


DEPOSITED BY THE FACULTY OF 

GRADUATE STUDIES AND RESEARCH 

MAGILL 
UNIVERSITY 

I LIBRARY 







lEl̂ TS-RUPTURS 

A Nevj Recessive Gene in the Mouse 

by 

Mbe Lionel Herer 

Ä Thesis subMtted to the Faculty of 

Graduate Studies and Research, I£cGill 

IJniversity, in Partial Fulfilnent of 

the Requirements for the degree of 

Master of Science 

- 1948 



2ABIS OF C0M!i?EK:i?S 

Page 
I . INmODUCSIOK 

A. General I n i r o d u o t I o n • • . . . . , . . . 1 

B. Review of L i t e r a t u r e 

(1) llhe nonnal eye , , . . . . . . • 2 

(2) Repor ts on anomal ies s i n i l a r to l e n s - r u p t \ i r e . , 3 

I I . EXE2RII.ISiJ2AL WORK 

A. I l a t e r i a l s and l lethods 9 

B, Genet ics 

(1) Tho h e r e d i t a r y n a t u r e of l e n s - r u p t u r e . , 11 

(S) Linkage S t u d i e s 13 

(a) 1*8st f o r l i n^^^e v/ith a l b i n o 13 
(b) l e s t f o r lini-iage vrith f l e x e d - t a i l anerrda. 14 
(c) Tes t f o r l i nkage wi th •'.vaved'"^ 16 
(d) Tes t f o r lini^age wi th shaker^ 17 
(e) 2os t f o r l inlcage wi th Agouti . , 18 
( f ) Tes t for . s ex - l i nkage , , . , 19 
(g) Test f o r p a r t i a l s ex - l inkage 19 

(3 ) Conclus ions 21 

C, Observat ions on l e n s - r u p t u r e and norriial eyes 

(1) iJacroscopic 23 

(2) D i s s e c t i o n 29 

(3) H i s to logy 34 

I I I . PISGUSvSION 

A. Genetic Data 36 

B, Physical observations 37 

0. Theories of Pathogenesis , 37 

D. Conclusions , , 41 

IV. sumaRY , 43 

V. ACOa7LEDaK.3NTS 44 



VI. BIBLIOCHAPHY • 45 

VI I . DESGRIFTIOH OF FIATIÜS 51 



1. INTRODÜCTION 

A. General Introduction 

Lens-rupture, the eye anomaly discussed 

in this thesis was first observed in 1946 by Dr. F. C. 

Fräser in the F of a cross between the albino A strain 
2 

and an inbred albino stock homozygous for the flexed 

tail (f) gene. 

Observations of the parent strains 

showed the flexed tail albino stock to be similarly 

affected. 

The condition is termed lens-rupture 

because it involves extrusion of the nucleus of the lens, 

through a rupture in the lens capsule, into the vitreous 

Chamber of the eye. 
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B. Review of literature 

(1) The normal eye 

Histogenesis of the eye in the normal house 

mouse and other manimals has been investigated and reported 

on by Chase and Chase (1941); Jordan and Kindred {l^/^2); 

Mann (1923, 1937); Keeler {1927J; Keeler, Sutcliffe amd 

Chafee (1928); and Loeffler (1929). 

A brief description of the normal mouse eye-

ball (Fig. 1) based on their reports is presented below. 

The eyeball consists of three concentric 

coats enclosing a cavity filled with three of the four light 

refracting media. The coats are (1) an external fibrous 

sheath divided into (a) a proximal, white part, the sclera 

and (b) a distal transparent part^ the Cornea; (2) a 

vascular and muscular middle layer divided into (a) a 

proximal part, the choroid, (b) a distal part, the iris , 

which Controls the diameter of the pupil and (c) the 

ciliary muscle, with attached ciliary ligaments holding 
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the lens in place behind the iris; (3) an internal 

nervous coat, the retina which surrounds the proximal side 

of the vitreous body. 

The refracting media are (1) the Cornea, 

(2) the aqueous humor, vihich lies proximal to the Cornea, 

and is contained in a space divided by the iris into the 

anterior and posterior aqueous Chambers, (3) the large, 

crystalline lens, behind the iris, and (4) the vitreous 

body which occupies the proximal portion of the interior 

of the eyeball. The hyaloid artery ;vhich in the embryonic 

eye Springs from the optic pit and supplies the lens 

usually degenerates shortly after birth, but may psrsist 

in normal mouse eyes as late as four months of age. 

(2) Reports on anomalies similar to lens-

rupture . 

Genes cauaing pathological conditions in the 

eye are known in mice as in other mammals. No report has 

been found of a condition identical with lens-rupture. 

Conditions bearing some similarities to lens-rupture are 

well-known. In the sections beloxv several of these con­

ditions will be outlined. 

Cohrs (1933) described a condition in the 
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house mouse which he had observed in histological pre-

parations after the breeding stock had been killed off. 

He reported on three animals; one of the three had 

cataract and persistent hyaloid artery; all showed a 

loss of the layered structure of the retina, not sLmilar 

to that occurring in lens-rupture mice. The retina was 

folded and irregulär, and he mentioned the Observation 

of i.a tear in the lens capsule (linsencapselriss). His 

Illustration (Fig. 2) showed a hollow lens torn away 

from its ciliary supports. 

Koch and Gowen (1933) reported a recessive 

gene in the house mouse in which they illustrate deformities 

in the shape of the lens and irregularities in the retina. 

The writer is at present endeavouring to obtain further 

Information about the anomaly from the authors. (Fig. 3)'» 

3mith and Barrentine (1943) reported a 

case of cataract in the rat, inherited as a dominant 

factor vghich involves irregularities in the shape and decrease in 

the size of the lens. 

Bourne and Gruneberg (1939) reported a 

recessive gene in the rat responsible for degeneration of 

the retina beginning at three weeks of age. Later in 
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life, many of the animals develop lenticular changes 

which may lead to cataract. Persistent hyaloid artery 

occurs frequently in their cataract stock and not in 

normals. The Illustration (Fig. 4) of their article 

shov/3 an exaggerated bulging of the posterior curvature 

of the lens (posterior lenticonus) containing the lens 

nucleus pressed up against the posterior lens capsule, 

which is torn posteriorly. The authors* illustration 

makes it clear that the terminal lesion they refer to is 

the equivalent of the ophthalmological term hypermature 

Morgagnian cataract (a fluid cortical cataract in which 

a hard nucleus is floating). Griuieberg (1943) states 

that the condition described may be similar to that re­

ported by Cohrs (1933) in the mouse. 

Rochon-Duvigneaud (1928, 1943) reported 

cases of abnormalities of the lens in moles. The 

anomalies mentioned and illustrated included lenticonus 

anterior (Fig. 5), &nd lens-rupture with extrijsion of lens 

matter as a posterior herniation- (Fig. 6). 

No cases of hereditary lens-rupture have 

been reported as such among humans. Published reports 

on cases of rupture of the lens include papers by 
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Shoemaker (1910); Gonzalez (1919); Kaufman (1933); 

Osterburg (1936); Knapp (1937); Beisbarth (1937); and 

Ehrlich (1946). 

