b. Retinal dysplasia:

This is an anomaly of the retina and vitreous, 

but is found only in certain breeds of dog, 

notably Labradors, Bedlingtons and Sea I y hams. 

There is bilateral detachment of the retina 

and lack of formation of the vitreous. The 

condition is carried as an autosomal recessive 

tra it, but has not been described in the Beagle 

dog.

c . Day blindness:

This is another autosomal recessive condition, 

involving the retinal cones. The condition 

has been described in the Alaskan Malamute, 

but has never been described in the Beagle.

Retinal folds:

Heywood and Wells (1970) have described this 

condition in the Beagle dog. 

Ophtholmoscopicaliy, the lesions appear as 

streaks in the retina (Figure 79). In the 

nontapetal fundus they are vermiform, 

appearing as localised areas of depigmentation, 

whilst on the tapetal fundus they appear as 

tubular structures within the retina. It has 

been found that 2 .7 %  of Beagles show this 

anomaly.

e . Absence of the tapetum:

Congenital absence of the tapetum has 

occasionally been seen in the Beagle dog and 

has been described by Heywood (1972)

(Figure 80).

Congenital absence of retinal vessels: 

One Beagle dog has been found with this 

anomaly (Figure 81 ).
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Figure 81: Absence of retinal vessels
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Figure 82: Retinal tear
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Figure 83: Degeneration of tapetum
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Figure 84: Retinal haemorrhage
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Figure 85: Ocular fundus -  rat
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Figure 86: Retinal dystrophy
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Aberrant nerve fibre bundles:

Stripes occurring in the nontapetal fundus of 

one or both eyes are frequently noted.

Weisse, Sitz and Frese (1976) have shown that 

these stripes are nerve fibre bundles, lying 

on the ganglion cell layer, and that they occur 

in 3.9%  of Beagles.

h. Colobomo:

Colobomatous defects of the retina are rarely 

seen in the Beagle dog.

4 .7 .1 .1 .2  Infections

Inflammatory change of the retina alone is rarely 

recorded, but is usually associated with underlying 

choroiditis. Retinitis is usually a symptom of 

systemic disease, such as distemper, leptospirosis, 

cryptococcosis, toxoplasmosis or intraocular larva 

mi grans.

4 .7 .1 .1 .3  Acquired abnormalities

a . Cystoid degeneration of the retina:

This was found in 85% of eight-year old 

Beagles by Heywood et al (1976). The cysts 

were single or multiple and were detected at or 

near the aura ciliaris retinae. It is generally 

accepted that this is a common degenerative 

condition of the retina with age (Rubin, 1974).
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b. Retinal breaks and tears:

Okun, Rubin and Colin (1961) described 

retinal breaks and tears in 62% of aged dogs.

In my experience, one case of a retinal tear 

has been recorded in 10 years. This 

irregular tearing of the retina was noted in a 

3^-year old dog (Figure 82 ). Reattachment 

of the retina occurred within one week and 

healing was considered complete within six 

weeks. When this animal eventually came to 

post mortem 5 years later, no histological 

change could be found.

c . Localised degeneration of the tapetum:

Heywood et al (1976) found that pigmentary 

change of the tapetum lucidum could be 

found in over 5% of dogs over five years old. 

The change first appeared as discrete brown 

pigment at the junction of the tapetum lucidum 

and nigrum. The pigmentation was progressive 

and could ultimately have involved the whole 

of the tapetum (Figure 83). Histological 

examination revealed abnormalities in the cells 

of the tapetum. In some cases there was 

complete absence of tapetal cells and in others, 

degenerate tapetal cells with pyknotic nuclei 

were seen.

d . Haemorrhage:

Haemorrhage from the retinal vessels is rare in 

the dog and has been seen on two occasions 

only, when blood spots were found in the medial 

ventral quadrant of the vitreous (Figure 84).

The animals were c lin ica lly  normal and the 

haematological and biochemical parameters, 

including blood clotting, were within the 

normal range. The site of bleeding was found 

to be the vessels before the disc. Delohunt 

(1963) recorded spontaneous intraocular 

haemorrhage in two out of 100 dogs examined.
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4 .7 .1 .2  The Rat

The refractive index of the retina of the rat has been assessed by 

using the direct ophthalmoscope and has been found to be +5 

±  2 dioptres. The fundus shows os a pink re flex . There is no 

disc, no macula and no medullated nerve fibres. The retinal 

vessels radiate from the centre towards the periphery and divide 

in their course. There are usually between five and eight 

arteries and an equal number of veins. The arteries and veins 

usually alternate in position, but occasionally an extra artery has 

been noted. The arteries are straight and even in calibre, 

although they can be of varying widths. The veins are slightly 

broader and darker than the arteries. The choroidal vessels can 

be seen underlying the retinal vessels (Figure 85 ).

4 .7 .1  .2 .1  Congenital and hereditary anomalies

a . M yelinated nerve fibres:

This anomaly has been described by Rubin (1974). 

The fibres are radially disposed and are some 

distance away from the disc. The condition 

has been recorded in pigmented strains only.

b. Retinal dystrophies:

Inherited retinal dystrophies which ore 

transmitted by an autosomal recessive gene have 

received most attention (Bourne et o l, 1938; 

Yates et o l, 1974). They usually occur in 

substrains of rats and not in the Sprague-Dawley 

and Wistar strains that are used for toxicological 

tests. Shardein, Lucas and Fitzgerald (1975) 

have described retinal dystrophies occuring 

spontaneously in about 4% of Sprague-Dawley 

rats. The lesions described comprise focal or 

diffuse absence of the layers of the retina. 

Saunders (1967) and Heywood (1975) described 

cases of localised retinal degeneration, often 

associated with cataract (Figure 86). Attempts 

to transmit the condition in a series of breeding 

experiments were unsuccessful. These coses 

are not easily or satisfactorily explained.
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c . Retinal atrophy:

Mowdesley-Thomas (1968) described cases of 

retinal atrophy in the Wistar strain of rats.

d . Folds and rosettes:

Retinal folds and rosette formation are seen in 

the rat (Rubin, 1974) and are usually considered 

to be congenital in origin.

4 .7 .1 .2 .2  Infections

Infections involving the retina are uncommon. 

Inflammatory reaction is not a feature of retinal 

atrophies or dystrophies in the rat.

4 .7 .1 .2 .3  Acquired abnormalities

a . Retinal haemorrhage:

Retinal haemorrhage has been seen in three 

rats (Figure 87). Byrom (1963) examined 191 

rats and found retinal haemorrhage in three, 

perivascular exudates in one and berry-  

aneurisms in ten, (seven of which were from 

one litte r).

b. Light-induced damage:

Damage can be induced in the retina of the 

rot by the continuous application of normal 

laboratory lighting of 1500 lux. The change 

induced is irreversible and can be produced 

by applying light for less than one or for up 

to 40 hours, depending on the experimental 

conditions. Noe 11 et ol (1966) and Noe 11 and 

Albrecht (1971 ) found that hyperaemia 

accelerated and intensified the damage, whilst 

Vitamin A  protected against i t .
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Figure 87: 
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c. Retinal detachment:

Retinal detachments have been described in the 

rat by Heywood (1976) (Figure 88). Retinal 

atrophy, rosette formation and folding of the 

retina were some of the sequelae following 

reattachment. The factors initiating the 

retinal detachment were not defined, but as 

this was a cross-fostered litter, genetic and 

congenital factors are not implicated and 

inflammation was not a feature of the lesion.

4 .7 .1 .3  The Monkey

The refractive index of the retina has been assessed by using the 

direct ophthalmoscope and in the baboon and rhesus monkey was 

found to be -2  ±  2 dioptres. The fundus is very similar in the baboon 

and in the rhesus monkey and shades from red to grey (Figure 89). 

The fundus of primates is characterised by having a macula, which 

is located laterally to the optic nerve head. It appears as a dark 

brown area, containing the lighter central fovea, and is largely 

free of blood vessels. The central retinal artery enters the eye 

through the optic nerve head and usually divides into four main 

branches. The number of vessels entering the macula is between 

12 and 18. The veins are broad and well-defined; there are 

two major veins entering the disc, which leave the eye in company 

with the central retinal artery. The general pattern of arcuate 

vessels with branches terminating near the macula is characteristic 

of all higher primates. The choroidal vessels can be seen in many 

cases, where they appear as red streaking underlying the retina.

4 .7 .1 .3 .1  Congenital and hereditary anomalies

a . Colobomo:

Colobomo of the retina has been diagnosed in 

the adult baboon (P. doguero)by Schmidt 

(1971). Focal attenuation of the retina and 

choroid with slight thinning of the sclera were 

observed. The normal retina ended abruptly 

and was continued as a thin remnant of 

amorphous tissue, while the pigment was
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contained within the attenuated choroid.

b. Macular degeneration:

Macular degeneration has been described by 

Ishmael and Bradley (1974). Clinical 

examination revealed a discrete black area with 

a well-defined margin and the centre of the 

macula had a fine, granular appearance 

(Figure 90). Histological evidence of 

cystoid degeneration of the retina was found 

in the region of the macula, with a w e ll- 

defined hole at the fovea. Bilateral 

degeneration around the macula has been seen, 

and was associated with an overall progressive 

degeneration of the retina, with symptoms 

relating to cone dysfunction. There was 

marked degeneration of the macula, involving 

the peripheral retina to a lesser degree,

Rubin (1974) found that 9 of 22 cases involving 

the macula were degenerative.

c . Cystoid degeneration:

Schmidt (1971 ) has described cystoid 

degeneration of the retina, with the cysts 

extending from the inner nuclear layer to the 

outer plexiform layer, close to the aurea 

serrata.

d . Retinal folds:

Retinal folds are occasionally seen; they are 

thought to be congenital (Figure 91).

4 .7 .1 .3 .2  Infections

Inflammatory disease of the retina has been 

recorded by Rubin (1974). The main site would 

appear to be around the nerve head (Figure 92). 

Clinical examination reveals oedema of the retina, 

and coagulation of the proteinaceous material forms 

homogeneous hyaline-like masses. Haemorrhage 

may be associated with the oedema and the
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exudative change. Histological examination 

reveals degeneration of the neural elements.

The other site for retinal inflammation is around 

the macula (Figure 93),

4 .7 .1 .3 .3  Acquired abnormalities

a . Diabetic retinopathy;

In a spontaneous case of diabetes in a macaque 

monkey, Howard (1972) described retinal 

signs which are similar to those seen in humans 

with diabetes. There was venous dilation and 

in one case there was a fovea I cyst.

b. Colloid body;

Colloid bodies, consisting of white to yellow 

round, oval or irregular deposits, have been 

found in the retina (Figure 94). On 

histological examination, they appear as 

discrete, round, eosinophilic structures. The 

inner surface of the bodies is bound by 

attenuated pigment epithelial cells. These 

colloid bodies are formed by degeneration of 

the pigment epithelial cells, which may show 

irregular displacement of the nuclei. This 

condition has occasionally been seen in the 

rhesus monkey and baboon and has been 

recorded by Barnett, Heywood and Hague (1972).

c. Retinal detachment;

No cases of retinal detachment in monkeys 

have been recorded.
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4 .7 .2  Changes affecting the retina

The responses of the fundus are lim ited, with the result that certain 

pathological features may be common to a ll drug-induced retinopathies.

The changes fa ll into three categories -  those affecting the vasculature, the 

presence of exudates, and degenerative changes.

4 .7 .2 .1  Changes in retinal blood vessels

a . Haemorrhage:

Blood may penetrate the hyaloid membrane and appear in the 

vitreous os blobs or clots, in some cases obscuring the fundus; 

if  the haemorrhage is between the hyaloid membrane and the 

retina (Figure 95) it then forms sheets or pools of blood. 

Haemorrhage into the nerve fibre layer gives rise to radial 

streaks. These three forms of haemorrhage are induced by the 

coumarins and other related compounds. Subretinal haemorrhage 

between the rod and cone layer and pigment epithelial layer 

causes detachment of the retina. This type of haemorrhage 

has irregular borders, the detachment appearing as defined 

areas of elevation, often alongside the main retinal blood 

vessels. The detachment process has not been fu lly  

investigated, but it appears that reattachment may occur.

The hydroxypyridinethiones, diethyldithiocarbamate or 

diphenylthiocarbazone, induce this type of detachment.

b. Changes in blood pressure;

Changes in retinal vessels are rarely recorded. In the dog, 

drug-induced hypertension has been found not to alter the 

calibre of the retinal vessels, but hypotension may cause 

attenuation of the retinal vessels, particularly those on the 

optic disc, when the blood pressure is lowest, (Figure 96).

In rats, changes in the retinal vessels have been associated 

with compounds producing hypertension. The normal blood 

pressure in the rat is 120 mmHg systolic and 80 mmHg 

diastolic. The retinal changes occur when the systolic 

pressure is 220 mmHg and the diastolic is 140 mmHg.
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The first change induced is irregular narrowing of one or more 

of the arteries, which then become more tortuous with the 

veins becoming markedly congested (Figure 97).

Anaemia:

In cases of profound anaemia, the retinal vessels are 

threadlike and the retina has a pale and opaque appearance. 

This opacity of the retina is accounted for by cloudy swelling 

of the retinal ganglion cell layer (Figure 98).

4 .7 .2 .2  Exudates

Exudates are retinal deposits caused by the escape of plasma and / 

or white blood cells from defective blood vessels.

a . Cellu lar infiltrates:

Cellu lar infiltrates occur in inflammation of the retina; in 

primates they look like patches of cotton-wool. This was seen 

in a monkey and was caused by a compound which affected 

the immune competence (Figure 99 ). Some compounds 

administered intravenously can affect the permeability of the 

vessel walls, producing focal areas of exudates. This may 

show in the retinal vasculature.

b. Plasma exudates;

Exudates between the pigment epithelium and the retina can 

cause partial detachment of the retina. In some cases the 

detached areas coalesce, giving a watermarked appearance 

to the tapetum (Figures 1 0 0 - 1 0 1 ) .  In very severe cases, 

the retina becomes folded. Compounds inducing this type 

of change are the quinines, such as imidazoquinazoline 

(Schiavo, 1972) and quinine sulphate (Heywood, 1974).
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4 .7 .2 .3  Degenerative changes

a . Retinopathies:

Retinopathies have been encountered in primates, dogs and 

rats. In the primate, white spotting can be seen within the 

retina (Figures 102 -  103). In the dog, degeneration appears 

os dull, grey-black opacities covering the fundus, giving 

the retina a peppered appearance (Figures 104 -  105). In 

the albino rodent, the degenerations appear as focal areas of 

increased luminescence (Figure 106). Histologically, there 

is focal disappearance of the neural epithelium In some cases. 

Pigment cells migrate from the neural pigment epithelium.

The retinal vessels are usually attenuated.

b. Loss of tapetal colour:

Loss of tapetal colour has been seen on several occasions and 

was always associated with the administration of chelating 

agents. There is patchy fading of the tapetal colour, which 

continues until the entire tapetal area has a bleached 

appearance (Figures 107 -  108). In some cases the tapetum 

looks white and spongy. No other changes of the fundus are 

seen and retinal morphology is unaltered. The tapetal colour 

returns when dosing is stopped; recovery is usually initiated 

within 48 hours of the last dose and is complete within 2 - 3  

weeks.

c. Tapetal degeneration:

Degenerative changes involving the tapetal cells only have 

been seen. The tapetum appears to be fragmented with 

extensive migration of pigment over the tapetum lucidum 

(Figures 109 -  110). However, histological examination 

shows that it is the tapetal cells themselves that are 

degenerating, thus allowing the pigment within the choroid 

to show through.
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Figure 105: Retinopathy -  dog

p. / I  9.
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d. Phospholîpidosîs:

Phospholipids may accumulate in the pigment epithelium and 

ganglion cells of the retina. These cells appear bloated 

with fine granulated or vacuolated pale-staining protoplasm 

in which lame Hated inclusion bodies can be seen. The 

condition has been associated with anorectic drugs.

4 .7 .3  Compounds affecting the retina

The compounds affecting the retina have been listed in Table 19.

4 .7 .3 .1  Oxygen

Inhalation of oxygen at high concentrations of 2-3 almospheres 

causes constriction of the retinal vasculature, but this constriction 

does not prevent oxygen reaching toxic levels in the tissues.

The constriction restricts the supply of nutrients and it is this
I

factor, together with the hyperoxia, that interferes with metabolic 

pathways, with damaging effects. Only the young animal is 

susceptible to this type of damage.

4 .7 .3 .2  Amino acid

Administration of monosodium glutamate to neonate rodents -  rats 

and mice -  by gavage or subcutaneous injection can induce 

degeneration of the retinal ganglion cell layer and failure of 

formation of the inner nuclear layer. This observation was first 

made by Lucas and Newhouse in 1957, and subsequently has been 

confirmed by many investigators.

: 120 :



table 19

Compounds affecting the retina

^ t

Amopyroquin

Amphetamine analog (P1727)

Aspartate

Cobalt

Chloroquine

Chlorphentermine

Cypsoximide

Diaminodiphenoxypentane 

5-Hydroxytryptam ine 

lodoacetate 

Iminodipropionitrile 

Monosodium glutamate 

Piper idyl chi orophenoth iazine 

Urethan

Monkey

Arsenicals -  Organic

Chloroquine

lodoacetate

Iminodipropionitrile

Methanol

Dog

Amopyroquin

Amphetamine analog (PI727) 

A .N .T .U .

Chloroquine

Cinchonidine

D.D .D .

Diaminodiphenoxypentane

Diethyldithiocarbamate

Diphenylthiocarbazone

Dithizone

Ethambutol

Ethylene diamine derivatives

Hydroxypyridinethione

lodate

Imidazoquinazoline

Naphthyl-thiolurea

Oxygen

Phenothiazine derivatives 

Phosphorus 

Quinine sulphate 

Tranexamic acid
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4 .7 .3 .3  Pharmaceuticals

The two groups of pharmaceutical compounds which are well known 

retinopathy inducers are phenothiazine tranquillisers and the 

chloroquine compounds. The retinal toxicity of chloroquine is a 

species related phenomenon, whereas the toxicity of phenothiazines 

is associated with the piperidyl group in the side chain.

