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Studies on buphthalmia in the rabbit indi- 
cate that a reliable technique for identifica- 
tion of the mutant genotype in early or pre- 
pathological stages is needed. Hanna et al 
(1) state that buphthalmia is due to a single 
recessive gene (bu)  with incomplete pene- 
trance. They also suggest that buphthalmia 
may be part of a primary systemic disorder. 
Kolker et aZ(2) report that at  early ages the 
corneal diameter is not a reliable index of 
buphthalmia and that the intraocular pres- 
sures fluctuate considerably, particularly in 
the buphthalmic rabbits. The authors show 
a difference in the facility of outflow, as meas- 
ured tonographically, for the two groups. 
They point out that their data are based 
only on small numbers of animals. 

Unpublished observations in this labora- 
tory on corneal diameters, and by Dr. L. B. 
Sheppard, Virginia Medical School, Rich- 
mond, on intraocular pressure corroborate the 
variability reported by Kolker et d. Marked 
strain differences among buphthalmics were 
also observed, strain AX having larger cor- 
neal diameters while those of strain I11 were 
considerably lower and unreliable. It was the 
experience of one of us (RRF) that the pene- 
trance of buphthalmia appeared to be de- 
creased by a dietary change made in 1959. 
We therefore surveyed clinical assays for nu- 
tritional deficiencies as possible diagnostic 
tests for buphthalmia. 
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Huber and Smith(3) reported a technique 
for field diagnosis of bovine vit. A deficiency 
based on degree of cornification of the bulbar 
conjunctiva. Since the symptoms of vit. A 
deficiency in calves were similar to some of 
the observations made on buphthalmic rab- 
bits it was felt that modification of this tech- 
nique might provide a means for identifica- 
tion at  preclinical stages. A procedure de- 
veloped for this purpose is presented below. 

Materials and ,methods. Animals of 3 types 
from The Jackson Laboratory's rabbit colony 
[ i.e., those which were (a)  phenotypically 
buphthalmic (AX strain), (b)  genetically 
but not phenotypically buphthalmic (IIIh", 
subline of strain ITI), and (c) known nor- 
mals representing strain III,, (another sub- 
line of strain 111) and the small strains X, 
OS, AC, and ACEP] were used in this study. 
The rabbits' eyes were anesthetized with 2 
drops 3% cocaine in normal saline solution 
(NSS) per eye. The eyelids were closed and 
massaged gently to insure a uniform distri- 
bution of liquid. The eyelids were held open 
and a probe (Fig. 1) moistened with 0.9% 
NaCl was placed lightly on the center of 
the cornea and rotated 180'. Subsequently 
the probe was placed lightly (not streaked) 
on a dry microscope slide that had just been 
removed from 95% ethyl alcohol. The slide 
was dried by a hot air blower for 3 minutes 
and stained with Giemsa (1 part stock : 2 0  
parts distilled water) for 30 minutes, rinsed 
with distilled water, and dried with the blower 
for 20 minutes. The complete field of cells 
was first centered with a 3x objective and 
then observed under a lox objective (Wild 
M-20 microscope with l5x wide field ocu- 



230 EARLY DIAGNOSIS OF RABBIT BUPHTHALMIA 

FIG. 1. (1) Probe used for removing cornified 
cells from intact anesthetized rabbit eye. Shows 
2.5 mm glass rod flattened on one end and ground 
smooth and same with cotton swab attached with 
rubber band. (2) Position of probe during re- 
moval of cells from intact eye. 

lars). The total number of cornified cells 
(Fig. 2 )  was counted and recorded, using 
the eye and not the animal as the unit of 
observation since a few cases of unilateral 
buphthalmia are included. 

Results. The mean number of cornified 
cells per eye is shown in Table I. Table I1 
shows the t values for cornified cell incidence 
in comparing control and buphthalmic ani- 
mals. There were no significant differences 
(P = .05) between any of the control popu- 
lations. This was also true when comparisons 
were made of those eyes which were pheno- 
typically buphthalmic and those which were 
genetically buphthalmic (i.e., progeny from a 
mating between 2 buphthalmics) but lacking 
the phenotypic manifestations of the charac- 