Features commonly mentioned in these re­

ports of rupture of the lens capsule among humans include 

observations of a lenticonus (posterior or anterior) 

complicated by the development of hypermature Morgagnian 

cataract followed by a rupture of the lens capsule re-

sultiDg in expulsion of liquified lens matter and/or 

nucleus into either the aqueous or vitreous Chambers of 

the eye. In some cases, glaucoma was observed after 

rupture of the lens capsule. 

Ophthalmologists speculating on the factors 

involved in such ruptures have proposed the following 

factors - inJury, glaucoma, degeneration of the layers of 

the posterior lens capsule, persistence of the hyaloid 

artery, developmental defects, Morgagnian cataract, and 

heredity. 

Berens (1936) states that lenticonus in 

humans is an anterior or posterior conical Protrusion of the 

lens substance covered by capsule or connective tissue; and 

that the posterior lenticonus variety is due to the tractioa 
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of the hyaloid artery or to fetal defects, or to rupture 

of the lens capsule, 

Wolff (1935) states that lenticonus 

posterior consists of a Protrusion of lens matter into the 

vitreous Chamber and he emphasizes the. hypothetical role 

of the hyaloid artery in such a process. 

Stricker (1899) outlined I6 cases of 

lenticonus which had been observed and reported in humans. 

He discusses four cases in which the affected individuals 

demonstrated bilateral lenticonus from which he drew the 

conclusion that lenticonus is congenital, (present at 

birth). 

Bach (I898) observed three cases Qf 

bilateral posterior lenticonus in rabbits and Claims that 

a disturbance in the development of the lens is the cause 

of posterior lenticonus. 

Ophthalmological techniques for observ-

ing the early stages of lenticonus in humans are inadequate 

for gathering data which will distinguish between cause and 

effect in the manifestations of the ̂ oceäses as similar as 
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lenticonus and lens rupture. Hypotheses therefore, based 

on these data, contribute little to the understanding of the 

true factors involved in humans. A final decision must be 

based on a histological study of the process of lenticonus 

in humans. 

Ehrliich (1946) discussed a case of 

lenticonus in man described by Zavalia and Oliva (1939) in 

which two brothers developed uncomplicated anterior lent­

iconus at puberty, one unilaterally. Because the parents 

were cousins. Ehrlich believed that "this emphasizes the 

role of heredity in their report, ... although apparently 

it plays no part in any of the cases mentioned elsewhere in 

this paper." 

Numerous cases of lenticonus (posterior and 

anterior) have been reported and described in man. References 

to theee articles will be found in -the;. ,.. Bibliography 

under the titten reports on lenticonus. 
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II. EXPERBiENTAL WORK 

A. Materials and Methods 

The mouse strains used during the course 

of these investigations were the flexed-tail stock, the A 

2 2 
stock and the BAgwa sh stock. Observations were made on 

normal and lens rupture mice at intervals throughout life. 

A low povjer dissecting microscope was 

used for in vivo observations of normal and lens-rupture 

eyes. Vilhen non-albino mice were examined, one drop of 1% 

homatropine was applied to the Cornea of each eye thus 

cauaing dilation of the pupil and facilitating examination 

of the vitreous segment of the eyeball. 

lyhere post mortem examinations of mouse 

eyes were required, the mouse was killed by severing the 

spinal cord in the cervical region, macroscopic observations 

having been made and recorded immediately prior to death. 

The eyes of the freshly-killed mouse were instantly removed 

and fixed in Bouin«s Picroformol. 

For histological examination eyes were em-

bedded in paraffin or celloidin and stained with Harris* 

haematoxylin and eosin. 

For purposes of dissection, whole eyes were 
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removed from fixative and mounted on slides 1" square in 

soft par-affin (colored by the addition of carbon black) 

which vms allowed to solidify about them. The eyes vrere 

then dissected under water on the stage of a binocular 

dissecting microscope and observations recorded. In some 

instances the dissections were photographed. 

For measurements at the scleral-corneal 

junction, a Standard microscope was used. (2X lens and 

7X micrometer ocular). 
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B. Gronetics 

(1) The hereditary nature of lens-rupture 

Reciprocal matings of lens-rupture mice 

2 2 
with individuals from normal strains (A strain; B/igwa sh 

strain) produced 11 litters totalling 64 (32d:32$) off-

spring, all phenotypically normal after 12 weeks of age. 

Grosses among lens-rupture mice produced 

53 litters totalling 301 (149cJ:152$) off spring of which 

295 were affected by nine weeks of age; 6 (4,d:2$) of the 
(in four litters) 
progen/ remain phenotypically normal ^ '^t • 5 months. 

170 (75c?i955) progeny were produced in 

22 F« litters. Of these ̂ 1 (22d:19$) showed the character 

by 9 weeks of age. This is approximately the 1:3 ratio ex-

pected if the inheritance of the condition is controlled by 

a simple recessive gene. (E = 42^5 i 127f5; P = .8 - .9 

- see table I). 

21 backcross litters were produced totall­

ing 160 (78d:829) progeny of which 73 (39cJ:345) were 

affected by nine weeks of age. The ratio of 73 affected; 

87 normal prageny approximates the 1:1 ratio expected on 

the basis of simple recessive inheritance (E = 80:80; 

P = .3 -.5 - see table I). 

ITe therefore conclude that the lens-rupture 
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condition is the manifestation of a recessive gene and suggest 

that it bei&presented by the symbol l£. Based on matings of 

lens-rupture mice inter-se in which 295 of 301 offspring were 

phenotypically affected, we derive an expressivity value of 

98^ for the lens-rupture gene. 

Table I 

Data Used to Establish the Genetic Nature of the Lens-Ruptu3?e 

Condition 

Lr/Lr x Ir/lr Ir/lr x Ir/lr Ir/lr x Lr/lr Lr/lr x Ir/lr 

4 

2 

145 

150 

0/301 

53 

301 

.119 

.7-.8 

Mating Class 

Normal 6 

Normal $ 

Lens-Rupture 6 

Lens-Rupture $ 

E* Lr/lr 

Number of 
Litt er 3 

Total 

f* 
P 

Lr/L 

32 

32 

0 

0 

64/0 

11 

64 

0 

•99 

53 

76 

22 

19 

127.5/42.5 

22 

170 

.052 

.8-.9 

39 

48 

39 

34 

8Q<ao 

21 

160 

.612 

.3-.5 

* Based on the expectancythatlens-rupture is inherited as a simple 
recessive gene. 
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(2^) Linkage Studies 

(a) Test for linkage with albino (c) 

Albino^lens-rupture mice were mated to non-

albino,non lens-rupture mice and segregation of the two 

genes was followed in the F and backcross generations. 

In the F^ although there was a slight excess of the parental 

types, there was no significant deviation from the 9:3:3:1 

ratio expected on the basis of random assortment. (Table II). 

Phenotype 

LrC 

IrC 

Lrc 

Ire 

Segregat 

Number 

56 

11 

12 

8 ^ 

Table II 

;ion in the 

Ir/lrc/c 

E* 

48.9 

16.3 

16.3 

5.4 

-̂ 9 

X 

from crosses of 

Lr/LrC/C 

f 
1.030 

1*734 

1.144 

1.201 

£ 

.3-.5 

.1-.2 

.2-*3 

.2-.3 

87 5.109 •1-.2 

Similarly, in the backcross to the double 

recessiv3, a close correspondence to the 1:1:1:1 i?atio 

expected on the basis of independent segregation was 

* On the basis of random assortment 
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obtained. (Table III). 