Amopyroquin has been shown to induce retinal lesions in dogs and 

albino rodents (Kurtz et a l , 1967) while quinine has long been 

recognised as being capable of inducing retinal damage in man, and 

retinal changes in the dog have been recorded by Catcott (1952) 

and Heywood (1974). Ethambutol and the diabetogenic dithizone 

ore chelating agents which remove zinc from the tapetum lucidum 

and induce specific retinopathies in the dog. An anti-m alarial 

compound (not a quinoline) also induced chelation of zinc in the 

tapetum of the dog. A  compound with schistosomicidol ac tiv ity  

in the series of diaminodiphenoxyalkanes induces retinal detachment 

in a number of species. The anorectic drug chlorphentermine and 

some tricyclic  antidepressants can induce generalised 

phospholipidosis (Lullman -  Rauch, 1974). Cyproximide has 

been shown to be retinotoxic in rats (Lynch et a l , 1976). The 

adrenocorticolytic drug op-ODD was found by Kirk and Jensen 

(1975) to induce minute darkened areas in the retina. Although 

no cellular or vascular changes were seen, these authors, suggested 

that haemorrhagic foci were present. In experiments in which a 

Cushing syndrome was induced in dogs, focal tapetal degeneration 

occurred, darkened areas of the tapetum were later shown to be 

focal areas of degeneration of tapetal cells. The amphetamine 

analogue PI 727 has been shown by Delohunt et al (1962) to cause 

vascular change in the retinal choroid area, with subsequent 

degeneration. The antifibrinolytic agent tranexamic acid has 

produced retinal changes in dogs.
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4 .7 .3 .4  Industrial and agrochemicals

Naphthy I -2  -th i ol urea, the only agrochemical recorded as inducing 

retinopathies in dogs, causes attenuation of the retinal blood 

vessels (Catcott, 1952).

The only industrial chemical recorded as causing retinal damage in 

the dog is phosphorus, which con induce haemorrhage and 

degenerative change.

4 . 7 . 4  EI e ctroreti nogram

The characteristic curve of the ERG in the dog is shown in Figure 111 and the 

amplitude and length of eIectroretinogram findings from young adult animals 

have been calculated and tabulated in Table 20.

The A  wave is attributed to retinal photoreceptors, the B wave is attributed to 

bipolar action, and the C wave to the ganglion cells. The A  and B waves are 

the principal components of the dog ERG. C linical research is directed to the 

B wave, which can be considered as being composed of three parts: . a rapid 

rising phase, a rounded phase which is the peak of the response, and a 

descending phase. Flashing stimuli decrease the amplitude and duration of the 

B wove, which returns to normal within two to five minutes.

4 . 7 . 4 . 1  Electroretinograms in spontaneous retinal conditions

Electroretinograms have been recorded from dogs with spontaneous 

retinal diseases. The waves have been analysed and the results 

tabulated in Table 21 and illustrated in Figure 112.

a .  Two dogs with focal retinal atrophy were investigated. In 

the early stages of this disease, no change in the ERG was 

recorded, but in one dog which showed marked focal retinal 

atrophy the B wove was later completely elim inated.

b. Investigations into two dogs with focal areas of choreoretinitis, 

probably due to toxoplasma, showed no effect on the ERG.
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TABLE 20 

ERG -  normal values

Dog N o .

A wove B wave

Latency

secs

Amplitude

volts

Implant
duration
secs

Duration

secs

Amplitude

volts

Implant
duration

secs

Duration

secs

lA 0.035 0 .450 0.065 0 .010 0.975 0 .065 0.065

1 0 .020 0.375 0.035 0.015 0 .550 0 .0 8 0 0 .045

2 0 .020 0 .450 0.035 0.015 0.625 0 .090 0.055

3 0 .020 0 .775 0 .030 0 .010 0 .800 0 .100 0 .0 7 0

4 0 .020 0 .900 0.035 0.015 1.425 0 .105 0 .0 7 0

5 0 .020 0.625 0 .040 0 .020 1.050 0 .085 0 .045

6 0 .020 0 .500 0.035 0.015 0 .700 0 .0 9 0 0 .055

7 0 .020 1.150 0.045 0 .020 1.550 0 .1 7 0 0 .130

23 0 .020 0 .250 0.045 0.025 0 .300 0 .1 1 0 0 .065
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TABLE 21

ERG values

Retinal condition

A wove B wove

Latency

secs

Amplitude

volts

Implant
duration

secs

Duration

secs

Amplitude

volts

Implant
duration

secs

Duration

secs

Focal retinal atrophy 

Early 

Late

Focal Choreoretinitis 

Tape ta 1 degeneration

0 .030

0 .030

0 .030

0 .030

0 .19

0.185

0.35

0 .45

0 .050

0 .050

0 .050

0 .050

0 .020

0 .010

0 .020

0 .020

0 .25

1.250

1.200

0 .080

0 .2 0

0.175

0 .045

0 .1 6

0 .135
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In one dog investigated showing tape to I cell degeneration, no 

change was recorded in the ERG.

4 .7 .4 .2  Electroretinogroms in coses of drug induced retinopathies

EIectroretinograms were recorded from dogs showing clinical 

changes of the fundus. The results hove been analysed and 

tabulated in Table 22 and illustrated in Figure 113.

a . Bleaching of tape to I colour con occur following administration 

of dithiocorbozone and ethambutol. Depression of the B wove 

was recorded in dogs following the administration of both 

compounds. Change was recorded following administration of 

dithizone, which was not surprising os this is a diabetogenic 

agent. However, the fact that the e I e ctr ore t i nogram was 

affected following ethambutol administration cannot be 

attributed only to chelation of the zinc in the topetum and 

probably indicates early damage in the midretinal layers.

b . Q uinine sulphate, which induces retinal detachment in the dog, 

causes some slight change in the B wave pattern at the time

of maximal clinical e ffect.

c . Thioridazine hydrochloride, induced in a dog complete 

suppression of the ERG. This dog c lin ica lly  showed some 

evidence of blindness and ophthalmoscopically there were 

large focal areas of retinal degeneration.
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TABLE 22

ERG values

A wave B wove

Compound Latency

secs

Amplitude

volts

Implant
duration

secs

Duration

secs

Amplitude

volts

Implant
duration

secs

Duration

secs

Chelating agent 

Dithiozone 

Pre-treatment 0 .020 0 .900 0.035 0.015 1.425 0.105 0 .070

Post treatment 0 .020 0.275 0 .040 0 .020 0.325 0 .115 0 .070

Ethambutol 

Pre-treatment 0 .020 0 .500 0.035 0.015 0 .700 0 .090 0.055

Post treatment 0 .020 0 .250 0.045 0.025 0 .300 0 .110 0.065

Q uinine sulphate 

Pre-treatment 0 .020 1 .050 0.035 0.015 1 .250 0 .110 0.075

Post treatment 0 .020 0 .400 0.035 0.015 0.475 0 .100 0.065

Phenothiazine
derivative

Pre-treatment 0 .020 0 .450 0.035 0.015 0.625 0 .090 0.055

Post treatment - - - - - - -
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4 .8  O ptic nerve

The optic nerve is a direct extension of the brain and resembles the white matter. The 

nerve fibres are myelinated, except for those distal to the lamina cribrosa. TTie optic 

disc is that part of the nerve which con be visualised with the ophthalmoscope. The 

extraorbital part of the nerve carries impulses from the retina to the brain and can be 

divided into three -  the orbital, the intracannicular and the intracranial sections. The 

nerve is protected by three layers -  the dura, the arachnoid and the p ia .

4 .8 .1  Spontaneous pathology

4 .8 .1 .1  The Dog

The optic disc is predominantly round in shape. It is rare for the 

optic disc to present exactly the same pattern in both eyes. The 

disc is 1 .5 -  0 .5  mm in diameter and is usually situated a t the 

junction of the topetum lucidum and the topetum nigrum but in 

15% of Beagles, it  is found within the topetum nigrum. Occasionally, 

when within the topetum nigrum, it has a surrounding crescent of 

topetum cellulosum. The physiological cup is always visible 

centrally in the disc. As the nerve enters the eyeball, the fibres 

lose their myelin sheath and become transparent, though in the dog 

myelinotion often extends beyond the lamina cribrosa to the edge 

of the optic disc, which frequently makes the edge of the disc 

indistinct and gives an impression of oedema (Figure 114). There 

is no functional central artery and vein. The vessels enter the 

nerve at the sclera and take a very short course within the nerve 

itself, before spreading into the retina.

4 .8 .1 .1 .1  Congenital and hereditary anomalies

a . Colobomo:

Colobomatous defects have been seen very 

infrequently in the optic disc (Figure 115).
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Figure 114: Pseudopapilloedema
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Figure 116: Hypoplasia of nerve head
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Figure 118: Myelinated nerve fibres
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Figure 115: Coloboma
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Figure 117: Disc crescents
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Figure 119: Optic neuritis
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b. Hypoplasia:

Hypoplasia of the optic nerve is a congenital 

anomaly where the nerve has a smaller than 

normal diameter (Figure 116). The defect may 

be unilateral or bilateral, the optic disc being 

greyish or white with a very indistinct margin. 

We have found an incidence of 1.5%  in our 

strain of Beagle dogs, but Be 11 horn (1973) 

records a much higher incidence.

4 .8 .1 .1 .2  Infections

Optic neuritis has been diagnosed in 12 dogs by 

Fischer and Jones (1972). Five of these animals 

had intrabulbar neuritis, which would appear to be 

clin ically similar to popilloedema.

4 .8 .1 .1 .3  Acquired abnormalities

a . Papilloedema:

This is usually associated with increased 

cerebrospinal fluid pressure and space causing 

intracranial lesions (Magrane, 1965). It is 

a rare condition.

b. Optic atrophy:

Primary optic atrophy is rarely recorded In the 

dog. It is usually associated with increased 

ocular pressure caused by glaucoma or neoplasia, 

or it may be part of a progressive atrophic 

syndrome.
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4 .8 .1 .2  The Rat

The optic disc of the rot is often ill-de fin ed . The disc is greyish- 

white in colour and often con be located only os the point from 

which the retinal vessels radiate. Sometimes a whitish ring 

surrounds the disc.

4 .8 .1 .2 .1  Congenital and hereditary anomalies

a . Coloboma:

Bel I horn (1973) states that coloboma of the 

optic nerve is observed with relative frequency 

in the rat, but I cannot confirm this 

observation.

4 .8 .1 .3  The Monkey

The optic nerve head or papilla is round or oval in shape. In 

the baboon it  tends to be e llip tic a l, whereas in the rhesus monkey 

it is more oval and in the cynomolgus monkey it is rounder. In 

all cases, the long axis is vertica l. There is a central retinal 

artery which arises from the ophthalmic artery, and a central vein. 

The physiological cup is distinguished because it appears whiter 

than the surrounding pink disc. Crescents ore so frequently found 

around the optic papilla that they ore considered normal phenomena 

(Figure 117).

4 .8 .1  .3 .1  Congenital and hereditary anomalies

The only anomaly involving the nerve head which 

has been recorded is that of myelinated nerve fibres 

extending into the retina (Figure 118).

4 .8 .1  .3 .2  Infections

The only spontaneous demyeIinoting disease is 

confluent leukoencepholomyelosis. The clin ical 

manifestation of the disease may be spinal, cerebral
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or optic in type. In the optic type, blindness 

occurs without any detectable change of the ocular 

fundus. In this form of the disease there is 

degeneration of the fibres of the optic nerve. 

Although the condition has been encountered 

frequently in zoological gardens, it  is only rarely 

recorded in the laboratory. The other coses of 

optic atrophy ore usually associated with 

peripapillary retinitis (Figure 119).

4 .8 .1  .3 .3  Acquired abnormalities

Though the optic nerve is liable to become involved 

in any fracture of the bones in the region of the 

optic canal, this has not been recorded in the 

rhesus monkey.

4 .8 .2  Changes affecting the optic nerve

The clin ical response of the optic nerve is lim ited . It con either show 

inflammation, or atrophy, or both; or it con increase in size with elevation 

of the disc, with or without haemorrhage. Animals developing damage to the 

optic nerve usually show other signs of CNS involvement and alteration of 

the papillary light reflex is frequently the first clin ical evidence of damage.

4 .8 .2 .1  O ptic atrophy

Drug induced atrophy of the disc manifests itself with occlusion 

of the blood vessels crossing the disc. In some animals, areas of 

exudate appear above the disc. TVie vessels at the disc margin 

are the first to be affected. It is d ifficu lt to judge the degree of 

atrophy without pretest fundic photographs. In some cases the 

nerve head has a blanched appearance (Figures 120, 121 and 122).
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Figure 120: Optic atrophy
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Figure 121: Optic atrophy
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Figure 122: Optic atrophy
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Figure 124: Papilloedema
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Figure 123: Ocular fundus
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Figure 125: Papilloedema
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4 .8 .2 .2  Papilloedema

Papilloedema shows as a swelling and elevation of the disc, the 

main vessels becoming enlarged and haemorrhage occurring at 

the margin (Figures 123, 124 and 125). Papilloedema is usually 

associated with increased cerebrospinal fluid pressure. The only 

compound found to induce papilloedema in the dog was 

solicylamide (Brown, Rubin, Hite and Zwickey, 1972) and In this 

case there was an increase in CSF pressure. Heywood (1971 ) 

also recorded intraocular pressures at the upper range of normal 

following administration of this compound.

4 .8 .3  Compounds affecting the optic nerve

The compounds that affect the optic nerve have been listed in Table 23,

4 .8 .3 .1  Pharmaceuticals

The organic arsenicals, such as Atoxyl, Stovarsol, Tryparsamide, 

and compounds based on phenylarsenic acid, were found by 

Longley, Clausen and Tatum (1942) to produce blindness in the 

monkey when administered intravenously. Alriiough the monkeys 

behaved as if they were blind, the pupillary light reflex was 

maintained. Ophthalmoscopic examination showed that the 

optic disc was pale and occasionally there was pallor of the retina; 

narrowing of the retinal vessels was slight and not uniform. 

Tryparsamide also caused optic neuritis in rodents.

Methanol caused demyelination of the optic nerve of monkeys, the 

first indication being dilatation of the pupil. A phthalazine 

derivative which is a respiratory stimulant and bronchial dilator 

induces a degree of optic neuritis in the Beagle dog (Bendyke),

1971 ). The only other compound known to alter the optic nerve 

of the dog is clioquinol, which induces axonal swelling within the 

optic nerve. The nerve head appears to be very pole and there 

is marked delay in the pupillary light reflexes. O f the compounds 

that induce papilloedema. Hedges and Zaren (1969) recorded that 

triethyl tin acetate produced swelling of the white matter of the 

brain in the rhesus monkey, with extension into the optic nerve and 

papilloedema. Salicylanilide caused vacuolatlon of the cerebral 

white matter in the dog, leading to an increase in cerebrospinal
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TABLE 23 

Compounds affecting the optic nerve

Rot

Sodium Azide  

Tryparsamide

Dog

Catron

Ciioqinol

Pholozine derivatives 

Quinine sulphate 

Rafoxamide 

Salicylanilide

Monkey

Arsenicals -  Organic 

Triethyl Tin Acetate
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fluid pressure and papilloedema. The only other compound that 

has been found to affect the optic nerve in the dog is quinine; 

M orzulli (1968) lists quinine os a cause of optic atrophy and 

Catcott (1952) reported that quinine sulphate caused pallor of the 

optic disc which was associated with attenuation of the retinal 

vessels, although Heywood (1972) found that quinine sulphate 

induced retinal detachments, he could detect no change in the 

optic nerve.
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5 . DISCUSSION

The assessment of eye irritation is basically subjective. The eye test system is subject to such 

wide variation that it w ill never be possible to moke precise measurements of irritancy. With 

the Draize test, the response of the conjunctiva, cornea and iris are graded on a 0 -  4  scale.

It is common practice to manipulate the scores in order to express the total irritancy as a single 

number. Attractive as the idea may be to express a biological situation os a single number, the 

practice must be viewed with caution. It is not possible to grade eye irritancy simply on the 

grounds of numerical values and observed effects ore best summarised verbally. Slit-lamp  

examination of the cornea, together with fluorescein staining is the most sensitive indicator of 

corneal damage in the monkey. The fact that the corneal epithelium of the rabbit is not intact 

w ill generally increase the rate and amount of penetration, this being particularly true for 

water soluble and polar compounds.

Corneal thickness can be readily measured. A t first this appeared to be a sophisticated and 

objective measure of irritancy. It is unfortunate that the cornea is not uniformly thick nor does 

it uniformly respond to irritation. If sloughing of the epithelium occurs the measurement becomes 

meaningless. There is observer bios os to the point on the cornea which is chosen for measurement. 

Measures of conjunctival and corneal weight and capillary permeability are essentially impractical 

procedures. The measurement of intraocular tension by the technique of applanation tonometry 

should be explored. Histological change is a sensitive indicator of irritancy. The normal 

cornea should show microvilloe in the superficial cells of the cornea I epithelium, microtubules 

in Descemet's membrane, and vesicles in the endothelium, indicating active transport systems.

There should be no oedema and the collagen fibres in the stroma should be of normal size and 

without distortion. In the conjunctiva, there should be normal microvillae and the epithelium  

cells should be rich in endoplasmic reticulum. Normal goblet cells ore of considerable 

importance, as they are responsible for the mucin in the precorneal film .

The albino rabbit eye irritancy test has been accorded a predictive value which cannot be 

substantiated from the literature. It is impossible to interpret animal reactions with authority 

and it must be remembered that one of the first reactions to a compound in man is the 'sting' 

phenomenon, which is not measurable in animal systems, although this aspect of irritancy is 

probably of major commercial importance. In the absence of reliable human data, the animal 

irritation tests ore usually interpreted against a control product with known market acceptability . 

The alternative is to accept arbitrary laboratory rulings on irritancy and recovery. The future 

of eye irritancy work must be directed to defining mechanism of action, and i f  this could be 

defined for a few standard compounds, it would help in making predictions for other compounds. 

Until further information is availab le, the assessment of eye irritancy w ill continue os a 

subjective clin ical appraisal, supported by measurements of corneal thickness and probably of 

intraocular pressure.
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Compounds given systematically rarely involve the cornea; if  they do, it is by direct action  

of the compound or one of its metabolites on the epithelium or endothelium. The most common 

corneal effect is secondary to on interference in tear secretion. The dog appears to be highly 

susceptible to compounds affecting tear secretion, which induce in this species a condition 

known as keratitis sicca.

Because of the highly vascular nature of the uveal tract, it responds to some irritants by an 

increase in permeability; this structure is also involved in complications of systemic immunogenic 

disease.

The pupil is an indicator of autonomic o c itiv ity , for sympathomimetic and parasympatholytic 

compounds dilate it  and sympatholytic compounds constrict i t .

The toxic effects of various substances on the lens ore quantitatively very different in different 

species. For example, dibenzoxazepine induced cataracts in rats after 4 weeks and in mice 

within 20 weeks; cataracts were induced in dogs after 14 weeks of drug administration, but 

dosing hamsters and monkeys for 6 months failed to produce any evidence of lenticular toxic ity . 

Not only was there a difference in the degree of severity of the cataract, but there were 

differences in location and progression. Many compounds, including D M SO , para chi oro- 

phenylalonine, dinitrophenol, and steroids, show these interspecies differences, which ore 

probably attributable to differences in metabolism, at the cellular level in particular, as far as 

the lens is concerned.

There is always a latent period between the administration of the test compound and the formation 

of the cataract; this latent period may be long.

Many factors affect the lens metabolism, age being of considerable importance, for young 

animals usually have immature drug-metabolising enzymes, and cataracts tend to form more 

easily in young animals. In addition, the blood/aqueous barrier of young animals is not well 

developed, allowing greater concentrations of compound to pass into, and remain w ith in , the 

aqueous humour. The m itotic index in the young lens is greater than that in old animals and it 

is not surprising, therefore, that many agents induce cataracts more easily in the young.