ter (i.e.,  clouding, bulging, an increased cor- 
neal diameter of the eye). It should be noted, 
however, that this latter category is based 
on only 4 eyes. On the other hand, in the 
IIIb, subline where genetically determined 
buphthalmics should be present, high corni- 
fied cell counts were found in animals which 
appeared phenotypically normal. Such ani- 
mals could presumably be considered buph- 
thalmics. This was not observed in normal 
strains where buphthalmics have not been 
recorded. Study of the genetic segregation 
of the bu gene based on cell cornification 
is in progress. In all cases where buphthal- 
mics (either genetically determined or pheno- 
typically recognizable) were compared with 
normals the buphthalmics had approximately 
a 3-fold greater cornified cell count which was 
statistically significant (P< .001). The high 
variance observed in the AX strain (adult 
and pooled) in the total buphthalmic popu- 
lation is due to the exceptionally high counts 
for the eyes of one 9-month-old doe pheno- 
typically buphthalmic at  one month of age. 
It was decided not to separate these two 
observations from the rest since their dele- 
tion would not change the mean from that 
of the young AX strain buphthalmics and 
would only reduce the variance. The re- 
sultant increase in precision was not neces- 
sary since the differences between buphthal- 
mics and normals were already significant 
(P<.ool). 

Fig. 3 shows the degree of cornification 
as a function of age in normal strain I11 
rabbits. 

Discussion. Of major significance are the 
following: 1. Our diagnostic test shows that 
both phenotypically buphthalmic eyes and 
normal appearing (bubu) animals have a 
high degree of cornification. 2.  In normal 
unrelated strains or sublines where buph- 
thalmia has never appeared a high degree 
of cornification was not observed. 3. Among 
the siblings of phenotypically buphthalmic 
animals there are normal appearing rabbits 
also with a high degree of cornification. If 
these are genetically buphthalmic without the 
usual phenotypic manifestations, this would 
account in part at least for the deficiency of 



FIG.  2. (1) Representative field of cornified cells from normal rabbit. (2)  Representative 
field of cornified cells from buphthalmic rabbit (full sib of normal in (1) :wid  taken at same 
age). (3) Higher power field with typical cells labelled according to our systeni of clxwification. 
N.C. : Not cornified-lenr iirhstained particles ahnost jelly-like in  appearance. C, : hrnified- 
darkly stained cells; often difficult to distinguish nucleus uid  cytoplasm. C,: Cornified cells 
with darkly stained pycnotic nuclei and lightly stained cytoplasm; various degrees of folding 
over of the cytoplasm, 
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TABLE I. Number Cornified Cells/Micrmscopic Field (150 X ). 

Rabbit strain (origin) Mean/eye No. of eyes Variance 

Controls Total 
ACEP (Dutch) 
AC (Dutch) 
X (Castle's small strahi) 
0s (Rockefeller Inst. 1948) 
Pooled sma.11 strains 
I11 (New Zealaiid White Castle '32 1110 subliiie) 

Buphthalniics Total 
AX* (outcross of Cliinchilla straiii V to 

strains I11 & X )  
young animals 
adults 
pooled AX strain 

111 t (New Zealaiid White (!astle '32 bu subline) 

Unilateral cases AX strain 
buplithalniic eye 
normal eye 

20.6 
19.9 
29.1 
22.8 
18.7 
22.4 
18.9 

58 

50.8 
71.8 
57.3 
62.8 

55.5 
36.5 

81 
8 
8 

12 
10 
38 
43 

30 

18 
8 

26 
-1 

2 
2 

124 
154 
330 

97 
121 
165 
86 

954 

314 
2661 
1055 
394 

60 
4 

* Animals which phenotypically are clwified as  buplithalniics based on h l g i n g  of the cornea 

t These animals a.re phenotypically normal but genetically buph thalmic. 
and in some cases clouding. 

buphthalmics reported by Hanna et aZ( I ) .  
4. It is also apparent from these data based 
on initial counts that this phenomenon of 
increase in cornification in buphthalmic rab- 
bits is not only similar to that reported for 
vit. A deficient cattle(3) but that there was 
a 3-fold increase in both abnormal groups. 
The inference from this and other data not 
reported herein of a possible relationship be- 
tween buphthalmia and vit. A metabolism is 
under investigation. 

There is a definite tendency for repeated 
measurements on the same eyes to give 
slightly higher counts. These differences were 
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TABLE 11. Cornified Cell Incidence iii Caiitrol ws 
Buphthalmic Animals. 