Table III 

Segregation in the backcross of F, offspring from Crosses of 

It/lTo/o X Lr/LrC/G to Irlrc/c mice. 

Phenotype Number E**" x 

LrC 

Ire 

Lrc 

Ire 

22 

23 

18 

25 

22 

22 

22 

22 

.000 

.045 

.727 

.409 

.99 

.8-.9 

.3-.5 

.5-.7 

1,181 0.7-0.8 

No evidence, therefore, was found for the 

existence of linkage betvjeen the Ir and c genes. 

(b) Test for linkage with flexed-tail anemia (f) 

Flexed-tail,lens-rupture mice were mated to non 

flexed-tail,non lens-rupture mice, and segregation of the two 

genes was follov̂ ed in the F2 and backcross generations. In the 

F there was no significant deviation ,found from the 9:3:3:1 

* On the basis of random assortment 
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ratio expected on the basis of random segregation (see 

Table IV). 

Segregation 

Phenotype 

FLr 

Flr 

fLr 

flr 

in the 

Number 

24 

8 

7 

2 
42 

Table 

F 
-2-

frora 

rv 
, crosses 

E 

23.6 

7.8 

7.8 

2.6 

of lr/lr f/f 

/ ' 

.000 

.038 

.097 

.003 

0.138 

X Lr/Lr F/F mice 

P 

.99 

.8-.9 

.7-.8 

.95-.98 

.98-.99 

Similarly, in the backcross to the double 

recessive a close approximation was obtained to the 1:1:1:1 

ratio expected on the basis of independent segregation. 

(See Table V ) . 

* On the basis of random assortment 
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Segregati( 

Ir/lrf/f 

Phenotype 

FLr 

fLr 

Flr 

flr 

3n 

X 

in 

Table 

the backcrosü 

Lr/LrF/F to 

Number 

10 

8 

6 

12 

li 

V 

•> of F 

•/Irf/f 

E*̂  

9 

9 

9 

9 

offsprij 

mice 

^ 

.111 

.111 

1.000 

1.000 

2.222 

ag from crosses of 

P 

.7-.8 

.7-.8 

.3-.5 

.3-.5 

.5-.7 

(c) Test for linkage with waved (wa^) 

Lens-rupture non-vjaved mice were mated to 

normal-eyed waved mice and behaviour of the two genes was 

followed in the F generation. No significant deviation 

2 
from the 9:3:3:1 ratio expected on the basis of independent 

segregation was found- (Table VI). 

* On the basis of random assortment 
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Table VI 

T„2/,.2.i The F from crosses of lr/lrWa'̂ />M'̂ y Lr/LrwaVwa*^ mice 2A,,.2 

Phenotype 

2 
Lr«7a 

Ir'̂ â  

Lrwa 

Irvfa 

Number 

50 

16 

18 

3 

87 

i" 
48.9 

16.3 

16.3 

5.4 

2* 

.025 

.006 

.181 

1.061 

P 

.8- .9 

.9-.95 

.5 - .7 

.3- .5 

1.273 .5-.7 

No evidence was found for the existence 

of linkage between the Ir and wa^ genes. 

2 2 
(c) Test for linkage with shaker (sh ) 

Lens-rupture non slBker mice were mated to 

normal-eyed shaker mice and the segregation of the two genes 

was followed in the F« generation. No significant deviation 

was found from the 9:3:3:1 ratio expected. (see Table VII)• 

* On the basis of random assortment 
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Phenotype 
2 

LrSh 

IrSh^ 

Lrsh2 
2 

I r sh 

l-Tumber 

52 

U 

15 

6 

87 

^ 

48.9 

16.3 

16.3 

5.4 

t^ 
.196 

.324 

.030 

,066 

Table VII 

2 2 
The F2 from crosses of Ir/lrSh /Sh x Lr/Lrsh^/sh^ mice 

P 

,7-.8 

.5-.7 

.8-.9 

.8-.9 

.616 .8-.9 

No evidence was found for linkage between 

2 
the Ir and sh genes. 

(e) Test for linkage with Agouti (Ag) 

Non agouti lens-rupture mice were mated 

to non lens-rupture, heterozygous Agouti mice and the 

segregation of the two genes was followed in the F 

generation derived by mating 

Ag/ag lr/lr x ag/ag Lr/Lr 

No significant deviation was found from the 

3:3:1:1 ratio expected on the basis of independent segrega­

tion- (See Table VIII). 

* On the basis of random assortment 
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Table VIII 

The F^ from crosses of Ir/lrag/ag x Lr/Lr Ag/ag mice 

i.e. Lr/lr Ag/ag x Lr/lr ag/ag 

Phenotype 

AgLr 

Aglr 

agLr 

aglr 

Numbers 

19 

5 

14 

_Ĵ  

39 

E* 

14.6 

4.9 

14.6 

4.9 

X̂ * 

1.326 

.002 

.024 

3.104 

P 

.2-.3 

.95-.98 

.7-.8 

.05-.1 

39 4.456 .2-.3 

(f) Test for sex-linkage 

Matings between lens-rupture females and 

2 2 

normal-eyed mice from other strains (B Ag wa sh ; A) 

produced six litters totalling 33 offspring. (15d:189) 

all phenotypically normal after 12 weeks of age. Assuming 

that in mice the males are the heterogamebic sex, and that 

the J" chromosome carries no allele of Ir, it is concluded 

that the Ir gene is not sex-linked. 

(g) Test for partial sex linkage 

'̂  On the basis of random assortment 
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It has recently been demonstrated by 7/right 

2 2 

(1947) that wa and sh are factors exhibiting partial sex-

linkage in the mouse, i.e. wa2 and sh2 are factors carried 

in the pairing segments of the sex(Y) chromosome. In her 

analysis, V7right treated the X and Y chromosomes as a factor 

pair. 

Lens-rupture fexaales mated to normal-eyed 

males produced normal-eyed offspring (Lr/lr). A Lr/lr male 

was backcrossed to lens-rupture females and produced 8S 

mice (49cJ:39$) in 13 litters. Treating X and Y as a factor 

pair, and on the basis of partial sex-linkage of the lens-

rupture gene, one would expect significantly more than 50% 

of the lens-rupture off spring to be females. This, ho'.vever, 

was not the case, and the backcross data (Table IX) shows 

that there was no significant deviation from the .1:1:1:1 

ratio expected on the basis of random assortment of the two 

factors under consideration. We conclude that no evidence 

was found for partial sex-̂ -inkage of the lens-rupture gene. 
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Table IX 

Segregation in the backcross of F offspring from crosses 

of Irlr? X LrLrd to lrlr9 

Number E*̂  

22 

22 

22 

22 

2 
x_* 

,18 

2 . 2 3 

2 .91 

. q 

5.73 

P 

. 5 - . 7 

. 1 - . 2 

. 0 5 - . 1 

. 5 - . 7 

. 1^ .2 

(3) Conclusions 

Evidence has been presented to demonstrate 

the existence of a new mutant condition, lens-rupture 

in the house mouse, which is inherited as an autosomal 

recessive gene with 98̂ 5 expressivity. {2% overlap) 

The Symbol designated to represent the lens-

rupture gene is Ir, its normal allele being Lr. 