There is some evidence (Heywood, 1976) that genetic differences within strains may affect 

susceptibility to cataract formation In the rot. Deficiency of enzyme systems may potentiate 

certain individuals to ocular toxic effects.
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The permeability of the lens fibres is affected by factors such os vitamin status, water metabolism, 

adenosine and creatine phosphate processes and oxidation-reduction potential. The formation 

and progress of many cataracts can be affected by alterations in nutritional or hormonal status. 

N icotinic acid delays the induction of alloxan cataract in rats. Cysteine has an inhibitory 

effect on radiation cataracts. Scorbutic guinea-pigs are more susceptible to dinitrophenol 

than are normal guinea-pigs. The formation of mature cataracts In rats by parachlorophenylal- 

anine can be prevented by the addition of 1% phenylalanine to the d ie t. Thryoxine prevents 

cataract formation by imidopropionitrile in rats.

Some compounds, such as dinitrophenol, increase the oxygen consumption of the lens and the 

resulting physicochemical cataracts are attributable to the increase in oxidation. Oxygen in 

high concentrations during the early postnatal period induces retrolental fibroplasia in many 

species of animals, including dogs, cots, rots, monkeys and man.

Some chemicals have specific affinities for specific lens proteins.

The problems of osmotic influence hove been dealt with when discussing the acute reversible lens 

opacities.

Environmental factors hove been involved in cataract formation. For example, light has been 

implicated in the formation of cataracts following administration of methoxalen and 2 ,6 -d ic h lo ro -  

nitroalanine cataracts.

Cataracts can be associated with other ocular side effects; for example, mimosine induces 

intense inflammatory signs in the cornea and iris; su I phony I urea derivatives induce cornea I 

vascularisation; 2,6-dichloronitroolanine is associated with lipid droplets in the corneal stroma. 

Some compounds may induce other disease states, which can in themselves induce cataracts; 

for example, compounds which induce hyperglycaemic states can lead to cataracts; sim ilarly, 

local manifestations of disease, such as allerg ic uveitis, can cause lens changes.

The mechanisms of drug-induced retinopathies are not well understood. The melanin content 

of the choroid is considered by many to be of major significance in retinal toxicity . Melanin  

has a high binding capacity for many compounds, such os chloroquine, phenothiozines, beta 

blockers, rifompicin, many ontiprotozools, tetracyclines, glycosides and most polycyclic  

aromatic compounds. It is argued that a steady state is set up between the melanin and the 

choroid blood. In this way, a high concentration of the chemical is available for the pigment 

epithelium and the visual cells. There is no doubt that compounds bound to melanin can be 

retained for very long periods, but there is scant evidence that the melanin-binding a ffin ity  is 

associated with retinal toxicity , it is possible that chloroquine retinopathies are phospholipidoses 

and that, as they can be induced in albino rots, they ore therefore not associated with melanin 

binding. A ll substituted phenothiazines have been shown to be melanin-bound, but it is only 

with those compounds with the piperidyl group in the side chain that retinal toxicity is induced.
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Some compounds, particularly the iodates, have been shown to hove specific affin ity  for the 

pigment epithelium; chemicals affecting the pigment epithelium may affect the rhodopsin 

cycle and so interrupt nutrition of the photoreceptor cells, inducing degeneration.

Some amino acids, such as monosodium glutamate and tranexamic acid (which is a nonphysiological 

amino ac id ), may induce change by competitively inhibiting the incorporation of amino acids.

Some compounds hove a specific a ffin ity  for the tope to I cells. Tbe simplest form of change is 

chelation of the zinc within these cells, but many chelating agents, such as diphenyl thiocarbazone, 

also induce subsequent degenerative changes. Other compounds, such os quinozoline and D DD , 

show specific affin ity  for the tape to I cells, causing degeneration of these cells.

The most probable mechanisms behind retinal toxicity are vascular lesions. The toxic retinal 

lesions may be divided into two groups: those affecting the inner layers of the retina and/or

optic nerve, and those affecting the pigment epithelium and/or the outer layers of the retina.

The inner layers are supplied by the retinal artery and in these layers there is a blood/retinal 

barrier, whilst the outer layers of the retina receive their blood supply from the choroid. In 

choroidal lesions, moderate anoxia induces proliferation of pigment, whereas in retinal lesions 

induced by anoxia, there does not appear to be any pigment proliferation. Some compounds 

may induce lesions within the vasculature. Francois and Maudgal (1964) described endothelial 

hyperplasia of the capillary vessels and choroidal sclerosis as the main lesions induced by 

chloroquine in the albino rat. The mechanism of drug-induced optic atrophy could be by 

microemboli in the small vessels crossing the disc, or by the elevation of intraocular pressure 

which procédés pathological change. The elevation of the intraocular pressure may be 

responsible for the occlusion of peripheral disc vessels. The dog does not develop hypertensive 

changes of the retina: whereas the ophthalmic artery of the monkey, like that of man, originates

from the internal carotid artery, the retinal artery of the dog arises from the internal 

maxillary artery, which in turn originates from the external carotid artery, and this difference 

might explain the absence of hypertensive lesions. As in other aspects of ocular toxicity , 

species specificity is of considerable importance.

The impairment or loss of vision by direct application to the eye and its adnexa, or following 

systemic administration, of any chemical is an undesirable side effect, which has emotional 

connotations.

There ore considerable qualitative differences in ocular toxicity between the species and 

attempts must be made to select those qualitative differences that would appear pertinent to the 

probable activ ity  of a compound in man.
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The ocular toxicity of a compound cannot be anticipated from its chemical structure or its 

pharmacological ac tiv ity . There would appear to be no alternative to long-term animal studies 

in defining this aspect of toxic ity . The developments in this field of ocular toxicity must 

originate from a better understanding of the metabolism of the tissues of the eye.
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A Retinal Dysplasia in the Beagle Dog
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SUM M ARY.—The eyes o f  1,064 Beagle dogs were exam
ined by indirect opthalmoscopy. Twenty-nine animals (2 9 per 
cent) showed streaks in the retina. Histologically these 
dysplasic areas o f retina appeared as invaginations o f  the 
nuclear layers.

Introduction
E x a m in a t io n  of the eye is an essential part of any 
general veterinary examination, the main objects being 
to obtain information about disease processes that may 
be present and to detect local eye lesions. The import
ance of ocular changes resulting from the adminis
tration of drugs is now fully appreciated, and 
toxicological evaluation of all new drugs should require 
that the eyes of experimental animals be examined.

The eye of the dog is subject to a number of varia
tions that are not due to disease processes or the 
administration of new chemicals, and these changes 
may be congenital or hereditary in origin. By repeated 
examination, changes in the eye may be followed and 
at termination of the studies histological observations 
can then complement the clinical examination.

This paper describes a congenital anomaly found in 
the retinas of dogs on toxicological trials.

Materials and Methods
The eyes of 1,064 pure-bred Beagle dogs (the sexes 
were equally divided) were examined, using the Fison 
binocular indirect ophthalmoscope. The dogs were on 
toxicological trials and were grouped into 29 experi
ments. Examination was first made when the dogs 
were four to six months of age (before dosing com
menced) and repeated at approximately three monthly 
intervals until the termination of the studies, when the 
dogs were approximately 18 months of age. Retinal 
photographs were taken using the KOWA II medical 
camera, if the eyes showed variation from the normal. 
On termination of the experiments, the eyes were 
dissected from the orbit immediately after death, using 
the technique described by Saunders & Jubb (1961) 
and placed in Davidson’s Fluid. After fixation the 
calottes were removed and the eyes embedded in fibro 
wax (56°C melting point). Saggital sections were cut at 
5(1 and stained with haematoxylin and eosin. When 
necessary additional sections were cut using an inter
rupted serial technique.

Results
Ophthalmoscopic Examination 
In all, 29 animals (2-9%) showed streaks in the retina, 
the streaks varying in length from 0-2 to 1-5 mm. In the 
non-tapetal fundus they were vermiform, appearing 
as localised areas of de-pigmentation (Fig. 1), on the 
tapetal fundus they appeared as tubular structures 
within the retina (Fig. 2). In no case was there any

T able I

T otal N o . of A nimals 1,064

Male 532 Fem ale 532

Position o f lesions Bilateral Unilateral Bilateral Unilateral

Lesions Tapetum 
Nigrum 4 3 

Lesions Tapetum 
Lucidum 1 3 

Lesions Tapetum 
Nigrum and Tapetum 
Lucidum 3 0

4 5 

0 2

4 0

(8) 14 (6) (8) 15 (7)

local tissue reaction or detectable elevation of the 
retina. Where the retinal blood vessels passed over 
these streaks, there was no distortion or change in the 
course of these vessels. Lesions were in all cases seen

F ig . 1.— Vermiform streaks on the tapetum nigrum.
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F ig . 3.— Section o f  two adjacent dysplasic areas, showing 
involvement o f the outer nuclear layer and to a lesser extent the 
inner nuclear layer, with corresponding undulation o f the 
surface o f the retina. Separation o f choroid and sclera is due to 

artefact. H & E X 125.

F ig . 2.—Streaks on the tapetum lucidum.

at the initial examination before dosing commenced, 
that is, when the dogs were four to six months of age, 
and repeated examinations over the course of one year 
showed that these streaks remained constant. The 29 
affected animals were found in 16 experiments; the 
drugs being administered had no effect on these lesions. 
The number of streaks in each eye was very variable: 
in some cases there was a solitary streak, in others 
there were over 100. The position of the lesions 
in the eyes is shown in Table I.

Investigations into the pedigrees of the affected 
animals has not revealed any direct genetic relation
ship to suggest that this dysplasia might be of genetic 
origin.
Microscopic Examination
Histologically, dysplastic areas of retina appeared as 
invaginations of the nuclear layers. These invagin
ations, lined by the outer limiting membrane, were 
sometimes irregular, but more often formed complete 
rings.

In section the outer nuclear layer bordered the outer 
limiting membrane, following its contour sym
metrically. The inner nuclear layer, ganglion cells and 
nerve fibre layer showed distortion inwards, but not 
to the same degree as the outer nuclear layer. At the 
apex of the invagination the inner nuclear layer was 
often reduced in depth and contained fewer nuclei. In 
every case the lumen of invaginations was occupied by 
a few pale staining rods and cones somewhat irregu-

F ig . 4.—Section o f dysplasic area o f retina having appearance 
o f  a double “ rosette” formed by the nuclei o f the outer nuclear 
layer. Separation o f choroid is due to artefact. H & E X 125.

larly placed. This latter feature may be attributable to 
artefact, but the poor staining property is in marked 
contrast to the strong eosinophilia of normal rods and 
cones. In sections in which the lumen appeared com
plete, both the inner and outer nuclear layers were 
often involved in the abnormality, though the inner 
plexiform, ganglion cell and nerve fibre layers showed 
only minimal distortion.

In all anomalies cellular elements were well differ
entiated, and in no cases were they accompanied by 
any other pathological entity.

Discussion
Dysplasia of the neural elements of the retina, similar 
to those described here, are common in man (Mann, 
1957; Duke Elder, 1967) and are referred to as rosettes 
and folds. The term rosette is applied to the neuro
epithelial cells when they are arranged in a radial 
formation about the central lumen.

In the dog there are few references avail
able. Brief mention is made to vermiform streaks by 
Yakely et al. 1968; Roberts, 1969; Donovan et al. 
1969 and Barnett, 1969. The last two papers reported
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vermiform streaks amongst the fundal changes exhi
bited in the Collie eye anomaly, and both suggest that 
these streaks disappear in early life.

Rubin (1969) found retinal folds in Collies and 
Beagles and described proliferation of retinal pigment 
cells into the folds. In none of the cases which we have 
examined histologically has pigment been found in 
the dysplastic area.

The changes described in the present cases pose a 
problem of terminology. It would seem advisable to 
use the term retinal fold when all the layers of the inner 
optic cup are involved, a state which may well occur 
as a transient phase in development, but which can 
arise in conjunction with many other pathological 
conditions of the eye.
I Seefelder in 1909 (cited by Duke-Elder, 1967) 
postulated that rosettes in man resulted from differ
ential growth of the inner and outer layers of the optic 
cup. Exuberant overgrowth of the cells of the inner 
layer of the optic cup at the time of closure of the 
embryonic cleft produces the proliferations and 
retinal folds, with which rosettes are usually associated, 
flatten out at a later stage of development.

Accepting this, it seems undesirable to distinguish 
between various developmental invaginations involv
ing one or more layers of the neural elements of the 
retina. The precise stage in the development of such

dysplasias at which differentiation occurs largely 
decides their final appearance. Furthermore, the 
appearance in sections of rosettes or folds, a single 
lesion often exhibiting both features, depends upon 
the plane of the section.
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Résumé
Les yeux de 1064 chiens Beagle ont été examinés par ophthal- 
moscopie indirecte. Vingt-neuf animaux (2,9 pour cent) ont 
présenté des stries sur la rétine. Du point de vue histologique, 
ces zones dysplasiques de la rétine sont apparues en tant 
qu’invaginations des couches nucléaires.

Zusammenfassmig
Bei indirekter opthalmoskopischer Untersuchung von 1.064 
Spürhunden wurde Streifung in der Netzhaut von 29 Tieren 
(2,9 prozent) festgestellt. Die histologische Untersuchung dieser 
missgebildeten Stellen zeigte, dass es sich um eine Invagination 
der Retina-Kôrnerschidit handelte.
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R e prin ted  fro m  T h e  V e te r in a ry  R e c o rd , March 6lh, 1971 Pp. 251-252.

F ig . 1

Ocular Lesions Induced by Vitamin Bg 
Deficiency
R. HEYWOOD, D r.M ed.V et., B .V .M .S ., M .R .C .V .S.
H untingdon R esearch Centre, H untingdon
and H. PARTINGTON, F .P .S .
Bob M artin  Lim ited, Southport, Lancashire

Vet. Rec. (1971). 88. 251-252

S U M M A R Y .— Superficial co rn ea l v ascu la risa tio n  w as 
re co rd ed  in  on e  dog, on  a  d ie t d efic ien t o f  v itam in  
B.;. T h re e  o u t o f seven dogs m a in ta in ed  on  d ie ts  sub- 
o p tim al in  v itam in  B, d eveloped  c o rn e a l opacities .

In troduction
E f f e c t s  that have been attributed to vitamin B. 
deficiency in the dog include anorexia, lowered body 
temperature, variable heart rate, loss of weight, 
lacrimation and corneal opacities (Michaud &
Elvehjem, 1944; Corbin et a l, 1959). There appears 
to be some variance in the published reports as to 
the specific eye lesions produced by dietary deficien
cies in vitamin B...

In a series of experiments undertaken to define 
the B group vitamin requirements of laboratory 
Beagles, an opportunity was taken to examine the 
eyes of these animals at regular intervals. The 
results of these ophthalmoscopic examinations are 
now reported.

M ateria ls and M ethods
Pure-bred Beagle dogs aged four-and-a-half to five- 
months, were fed a diet adequate in all respects 
(NRG recommendations) with the exception of vita
min Bo. The diet consisted of casein, sucrose, solka 
floe, arachis oil, mineral and vitamin mixtures.
Weighed quantities were fed in the morning and 
afternoon.

Fifteen animals were divided into unequal sized 
groups, with the following vitamin B. intake ;

Group 1 : Two dogs 1(J and 1? : no vitamin Bg 
Group 2: Four dogs IS  and 2? : 30 /ng./kg./day 
Group 3 : Three dogs '5S : 55 /xg./kg./day
Group 4: Six dogs 3J and 3? : 85 jug./kg./day

Vitamin Bo was administered to dogs in Groups 
2, 3 and 4 by oral dosing daily. The eyes were ex
amined at weekly intervals using a Keeler indirect 
ophthalmoscope.

R esu lts
The eye lesions recorded were all restricted to the 
cornea.

After three weeks on the completely deficient diet, 
the scleral vessels of the male dog were congested 
(Fig. 1). After four weeks there was increased lacri
mation. During the fifth week, corneal oedema in
volving the upper segment of the cornea was seen 
in the left eye, but little change then occurred until 
the ninth week, when corneal oedema was apparent 
in both eyes. A t this time the scleral vessels were

F ig. 2

markedly congested and tortuous. From week 11 
there was superficial vascularisation from the peri- 
limbal plexus (Fig. 2 and 3).

The animals were sacrificed in the twelfth week of 
the study. A t no stage did the female animal on the 
completely deficient diet show eye lesions.

Of the four dogs in the group receiving vitamin 
Bo supplementation at the level of 30,ug per kg. per 
day only one animal (female) developed comeal 
opacities, at week 12. The opacities appeared as 
discrete round areas 2 mm. in diameter and involv
ing only the epithelial layer. These opacities were 
present in both eyes. The animals were sacrificed at 
this time in order to ascertain tissue levels of vitamin 
B,.

Of the three male animals receiving supplementa-
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F ig . 3

F ig. 4

flavin, which is close to the NRC recommended level 
of 88 fig per kg. per day, showed no eye lesions or 
other symptoms.

Discussion
Ocular changes do not appear to be a consistent 
sign of vitamin B. deficiency in the dog. Street & Cow- 
gill (1939) did not find eye lesions in adult mongrels 
kept on completely deficient diets, and Potter et ai. 
(1942) recorded eye lesions in half the dogs they 
observed.

The classical textbook description of vitamin Bj 
deficiency, of superficial vascularisation with possible 
ulceration and subsequent opacity of the cornea, is 
unlikely to be encountered often in practice. The 
condition may be induced experimentally after 11 
weeks on diets completely deficient in vitamin B. 
The animals showing eye lesions also exhibit other 
symptoms such as dry, scaly dermatitis, and loss of 
weight.

Opacities of the cornea, other than those asso
ciated with healing of ulceration and injury, are 
rarely recorded in laboratory Beagles KHeywocd, 
1970). The occurrence of superficial corneal dystro
phies in three out of seven animals on diets sub- 
optimal in respect of vitamin B. is considered signi
ficant.

It may be concluded that vitamin B. deficiency is 
unlikely often to be an important aetiological factor 
in superficial keratitis or corneal opacities, but it is 
reasonable to adminster vitamin B. to such cases, 
particularly if the cause is undetermined.
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tion of vitamin B. at 55 //g per kg. per day, two 
showed the presence of comeal lesions from week 15 
and these persisted unchanged until the termination 
of the study at 17 weeks. The corneal lesions were 
different from the one previously described, being 
bilateral, irregularly shaped, with a ground-glass, 
glistening appearance and involving epithelial and 
stromal layers of the cornea. There was no vascu
larisation (Fig. 4).

The animal receiving 85 ,«g per kg. per day of ribo-

Rés'.imé
Une vascularisation superficielle de la cornée a été 
enregistée sur un chien, à la suite d’un régirne alimentaire 
déficient en vitamines B,. Trois des sept chiens soumis à 
des régimes alimentaires déficients en vitamines B, ont 
développé des opacités de la cornée.