Degrees 

freedom 
O f  Value 

of ' ' t ' ' 
Between control groups 

ACEP w.9 AC 
0.9 x 
ws 0s 

AC vs 0s 
W S  x 

0s 218 x 
111,, ws ACEP 

ws AC 
ws x 
ws 0s 

Between buphthalaic groups 
AX* adults z's young 

Unilateral (normal appearing 
AX W S  I I I b u b u t  

eye ws buphthalnlic) 

Controls ws buphthalmics 
III,, ws I I I b u b u t  
Pooled small strains ws I & b u  t 
III,, ws pooled buphthalmics 
Pooled small strains vs pooled 

Pooled control 'us pooled buph- 
buphthalmics 

thalmics 

14 
18 
16 
16 
18 
20 
49 
49 
53 
51 

24 
28 

2 

45 
40 
71 
66 

109 

1.192 
.577 
.204 

1.424 
.goo 
.911 
.196 

1.545 
1.218 

.054 

1.123 
.466 

3.333 

4.390$ 
3.990$ 
6.627$ 
5.836# 

6.448 # 

* Animals which phenotypically are claseified as 
buphthalmics based on bulging of the cornea and 
in some cases clouding. 

t These nnima.ls are phenotypically normal h u t  
genetically buphtlialmic. 

(P <.OOl). All other "t" valiies in table are 
not significant at the .05 level. 
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not significant; however, this is still under 
investigation and all data reported herein 
are based solely on initial readings. Signifi- 
cant differences were observed between nor- 
mal and buphthalmic animals as early as 35 
days of age. 

It should be noted that even though the 
AX strain was not used as a control it con- 
tained phenotypically normal animals with 
cornified cell counts analogous to the other 
normal animals. These were not used since 
i t  has not been determined at  this point 
whether there is an effect in the heterozygote 
(Bubu) and we did not therefore wish to 
confound the data. The I11 strain control 
which is known not to contain the buphthal- 
mic gene is a different subline from that 
in which the buphthalmics were observed. 

There appears to be an increase in number 
of cornified cells with age in the early weeks 
of life followed by a plateau 5 to 14 weeks 
with a subsequent increase to a peak at  
about 130 days. The numbers then decline 
and stabilize. The peak at  134 days might 
be due to chance variation or possibly to a 

metabolic upset occurring concurrently or 
caused by reaching the age of puberty. Two 
months has now been taken as the standard 
age for observations because of the apparent 
stability at  this early prepuberal age. 

Summary. Pathological and preclinical 
stages in the buphthalmic rabbit's eye can 
be distinguished by the degree of corneal 
cornification. This is determined by enumer- 
ation of cells removed from the intact anes- 
thetized eye. Five normal strains and 2 
buphthalmic strains were investigated. The 
buphthalmics had cell counts significantly 
higher than those of genetically normal ani- 
mals. No significant differences were ob- 
served either between any of the control 
strains or between buphthalmic groups. 
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Several reported effects of mycoplasma 
(pleuropneumonia-like organisms, PPLO) are 
very similar to virus effects. These include 
transmissable cytopathic effects ( 1,2,3 ) and 
ultrastructural changes( 1) in cultured mam- 
malian cells, hemagglutination (4 ) ,  and change 
of host cell surfaces which makes them capa- 
ble of hemadsorption ( 5 ) .  This report extends 
the observations on the similar capacities of 
PPLO and viruses. A study of FL human 
amnion cells (6) ,  following PPLO infection, 
has shown the mycoplasma able to affect the 

* This investigation was supported in part by 
U.S.P.H.S. Research Grant CA-05883 and Research 
C,areer Award K6-CA-21607-01 to JZrgen Fogh from 
Nat. Cancer Inst. 

genetic composition of the mammalian cells. 
Major changes in the chromosomes of FL 

cells, cultured continuously for 9 years, have 
not occurred since the first analysis in 1957 
(10). Chromosome numbers were deter- 
mined again in 1961 ( 1 1 ), more extensively 
in 1962(7), and, in addition, from control 
preparations for the present study. Other 
characteristics which distinguish these trans- 
formed human cells from the normal human 
karyotype have also been reported ( 7 ) .  

Materials and methods. A strain of PPLO 
(3)  which we isolated from tissue cultures 
demonstrated the characteristics of myco- 
plasma by agar cultivation and electron mi- 
croscopy and was sensitive to aureomycin. 