Lens-rupture v/as tested for its possible 

linkage relationships with the following:- albinism (c), 

* On the basis of random assortment 
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2 2 2 2 
flexed-tail anemia (£), shaker (sh ), waved (wa ), 

Agouti (A£), and sex (XY) (See Table X.) There was no 

linkage demonstrated in these studies. 

Table X 

Lens-Rupture Linkage Studies 

Locus 
Tested 
Against 

Albinism (c) 

Flexed-tail f_ 

2 2 
Waved ^f^ 

9 , 2 
Shaker"̂  sh 

Agouti Ag 

Paartial sex 
linkage 

li based on 
Independent 
Segregation 

B.C. 

^2 

B.C. 

^2 

F 
2 

F 
2 

5̂2 

B.C. 

1,181 

5.109 

2.222 

0.138 

1.273 

0.616 

7.373 

5.730 

P based on Number of Number 
Independent Mice of 
Segregation 

.7-.8 

1 - "̂  

.5-.7 

.95-.98 

.5-.7 

.8-. 9 

.8-,9 

BS 

87 

36 

42 

87 

87 

54 

Litters 

13 

11 

5 

6 

11 

11 

8 

.1-.2 BS 13 
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C. Observations on lens-rupture and normal eyes 

(1) Macroscopic 

The eyes of the mouse are located at the sides 

of the head facing almost laterally with respect to the anterior­

posterior axis of the body. In the descriptive terminology 

employed in this section of the paper, the eye and its components 

will be treated according to its position in the body, e.g. 

towards the head = anterior 

towards the tail * posterior 

towards the dorsal surface « . superior 

towards the ventral surface = inferior 

tovfards the brain = medial = proximal 

away from the brain = lateral = distal 

vtoere terms have been employed from medical 

terminology, e.g. anterior and posterior lenticonus, meaning 

distal and proximal lenticonus, no change from the medical 

wording has been employed. 

Macroscopic examinations of the eye were begun 

at 14 days of age when the eyes of both lens-rupture and normal 

mice first open. The eyes of noimal and lens-rupture mice are 

indistinguishable macroscopically, until an average age of four 

weeks, when the first visible manifestations of the lens-rupture 

Syndrome become apparent. The value of four weeks of age for 

the time of visible onset of the condition, is based on examin­

ation of 143 mice. 
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However, it should be mentioned that as 

ability in recognizing the condition improved, there was a 

shift in time of first recognition of this condition from 

five to six weeks to three to four weeks. No evidence was 

obtained of the role of genetic drift in this shift of 

the time of onset. 

In lens-rupture eyes, a small opaque whitish 

ring is seen to develop in the vitreous Chamber, slightly 

postero-inferior to the pupil (4 weeks of age). Such a ring, 

demonstrated by dissection to exist within the lens is a 

type of cataract described as occurring with posterior 

lenticonus in humans (Berens I936). 

As this opaque ring becomes thicker and en-

larges, a dense white mass, shown by dissection to be the 

lens nucleus, protrudes distally from the central portion 

of the ring, medial to the pupil (4-1/2 weeks of age). 

As the proximal opacity increases in area, the outline of 

the lateral border of the lens becomes visible distal to it, 

defined by numerous peripherally located vacuoles within the 

lens substance. (5-1/2 weeks of age). The lens appears 

quite cloudy at this stage, maximum cloudiness being con-

centrated at the lens periphery. 
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Shortly after this (at five to six weeks of 

age) a small, distinct white mass, histologically demonstrated 

to be lens nucleus, becomes apparent, medial and usually 

antero superior to the lens. 

In some cases.under Observation, it was found 

that the small white mass became situated in the anterior 

Chamber• 

In other cases the nucleus was observed to re­

main in the vitreous Chamber, although its final position 

was quite variable. 

In 52 of 246 mouse eyes over three months old 

(215S) the distorted lens was in the anterior Chamber of the 

eye, having passed completely or partially through the 

pupil (See Table XI). Analysis of the data showed that the 

incidence of lens in the anterior Chamber was not signif icantly 

different between sexes or from right to left eye within 

sexes. (See Table XII). Within males, the incidence of lens 

in anterior Chamber was 24.5̂ -̂  in the left eye and 28.3% in 

2 
the right eye; a simple X test based on the hypothesis on 

the equality of incidence in both eyes resulted in a P value 

of .7. Similarly, within females, a P velüe^.3-.5 was 

derived. Testing incidence in males against incidence in 

females gave a P välüe of .3-.5. There were no significant 

deviations of incidence between eyes in either females or 
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males, and there was no significant difference of incidence 

between sexes (See Tables XI and XII). The lens in the 

anterior Chamber is considered to be the terminal stage 

attainable in the lens-rupture Syndrome. In a few cases, 

both the lens and white mass are observed to be in the 

anterior Chamber of the eye (Fig. 7 ) . There is a high 

variability between the final stages in the two eyes of a 

given affected individual. 

Table XI 

Incidence of lens in anterior Chamber in mice eyes aged 

three months and over 

Sex Eye Lens in Lens in Incidence Sex Total 
anterior vitreous of lens in Incidence 
Chamber Chamber anterior 

Chamber 

24.5% 28/106 = 26.4% 53 

28.3% 53 

20.0% 24/140 = 17.1% 70 

14.2% 70^ 

52 194 21.1% 246 

Left 
d 

Right 

Left 
$ 

Right 

13 

15 

14 

10 

40 

38 

56 

jo 
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Table XII 

2 
X analyses to test incidence differences of lens in 

anterior Chamber between sexes, and between eyes within 

sexes. 

P Incidence in* Tested Incidence in* X 

d right eye against d left eye 0.I4 .7 

$ right eye against $ left eye 0.53 .3-.5 

«5" eyes against $ eyes 0,94 ,3«,5 

Measurements of the diameter of the corneal-

scleral junction were carried out on 203 eyes in Bouin's 

fixative. By these measurements, the writer hoped to find 

whether there was a significant difference in the diameters 

of lens-i-upture and normal eyes of various ages, with the 

idea that an increase relative to normal in the diameter of 

Irlr eyes would indicate any increased intraocular pressure 

(glaucoma) present. No significant differences could be 

found between normal and lens-rupture eyes. However, the 

writer feels that this technique may not have been 

sufficiently delicate to indicate changes in intraocular 

pressure, even if present. 