Ziisammenfassung
Al s Folge einer Kost mit Vitamin B,)-Mangel wurde bei 
einem Hund eine oberflâchliche Hornhautvaskularisierujng 
festgestellt. Bei drei von sieben Hunden, deren Kost einem 
un ter dem Optimum gelegenen Zusatz von Vitamin B., 
enthielt, zeigten sich Triibungen in der Hornhaut.

Printed by H R. G r ubb  L t d .. Imperial Way, Croydon. Surrey
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F ig . I.— Anterior and posterior suture lines, with associated 
opacities.

Developmental Changes in the Lens of the 
Young Beagle Dog
R. HEYWOOD, Dr.Med.Vet., B.V.M.S., M.R.C.V.S.
Huntingdon Research Centre, Huntingdon

Vet. Rec. (19711 88. 411-414

SUM M ARY .—Eighty-seven per cent, of Beagle dogs 
at 15 weeks of age showed posterior suture lines, with 
or w ithout associated opacities; at one year of age 3 
per cent, of the dogs showed suture lines only. Hyaloid 
remnants were seen in 20 per cent, of animals at 15 
weeks of age, and 3 per cent, at one year of age.

Introduction
T h e  l e n s  of the Beagle dog undergoes a normal 
progression of change which can be related to age. 
These changes are not generally appreciated, being 
of little clinical significance. They are, however, of 
some importance for the differential diagnosis of 
drug-induced lens lesions.

This paper describes two developmental features 
of the lens, the suture lines and the hyaloid arterial 
remnant, found in the lenses of dogs up to one year 
of age undergoing toxicological tests.

Materials and Methods
The eyes of 818 pure-bred Beagle dogs (equally 
divided with respect to sex) were examined using 
the Fisons binocular indirect ophthalmoscope. Before 
making the examination it is necessary with this 
technique for the pupils to be fully dilated, and 
this was achieved by using one drop of 1 per cent, 
tropicamide. Using the Gambs slit lamp 50 of the 
dogs were examined in greater detail. The dogs 
were on toxicological trials, and were drawn from 
58 experiments. Only dogs from control groups 
(animals receiving no drugs whatsoever) have been 
recorded in this survey.

The first examination was between 15 and 20 
weeks of age. This was repeated at monthly inter
vals until the dogs were between 41 and 46 weeks of 
age, when most of the studies terminated. Data 
presented from Week 46 to 52 are derived from 166 
of the original animals. Photographs of these lens 
features were taken using a fixed focal beam camera 
and the Kowa II medical camera.

Results
Indirect Ophthalmoscopy
By indirect ophathalmoscopy the suture lines appear 
as distinct white lines close to the lens capsule, 
having the form of an inverted Y on the posterior 
surface of the lens, and an upright Y on the anterior 
surface of the lens. The point at which the suture 
lines meet is the geometrical centre of the convex 
surfaces of the lens. These points of convergence 
are the anterior and posterior poles. The lines 
extend towards the periphery of the lens where they 
may be associated with variable opacities (Figs. 1 & 
2). These opacities are usually arrowhead or heart-

F ig. 2.—Posterior suture lines with associated opacities.

shaped, and in rare cases they coalesce and appear 
as a halo around the equator of the lens. The 
results of the indirect ophthalmoscopy examination 
are presented in Figs. 3 and 4.

Posterior lens suture lines, with or without the 
associated opacities, were seen in 87 per cent, of the 
animals examined at 15 weeks of age and these 
gradually faded; at 52 weeks of age, 3 per cent of 
the dog's showed suture lines only. The anterior lens 
sutures are seldom seen, and they are recorded in 
1 per cent, of the animals up to the age of 38 weeks.
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F ig . 3.— Percentage of animals showing suture lines with or 
without associated opacities.
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Opacities associated with the peripheral ends of 
the suture lines are seen in 67 per cent, of the 
animals examined at 15 weeks of age. These suture 
line opacities rapidly fade (Fig. 4), and at 30 weeks 
of age they are seen in only 4 per cent, of the 
animals, and they completely disappear by 42 
weeks of age.

Persistent remnants of the hyaloid artery appear 
as strands attached to the posterior lens capsule, 
hanging in the vitreous (Fig. 5). The results of 
observations by indirect ophthalmoscopy are recorded 
in Fig. 6. It can be seen that at the age of 15 
weeks 20 per cent, of the animals show hyaloid 
remnants, but the incidence gradually decreases with 
age until at one year 3 per cent of the animals 
examined exhibit this feature.

Slit-lamp Biomicroscopy
Slit lamp examination shows up the suture lines as 
thin black lines with white borders, which often 
appear feathery. This method of examination reveals

F ig . 4.— Percentage nf animals showing suture lines and 
opacities.

F ig . 5.— Persistent remnant of hyaloid artery.

the suture lines, anterior and posterior, in all dogs 
examined up to one year of age (Figs. 7 and 8).

Slit-lamp biomicroscopy shows that the hyaloid 
artery is not attached to the centre of the lens 
capsule but is attached at a point below centre, in
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F ig . 7.— Slit lamp photograph of anterior suture lines.

the angle formed by the 4 o’clock and 8 o’clock 
posterior suture lines. Repeated slit lamp examina
tions of 50 animals up to one year of age revealed 
posterior capsular damage due to the hyaloid artery 
in 44 animals.

Age in weeks

F ig . 6.— Percentage o f animals showing hyaloid arterial 
remnants.

F ig . 8.— Slit lamp photograph of posterior suture line.

Discussion
The development of the mammalian lens has been 
described by Mann (1957, 1964) and Duke-Elder 
(1963). The lens is a unique structure, in that as 
growth proceeds there is no shedding of old cells, 
which become compressed in the centre of the lens 
by the young cells at the periphery. The primary 
lens fibres which remain at the centre of the lens 
and form the embryonal nucleus reach uninterrupted 
from the posterior to the anterior extremities of the 
lens. The secondary lens fibres rise from the cells 
round the equator of the lens; these fibres are not 
sufficiently long to extend from pole to pole and 
their junctions form the lens sutures. These sutures 
appear as an upright Y on the anterior surface of 
the lens, and an inverted Y on the posterior surface 
of the lens. The suture is a potential cleft between 
the ends of fibres abutting on each other. During life 
the lens continues to increase in size by the growth 
of the new fibres from cells just beneath the 
equatorial capsule, and these are the only lens cells 
which retain their nuclei. The layering of secondary 
fibres over the primary ones and the formation of 
the sutures maintains the shape of the lens. The 
most superficial layer of the lens is composed of 
fibres which are incomplete and still growing, these 
fibres not having yet reached the suture lines.

At no stage of normal development are fully 
formed lens fibres other than transparent. During 
their growth and differentiation, their index of re
fraction may be altered and they appear temporarily 
opaque, this being the explanation for the suture 
line opacities.

The posterior suture lines observed in mature 
animals (that is, in animals that have reached full 
adult weight) can be classed as cataract and in this 
survey 3 per cent, of the dogs are so rated. These 
persistent posterior sutures appear as thick white 
lines, and one or more arms of the Y may appear 
more prominent and show zones of blue-green opacity 
(Fig. 9). Similar stellate (sutural or irradiate) 
cataracts have been described in man (Cordes, 1947).

The hyaloid system is the basic embryonal blood 
supply to the developing lens, and by its branches
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through the vitreous it serves as a route of blood 
supply to the growing retina. The hyaloid, artery, 
which runs from the head of the optic nerve to the 
posterior surface of the lens, may be present until 
a few weeks after birth in many animals (Prince, 
Diesem, Eglitis & Russell, 1960). The point of 
attachment to the lens in the beagle dog has been 
shown to be just below the posterior pole. Persistent 
strands of remnants of the hyaloid artery were seen 
in between 20 and 25 per cent, of young dogs and a

% »

F ig . 9.— Sutural cataract.
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slit lamp examination revealed that in 88 per cent, 
of the animals the point of attachement of the 
hyaloid artery could be clearly defined in animals 
up to one year of age. In no animal examined was 
there a cataract associated with this hyaloid remnant.
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Résumé
Quatre-vingts sept pour cent de chiens bigles de 15 semaines 
ont m ontré des lignes de jonction postérieure, avec ou sans 
opacité; à un an, 3 pour cent seulement des sujets ont 
m ontré des lignes de jonction. Vingt pour cent des sujets à 
15 semaines présentaint des restes hyaloïdiens, 3 pour cent 
seulement pour les sujets âgés d ’un an.

Ziisammenfassung
Bei einer U ntersuchung der w âhrend der Entwicklung bei 
Spürhunden auftretenden Linsenverânderungen wurden bei 
87 pro zent der Tiere im A lter von 15 W ochen hintere 
N ahtiinien, m it oder ohne begleitende Linsentrübung, fest
gestellt. Im A lter von einem Jah r wiesen lediglich 3 pro 
zent der Tiere Nahtiinien auf. Hyaloide Ü berreste waren 
bei 20 pro zent der 15 W oche nalten Spürhunde, jedoch 
nur bei 3 pro zent der ein Jah r alten Tiere w ahrnehm bar.
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Intraocular pressures in the Beagle dog

R. HEYWOOD

Huntingdon Research Centre, Huntingdon

ABSTRACT

Using a Schiotz tonometer, measurements of intraocular pressure were 
made on 128 conscious Beagles of 5-36 months and on twelve anaesthetized 
Beagles aged 3-5 years. The normal range of pressures was between 10 
and 31 mm Hg; up to 3 years no significant age or sex differences were 
found.

INTRODUCTION

The veterinary literature contains few references to the normal intraocular pres
sure of the dog, although the procedure for making this measurement has been 
described (Magrane, 1951; Bryan, 1965; Vainisi, 1970). The most popular 
instrument in veterinary use is the Schiotz tonometer. This is an indentation 
tonometer having a weighted plunger passing through a hole in a footplate which 
rests on the eye ; the depth of indentation of the plunger in relation to the footplate 
is then measured mechanically. The scale reading is converted to mm Hg using 
the conversion table. The serious disadvantage of this instrument is that it was 
designed to be applied in the vertical direction, and to the human cornea which is 
of greater curvature than that of the dog. Nevertheless, meaningful comparative 
data can be obtained for the dog by the use of this instrument, and this paper 
reports readings obtained from the Beagle dog.

MATERIALS AND METHODS

The dogs from which measurements were taken were on toxicological trials. 
Only animals in the untreated control groups were used. The animals were con
sidered normal, the criteria for normality being the absence of clinical illness, with 
blood values in the normal range. The eyes were examined and were also con
sidered normal, being free of corneal damage and lenticular or retinal lesions.

The Schiotz tonometer was used, the instrument being applied 1 min after the

119
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instillation into the eye of one drop of 0-5% solution of proparacaine HCl. 
Readings were also taken from a group of twelve dogs when under methohexital 
sodium anaesthesia.

The recordings were taken first with the plunger assembly alone (5-5 g), and 
then with a 7-5 g weight. The two values were then averaged. It was usual to 
measure the intraocular pressure of both eyes, though in some cases only the 
pressure of the left eye was measured. To reduce the number of variables, the 
results reported were obtained from the left eye only.

T able 1. Intraocular pressures (mm Hg) of Beagle dogs

Age of 
dogs 

(months)

No. of 
dogs

Mean
mm Hg Min. Max. SD

95%  C L

L L U L

5 29 (15c?, 14?) 19-76 13-4 29 3-87 11-77 27-77
9 20 (10c?, 10?) 17-18 14-3 20-6 2-06 12-82 21-54

18 52 (26(?, 26?) 16-97 7-5 25-8 3-51 9-89 24-05
36 27 (14c?, 13?) 23-19 31 3-86 3-86 15-15 31-23

T able 2. Intraocular pressures measured under general anaesthesia 
(methohexital sodium)

Mean mm Hg in :

No. of Age of
animals dogs Week 1 Week 2 Week 3 Week 4 

(yr)

12? 3-5 24-7 22-4 22 23-4

RESULTS

Dogs of four age groups were chosen, the sexes being almost equally divided. The 
results are presented in Table 1. The standard deviation of the mean and the 95% 
confidence limit were calculated for each group.

Twelve adult female Beagles (3-5 years of age) were anaesthetized using metho
hexital sodium on four weekly occasions. The intraocular pressure was measured 
at this time. The results are presented in Table 2.

DISCUSSION

The intraocular pressure in the Beagle dog was found to be between 10 and 31 mm 
Hg with a mean of 19 mm Hg. Comparison of the group means by analysis of



I N T R A O C U L A R  PRESSURES I N  T H E  B E A G L E  DOG 121

variance using Students test showed no significant differences between the 
groups, though there was a suggestion that intraocular pressure might increase 
with age.

Methohexital sodium anaesthesia was shown to have no effect on intraocular 
pressure, and readings obtained were within the confidence limits recorded in 
3-year-old animals with local anaesthesia alone. Weekly recordings from this 
group of dogs also demonstrated that repeated readings can be made with the 
Schiotz tonometer.

The results obtained in this survey are within the ranges reported by Magrane 
(1951) and Vainisi (1967).

SUMMARY

The intraocular pressure of the Beagle dog is between 10 and 31 mm Hg. In 
animals up to 3 years of age, no age or sex differences in ocular pressure were 
found.
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Résumé. L’auteur a mesuré à l’aide d ’un tonomètre Schiotz la pression oculaire de 128 chiens 
beagles éveillés, âgés de 5 à 36 mois, et de douze chiens beagles anesthésiés, âgés de 3 à 5 ans. 
La tension normale oscille entre 10 et 31 mm Hg; jusqu’à l’âge de 3 ans, on n’observe aucune 
différence significative suivant l’âge ou le sexe.

Zusammenfassung. Un ter Verwendung des Schiôtzschen Tonometers wurden Messungen 
des Augeninnendrucks an 128 nicht narkotisierten Beagle-Hunden im Alter von 5 bis 36 
Monaten und an zwolf narkotisierten Beagle-Hunden im Alter von 3-5 Jahren durchgeführt. 
Der normale Druckbereich lag zwischen 10 und 31 mm Hg; bis zum Alter von 3 Jahren 
wurden keine signifikanten Alters— oder Geschlechtsunterschiede dabei festgestellt.
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Juvenile cataracts in the Beagle dog

R. HEYWOOD
Huntingdon Research Centre, Huntingdon PE 18 6ES

ABSTRACT

The form and time of appearance of cataracts in Beagle dogs up to 1 year of 
age are described ; spontaneously occurring cataract is differentiated from 
drug-induced lenticular lesions.

A cataract is an opacity of the lens, which can be seen using standard ophthal
moscopic methods. The opacities can occur anywhere within the lens substance 
producing a variety of morphological patterns (Mann, 1957; Cordes, 1947). 
Startup (1969) classifies cataracts of the dog according to the site of opacity within 
the lens substance.

Cataracts may be present at birth or they may develop at any time during life, 
although the vast majority of cataracts represent a simple senile change. Mature 
cataracts are easily diagnosed for they appear as whitish opacities within the 
pupils. Small opacities may be recognized by direct ophthalmoscopy, when they 
are present as dark spots against the reddish fundus reflex, or by indirect ophthal
moscopy when they appear as white or greenish-blue opaque areas within the 
lens. This paper describes cataracts found in Beagle dogs up to the age of 1 year. 
The differential diagnosis of spontaneously occurring cataracts and drug-induced 
cataracts is considered.

MATERIALS AND METHODS

A total of 1064 pure-bred Beagle dogs (equally divided with respect to sex) were 
examined for this survey. The dogs were on toxicological trials, grouped into 
twenty-nine experiments, and examinations were made at approximately monthly 
intervals. The technique found to be of most value in examining large numbers of 
animals was that of indirect ophthalmoscopy. With the greater illumination provided 
by this instrument, the cornea, lens, vitreous and retina can be examined at a 
greater speed than by the use of the direct ophthalmoscope. The modern binocular 
instrument allows stereoscopic vision, thus aiding recognition and location of

171
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lesions in the lens, vitreous and on the fundus. Larger fields are visualized at one 
time and the fundus can be examined with comparative ease. It is easy to make 
rapid comparisons of the two eyes. Full mydriasis is essential and this is induced 
by the use of a 1% solution of tropicamide. Slit lamp biomicroscopy of the lens 
can be used to define more exactly the locations of the lesions observed by the 
indirect ophthalmoscope.

F ig . 1. Posterior polar opacity.

Fin. 2. Posterior j)olar opacity,
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Fig. 3 . Pinhead plaque and streak opacity.

V

Fig. 4 . Anterior, nuclear and posterior opacity.

RESULTS
In tthis survey thirty-nine animals (3-6%) up to 1 year of age were found to have 
lenss opacities. The type of cataract is recorded in Table 1, the age at which they 
weive found is recorded in Table 2, and the form the opacities take is illustrated in 
Figss. 1-8.
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TABLE 1. Type and position o f cataract

Type of cataract No. Bilateral Unilateral

Equatorial
Anterior, nuclear and posterior 
Anterior cortical 
Posterior polar opacity 
Streak or plaque posterior opacity 
Anterior capsular cataract

1
7

26
3

0
1
1
0

26
0

F ig . 5. Persistent pupillary membrane with attachment to the anterior lens capsule.

F ig . 6 . Equatorial opacities.
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F ig . 7. Drug-induced equatorial opacity.

F ig . 8 . Drug-induced posterior polar opacity. 

T a b l e  2. Age when cataracts appeared

.Age (weeks) Left eye Right eye Both eyes

15-20 3 (1) 0 1
21-46 8 (2 ) 2 1
2^42 3 1 0
33-38 1 1 1
39-44 4 3 0
45-50 1 1 2

( ), Developing to both eyes.
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DISCUSSION

The most common site for these opacities was the posterior aspect of the lens, aad 
in only one case was the anterior cortex of the lens involved. The opacities, in the 
main, appeared as subcapsular streaks or small plaques. This type of opacity was 
found to be unilateral, and in this survey in twenty of the twenty-six animals they 
were found in the left eye only. The majority appeared from weeks 21 to 26 and 
the opacity persisted unchanged over the observation period.

Seven animals showed posterior polar opacities. These were round, sub
capsular, dense opacities at the pole of the lens covering one-third of the lens 
surface. These cataracts were invariably bilateral, but in three cases they appeared 
first in one eye only. These classical posterior polar opacities develop during the 
first year of life (Figs. 1 and 2).

It is frequently stated that posterior polar opacities may be associated with the 
remains of the hyaloid artery (Smythe, 1956; Startup, 1969). Heywood (1970) was 
able to demonstrate by slit lamp biomicroscopy capsule damage due to the 
persistent remnant of the hyaloid artery in 88% of Beagle dogs examined, but in 
no case was a cataract associated with this damage.

Another form of anterior cortical cataract frequently described is the one 
caused by persistent pupillary membrane (Magrane, 1965; Startup, 1969). Three 
of the dogs in this survey showed persistence of the pupillary membrane with 
slight attachment to the anterior capsule of the lens (Fig. 5).

It is a widely held belief that cataract is an inherited condition and in one strain 
of Beagle dog this has been proved. Anderson & Shultz (1958) demonstrated in a 
strain of Beagle dogs transmission of cataract from parent to offspring through the 
male gamete, the trait was not sex-linked. The offspring of this one affected dog 
showed three ocular lesions, microphthalmia, retinal folds and cataract. In the 
series described, there was no case of measurable microphthalmia, and retinal 
folds, which have been described by Heywood & Wells (1970) in the Beagle dog, 
were not associated with cataract. Nevertheless, the pedigrees of the seven dogs 
showing posterior polar opacities were investigated and no genetic line could be 
established. The parents of the affected animals were examined ophthalmoscopi- 
cally, and at the time of the examination (September 1969) all were unaffected. 
The offspring from previous or subsequent identical matings were examined, 
and they have developed no cataract to date. It is suggested that factors other 
than a simple genetic one must, therefore, be involved.

It is of some importance in the toxicological testing of drugs to differentiate 
drug-induced changes from spontaneously occurring lesions. The drug-induced 
lenticular lesions in the Beagle dog have been described by Heywood (1970), and 
the differential diagnosis of these changes from spontaneous posterior polar 
opacities appears to be relatively easy. Drug-induced lenticular lesions, should 
they occur at the posterior pole, invariably involve the posterior lens sutures and 
therefore appear triangular; posterior polar opacities are roughly round in shape.
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Drug-induced equatorial opacities form a regular pattern round the lens peri
phery whereas spontaneous equatorial opacities (very rarely seen—in this survey 
one animal only) appear as an irregular pattern of lens damage round the equator.
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Résumé. Description de la forme et de l’âge de l’apparition de cataractes chez les chiens bigles âgés 
d ’un an ou moins; la cataracte spontanée est différenciée des lésions lenticulaires provoquées par 
une drogue.

Zusammenfassung. Die Form von K atarakten bel Beaglehunden bis zu 1 Jah r und das Alter 
der Tiere bel ihrem Auftreten wird beschrieben; spontan auftretende K atarakt wird von 
medikamentinduzierten Linsenlâsionen unterschieden.
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DRUG-INDUCED LENTICULAR LESIONS IN THE DOG

B y  R. H e y w o o d

Huntingdon Research Centre, Huntingdon

S U M M A R Y

Drug-induced cataract in the dog is either initiated at the equator or the 
posterior pole of the lens; it is suggested that these changes represent acute 
and chronic forms of lenticular toxicity.

IN T R O D U C T IO N

The potential hazards to man associated with the use of new chemicals in 
industry, agriculture and medicine are now generally appreciated. Government 
regulatory agencies require these new chemicals to be investigated in animals 
before they are introduced into man’s environment. Generally, the test com
pound is administered to the chosen animal species by a similar route and 
presentation to that intended for man. The drug must be administered 
repeatedly for a period which may vary from one month to two years. Three 
dose levels are selected, a high dose level to eludicate the signs that can occur 
in that species, an intermediate dose level to indicate the safety factor, and a 
low dose level equivalent to the intended human dose, or a simple multiple 
of that dose.

It is the task of the toxicologist to try to predict the level of safety of a drug 
or compound to man. Metabolism in different species with regard to the lens 
has yet to be defined ; this makes prediction of drug-induced changes between 
species impossible. This paper describes the form that drug-induced lens lesions 
take in the dog; it is not concerned with the drugs inducing these changes.

M A T E R IA L S  A N D  M E T H O D S

The eyes of all dogs on toxicological studies at the Huntingdon Research 
Centre are subject to routine ophthalmological examinations. Pure-bred 
beagle dogs are used. The eyes are examined before the experiment begins, at 
intervals throughout the experimental period, and immediately prior to 
termination. The technique found to be of most value is indirect ophthalmo
scopy. Maximal mydriasis is essential for this technique, and this is induced 
by the use of a i per cent solution of tropicamide.
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Slit lamp biomicroscopy examination of the lens can be used to define more 
exactly lesions observed by the indirect ophthalmoscopic examination.

RESULTS

The clinical development of experimental cataract in the beagle dog follows 
two distinct courses. There is always a latent period between the administra
tion of the test compound and the onset of cataract, which can vary from a 
few days to several months.

C a t a r a c t s  i n i t i a t e d  a t  t h e  e q u a t o r

The first sign is the appearance of small vacuoles around the equator of the 
lens. The cells around the equator become opaque and the lens appears to 
have a surrounding halo. In young dogs the suture line opacities become very 
pronounced. Development of opacity of the superficial lens fibres continues 
and extends toward either pole of the lens following the sutural planes. At 
this time the suture lines appear prominent, being edged by translucent lens 
fibres. Initially only lens fibres immediately below the capsule are involved, 
but the eventual end result is total cataract. The progression of this type of 
cataract is relatively quick, that is over a period of days, and is illustrated in 
Fig. 1-5-

C a t a r a c t s  i n i t i a t e d  a t  t h e  p o s t e r i o r  p o l e
In this type of cataract, the first sign is a change in the character of the 

posterior lens sutures. Heywood (1971) found that on examining beagle dogs 
with the indirect ophthalmoscope the posterior lens suture lines gradually 
disappeared with age until at one year only 3 per cent of the animals exhibited 
this feature. The normal suture lines appeared as distinct white lines extending 
from the poles of the lens of the periphery. The abnormal lens sutures appear 
as thickened white lines at the posterior pole but they do not extend to the 
periphery of the lens. By indirect ophthalmoscopy they often have a “ground 
glass” appearance. Slit lamp biomicroscopy shows these lines to be broad 
with markedly feathery edges. The next stage is the formation of a triangular 
opacity around these sutures. Initially only superficial lens fibres under the 
posterior capsule are involved. These cataracts develop slowly. Often the next 
stage of development is the formation of a similar opacity around the anterior 
pole. In a variable period of time, which can be several months, the cataract 
progresses to total cataract.

The progression of this type of cataract is illustrated in Fig. 6- 11.

D I S C U S S I O N

The lens has no blood supply and relies on the aqueous humour, and to a 
much lesser extent the vitreous, for its supply of nutrients. For a drug to be 
cataractogenic it must first enter the anterior chamber, which means traversing 
the blood-aqueous barrier. This restricts both the amount and type of chemical
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that can penetrate; toxic levels of the drug may be reached by high daily 
dosage, by slow excretion, or by prolonged administration.

In both types of lenticular change described, initially the superficial cortical 
cells were the ones involved. The equatorial cataracts seem to indicate that the 
dividing cells at the equator are those first affected by the toxic chemical. 
For the polar cataracts it is more difficult to provide an explanation. They 
may also be initiated by interference with the lens metabolism at the equator, 
but the development of opacity is revealed only when the cells are at the point 
of greatest physiological stress, that is when they reach the posterior pole. 
Cataracts initiated by subliminal damage have been described (Hockwin e t  a L ,  

1968; Hockwin, 1970, personal communication). If both types of cataract are a 
manifestation of damage to the nucleate cells just beneath the equatorial 
capsule, they can be considered as acute and chronic forms of lenticular toxicity.

Lenticular changes have been described in the dog produced by dimethyl 
sulphoxide (Rubin & Mattis, 1966 ; Kleberger, 1967; Rubin & Barnett, 1967 ; 
Gordon & Kleberger, 1968), but the changes produced were in the trans
parency and the refractive index of the lens, the nuclear zone of the lens
appearing opalescent (Fig. 12).
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Lesions lenticulaires induites par des medicaments chez le chien
(Heywood)

Résumé. Une cataracte induite chez le chien par des médicaments a commencé soit à 
r équateur, soit au pôle postérieur du cristallin; on pense que ces changements représentent 
des formes aigües et chroniques de toxicité lenticulaire.

Durch Medikamente venirsachte Linsenerkrankungen des Hundes
(Heywood)

Zusammenfassung. Durch Medikamente verursachte Katarakte beim Hunde beginnen 
entweden in Aquator oder am hinteren Fol der Linse; es wird angenommen, dass diese 
Verànderungen akute oder chronische Formen lentikulârer Giftwirkung reprâsentieren.

Lesions lenticulares inducidas por fârmacos en el perro 
(Heywood)

Resumen. Las cataratas provocadas con fârmacos en el perro se inician ya sea en el ecuadoro 
en el polo posterior del cristalino; se sugiere que estas alteraciones representan formas agudas y 
cronicas de intoxicaciôn lenticular.
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COLLOID DEGENERATION OF THE RETINA 
IN  A BABOON

By

K . G. B a r n e t t

Department o f  Veterinary C lin ical Studies, School o f  Veterinary Medicine, University o f  Cambridge

and

R. H e y w o o d  and P. H . H a g u e

Huntingdon Research Centre, Huntingdon 

I N T R O D U C T I O N

Colloid bodies or druscn, deposits of hyaline material in the retina, v̂ere fn-st 
recorded by Wedl (1854) in an old man. Since that time many reports have 
appeared in the literature and the condition is considered to be common in man.

This case report describes the clinical and pathological details of colloid bodies 
in a baboon and is, to the best of our knowledge, the first record of the condition 
pccuiTing naturally in an animal.

M A T E R IA L S  AND M E T H O D S

The animal was a young female baboon { P a p i s  a n u b i s ) , approximately 2 years old, 
which was being used as a control on a toxicological trial. Vision was apparently 
normal and the animal was in good health.

The eyes were removed immediately after death, fixed in Davidson’s fluid, and 
embedded in fibrowax. Sagittal sections were cut at 5 jum. and stained with haema- 
toxylin and eosin (II. & E.j, by the modified Verhoeff method for elastic tissue, and 
by the periodic acid-Scliiff method (FAS).

j R E S U L T S

i Examination of the eye revealed a normal anterior segment and lens with a 
good and brisk pupillary light reflex. Ophthalmoscopic examination of the fundus 
showed the presence of numerous spots, small, pale or crcam-colourcd, round or 
oval, some slightly larger than others and some more definite than others, more 
concentrated in certain areas but scattered throughout the fundus (Fig. 1). At 
post-mortem examination lesions of tuberculosis were present in the lung and a 
mesenteric lymph node.

On histological examination the majority of the bodies, which were apparent 
on ophthalmoscopic cxmnination, appear as discrete, round, eosinophilic struc
tures, 10-60 p m .  in diameter, lying on the membrane of Bruch (Fig. 2). Some 
are homogeneous in appearance while others possess an amorphous central zone 
surrounded by a series of concentric laminations (Fig. 3). The outer component 
of Briich’s membrane, the elastic lamina, is unaffected and can be seen in suitably 
stained sections to follow an uninterrupted course beneath the bodies. The inner
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surface of the bodies is bounded by attenuated pigment epithelial cells. In some 
instances, depending on the plane of section, the continuity with the pigment 
epithelium is not apparent and the bodies appear within the bacillary layer sur
rounded by pigment cells. Occasionally, when two or three colloid bodies exist in 
close proximity to one another, they are bordered by a common epithelium 
(Fig. 4) and sometimes the bodies may be confluent (Fig. 5).

D I S C U S S I O N

Two m.̂ in theories have been advanced to explain the formation of drusen 
in the retina (Coats, 1905). According to the transformation theory of Bonders 
(1855) colloid bodies are formed by degeneration of the pigment epithelial cells, 
whereas the deposition theory of Muller (1856) suggests that they result from 
excessive secretion of the pigment epithelium. Both types of drusen development 
have been shown to occur in human eyes (Rones, 1937 ; Wolter and Falls, 1962).

Duke-Elder (1967) names three situations in which drusen arc found: (1) 
commonly occurring senile change in normal eyes; (2) degenerative condition in 
diseases of the retina or choroid; (3) hereditary primary dystrophy. The case 
(reported here is similar to the senile cases in man in both distribution and con
formity of the colloid bodies, as well as the absence of other ocular changes. The 
baboon, in contrast, was a young female, but in man drusen do also occur 
occasionally in young people.

S U M M A R Y

The ophthalmoscopic appearance and histological examination of a naturally 
occurring case of colloid degeneration of the retina in a young baboon are 
described.
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Fig. 2. Colloid body lying on Bruch’s luembiaiif. (11.E. X M5)

Fig. 3. Concentrically laminated colloid body. ( I’.AS X 580)
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Fig. 4. Clolloid Ijodics within tlie saine epithelial covering. (H.E. X 290)

Fig. 5. Confluent colloid bodies. (PAS X 230)
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An anomaly of the ocular fundus 
of the Beagle dog

R. HEYWOOD
Huntingdon Research Centre, Huntingdon

ABSTRACT

An anomaly of the fundus in a strain of pure-bred Beagle dogs is described 
clinically and histologically.

INTRODUCTION

Anomalies of the ocular fundus have been recorded in various breeds of dog 
(Startup, 1969). Some of these ocular abnormalities, such as the Collie-eye 
anomaly, are of major pathological significance, others are of minor importance. 
This paper describes a clinical and pathological minor anomaly in the eye of 
Beagle dogs.

MATERIALS AND METHODS

In the course of routine ophthalmological examination of 3610 Beagle dogs on 
toxicity tests (equally divided with respect to sex) two animals presented with 
an unusual pattern of the ocular fundus. Retinal photographs were taken using 
a Kowa medical camera. The eyes were examined regularly during the 6 months’ 
experimental period, and on termination of the experiment the eyes were dis
sected from the orbit immediately after death, using the technique described by 
Saunders & Jubb (1961), and placed in Davidson’s fluid. After fixation the eyes 
were embedded in fibro wax, and sagittal sections were cut at 5 p m  and stained 
with haemotoxylin and eosin.

RESULTS

O p h t h a l m o s c o p i c  e x a m i n a t i o n  

Two dogs (one male tricolour, one female lemon and white) were found in

213
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which the oculi Hindi were red with coarse grey granular heading (Fig. Ij. The 
colour was uniform over the dorsal and ventral areas of the fundus, and no 
tapetum was present. The optic nerve head was white and was considered normal, 
as were the retinal vessels. The choroidal vessels could not be seen. The colour 
of the irides in both animals were light brown, and although somewhat lighter in 
colour than is usual in the Beagle dog they were not considered thin or translucent.

4P

Fig. 1, O cular fundus— absence of tapclum .

H i s t o l o g i c a l  e x a m i n a t i o n

In section the retina was normal, with the pigment epithelial layer containing 
pigment (Fig. 2). There was complete absence of tapetal elements. The choroid 
layer was thin and contained little pigment. In the normal Beagle eye the choroid 
layer is twice as thick and very heavily pigmented (Fig. 3).

DISCUSSION

Deficiency of pigment in the non-tapetal fundus (the tigroid tapetum) was recorded 
in 5-6% of Beagle dogs examined. In these cases the orange-red choroidal vessels 
were visible. In the cases of albinism, the choroidal vessels can be visualized over 
the whole of the fundus and this can be correlated with absence of pigment from 
the iris and eyelashes.

In the minor anomaly described, the choroid was abnormal, mainly in its lack 
of normal tapetum and the thinness. The pigmentary layer of the retina was 
uniformly pigmented over the entire fundus. The anomaly has occurred at such 
a low incidence that there can be no correlation with coat colour or suggestion 
as to an hereditary factor.
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Fio. 2. R e tin a  and  choroid , showing narrow  pigm ented lam ellae of choroid.
H  and  E, x 135.

E i g .  3. N orm al retina and  choroid. H and E, x 135.
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Résumé. On décrit une anomalie du fond d ’oeil observée cliniquement et histologiquement dans 
la lignée de chien beagles pur-sang.

Zusammenfassung. Eine Anomalie des Fundus bel cinem Stamm reinrassiger Beagle-Hunde 
wird klinisch und histologisch beschrieben.
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DRUG-INDUCED LENTICULAR LESIONS 
IN  THE RAT

by

R. HEYWOOD

Huntingdon Research Centre,

Huntingdon, PE\% 6ES

SUMMARY

Drug-induced cataract in the rat can be classified into 2 main types: 
acute reversible opacities and permanent cataracts. The permanent cataracts 
are initiated either at the equator or the poles of the lens. It is suggested 
that acute and chronic forms of drug-induced toxic effects on the lens are 
expressed by these changes.

DURCH DROGEN VERURSACHTE LENTICULÀRE LÂSIONEN BEI RATTEN

Durch Drogen verursachte Katarakte bei Ratten konnen auf 2 Haupttypen 
klassifiziert werden ; akute reversibele Triibungen und permanente Katarakte.
Die permanenten Katarakte beginnen entweder am Aquator oder an den 
Polen der Linse. Es wird vermutet, dass akute und chronische Formen von 
durch Drogen verursachten toxischen Wirkungen auf der Linse durch diese 
Verànderungen aufgewiesen werden.

LÉSIONS LENTICULAIRES CHEZ LE RAT INDUITES PAR LES DROGUES

Les cataractes induits par les drogues chez le rat peuvent être classifiés 
en 2 types principaux: opacités aiguës réversibles et cataractes permanents.
Les cataractes permanents sont initiés soit à l’équateur soit aux pôles de la 
lentille. On suggère que des formes aiguës et chroniques des effets toxiques 
induits par les drogues sur la lentille sont exprimées par ces changements.

Examination of the eyes of animals before and during toxicological studies 
is now considered to be an essential part of such experiments.

The lens has no direct blood supply and relies on the aqueous humour and, 
to a lesser extent, on the vitreous humour for its supply of nutrients. For a 
drug to be cataractogenic it must enter the anterior chamber in sufficient 
amounts to interfere with the metabolism of the lens, and this means traversing 
the blood-aqueous barrier. The ability of drugs to enter the aqueous humour 
depends on their molecular size and the lipid solubility.

The lens shows characteristic responses to injury, it is subject to degenera
tive change but not to inflammatory reactions. Degenerative changes mani
fest themselves initially by hydropic change of the lens fibres, which may be
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followed by coagulation or proteolysis of the cytoplasm of the lens fibres, and 
eventually the lens fibres rupture and disintegrate. These changes show clini
cally as cataracts. This paper describes the form that drug-induced lens 
opacities take in the eye of the rat; it is not specifically concerned with the 
drugs which induce these changes.

MATERIALS AND METHODS

At the Huntingdon Research Centre the eyes of all rats used for toxicological 
studies are subject to routine ophthalmoscopic examinations. Initially the 
examination is restricted to control animals and those animals in the group 
receiving the highest dose of the compound, and thereby subjected to the 
maximum insult. The examination is made with an indirect ophthalmoscope; 
for this mydriasis is essential, and it is induced by instilling 1 drop of 1 % 
tropicamide into the conjunctival sac.

RESULTS

Drug-induced cataracts in the rat present in a variety of morphological 
patterns; however they can be classified into 2  main groups—reversible 
opacities and permanent cataracts.