* Based on values in Table XI 

** Based on equality of incidence 
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Table XIII 

Corneal-Scleral Junction Diameter Measurements (in mm) 

Age of 
Mouse in 
Days 

1-20 

21-40 

41-60 

61-90 

91-110 

111-300 

Diameter 
lr 
eyes 

3.846 

4.254 

4.675 

4.525 

4.724 

4.850 

in mm (X) 
Lr 
eyes 

3.737 

4.300 

4.775 

4.863 

4.781 

5.078 

I^mber 
lr 

22 

15 

7 

54 

12 

38 

of Mice 
Lr 

15 

10 

15 

5 

2 

8 

^ * 

.016 

.002 

.008 

.097 

.009 

.042 

P 

.9 

.95 

.9 

.7 

.9 

.8 

•Based on equality of diameter Talues 

The evidence derived from a study of the lens-

rupture Syndrome, concerning the macroscopic mode of ex-

pression of this mutation may be summed up in the following 

stages: Approximate Age 

1. Normal in appearance to 4 weeks 

2. Small white ring in vitreous Chamber .... about 4 weeks 

3. Dense central mass within white ring .... about 4-1/2 weeks 

4. v̂ hite mass in vitreous Chamber about 5 - 6 weeks 

5. Lens and/or white mass in anterior Chamber ...after 6 weeks 
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(2) Dissection 

The techniques used for the following series 

of observations have been discussed in the section on 

materials and methods, The process described below is 

based on 168 dissections of lens-rupture eyes performed 

by the writer at various Stades of the Syndrome. 

Lens-rupture and normal eyes display the same 

features at birth; a small lens, a very small anterior 

Chamber and a hyaloid artery which originates at the optic 

pit and extends out to the proximal surface of the lens. 

The hyaloid artery bifurcates half'Äay to the lens and the 

brahches subdivide several times and form a fine network 

over the proximal surface of the lens- (Figure 8 -

normal eye 14 days old).(Figure 8a - lens-rupture eye 

14 days old). , 

In normal mice, the lens increases in size 

until three months of age at which time it almost fills 

the vitreous Chamber. (Figure 9). The hyaloid artery 

may persist normally in mice as late as four months of 

age, but usually disappears about four xveeks after birth. 

A normal lens at three months of age is composed of a 

hard, fibrous, central nucleus contained in a homogenoous 

soft coftex, v'jhich is itself enclosed in a peripherall -

fibrous cortex zone just inside the lens capsule. (Figure 10) 
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At 2 1/2 - 3 1/2 weeks of age, the eyes 

of lens-rupture mice exhibit the first abnormal sign 

distinguishable by dissection. A small ring appears on 

the proximal surface of the lens, within the netvfork 

of the hyaloid artery. (Figures 11,12). *Soon a small, 

conical bulge (usually within the cone of the network 

formed by the hyaloid artery) becomes apparent in place 

of the ring on the proximal surface of the lens (2 1/2 

- 3 1/2 weeks) (Figures 13, 14). This bulge may correspond 

to what ophthalmologists call posterior lenticonus. 

Dissection of the lens shows the nucleus to have become 

separated from the cortex and distortion of the remainder 

of the lens is also observed (Figure 15, 16). As the 

bulge appears-i the nucleus leaves its central position 

and moves proximally within the cortical substance, thus 

further distorting the lens, especially the medial 

periphery. (Figures 17,18). 

As the conical bulge of the lens increases 

in size (Figures 19,20,21) it is seen to contain a definite 

mass, the lens nucleus which has moved back against the 

proximal lens capsule (Figure 22)3 (Stage III 

macroscopic - about 4 1/2 weeks of age). The medial 

periphery of the lens appears vacuolated subcapsularly, 

shown by gross dissection of the lens to be due to the 
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change in position of the lens nucleus. 

The conical bulge of the lens may exert 

pressure on the retina, and cause variable signs of ir-

regularity in it (Figures 23,24) ( 4 - 6 weeks of age). 

As the lens becomes distorted in shape due to the 

posterior bulging, it may be torn away from its supporting 

network of ciliary ligaments (3 1/2 - 5 1/2 weeks of age). 

The lens capsule ruptures proximally at the 

apex of the lenticonus within the cone of the hyaloid 

artery network and lens matter (cortical substance -

Figure 25) flows into the vitreous Chamber soon to be 

followed by the lens nucleus ( 5 - 6 weeks; Figures 26, 

27, 28). Grossly sectioned lenses at these stages show 

the progress of the nucleus through the proximal rupture 

of the lens capsule into the vitreous Chamber (Figures 

29,30). The lens nucleus may be extruded either to one 

side of the lens (usually anterosuperior) or directly 

into the retina in the region of the optic pit, where it 

may remain permanently embedded (Figures 31,27). In 

some mouse eyes the nucleus may be found in the anterior 

Chamber after the rupture has occurred (Figure 32;). 

After the lens nucleus has been extruded, the residual 
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portion of the ruptured lens is soft and irregulär, and 

a gross dissection of the lens at this stage shows it to 

be void of any firm vestige of nuclear matter (Figure 33). 

General observations of gross dissections of 

eyes indicate that the remainder of the ruptured lens is 

decreased in size, irregulär in shape, and may be found in 

any of the following abnormal positions:-

1. Flowing through the pupil into the anterior Chamber (Fig.34) 

2. In the anterior Chamber (Figure 35) 

3. Floating free in the vitreous Chamber (Figure 27) 

4« V/edged in the vitreous Chamber Contents, retina, etc. 

(Figure 31) 

An analysis of the location of the lens in 

mice (Table 11) over three months of age showed tho in­

cidence of 1 and 2 (above) to be 21%; the incidence of 

3 and 4 (above) being 79%. 

Many variations of these basic patterns raay 

be found, among which are the following:-

1. The lens may be unaffected (overlap) (Figure 36) 

2. The lens may be pressed up and flattened against the 

iris so tightly as to give the Impression of two iris 

in the eye. (Special case of Figure 37). 

3. The lens capsule may be attached to the optic pit by a 

thick band of fibrous material (Figure 38). 
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4. The lens may be completely extruded from within the capsule 

(complete cortical liquefaction) so that only the capsule and 

nucleus can be seen in the eye. (Figure 37) 

In the later stages of the process, the retina 

assumes numerous gross convolutions, the feature most commonl̂ ^ 

associated with the lens-rupture Syndrome consisting of an in­

crease in the depth of the optic pit with the surrounding retina 

raised into a ridge. 

The hyaloid artery is found to be replaced in 

some affected mice (over 3 months of age) by a fibrous band. 

The hyaloid artery has not yet been found in normal mice older 

than four months. 

The mode of expression of the lens-rupture 

mutation may be summed up in the following stages:-

Approximate age 

1. Normal in appearance »... to three weeks of age 

2. Small proximal ring followed by formatiön of 

small conical proximal lens bulge, hyaloid 

artery present 2 1/2 - 3 1/2 weeks 

3. Bulge increases in size, retinal distortion 

Starts, hyaloid artery present, lens torn away 

from ciliary ligaments about 3 - 1/2 - 5tl/2 weeks 

4. Lens capsule ruptures posteriorly, cortex and 
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nucleus extnaded, lens distorted, retinal optic 

pit deepened, retina distorted, hyaloid artery 

present about 5 - 6 weeks 

5. Lens in anterior Chamber or irregulär in vitreous 

persistent hyaloid artery invaded by fibrous elements, 

nucleus in vitreous or anterior Chamber, retina 

distorted .....,, after 6 weeks 

The ultimate expression of lens-rupture process 

within litters, as within individuals, is highly variable. 