Acute reversible lens opacities

These are associated with the anterior lens capsule and 3 patterns are seen. 
First superficial sub-capsular opacities, which begin at the anterior suture 
lines and then spread peripherally to the equator of the lens. Secondly cases 
where the opacities appear as cloudy crescents in the lower half of the lens 
and then extend around the periphery and inwards until the whole of the 
lens appears opaque. Thirdly the opacities appear as discreet plaque or 
granular deposits on the anterior surface of the lens.

These types of opacities can be produced by the acute administration of 
drugs, and with continuation of treatment they do not progress to permanent 
cataracts.

Permanent cataracts

Cataracts in itia ted at the equator o f  the lens. The first change in the lens 
that can be observed by indirect ophthalmoscopy is the appearance of vacuoles 
at the equator. Occasionally, local areas of equatorial change extend to the 
poles giving the appearance of wedge-shaped opacities within the lens.

Anterio r sub-capsular opacities appear just beneath the lens capsule and 
form a definite pattern of lens fibres radiating peripherally from the anterior 
pole of the lens (Figs 1 & 2). The lens becomes dense with time and the 
anterior Y-suture line becomes clearly defined.
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A

Fig. I. Anterior subcapsular opacity. Fig. 2. Anterior suture-line opacity.

P o s t e r i o r  s u b - c a p s u l a r  o p a c i t i e s  first show as minute vacuoles under the lens 
capsule, around the posterior pole. By indirect ophthalmoscopy they give 
the impression of a lace network. The vacuoles eventually coalesce to form 
an irregular posterior polar opacity.

P o s t e r i o r  s u t u r e  l i n e  c a t a r a c t s .  With this type of cataract the posterior lens 
suture lines become more prominent, appearing as broad white lines, in the 
centre the lines tend to gape (Fig. 3). Triangular subcapsular posterior polar 
cataracts eventually develop at the posterior pole.

All these permanent cataracts can, with continuation of treatment and time, 
progress to become total cataracts (Fig. 4).

Fig. 3. Posterior suture-line opacity. Fig. 4. Total cataract.
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DISCUSSION

The acute reversible lens cataracts are primarily due to changes of osmolarity 
of the aqueous humour, although other factors may be involved. Chlor- 
promazine, morphine and other narcotics, and catacholamines are the drugs 
implicated in this type of cataract (Weinstock & Scott, 1967). Closure of 
the eyelids by suturing prevents this type of opacity developing. The opacities 
are initiated within an hour of single administration of the drug. With 
repeated administration the degree of subcapsular change becomes less, and 
no case has progressed to a permanent cataract.

Drug-induced permanent cataracts in the rat are distinctive and can be 
differentiated easily from the age-related lens changes described by Heywood 
(1973). They are invariably bilateral, with a latent period following adminis
tration of the test compound and the onset of cataracts. Both sexes are usually 
equally affected, with the exception of those cataracts induced by progestin- 
oestrogens, in which the incidence of cataracts is higher in female animals. 
Weanling rats are more readily susceptible to cataractogenic agents than 
adult animals. Not all of the permanent cataracts necessarily progress to 
total mature cataracts, even with the continued administration of the promoting 
agents. It would appear that cataracts induced in young rats are more likely 
to progress to total cataracts.

The cataracts which first show as vacuoles or small striations at the lens 
periphery, can often be seen after 2-4 weeks of drug administration, for example 
with triparanol (Gordon & Balazs, 1967). The cortical subcapsular cataracts 
become detectable after 3-4 months of drug administration; most of the 
recorded ocular toxic drugs such as sulphathoxypridazine (Ribelin, Owen, 
Rubin, Levinskas & Agersborg, 1967) and para-chlorophenylalanine (Gralla 
& Rubin, 1970) fall into this category. Some drugs, notably the synthetic 
progestin-oestrogens, take 12 months administration of high doses before 
cataracts become apparent (Ray & Schut, 1969).

Drug-induced cataracts do not differ morphologically from those described 
following radiation (Upton, Christenberry, Melville, Furth & Hurst, 1956), 
nutritional disturbances (Buschke, 1943), or the administration of toxic chem
icals (Pirie & Rees, 1970). All cataractogenic agents must produce their 
effect by damage to the germinative zone, which is located just anterior to the 
lens equator. The rate of new-cell turnover in this zone is estimated to be
3-5 days (Hanna & Keatts, 1968). The new cells migrate posteriorly to become 
new lens cortex fibres, taking approximately 6 weeks, then each new cortex 
fibre migrates inwards forming a lens fibre over a further 6 weeks. These 
estimations of the time involved in cell migration support the argument that 
the equatorial opacities represent acute damage to dividing cells, whilst the 
cortical cataracts represent the effect of a chronic toxic effect on the lens, 
due to damage to the dividing cells, manifesting itself when the cortical fibres
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differentiate into the non-nucleated lens fibres.
I f  drug-induced lenticular changes are to be detected during the course of 

a toxicity study, it would seem important to examine the animals before 
administration of the test compound begins, and then after 4 and 12 weeks 
dosing, and thereafter at 12-week intervals.
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Intraocular haemorrhage in the Beagle dog

R. HEYWOOD
Huntingdon Research Centre, Huntingdon

ABSTRACT 

Vitreous haemorrhage is described in the Beagle dog.

INTRO DUCTIO N

Intraocular haemorrhages are not often encountered in the dog. When they do 
occur, they are usually associated with trauma, retinal detachment or the surgical 
removal of the lens. Spontaneous intraocular haemorrhages have been recorded 
in the Beagle dog by Delahunt & Anderson (1963) ; this paper records some more 
cases encountered in the same breed.

M ATERIALS AND METHODS

4570 Beagle dogs have been subjected to routine ophthalmoscopic examination 
using the indirect ophthalmoscope. Seven animals were found to have intraocular 
haemorrhages, photographs of which were taken using the Kowa medical camera 
and the animals kept under close surveillance.

RESULTS

The seven animals consisted of four males and three females. Six of the dogs were 
aged 10-14 months and one was 4 years of age. The condition was unilateral in all 
cases, and first appeared as blood spots in the lower half of the vitreous humour. 
On the first examination it was not possible to identify the locus of bleeding in four 
of the cases. In two dogs, the haemorrhage was associated with tearing of the 
retina, and in another two animals there was rupture of one of the main retinal 
veins near the optic disc. In three of the animals, however, the locus of bleeding 
was never identified.

As the animals were on toxicological studies haematological profiles, including
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prothrombin time and clotting time, were available; these were shown to be 
within normal range. In all cases the haemorrhage was absorbed over a period of 
2 -1 2  weeks, during which time fibrinous material could be seen floating within 
the upper half of the vitreous (Fig. 1). The retinal tears also healed and were 
clinically undetectable after 16 weeks.

Fig. 1. Fibrinous m aterial from an organized haemorrhage.

DISCUSSION

The intraocular pressure in the Beagle dog is 19 mm Hg (Heywood, 1971) ; since 
the venous pressure cannot be less than this for the blood to flow, the capillary 
pressure must be even greater. The fact that the haemorrhage can penetrate the 
limiting membrane of the vitreous and be found within the vitreous humour, gives 
some indication of the vascular pressures within the eye.

Retinal breaks have been described in the senile dog by Okun, Rubin & Collins 
(1961), although in young dogs these lesions rarely occur. In the two cases 
recorded here there was no detachment of the retina. It is significant that in three 
of the seven cases in the present report, the site of haemorrhage could not be 
identified. Delahunt & Anderson were also unable to detect the sites of haemorrhage 
in their cases, but a histological examination revealed rupture of the veins in the
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ganglionic layer in the proximity of the o r a  c i l i a r i s  r e t i n a e . There were no clinical 
symptoms in the seven cases and these lesions would not have been detected had 
it not been for routine ophthalmological examinations.
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Résumé. On décrit une hémorragie vitreuse chez le Briquet.

Zusammenfassung. Glasartige Blutung ist im kleinen Spürhund beschrieben.
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Biochemical Studies on the Aqueous Humour of Beagle Dogs
R. Heywood and A. E. Street 

Huntingdon Research Centre, Huntingdon

SU M M ARY. Biochemical constituents of the aqueous the beagle is the most acceptable purebred dog for
humour of beagle dogs were determined. The most toxicological studies. Manifestations of toxicity fre-
simificant difference between the cmpomnis o f serum ''S^^cance of resultant

, , , 1 . r biochemical changes m the eye can be interpreted
end aiuecus humour was the very low protein content of normal values are known. This paper presents
the latter. Glucose was found in the aqueous humour at values for the constituents of the aqueous humour
lower concentrations than in the serum. of normal beagle dogs.
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MATERIALS AND METHODS

Twenty beagle dogs aged 9 months to i year were 
investigated. A blood sample was taken immediately 
before the animals were killed. Deep anaesthesia was 
then induced with sodium pentobarbitone intra
venously. The eye lids were retracted and the eye 
held with forceps applied to the lower nasal quadrant ; 
a 21G 11 inch needle was introduced into the 
anterior chamber and a sample of aqueous humour 
withdrawn. Samples of aqueous humour only, were 
obtained from other normal beagle dogs of similar 
ages, for estimation of total proteins and ascorbic acid.

Protein, glucose and chloride were measured by 
the Technicon Auto-analyser method, sodium and 
potassium by the EEL flame photometer, osmolality 
with an osmometer, and ascorbic acid by the method 
of Roe (1961).

The paired data was subjected to statistical analysis 
for the determination of significant differences.

RESULTS
The results are presented in Tables I and II. Not 

all the proposed investigations were carried out on 
all dogs as insufficient samples of aqueous humour 
were obtained.

DISCUSSION
The most marked difference between the bio

chemical constituents of the serum and aqueous 
humour samples examined was the low protein 
content of the latter. The normal serum protein level 
for beagle dogs is between 4-9 and 5*8 g%. The 
glucose concentration in the aqueous humour was 
less than that in the serum, the difference being 
statistically significant at the o-1% level ofprobability. 
The low values found in the aqueous humour are 
attributable to utilization of glucose by the lens and 
the cornea.

The electrolytes investigated were present in 
similar concentrations in the serum and the aqueous 
humour, and statistically significant differences were 
demonstrated only with respect to potassium. The 
aqueous humour ; serum concentration ratios for 
sodium, potassium and chloride are i-oi, i-i2 and 
1-02 respectively.

Ascorbic acid was found in the aqueous humour 
at levels ranging from 3-40 to 776 mg/ioo ml, com
patible with the results cited by Davson (1969).

The aqueous humour is a secretion and is not in 
equilibrium with the blood. Total osmolahty of 
serum and aqueous humour was investigated in 
samples taken within minutes of each other. The 
difference between the group means is 10 osmoles.
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TABLE II 
Aqueous Hum our

Parameter Units
Aqueous humour 

N o. Mean

(95%
confidence

limits)

Total proteins S% 13 0'33± 0-22 (00083-072)
Ascorbic acid mg% 20 5 584=1 0 (3-40-776)

which suggests that the aqueous humour is hyperos
molar to serum. This difference, though not statis
tically significant, might be biologically significant. 
Small differences in osmolality would facilitate the 
flow of water through the eye.

Received for publication February i$ th, 1974
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DRUG-INDUCED RETINOPATHIES IN THE BEAGLE
DOG

B y  R. H e y w o o d

Huntingdon Research Centre 

S U M M A R Y

Drug-induced retinopathies in the beagle dog are described. The approach is 
essentially clinical and pathological aspects are not considered in any detail. 
Many cases of retinotoxicity are associated with the tapetum making the 
findings difficult to extrapolate to man.

I N T R O D U C T I O N

Iatrogenic diseases of the eye have been recorded for many years. It is now 
well recognized that the systemic administration of certain drugs, for example, 
the phenothiazines and chloroquines can affect the retina (Crews, 1969). The 
recent experiences of the Japanese with a syndrome they have designated 
subacute-myelo-optic-neuropathy (SMON) which was found to be associated 
with overdosage with clioquinol (Kono, 1971) has re-emphasized the import
ance of an ophthalmological examination of animals during the course of 
toxicity studies. All aspects of ocular toxicity are of importance but emphasis 
might be placed on the retina, where damage could be irreversible. This paper 
describes the retinopathies that the author has seen induced in the beagle dog; 
it is not particularly concerned with the drugs causing these changes.

M A T E R I A L S  A N D  M E T H O D S

The eyes of all dogs on toxicological studies at the Huntingdon Research 
Centre are subject to routine ophthalmological examination. Pure-bred beagle 
dogs of the Appleton strain are used. The dogs are kennelled singly or in pairs 
and are fed a standard laboratory diet, water being available at all times. 
The test compounds are administered to groups of dogs (3 male and 3 female) 
by a similar route and presentation to those intended to be employed in man. 
The drugs are administered repeatedly for periods from one month to two 
years. Three dose levels are selected, a high dose level to elucidate the toxic 
signs, an intermediate dose level to indicate the safety factor, and a low dose 
level equivalent to the human dose level or a simple multiple of that dose. A 
further group is used to control the experiment. This paper is based on the 
examination of animals on 206 toxicological studies. The examinations were 
made by indirect ophthalmoscopy. This technique is preferred as it allows
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stereoscopic vision, which helps the recognition of lesions on the fundus. Large 
fields are visualized at the one time, and the peripheral fundus can be examined 
with comparative ease. It is easy to compare the two eyes quickly. Full mydri
asis is essential and this is best induced by instilling one drop of i per cent 
tropicamide into the conjunctival sac. The photographs were taken using the 
Kowa II medical camera.

RESULTS

N o r m a l  o c u l a r  f u n d u s  o f  th e  b e a g le  d o g  

The fundus of the dog can be divided into two portions. The tapetum 
lucidum, in the dorsal quadrants of the fundus, is triangular in shape, with the 
hypotenuse as a horizontal baseline. In the adult beagle dog the base length is 
18-75 "ini (SD 2 -33), with a height to apex of 10-26 mm (SD 0 -97). The 
lateral side is 12*56 mm in length (SD 2 -94) and the medial side 13*31 mm 
(SD 2*0 mm). The tapetum is composed of green, yellow and blue coloured 
elements, any of which may predominate; 89 per cent of animals have green 
tapetums. With age, the colour tends to become clearer and paler. The non- 
tapetal fundus occupies the ventral quadrants of the ocular fundus, and sur
rounds the triangular tapetum lucidum. The colour of the nigrum varies in 
shades of brown to black. The non-tapetal fundus may lack pigment and 
appear red with the choroidal vessels clearly visible; 6 per cent of beagle dogs 
have this “ tigroid” tapetum. This variant is found in all coat colours, though 
the variation of the tri-colour in which the black is replaced by liver colour 
always shows this anomaly.

The optic disc is usually round in shape and situated near the junction of 
the tapetum lucidum and nigrum, though in 15 per cent of animals examined 
it was found to be within the tapetum nigrum. As the optic nerve enters the 
eyeball the fibres lose their myelin sheath and become transparent, and in 
some cases give the impression of oedema.

There is a dual blood circulation to the eye, consisting of the retinal blood 
supply which enters the globe by the optic nerve and which supplies the inner 
layers of the retina only; all other parts of the eye are supplied by the ciliary 
system. The primary veins are the largest visible retinal veins and are usually 
four in number. Within the disc, a complete venous ring was found in 24 per 
cent of the animals examined, in the other dogs the venous ring was incomplete 
and appeared as an arc. The arterioles are more variable in number, usually 
between 10 and 21, and are difficult to differentiate from the minor veins.

D r u g - i n d u c e d  r e t i n o p a t h ie s  

Drug-induced retinopathies appear in a variety of forms. The changes can 
be arranged in three categories, those affecting the retina and choroid, those 
affecting the vasculature and those affecting the optic disc. There is, however, 
considerable interrelationship between these structures.

R e t i n a  a n d  c h o r o id . The retinal changes are degenerative with retinal detach
ments, or changes involving the tapetal colour.
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{ a )  C o l o u r  lo s s  o f  t h e  t a p e t u m . Loss of tapetal colour has been seen on several 
occasions and was always associated with the administration of chelating 
agents. The changes appeared as a patchy fading of the tapetal colour, 
which continued until the entire tapetal area had a bleached appearance. 
With an antimalarial compound (not a chloroquine) the tapetum had a 
white spongy appearance. No other changes of the fundus were seen. A 
histological examination of the retinas showed no morphological change. 
Regeneration of the tapetal colour occurred with the cessation of dosing; 
recovery was initiated 48 hours after the last dose and was complete in two- 
three weeks.
{ b )  R e t i n o p a t h i e s . Degenerative conditions of the retina have been encoun
tered. Following the long-term administration of a substituted pheno- 
thiazine, a pigmentary change of the retina was induced. The fundus 
appeared dull and small grey black spots developed giving the retina a 
peppered appearance (Fig. i). In another experiment the tapetum appeared 
to break up with extensive migration of pigment presumably into the 
choroid layer (Fig. 2). These changes were only apparent over the tapetum 
lucidum. Histological examination of these pigmentary retinopathies 
revealed no obvious pathological change of the retina.
Separation of the retina from the underlying pigment epithelium is rarely 
recorded as a spontaneous condition in the dog, yet this would seem to be a 
common feature of retinal toxicity. Drug-induced retinal detachments were 
bilateral. The changes were seen over the tapetal area, where they appeared 
as defined areas of elevation (Fig. 3), often giving the tapetum a watermarked 
appearance. These areas of detachment usually appeared alongside the main 
retinal vessels. With time, the detachments might coalesce giving the retina 
a folded appearance, the retinal vessels being seen to bend as they pass 
over these folds. Pigment frequently migrated in from the tapetum nigrum 
and the detachments appeared as grey-brown areas (Fig. 4 ).
Histologically haemorrhage separated the rods and cones from the pigment 
epithehum (Fig. 5).
R e t i n a l  b lo o d  v e s s e ls . Changes in the retinal vessels are rarely recorded. Drug- 

induced hypertension has been found to cause no changes in the calibre of the 
retinal vessels, but in cases of hypotension attenuation of the retinal veins, 
particularly those seen on the optic disc, may be a feature at the time of peak 
effect. In the normal dog one occasionally sees pulsation of the vessels of the 
disc. Fig. 6 illustrates the normal fundus and was taken at that time when the 
central venous arc appeared empty. With hypotension the vessels were markedly 
attenuated (Fig. 7), a state which persisted for up to two hours.

O p t i c  d is c  a n d  n e r v e . The clinical response of the optic nerve is limited, it 
can either show inflammation or atrophy or both, or it can increase in size 
with elevation of the disc with or without haemorrhage.

Drug-induced atrophy of the disc manifested itself with occlusion of the 
blood vessels crossing the disc and pallor of the disc. In some animals areas of 
exudate appeared above the disc. The vessels at the disc margin were the first 
affected (Fig. 8). It was difficult to judge the degree of atrophy without pre-
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test fundic photographs. Alteration in the pupillary light reflex was the first 
clinical indication of damage.

Papilloedema showed as a swelling and elevation of the disc, the main 
vessels became enlarged and haemorrhages occurred at the disc margin (Figs. 
9 and 10). Clinically the animals had markedly delayed pupillary light reflexes, 
and the intraocular pressures were in the upper range of the normal recorded 
in the beagle dog (Heywood, 1971).