(3) Histology 

PrelLminary observations on the histology 

of the lens-rupture Syndrome support the hypothesis that the 

first microscopic pathological chauges occur in the fibres 

of the lens nucleus. At an average age of about 17 days, 

these fibres begin to become wavy in outline, and their normally 

homogenous substance takes on a granulär appearance; a few 

days later the fibres of the lens nucleus become separated 

from one another by clear presumably fluid-filled Spaces. 

The exact nature of the forces which lead to subsequent 

expulsion of the lens nucleus and hydropic degeneration of 

the main bulk of the lens as yet remains unclear. 

Tn advanced stages of the lens-rupture Syndrome, 

after the expulsion of the nucleus of the lens, the follovjing 

histological observations apply:-
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1. The main bulk of the lens relative to normal (Figure 39 •) 

is highly distorted in shape (variable) (Figure 39(3̂ ) and ir­

regulär in Position (variable) (Figures 40, 41a, 41 ). 

2. The lens appears vacuolated throughout (advanced hydropic 

degeneration (Figures 42a, 42: ) and is greatly decreased in 

size (Figures 43a and 43b). 

3. The ruptured lens capsule may be firmiy connected to the 

retina in the region of the optic pit by a thick fibrous band 

which has replaced the hyaloid artery previously found in that 

Position (Figure 44)• 

4. The main irregularity of the retina in affected mice by 

comparison with normal (Figure 45) involves overall distortion 

(Figures 46, 47, 48, 49» 50, 51, 52); in some lens-rupture 

mice the retinal blood vessels are highly distended but this 

latter feature remains to be analyzed in greater detail. 

5. In some instances, where the lens is found in the anterior 

Chamber, it appears tightly pressed against the Cornea, the 

anterior Chamber being larger than normal (Figure 53)• 

At present the mode of action of the lens-

rupture gene is being studied in a more detailed histological 

analysis of the Syndrome. 
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III. DISCUSSION 

A. Genetic Data 

Investigatiou of genetic behaviour of the lens-

rupture condition conclusively demonstrates that the genetic 

factor Controlling the Initiation of the process is an autosomal 

recessive gene with 98% expressivity in the present stock. 

The lens-rupture gene was tested for possible 

linkage relationships with the following loci:- albinism (c), 

P p 2 2 

flexed-tail anemia (f), shaker (sh ), ivaved (wa ), Agouti 

(Ag), and sex (partial sex-linkage). No significant deviations 

from independent assortment were found in any of these crosses. 

Because the numbers of mice obtained in the Fp 

generations used in studying the relationships with the Agouti, 

2 2 
vmved , and shaker loci were quite small,no positive Statements 

can be made about linkage relationships of lens-rupture with 

these latter loci. 

The genetic data therefore Warrants the 

conclusion that the lens-rupture gene is an autosomal recessive 

gene not linked with the albino or flexed-tail anemia loci. 
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B. Physical Observations 

The techniques utilized to study the Syndrome 

have demonstrated that the outstanding features of the process 

are:- posterior lenticonus, rupture of the lens capsule, ex­

pulsion of lens material (nucleus and liquified cortex) into the 

vitreous Chamber, distorted and convoluted retina, fibrous re-

placemant of the hyaloid artery, hypermature cataract, and dis-

placement of the lens. 

'Thereas certain of the above features have 

been described in other animals, no report has been found des-

cribing an anomaly identical with lens-rupture Syndrome. 

Measurements were made of the diameters of the 

scleral-corneal junction of normal and lens-ruptiire eyes in 

Order to demonstrate if present the existence of glaucoma in 

lens-rupture eyes. No positive results were obtained, but the 

iTTiter believes that this may be due either to insufficient 

numbers or to the use of a post-mortem technique; further 

studies should be carried out along this line, emphasizing in 

vivo observations. 

C. Theories of Pathogenesis 

Berens (1936) states that the lenticonus 

occurring in humans is a conical Protrusion of the lens sub­

stance covered "oy capsule or connective tissue, posterior 

being more frequent than anterior lenticonus. He believes 
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that the posterior variety is due to the traction of the 

capsular remains of the hyaloid artery, to fetal defects or 

to rupture of the lens capsule. The concept of posterior 

lenticonus due to the rupture of the adult lens capsule is 

plausible, although apparently not the case in lens-rupture 

eyes. Berens mentions in addition that in posterior lenticonus 

in humans, as in our early mouse lens-rupture process, 

cataract is present as a bright refractile ring at the base 

of the Conus. ViTolff (1935) also considers that lenticonus 

posterior consists of a protinision of lens matter into the 

vitreous either from the proxiiaal pole of the lens or to one 

side of it. In the mouse-lens-rupture stock, there is no 

evidence to support the hypothezis that the lenticonus forms 

as a consequence of rupture of the lens capsule. 

Stricker (1899) speculating on the nature of 

lenticonus, 16 cases of which had been reported in hiLmans up 

to 1899, discusses four cases in which individuals were 

affected bilaterally. He considers these four cases to be 

congenital (present at birth). Dissection of eyes of lens-

rupture mice one day old showed no lenticonus and consequently 

the condition is not congenital in our mouse stock. 

Bach (1898) after observing three cases of 

posterior lenticonus in rabbits, claLms correctly, but not 
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very helpfully that a disturbance in the development of the 

eye is the cause of posterior lenticonus. He says that 

during the development of such eyes, there is an anomalous 

formatiön of the lens, which remains in contact with the 

remnant of the foetal hyaloid artery. As the eye increases 

in size, he Claims that the artery exerts tension on the 

posterior capsule, drawing it out, and finally rupturing it. 

(This is unlikely if, as in the mouse, the lens gets bigger 

in Proportion to the eyeball.) At this time, the posterior 

cortical substance, following the direction of least 

resistance, diffuses itself posteriorly and forms a lent­

iconus . 

These various concepts contribute little 

to a true knowledge of the formatiön of a posterior lent­

iconus. The writer believes that such a formatiön is 

composed of two phases: - first, an internal alteration 

of the lens, e.g. development of cataract, and secondly, 

alteration of the shape of the lens capsule in response 

to internal lens changes. 

As for rupture of the lens-capsule, the 

writer believes that rupture comes about as a consequence 

of lenticonus formatiön, rather than as a cause of lent­

iconus formatiön (in the lens-rupture stock at any rate). 
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Several cases of spontaneous rapture of the 

lens followed by glaucama (increased intra-ocular pressure) 

have been described in man. Presumably, the glaucoma vjas the 

result of blockage of the canals of Schlemm which normally 

drain the vitreous Chamber. Up to now, no evidence has been 

found for the existence of glaucoma in lens-rupture eyes. 

It can be stated that the rupture in mice 

occurs after primary lens development. That the lens-rupture 

condition is due to failure of the lens to form properly 

has yet to be demonstrated. 

Duke Eider (1934) attributes all cases of 

rupture of the lens capsule to the aetiology of Morgagnian 

cataract; especially where spontaneous absorbtion of such a 

cataract occurs. However, as most of the stages in this 

process of spontaneous absorbtion of Morgagnian cataract in 

humans have not been histologically examined, it is fruitless 

to comment on his Classification. 

Conditions with features similar to those 

occuring in the lens-rupture process have been reported in 

many mammals. These features include lenticonus, rupture of 

the lens capsule, lens distortion, persistent hyaloid artery, 

cataract, and retinal irregularities. The -vvriter suggests the 

possibility that there may be a common denominator in the 

patterns of these various conditions and believes it possible 

that mutations having similar effects, namely, the lens-rupture process 

have occured in these animals, although several of the 
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conditions discussed have been reported as non-hereditary. 

D. Conclusions 

On the basis of the present research, the writer 

believes that the process of lens-rupture is as follows:-

the gene acts to cause internal changes in the nature of the 

fibres of the lens nucleus. These changes are coupled vjith 

alterations in the nature of the lens cortex in the proximal 

region of the lens. /LS a result the nucleus becomes distinct 

vjithin the lens, and the cortex becomes very pliable; the 

capsule responds to the forces acting on it i.e. the lens en-

larges with the formatiön of a proxiiaal bulge which ruptures 

v/hen it exceeds its point of maximum stretch. As a result, 

both liquified cortical substance and the lens nucleus are 

released into the vitreous Chamber. This causes irregular­

ities to form in the retina and results in overall retinal 

distortion in advanced stages of the Syndrome. The rupture 

of the lens capsule may occur within the cone of the hgcaloid 

artery, in w|iich case the hyaloid artery may be replaced by 

a fibrous band. It is possible that the cannals of Schlemm 

which normally drain the vitreous Chamber are blocked by the 

exuded cortex and glaucoma results. After the rupture, the 

distorted lens and/or nucleus may be forced through the 

pupil into- tHê '̂ nterior Chamber of the eye to produce the 

typical terminal pathology of the lens-rupture Syndrome. 
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The vjriter believes the expression of the lens-

rupture gene in mice depends on the genotype and age of the 

mouse, and some intrinsic physiological factors at the tLme 

of lens-rupture. That the physiology of each eye plays a 

specific role is evident from the variability of expression 

within the eyes of a Single affected mouse. 

It would be of interest to carry out investig­

ations along the following lines:-

1. Further analysis of lens-rupture genetics 

should be directed towards establishing a known linkage for 

the lens-rupture gene as well as experimentally determining 

the mode of action of that gene. 

The Problem of the mode of action of the gene 

could best be attacked by histological and biocheiaical 

analyses. These studies might be coupled with an analysis 

of the relation of glaucoma and Morgagnian cataract to the 

lens-rupture process. It is indeed possible that this 

stock may serve as an aid to the ophthalmologist in solving 

the Problems of glaucoma and cataract in man, in addition to 

serving as a supply of cataractous animals for medical 

students. 
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IV. SIMIARY 

1. A new sjindronD , lens-rupture is described in the house-

mouse. The features of the Syndrome include: - (1) cataract, 

and (2) lenticonus, (3) extrusion of the nucleus of the lens 

into the vitreous Chamber of the eye following proximal 

rupture of the lens capsule, (4) retinal distortion and 

irregularity, (5) persistent hyaloid artery (6) displaced 

and distorted lens, and (7) extreme variability of ex­

pression. 

2. The condition is termed lens-rupture and its expression 

is controlled by an autosomal recessive gene with 9Q/a ex­

pressivity in the present stock. Evidence is presented to 

Show that the lens-rupture gene is not linked to the albino 

{c) or flexed-tail anemia (f_)gene3. 

3. The Symbol lr is suggested to designate the lens-rupture 

gene, its norroal allele being represented by either Lr or lr . 
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VIX.DESCRIPTION OF PLAT3S 

P l a t e 1 . 

Figure 1:- Diagram of the normal mouse eye; er. lens; c, 
Cornea; i, iris; pc, ciliary muscle; r, retina; 
no, optic nerve; ch, choroid; s, sclera; cl, 
ciliary ligaments; aa, anterior aqueous body; 
pa, posterior aqueous body; v, vitreous body. 
(After Rochon-Duvigneaud - 1943). 

Figure 2:- Section through albino mouse eye showing pathol­
ogical retinal neuroepithelium, a,b,c; persistent 
hyaloid artery, d; cataract, e; tear in the lens 
capsule. (iifter Cohrs - 1933)* 

Figure 3:- Section through mouse eye shovjing deformity in the 
shape of the lens and irregularities in the rstiia 
(After Koch-Gowen - 1933) • 

Figure 4:- Section through the eyeball of a cataractous rat 
showing retinal irregularity; displaced nucleus; 
softened cortex; persistent hyaloid artery; 
thickened anterior lens capsule. (After Bourne 
and Gruneberg - 1939). 

Plate II. 

Figure 5:- Anterior lenticonus in the mole. (After Rochon-
Duvigneaud - 1928). 

Figure 6:- Posterior lenticonus; posterior herniation of lens 
material in the mole. (After Rochen - Duvigneaud 
- 1928). 

Figure 7:- $, albino, lens-rupture, left eye, three months old. 
Note nucleus is the white mass in the anterior 
Chamber, and lens is halfway through the pupil into 
the anterior Chamber. (X9). 

Fi-̂ ure 8:- d, albino, normal mouse eye, right eye, 14 days old 

Plate III. 

Figure $a:- 5, albino, lens-rupture, right eye, 14 days old C3.S:). 

Figure 9:- d, albino, normal mouse,left eye, 60 days old (23.̂ ).#̂  

•̂ igure 10:- d, albino, normal mouse lens, left eye. Gross 
dissection, 60 days old. Note hard central nucleus, 
contained in a homogeneous cortex, contained in a 
peripheral fibrous zone just inside the lens capsule, 
which has been distorted slightly by dissection. (X20). 

- 51 -



Figure 11:- d, albino, lens-rupture eye, right eye, 18 days 
old. Note small ring on the proximal surface 
of the lens, hyaloid artery present. (Xl6). 

Plate IV. 

Figure 12:- d, albino, lens-rupture, left eye, 20 days old. 
Note hyaloid artery very small dot on proximal 
surface of the lens. (Xl6). 

Figure 13:- d, albino, lens-rupture, right eye, 26 days old. 
Note small conical bulge of the proximal surface 
of the lens within the cone of the hyaloid artery 
(Xlö). 

Figure 14:- d, albino, lens-rupture, right eye, 26 days old; 
small conical bulge (posterior lenticonus) within 
the cone of the hyaloid artery. (Xl6). 

Figure 15:- d, albino, lens-rupture, left eye, 20 days old. 
(Fig. 12). Gross dissection. Note that the 
nucleus has become separated from the cortex. 
(X20). 

Plate V. 

Figure 16:- d, albino, lens-rupture, right eye, lens 26 days 
old (Fig. i4ri Note a small posterior lenticonus 
peripheral degeneration of the cortex, nucleus 
displaced backwards into the proximal cortex. (X20). 

Figure 17:- d, albino, lens-rupture, right eye, lens, 23 days 
old. Note proximal position of lens nucleus within 
lens. (X20). 

Figure 13:- d,.albino, lens-rupture lens, right eye, 22 days old. 
Gross dissection. Note peripheral irregularity in 
the lens cortex, rupture within the central portion 
of the lens cortex, proximal position of the lens 
nucleus. (X20). 