D I S C U S S I O N

Drug-induced retinopathies are characteristic and easily differentiated from 
the hereditary degenerations and spontaneous diseases of the retina. The 
changes are invariably bilateral, with a latent period following administration 
of the test compounds and the onset of clinical signs Those animals receiving 
the highest dosage levels are usually the first affected, the effect being frequently 
seen in more than one animal in the group. In some cases a direct relationship 
can be defined between the time of administration of the test compound and 
the onset of the clinical lesion. Both sexes are usually equally affected.

The pigmentary retinopathies induced in humans with chloroquines and 
phenothiazine derivatives are not easily reproduced in experimental animals. 
These drugs have been shown to have a melanin affinity and accumulate in 
the pigmentary epithelium of the retina. By means of autoradiography the 
distribution of chloroquines and chlorpromazines has been studied by 
Lindquist & Ullberg (1972). These drugs bind to the melanin and are stored 
for long periods in close association with the neuroreceptors of the eye, yet 
chloroquine requires many months to induce an effect, whereas pheno
thiazines may show toxicity after only one-two months of administration. 
Histological changes in the pigmentary and sensory epithelium have been 
described by Reinert & Rutty (1969) following the administration of a pheno
thiazine, and they found intracytoplasmic bodies in the soma of the optic 
ganglion cells. Francois & Maudgal (1964) were of the opinion that the pig
mentary degenerations induced by chloroquines were a consequence of 
vascular sclerosis in the nutrition supplying the choroidal membranes.

The common characteristic of the other retinopathies is their initiation in 
the tapetum lucidum. The evidence suggests that the drugs inducing retinal 
detachments have specific effects on the tapetal cells, for none of the com
pounds that have been described as causing these retinopathies have produced 
effects on the primate retina. The chelating action of some drugs is well docu
mented, ethambutol being such a compound. Vogel & Kaiser (1963) demon
strated by electronmicroscopic studies that the bundles of the parallel rods 
within the tapetal cells become markedly swollen and disorientated. The 
lesions induced by chelation are rapidly reversible.

Detachment of the retina can be complete as recorded in dogs receiving 
hydroxypyridinethione (Delahunt e t a/., 1962) or partial, as recorded following 
the administration of imidazo-quinazoline (Schiavo, 1972). The reversibility 
of these detachments has not been fully investigated but the evidence would
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l'ig. I .  Pigm cnled retina of beagle following long-term adm inistration of a substituted
])henothiazine.

Pig. 2 . Pigmented retina, showing migration of pigment.

Fig. 3 . Drug-induced retinal detachm ent in the beagle. 
Fig. 4 . Coalesced retinal detachm ents in the beagle.

Heywood, Br. vel. J .  (1974), 1 3 0 , 6
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lag. 7 . D rug-induced hypotension at ])cak ell'ect. 
g. 8 . Drug-induced optic disc atrophy in the beagle.
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i'ig. (J. Drug-induced papilloedema: before dosing.

ug. 10 . Papilloedema after dosing.
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indicate that the retinas re-attach. Histological sections of re-attached retinas 
show no morphological damage.

Animals developing damage to the optic nerve usually show other signs of 
central nervous system involvement, though impairment of the pupillary light 
reflex is frequently the first clinical evidence of damage. Papflloedenia is 
usually associated with increased cerebrospinal fluid pressure and space 
occupying intracranial lesions (Magrane, 1965). Brown, Rubin, Hite & 
Zwickey (1972) described papilloedema in the dog induced by salicylanilide. 
In these cases there was an increase in CSF pressure. Optic neuritis has been 
diagnosed in 12 dogs by Fischer & Jones (1972); five of these animals had 
intrabulbular neuritis which would appear to be clinically 'similar to papil
loedema.

The prolonged administration of clioquinol has been described by Tateishi 
e t  a l .  (1972) as causing a loss of visual acuity with vacuolation and loss of 
axons in the optic tract. In comparable experiments Heywood (1970, un
published) described degeneration of the spino-cerebellar tract, but no ocular 
symptoms were seen. Rosner & Legross (1970) found changes in the electro- 
retinogram in dogs given toxic doses of a quinoline. Histopathological: studies 
showed hyperplasia of the pigmentary epithelium. These experiences would 
suggest that in some circumstances the electroretinogram might be a useful tool 
in revealing damage prior to clinical and pathological change.

In view of the large number of dogs examined it is somewhat surprising that 
no conditions affecting the retinal vasculature have been recorded. The dog 
would seem to be a species resistant to vascular hypertension. Attenuation 
of the retinal vessels was described by Catcott (1952), following the admini
stration of quinine sulphate, though Heywood (1973, unpublished) found 
retinal detachment and not retinal atrophy to be a feature of quinine sulphate 
toxicity.

The predictive value of animal studies can at the moment provide only a 
highly qualified assessment of the likely hazards of new therapeutic agents. 
Toxicology lacks a theoretical scientific under-pinning, and remains empirical, 
attempting to correlate reliable animal data with reliable human data. In 
many cases of retinotoxicity recorded in the dog, it would appear that the 
lesions are initiated or restricted to the tapetum. The retina of man is devoid 
of this feature, therefore the findings in dogs may be completely irrelevant. 
Nevertheless it is wise to proceed with great caution in the development of 
any compound that has been shown to be retinotoxic to the dog.
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Retmopathies médicamenteuses chez le chien de race bigle
(Heywood)

Résumé. Des rétinopathies médicamenteuses sont décrites chez le chien de race bigle. L’abord 
est essentiellement clinique et les aspects pathologiques ne sont pas considérés dans leur 
moindre détail. Plusieurs cas de rétinotoxicité sont associés le tapetum rendant difficile 
l’extrapolation de ces découvertes à l’homme.

Dur ch Drogen verursachte Retinopathien bei Beaglehunden
(Heywood)

Zusammenfassung. Beschreibung von Retinopathien bei Beaglehunden, die durch Medi- 
kamente verursacht worden waren. Es handelt sich im wesentlichen um eine khnische Dar- 
stellung; pathologische Gesichtspunkte sind in keiner Weise in Einzelheiten berücksichtigt. 
Viele Fàlle von toxischer Wirkung auf die Retina betreffen das Tapetum und aus den Befunden 
kônnen deshalb keine Schlüsse auf Reaktionen beim Menschen gezogen werden.

Retinopatias inducidas por fârmacos en el perro Beagle (policia)
(Heywood)

Resumen. Se describen las retinopatias inducidas por diversos fârmacos en el perro de raza 
Beagle. El estudio es esencialmente clinico y no se consideran en detalle los aspectos patolôgicos. 
Muchos de los casos de toxicidad retiniana estân asociados con el tapetum haciendo que los 
hallazgos dificilemte puedan referirse al hombre.
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An unusual case of retinal atrophy in the Beagle dog

R. HEYWOOD
Huntingdon Research Centre, Huntingdon PE 18 6ES

ABSTRACT 

A case of retinal atrophy is described.

CASE HISTORY

In the course of routine ophthalmological examinations of Beagle dogs, one
4-month-old male tricolour animal was found in which the retinal vasculature of 
the right eye was absent. The optic disc was present and of normal size. The 
retinal arteries, which enter the globe by means of the optic nerve and normally 
appear as four to eight vessels leaving the margins of the nerve head, were not 
seen. The remains of the venous arc were visible at the optic papilla (Fig. 1). The 
tapetum lucidum was pale yellow but not of the normal granular texture; it was 
very translucent. At the first examination the anterior segment of the eye and the 
lens were normal. The animal was examined at monthly intervals for 6 months 
and during this time there was no change in the abnormal appearance of the optic 
fundus, although a prominent posterior lens sutural opacity appeared. The left 
eye was considered normal throughout the observation period.

HISTOLOGY

The eyes were available for histological examination. When the dog was sacrificed, 
the eyes were removed and fixed in Davidson’s fluid, embedded in fibrowax and 
sections cut at 5 f i m  and stained with haematoxylin and eosin. The section shows 
the inner limiting membrane to be intact and few ganglion cells can be seen; 
otherwise there is complete disorganization of the inner and outer nuclear and 
plexiform layers (Fig. 2). The rod and cone layer is completely absent. The pig
ment layer can be detected. The underlying choroid layer is very thin.

189
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F ig . 1. O phthalm oscopic view of righ t fundus.
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«

F ig . 2. Section o f 'righ t retina. H . & E. x 220.

DISCUSSION

Retinal atrophies have been classified by Barnett (1965). This case of congenital 
atrophy is atypical and of interest in that only one eye was affected.

REFERENCE
Barnett, K.C. (1965) Vet. Rec. 77, 1543.

R ésum é. On décrit un cas d ’atrophie de la rétine. 

Z u sa m m e n fa ssu n g . Ein Fall von Netzhautatrophie wird beschrieben.



J . small Anim. Pract. (1974) 15, 192.

CORRECTION

Pass, M.A. & Johnston, D.E. J .  s m a l l  A n i m .  P r a c t . (1973) 14, 131-142. ‘Treatment 
of gastric dilation and torsion in the dog. Gastric decompression by gastrostomy 
under local analgesia.’ The antibiotic doses on pages 132 and 137 should read 
‘Penicillin (20,000 units/kg) and Streptomycin (8mg/kg)’.
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GLAUCOMA IN THE RAT

By R. H e y w o o d  

H u n t i n g d o n  R e s e a r c h  C e n t r e ^  H u n t i n g d o n

S U M M A R Y

Glaucoma in the rat is described. In Wistar rats buphthalmus was diagnosed. 
In strains of Sprague-Dawley rats the glaucomas were considered to be 
secondary, however, the causes were not easily determined. One case was 
associated with a tumour of the ciliary body; the others were in the main 
associated with intraocular inflammatory disease of the anterior segment. It 
is suggested that there might be an association with the viral disease sialo- 
dacryoadenitis. Certain cases, particularly those that present with cataract 
and localized retinal degenerations, remain undefined.

I N T R O D U C T I O N

Glaucoma is a condition of the eye in which the intraocular pressure is raised. 
There is no method available for the routine determination of intraocular 
pressure in conscious small laboratory rodents, therefore, for the purpose of 
this paper, glaucoma is defined as an enlargement of the globe with protrusion 
from the orbit.

Glaucoma is classified into those cases which occur spontaneously without 
a previous history of eye disease; these are the primary glaucomas. Secondary 
glaucomas are those which occur as complications of other diseases or damage 
to the eye. The condition has rarely been described in the rat. Because of their 
comparative interest these clinical and pathological observations are presented.

M A T E R I A L S  A N D  M E T H O D S

The rats examined were involved in 64  toxicological studies at the Huntingdon 
Research Centre, and comprised in total 6816 animals (equally divided with 
respect to sex). Seventy-five per cent of these animals were receiving variable 
amounts of test compounds, while the remaining animals were controls. The 
compounds under evaluation were drugs, agrochemicals and food additives. 
The test compounds could in no way be related to the incidence of glaucoma. 
Examination was made using an indirect ophthalmoscope, the photographs 
were taken using the Kowa II medical camera. Throughout the investigations, 
the rats were housed five to a cage in animal rooms in which the temperature
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and relative humidity were controlled at 2 i°C and 55 per cent respectively. 
The animals were fed a standard autoclaved laboratory diet and had access to 
water at all times. In general the rats used in toxicological studies were random 
bred substrains of Sprague-Dawley origin; occasional rats of the Wistar strain 
were examined.

RE S U LT S

The glaucomas have been arranged to include those occurring in weanling rats 
and those found in adult animals.

G l a u c o m a s  i n  w e a n l i n g  r a t s  

Glaucoma has been seen on three occasions only, all of which were in a 
sub-strain of Wistar rat. This is a strain of rat not used in our toxicological 
studies and no incidence figure can be given. The condition was first diagnosed 
in weanling rats, that is 3 -4  weeks of age. Clinically the eyes were prominent, 
there was some keratitis and, in all cases, there was luxation of the lens (Fig. i).

%
Fig. I .  Buphthalmus Wistar rat. Irregular protrusion of cornea, with keratitis and luxation 
of the lens.

Two cases were unilateral and one bilateral. The luxation of the lens was not 
considered to be primary but was thought to be due to stretching and rupture of 
the suspensory ligament due to pressure. The animals were killed and histo
logical examinations made of the eyes. Microscopy revealed infiltration of the 
corneas with neutrophils. The retinas showed the inner limiting membrane to 
be intact, but with complete disorganization of the ganglion cells and the inner 
plexiform layer, the inner nuclear layer had marked degenerative changes 
(Fig. 2). In the clinically normal eyes of these rats, there was histological 
evidence of early retinal degeneration (Fig. 3).
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Fig- 3

Fig. 2 . Section through retina of buphthalmic eye ( x 8oo). {a) Disorganized ganglion cells 
and inner plexiform layer, [b ] Inner nuclear layer.

Fig. 3 . Early retinal degeneration Wistar rat ( x 8oo).

G l a u c o m a s  i n  a d u l t  r a t s
These cases were diagnosed in adult animals, 12 weeks of age or more. 

Animals from the three sub-strains of Sprague-Dawley rat used at Huntingdon 
Research Centre were involved.

Forty-three animals (20 males and 23 females) from the 6816 rats under 
experiment were found affected. In 60 per cent of cases the glaucoma was 
unilateral. The diagnosis was made on increased globe size. An attempt was 
made to define those parts of the eye first affected and any secondary signs that 
might develop thereafter. The results are shown in Table I.

The cornea was primarily affected in 19 per cent of cases recorded. If the 
eyes were examined early enough a “steamy” cornea was seen, but the majority 
appeared as a keratitis with varying degrees of vascularization (Fig. 4).

The iris was also involved in 19 per cent of cases. In the early cases there was 
an intense iritis (Fig. 5 ) which, when it subsided, resulted in synechias and 
cases of iris tear (Fig. 6).

The lens was involved in six animals (13 per cent) and in five of these there 
was swelling of the lens (Fig. 7). These cases of cataract were found on histo
logical examination to be associated with areas of retinal degeneration. One 
other case presented as a luxated lens.

The retina was primarily affected in 37 per cent of the 43 cases. These 
primary retinopathies could be divided into two distinct types, one a general
ized and diffuse retinopathy and the other a series of localized areas of damage.
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Fig. 4. Keratitis. Fig. 5. Iritis. Fig. 6. Iris tear. Fig. 7. Glaucoma cataract.

The normal rat retina shows a pink reflex. There is neither an optic disc nor a 
macula. The position of the optic disc is defined as that point from which the 
retinal vessels radiate. There are usually five to eight arteries and veins. 
Normally the arteries are straight and even in calibre, they radiate from the 
centre towards the periphery and in their course they divide. The veins alter
nate with the arteries and are broader.

With the general diffuse type of retinal atrophy, the retina lost its pink 
reflex and became clear and luminescent. The arteries were markedly atrophied 
and the area around the optic disc became dull and grey. The underlying 
choroidal vessels lacked definition. Histologically (Fig. 8) the significant change 
is that although the layers of retina are still present they are thinner than 
normal and compressed together. This type of pressure atrophy was clinically
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diagnosed in 14 of the 43 cases, though at the end of the survey 44 per cent of 
the affected animals showed histological evidence of this type of retinal atrophy.

The localized form of retinal damage appeared as abnormalities of discrete 
sections or areas of the retina. These areas appeared luminescent, the retinal 
arteries surrounding the damaged sections were thin and followed a tortuous 
course. However, in these areas the choroid vessels were clearly visible. In these 
local areas (Fig. 9) there is loss or damage to several retinal layers, from the 
inner nuclear layer to the pigmented epithelium layer. The other parts of the 
retina appeared to be normal. Six rats showed this type of atrophy, and in four 
of these there was associated cataract.

Three rats showed such a variety of signs, particularly haemorrhage into the 
anterior chamber of the eye, which made identification of other changes 
impossible. These cases were classified as absolute glaucomas.

«

Fig- 9

Fig. 8. Pressure atrophy of retina. ( X 800).
Fig. 9. Localized retinal atrophy (X250). Note abrupt change from normal retina.

D I S C U S S I O N

The three cases of glaucoma recorded in weanling Wistar rats, were considered 
to be congenital, and might more properly be called buphthalmus. It is of 
interest to note that Addison & How (1926) reported a single case of congenital 
hypertrophy of the eye in a Wistar rat.

The glaucomas recorded in the Sprague-Dawley rats are not easily categor
ized. They occurred in three sub-strains of animals and were considered to be 
secondary glaucomas. Increase in the intraocular pressure can be a complica
tion of several conditions. Intraocular neoplasia are rare in rats, but in one 
female rat that was classed as an absolute glaucoma, an amelonotic malignant 
melanoma was found in the ciliary bodies of both eyes (Fig. 10). This is be
lieved to be the first tumour reported of the ciliary body of the rat.

Many of the other cases (67 per cent) could be associated with infections of 
the anterior segment of the eye. The eye of the rat is subject to keratocon
junctivitis (Heywood, 1973). Two distinct disease patterns are recognized, the 
purulent keratoconjunctivitis, associated with coagulase positive staphylococci,
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Fig. 10. Tumour of ciliary body.

and the more common sialodacryoadenitis. Sialodacryoadenitis is a viral disease 
of young rats. Clinically the rats show maxillary swellings and protrusion of the 
eyes due to enlargement of the Harderian gland. Secondary conjunctivitis, 
keratitis and iridocyclitis are common. Permanent damage to the cornea and 
synechias may be a sequel in 10 per cent of the affected animals. The pathology 
of this condition has been described by Innes & Stanton (1961). In the 64 
toxicological studies in which 6 8 16 rats were involved, there were 2 1 outbreaks 
of sialodacryoadenitis when the animals were approximately 6 weeks of age. 
It may be significant that there was a higher incidence of sialodacryoadenitis 
(58 per cent) in the rats which suffered from glaucoma, and it may be that the 
conjunctivitis, keratitis, iridocyclitis and consequent synechias are responsible 
for mechanical interference of the drainage of aqueous humour and thus the 
glaucomas.

The high incidence of retinal damage is not inconsistent with glaucomas in 
other species. Typically the inner layers are the most severely involved, with 
degeneration of the ganglion cells and the inner nuclear layer.

The six cases of localized retinal degeneration, four of which were associated 
with cataract, are not easily or satisfactorily explained. Saunders (1967) has 
recorded similar cataracts and retinal degenerations in Sprague-Dawley rats, 
but he was unable to transmit the condition in a series of breeding experiments.
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He made no mention of increased intraocular pressure but stated that the rats 
had normal blood sugars. In the cases recorded in this paper the blood sugars 
were also within the normal range but the globe size was noticeably enlarged.