Figure 19:- d, albino, lens-ruipture, right eye, 4 weeks old. 
Note proximal bulge of the lens. (X20)i 
(Photograph by Dr. F. Clarke Fräser,) 

Plate VI. 

Figure 20:- d, albino, lens-rupture, left eye, 5 weeks old, 
Note enlarged lens volurae, definite size increase 
of posterior lenticonus. (X14)• 
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Figure 21:- d, albino, lens-rapture, left eye, 5 weeks old. 
Note increased size of posterior lenticonus; 
indications of artifact, i.e. small portion of 
lens sectioned away; indications of beginnings 
of posterior rupture of the lens capsule. (X14)• 

Figure 22:- $, albino, lens-rupture, left eye, 5 weeks old. 
Gross dissection. Note posterior lenticonus, 
cortical sutures, proximal position of the lens 
nucleus. (X20). 

Figure 23:-

Plate VII. 

Figure 24:-

Figure 25:-

Figure 26:-

Figure 27:-

d, albino, lens-rupture, left eye, 6 weeks old. 
Note lens has ruptured and has exerted direct 
contact pressure on the retina. (XL4)• 

$, albino, lens-rupture, left eye, 6 weeks old. 
Note retinal irregularity, ruptured lens. (X14)• 

d, albino, lens-rupture, right eye, 5 weeks old. 
Note rupture of the lens capsule, at the apex of 
the lenticonus. (X14)• 

d, albino, lens-r̂ Jipture, right eye, 7 weeks old. 
Note irregularities in the retina, exuded 
cortical substance in vitreous Chamber. (X14)• 

2, albino, lens-rupture, right eye, 80 days old. 
Note nucleus in vitreous Chamber, suture linss 
indicating healing on the proximal surface of 
the lens (X14). 

Plate VIII. 

Figure 28:-

Figure 29:-

Figure 30:-

Figure 31:-

d, albino, lens-rupture, right eye, 8 weeks old. 
Note rupture of tne lens capsule. (X14)• 

d, albino, lens-rupture,left eye, 8 weeks old. 
Gross dissection lens at the rupture stage. Ilote 
irregularities in the cortex, proximal lens 
rupture and proximal position of the lens«nucleus.(X20) 

2, albino, lens-rapture, right eye, 20 weeks old. 
Note signs of healing in the cortex; extruded lens 
nucleus. (X20). 

d, albino, lens-rupture, left eye, 12 weeks old. 
Note lens wedged into the retina, lens nucleus 
embedded in the retina, distortion of the retina 
(X 14). 
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Plate IX. 

Figure 32:- d, non-albino, lens-rupture, left eye, 5 months 
old, showing nucleus in the anterior Chamber (X14) 

Figure 33:- $, albino, lens-rupture, left eye, lens 3 months 
old. Note extruded nucleus which was in the 
vitreous Chamber of the eye and puipy lens 
(v;hich was in the anterior aqueous Chamber of the 
eye). (X20). 

Figure 34:- $, albino, lens-rupture, left eye. (Fig. 33). 
Note lens flov;ing through pupil into Chamber, 
nucleus floating free in vitreous Chamber, 
irregularities of the retina (X14)• 

Figure 35̂ -- d, albino, lens-rapture, right eye, 11 weeks 
old. Note lens in anterior Chamber, nucleus 
in vitreous Chamber, deep optic pit. (X21). 

(Phötograiii'-. bĵ  Dr. F, Clarke Fräser ,) 
Plate X. 

Figure 36:- $, albino, lens-rupture, right eye, approximately 
6 months old. Note:- this is an overlap eye. 
(X14). 

Figure 37:- 2, albino, lens-rupture, right eye, 7 months old. 
Note residual lens matter pressed against the 
iris resulting in this appearance of two irises, 
i.e. lower iris is flattened lens capsule. (XI4)• 

Figure 38:- 2, non-albino, lens-rupture, left eye, 5 months 
old. Note lens in anterior Chamber, lens capsule 
attached to optic pit region by thick fibrous 
band of material. (X14)• 

Figure 39:- $, albino, normal right eye, 3 months old. (̂ 3̂̂ . 

Plate XI. 

Figure 39^:- 2, no^-albino, lens-rupture, left eye, 2 1/2 months 
old. Note displaced, disi70t?ted lens; retinal 
irregularity. iX23^. 

Figure 40:- $, albino, lens-rupture, left eye. Note vacuolated 
lens in anterior Chamber (XSl. 

Figure 41-:- $, albino, lens-rupture, left eye. 3 months old. 
° Note gross malfonmations of the retina, distorted 

and vacuolated lens in anterior Chamber, lens 
nucleus in vitreous Chamber.' (X2it). 
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Figure 41a:- $, albino, lens-rupture, right eye, 2 1/2 months old. 
Note displaced lens in the vitreous Chamber.(|^ 

Plate XII. 

Figure 42:- $, albino, lens-rupture, right eye, 3 1/2 months old. 
Note advanced hydropic degeneration of the lens; 
retinal distortion, exuded cortical substance 
wedged in beneath iris on left hand side of̂  section 
and enlarged anterior Chamber. ( K ^ . 

Figure 4?a*- 9, albino, lens-rupture, right eye, 3 1/2 months old. 
Note advanced hydropic degeneration of the lens; 
retinal distortion and enlarged anterior Chamber (;X]33.)« 

Figure 43:- 2, albino, lens-rupture, 3 1/2 months old. Note 
advanced hydropic degeneration of the lens, enlarged 
anterior Chamber,decreased size of lens (X21). 

Figure 43b:- $, albino, lens-rupture, right eye, 4 1/2 months 
old. Note fibrous natura of the lens substance, 
decreased lens size, enlarged anterior Chamber. 

Plate XIII. 

Figure 44:- 9, non-albino, lens-rapture, 8 months old, left eye. 
Note fibrous band from optic pit to the lens capsule. 

iöLiä)-
Figure 45:- 2, albino, normal retina, right eye, 3 months old. 

Figure 46:- Normal mouse retina (After Keeler - 1927) Note 
epithelial layer, A; rod layer, B; external 
liniting membrahe, C; external nuclear layer, D; 
external molecular layer, E; internal nuclear 
layer, F; internal molelecular layer, G; 
ganglian layer, H; optic fibres, I; internal 
ILmiting membrane, J. 

Figure 47:- 9, albino, lens-rupture, right eye, 4 months old. 
(X112), Abnormal mouse retina. 

Plate XIV. 

Fifure 48:- d, albino, lens-rapture, left eye, retina, 5 months 
old. (X 112T: 
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Figure 49:- 9, albino, lens-rupture, right eye, 4 months old. 
Note retinal irregularity, distorted and ruptured 
lens (X 21). 

Figure 50:- 2, albino, lens-rupture, right eye, 3 1/^ months 
old. Note retinal irregularity in the region of 
the optic pit; distorted lens (X21). 

Figure 51:- 2, albino, lens-rupture, left eye, 6 months old. 
Note retinal irregularity] distorted lens 
curvature. (X21). 

Plate XV. 

Figure 52:- d, albino, lens-rupture, right eye, 4 months old. 
Note retinal irregularities. (X21). 

Figure 53:- 9, albino, leiis-rupture, left eye, 6 months old. 
Note lens in anterior Chamber. (X21). 
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