Glaucoma in the rat presents many symptoms similar to those described in 
other species, though more observations must be made to elucidate the causes, 
particularly of the secondary glaucomas.
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Les glaucomes chez le rat 
(Heywood)

Résumé. On donne une description des glaucomes chez le rat. On diagnostiqua le buphthal- 
mus chez des rats Wistar. On considère comme secondaires les glaucomes chez des rats Sprague- 
Dawley et on en détermine mal les causes. On lia un des cas avec une tumeur du corps ciliaire; 
en général, on associa les autres avec une maladie inflammatoire intraoculaire du segment 
antérieur. On suggère qu’il pourrait y avoir une association avec la maladie virale du segment 
antérieur. On suggère qu’il pourrait y avoir une association avec la maladie virale sialod- 
acryoadenite. Certains cas, en particulier ceux qui s’accompagnent de cataractes et de dé
générescences rétiniennes localisées restent indéterminés.

Glankoma bel Ratten 
(Heywood)

Zusammenfassimg. Beschreibung des Glaukomas bei Ratten. Bei Wistar-Ratten wurde 
Bouphthalmus diagnostiziert. Bei Sprague-Dawley Ratten wurden Glaukomata als sekundar 
diagnostiziert, jedoch liessen sich die Ursachen nicht leicht feststellen. In einem Fall bestand 
ein Zusanunenhang mit einer Geschwulst des Ziliarkôrpers, bei den andem hauptsachlich 
mit intraokulâren Entzündungen des vorderen Segments. Mann nimmt an, es kônne ein 
Zusammenhang mit einer Virusinfektion des vorderen Segments bestehen oder mit einer 
Virusverursachten Sialodakrysadenitis. Über manche Fâlle, besonders solche die mit Katarakt 
und lokalisierter Degeneration der Retina einhergehen, lâsst sich keine Erklârung geben.

Glaucoma de las ratas 
(Heywood)

Resumen. Se describe el glaucoma de las ratas. En ratas Wistar se diagnosticô buflalmo. En 
cepas de las ratas Sprague-Dawley, los glaucomas se consideraron secundarios, pero las causas 
no se pudieron determinar fâcilmente. Un caso se asociô a un tumor del cuerpo ciliar; los 
otros, principalmente, estuvieron asociados a enfermedad inflamatoria intraocular del seg
mente anterior. Se seguere que pudiera habar una relaciôn con la enfermedad viral del seg- 
mento anterior. Se sugiere que pudiera haber una relaciôn con la enfermedad viral sialo- 
dacrioadenitis. Ciertos casos, en particular lo que presentan cataratas y degeneraciones locali- 
zadas de la retina, continùan sin definirse. 4
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Biochemical Studies on the Aqueous Humour of 
Rhesus Monkeys (Macaca mulatta)

R. H e y w o o d  and A.E. Street  

H untingdon Research Centre, Huntingdon

Key Words. Rhesus monkey • Aqueous humour • Biochemistry

Abstract. Aqueous humour of rhesus monkey eye contains lower concentration of 
glucose and excess of sodium and chloride ions in comparison to constituents of serum of 
the same animals.

I n t r o d u c t i o n

The use of the primate animals for toxicological research necessitates 
establishing many normal parameters; this paper presents some values for 
the aqueous humour of rhesus monkeys.

M a t e r i a l s  a n d  M e t h o d s

Twenty-three rhesus monkeys, aged 21/2-3 years, were investigated. A blood sample 
was taken immediately before the animals were killed. Deep anaesthesia was then induced 
with sodium pentobarbitone i.v., and the monkeys were exsanguinated by incision of the 
carotid blood vessels. Immediately afterwards the eyes were dissected from the sockets 
and the aqueous humour removed from the anterior chamber.

Glucose and chloride were measured in the Technicon Autoanalyser, sodium and 
potassium by the EEL flame photometer and osmolality with an osmometer. The paired 
data were subjected to statistical analysis for the determination of significant differences.

R e s u l t s  a n d  D i s c u s s i o n  

The results are presented in Table I.
The concentration of glucose in the aqueous humour was significantly 

less than that in the serum, the difference being statistically significant at the
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0.1 % level of probability. Determination of electrolytes revealed that there 
were significantly more sodium ions in the aqueous humour than in the 
serum. This bears out Davson’s [1969] findings that in many species there is 
a significant excess of this ion in the aqueous humour over that found in the 
dialysate of plasma from the same animals. We found that the concentration 
of chloride in the aqueous humour of monkeys was also significantly higher 
than that found in the serum. The potassium ion concentration was the same 
in the aqueous humour and the serum. Measurements of the total osmolality 
showed that the aqueous humour and serum were equimolar; this suggests 
that excess of sodium and chloride ions is counterbalanced by a deficiency 
of other ions.

The values obtained from monkeys’ enucleated eyes cannot directly be 
compared with the values reported from man in which samples of aqueous 
humour have been obtained i n  v i v o  under anaesthesia. Nevertheless, the levels 
of chloride found in rhesus monkeys are similar to those observed in man by 
de-Benardinis e t  a l .  [1965], and the glucose concentration is similar to 
that observed in man by Pohjola [1966].

R e f e r e n c e s

D a v s o n , H. : The eye, vol. 1, p. 92 (Academic Press, New York 1969). 
d e -B e n a r d in is , E .; T ie r i , O.; Ju g l io , N ., and P o l z e l l a , A.: The chemical composition 

of the human aqueous humour in normal and pathological conditions. Expl Eye Res. 
4 : 179-186 (1965).

P o h j o l a , S. : The glucose content o f the aqueous humour in man. Acta, ophthal., suppl. 88 
( 1966).

Dr, R. H e y w o o d , Huntingdon Research Centre, Huntingdon (England)



Laboratory Animals (1976) 10, 389-392. 3g9

RETINAL DETACHMENT IN THE RAT

by

R. HEYWOOD

Huntingdon Research Centre,

Huntingdon, PE\% 6ES

S U M M A R Y

Retinal detachment is uncommon in the rat. Retinal atrophy, rosette 
formation and folding of the retina are some of the sequelae following re
attachment.

Retinal detachments, either spontaneous or congenital in origin, rarely 
occur in the rat. The occasional anomalies of the fundus, such as retinal 
folds or nonattachments, are usually considered to be congenital (Rubin, 1974). 
Spontaneous separation of the retina from the choroid has not been recorded 
hitherto in rats. Such spontaneous detachments can be produced by force, 
for example by exudates pushing the retina forward, or by traction within the 
eye pulling the retina inwards. This paper describes cases of retinal detach
ment in a substrain of Sprague-Dawley rats.

MATERIALS AND METHODS

The rats were a cross-fostered litter of 12 male animals. At 3 weeks of age 
they were examined with an indirect ophthalmoscope because the eyes appeared 
more prominent than normal and the fundic reflex was white. After examina
tion 6 of the rats were killed. The other 6 animals were examined 2 weeks 
later, when 3 of them were killed, the remaining 3 being maintained for a further 
2  weeks.

The eyes were removed immediately after death, fixed in Davidson’s fluid 
and embedded in fibro-wax. Sagittal sections were cut at 5 pm and stained 
with haematoxylin and eosin.

RESULTS

Examination of the eyes revealed a normal anterior segment and lens. The 
pupillary light reflex could be detected. Ophthalmoscopic examination of 
the fundus showed variable degrees of retinal detachment. In the most 
severely affected animals, the retina was near the posterior surface of the lens
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and the retinal vessels within the retinal folds could be seen behind the dilated 
pupil; in other animals the detachments were more localised. They were 
bilateral in 10 o f the 12 animals and unilateral in 2.

The retinas o f the 6 animals that were maintained after the first examination 
were found not to be detached 2 weeks later, but showed areas o f increased 
reflectivity in which the retinal vasculature was absent. 1 rat showed exten
sive haemorrhage into the vitreous humour.

The 3 rats that were maintained for a further 2 weeks showed a delayed 
pupillary light reflex when examined subsequently. The fundus displayed 
bright white zones, which were thought to indicate focal retinal choroidal 
destruction.

There were no gross morbid anatomical findings made on the eyes at necropsy. 
Microscopic examination showed that the detachments apparent on ophthal
moscopic examination were attributable to exudate between the sensory 
retinal layer and the pigment epithelial layer. In some cases the retina was 
attached only at the ora ciliaris retinae (Fig. 1). The retinas o f the rats which 
were maintained for further observations showed anomalous differentiation o f 
their layers, frequently associated with folding or rosette formation (Fig. 2). 
in the less severely affected eyes there were varying degrees o f retinal atrophy, 
taking the form o f disorganisation o f the retinal layers (Fig. 3).

Fi^. 1. Retinal detachment in a rat. Haematoxylin and eosin. Line represents 200 pm.
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Kip. 2. Retinal foldiii” or rosette formation in a rat. Haematoxylin and eosin. Line
represents 200 pm.

Fip. 3. Retinal atrophy in a rat. Haematoxylin and eosin. Line represents 200 pm.
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This histological evidence, together with the clinical observations would 
suggest that the retinas had reattached to the underlying choroid.

DISCUSSION

The aetiology of retinal atrophy in the rat is not well defined. The inherited 
retinal dystrophies which are transmitted by an autosomal recessive gene, have 
received most attention (Bourne, Campbell & Tansley, 1938; Dowling & 
Sidman, 1962; Yates, Dewar, Wilson, Winterburn & Reading, 1974). Retinal 
damage induced by light has also been investigated (Noell, Walker, Kang & 
Berman, 1966; Noell & Albrecht, 1971). In a recent paper, Schardein, Lucas 
& Fitzgerald (1975) described retinal dystrophies occurring spontaneously in 
about 4% of Sprague-Dawley rats. The lesions described comprised focal or 
diffuse absence of the outer layers of the retina, and were similar to those en
countered in this study following retinal reattachment.

The factors initiating the retinal detachment seen in the rats which we ob
served are not known. The fact that all the rats in this cross-fostered litter 
were affected suggests that genetic or congenital factors are not implicated. 
Inflammatory reaction was not a feature of the lesions, neither was it recorded 
by Schardein e t  a l  (1975). The eyes sectioned at the time of detachment 
showed no histological change in the layers of the retina, though retinal 
dystrophies were found in rats examined following reattachment. This sug
gests that the retinal changes were induced as sequelae to retinal reattachment.

During the last 2 years I have recorded an increasing incidence of clinically 
and histologically detectable retinal dystrophies in Sprague-Dawley rats. The 
incidence varies considerably from batch to batch, but the clinical signs have 
been apparent in rats only 12 weeks old. The incidence does not appear to 
increase with age. The finding of this cross-fostered litter with all animals 
affected suggests that many of the anomalies of the retina and local areas of 
atrophy seen in Sprague-Dawley rats could be sequelae to early retinal detach
ment and subsequent reattachment.
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Age changes in the eyes of the Beagle dog
R. HEYWOOD, P. L. HEPWORTH a n d  N. J. VAN ABBE*

Huntingdon Research Centre, Huntingdon and *Beecham Products, Leatherhead, Surrey

ABSTRACT

Changes with age in the eyes of Beagle dogs are described clinically and 
histologically. Lenticular changes involve increased prominence of the 
posterior lens sutures and opacity within the fetal nucleus. Cystoid 
degeneration of the retina was found in 85% of 8-year-old animals 
examined. A pigmentary change of the retina was found to be associated 
with focal degenerative change of the tapetum. No case of retinal atrophy 
was recorded.

IN TR O D U C TIO N

The eye of the Beagle dog undergoes a normal progression of change which can 
be related to age. These changes are of particular interest to those engaged in 
toxicological research, but they also help the veterinary clinician to interpret 
specific clinical findings.

Few papers have been published in this field. However, Heywood (1971b) 
described developmental change in the lens of the young Beagle, and Bellhorn 
(1973, 1974) surveyed ocular findings in 4-10 month old Beagles, while Schiavo 
& Field (1974) evaluated the incidence of ocular defects in a closed colony of 
532 Beagle dogs of varying age.

This paper describes developmental features of the eye found in dogs of 8 years 
of age.

MATERIALS AND METHODS

The eyes of eighty-six pure-bred Beagle dogs (forty-six male and forty female) 
were examined, using the Fison binocular indirect ophthalmoscope, and photo
graphs were taken with a fixed beam camera and the Kowa I I  medical camera. 
The full dilation of the pupils necessary for this examination was achieved using 
one drop of a 1 % solution of tropicamide instilled into the conjunctival sac.

171



172 R.  H E Y W O O D  et a l.

00

I
•I
I
Cj

f
g

<Ü
A

.s
- Sc
te

g

0

S

to

to

LO

03

H« 0)
<u

' ' I

, yo3
K

c3
K

lO  (U

E
h|m pJ 
■<f V

Hm
CO (L>

S

L,

(N ^  

M 2

H|N  ̂
^  «

Sh

- K

O <03 o iT3
lO en tô

CM
en ô- en 00

en to O lO 1-Ho
( N

2
en 6 A o ob

en to en en o o
CN

2
03 <33 o

en Ÿ en en i-Ho cp
<N A 03 03 r ô o ô

en Ÿ o en I-Hco un
CN ô» ô « <33 ô o en

en 03 to O co un
( N en A ô o en

to 03 lO OO co 1
4 en en lô O ô o
03 to tO 00 to i~(
lO Z en lô o 4 o
to to en co to '—1
4

z
CM lô o 4 o

co en t—1 co tolô 03 ô o o o
co co lOlô lô en o o o
en
CN o o o o o o
to4 o o o o o o
en
CM o o o o o o
lO 00
en lô o o o o o o

O lô o o o o o o

Uo3
ê -

134J

§
ü

2 33 Vc/3 'y

11o ü
■ g ^

c
'ë

uOj
a

1 1 ^
«J b — 03 e

(d

e 3S3 wj A

;(Ü

- a

Æ 0  a: <  a;

- g
rO

§

A

s

D



A G E  C H A N G E S  IN T H E  EYES  OF T H E  B E A G L E  D O G  173

Although the dogs were taking part in a toxicological trial, the test compound 
was known not to affect the eyes.

The first examination was made when the dogs were 6 months old and was 
repeated at 3-monthly intervals until the end of the study when the dogs were 8 

years old. At this juncture the animals were killed; the eyes were dissected from 
the orbit immediately after death, using the technique described by Saunders & 
Jubb (1961), and placed in Davidson’s fluid. After fixation the calottes were 
removed and the eyes embedded in fibro wax. Sagittal sections were cut at 5 p m  

and stained with haematoxylin and eosin.

RESULTS
Ocular findings at 6-month time intervals are presented in Table 1.

The only other significant ophthalmoscopic observation was an irregular 
tearing of the retina in one 3f-year-old dog. Re-attachment of the retina occurred 
within 1 week and healing was complete within 6 weeks.

The results of the histological examination of the eye are presented in Table 2.

T a b le  2 . Histological findings

Incidence (%)

Keratitis 3 5
Cystoid degeneration of retina 84-9
Thinning and absence of tapetal cells 58
Pigment cells in rod and cone layer 11
Scarring of retina 11
Calcified body 11

DISCUSSION
The corneal lesions were attributable to trauma and minor infections, and were no 
doubt in some way related to bedding the dogs on sawdust. The incidence was 
constant throughout the study and little significance is attached to any of the 
corneal findings.

Several interesting lens changes were seen. Prominent lens sutures, that is those 
detectable by indirect ophthalmoscopy, have been described by Heywood 
(1971b) and Bellhorn (1973) and both authors agree that these sutures disappear 
with maturity. This study indicates that the phenomenon reappears when the 
animals are 3 years old and that there is a progressive increase in the presence of 
the posterior lens sutures with age.

Peripheral capsular opacities associated with the ends of the posterior suture 
lines resolved at maturity, but were seen to reappear when the animals were about
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3i years old, and gradually increased in incidence until they could be detected 
in 7% of the 8-year-old animals examined.

The other opacities seen were mainly associated with the posterior lens capsule, 
where they appeared as streaks or plaques. They were first noted in 3-year-old 
animals and showed an increased incidence with age. These opacities were mainly 
unilateral, though three animals developed bilateral posterior capsular opacities. 
In only one dog was the anterior capsule involved. These posterior capsular 
opacities associated with increasing age were very similar to those described by 
Heywood (1971a) in young Beagle dogs.

The commonest opacity seen involved the fetal nucleus; the youngest dog to 
display this was only 3 years old. Most dogs from 5 years of age show some degree 
of nuclear sclerosis but for the purpose of the survey only those showing distinct 
opacities of the nucleus were recorded. The incidence of this type of opacity 
gradually increased until the animals were 7 years old, but in the last 6 months 
of the study the incidence doubled.

During the course of sectioning the eyes for microscopic examination the lens 
became extensively shattered and therefore no attempt was made to correlate 
clinical cataracts with histological change.

Asteroid bodies were found in three 8-year-old dogs; this degenerative change 
of the vitreous has been described by Rubin (1963).

No overt case of retinal atrophy was encountered, and this was confirmed by 
histological examination. The clinical change seen most frequently was an appar
ent increase in the pigmentation of the tapetum. Two distinct clinical entities 
were noted. The first was apparent in only one animal, a 4-year-old dog, in which 
the predominantly yellow tapetum developed a diffuse grey/green mottling. 
There was no change in vascularization and the condition was not progressive. 
Histologically this was characterized by cells migrating into the rod and cone 
layer (Fig. 1). This migration was more marked in the area adjacent to the 
tapetum lucidum though it was present over the whole of the retina. Light 
microscopy did not reveal the true nature of the cells, whether they were migrating 
pigment epithelial cells or neuronal cells of the outer ganglion layer.

The other pigmentary change was noted in dogs aged 5 i  years or more, and 
in these cases was progressive. It first was apparent as discrete brown pigment at 
the junction of the tapetum lucidum and tapetum nigrum. The pigmentation was 
progressive and in several animals involved large areas of the tapetum which 
terminally had a brown peppered appearance. Histological examination revealed 
abnormalities in the cells of the tapetum, in all but one case. In some areas there 
was a complete absence of tapetal cells and, in others, degenerate tapetal cells 
with pyknotic nuclei were seen (Fig. 2). There was no evidence of increased 
pigmentation in the pigment epithelial layer nor in the ganglion layers. The 
apparent increase in pigmentation seen clinically was attributable to focal absence 
of tapetum. This condition is considered to be a degenerative condition of the 
tapetum only, and possibly part of the ageing process of dogs.
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I-'iG. 1. Abnormal cells in the rod and cone layer, x 280.
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F ig . 2. Abnorm al tapetal cells, x 700.
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The most common histological finding in the retina was cystoid degeneration, 
which was found in 85%  of animals. The cysts were single or multiple at or near 
the ora ciliaris retinae (Fig. 3). It  is generally accepted that this is a common 
degenerative condition of the retina with age (Rubin, 1974).

F ig . 3. Cystoid degeneration of the retina, x 188.

(3kun, Rubin & Collin (1961) described retinal breaks and tears in 62% of 
aged dogs. As the present survey showed only one case of retinal tear, presumably 
our dogs were not of sufficiently advanced age. An irregular tearing of the retina 
was noted in one 3^-year old dog; reattachment of the retina occurred within 1 
week and healing was complete within 6 weeks.

O ne dog displayed a calcified body between the pigment epithelial layer and 
the choroid.
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