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Forty-two pigs (four litters) were born blind at the Texas Agricultural Experiment
Station in the course of experiments relating to maternal vitamin-A deficiency. Other
defects noted were cleft palate, cleft lip, accessory ears, and arrested ascension of the
kidneys. Definite and complete genetic tests were made to determine whether or not an
hereditary factor was responsible for the eye anomaly and close matings such as blind
brother x blind sister, and normal mother x blind son, produced only normal pigs. These
studies leave no reasonable doubt that maternal deficiency of vitamin A will result in
a variety of defects in the offspring, including blindness and even a failure of complete
development of eye tissue, together with those above-mentioned.

The normal mothers of these blind pigs were depleted to a very low state of vitamin A
before breeding and were continued on the vitamin-A-free ration for the first 30 days
of the gestation period (the time during which the eye develops in the pig embryo).

Vitamin-A deficiency is by no means uncommon in human diet and it may easily be
that many of the eye weaknesses which we suffer today are due to maternal vitamin-A
deficiency, just as Dr., H. M. Taylor has recently discovered that some of the deafness
among Southern children is due to quinine taken by the mother during pregnancy. In
any case, it is obvious that until we have evidence to the contrary, we should insist on
an abundance of vitamin A in the diet of the expectant mother in the early stages of
pregnancy when so many of the vital organs of the embryo are being formed. From the
Division of Swine Husbandry, Texas Agricultural Experiment Station. Read before the

Association for Research in Ophthalmology, Atlantic City, June 11, 1935.

Numerous publications have ap-
peared relative to the effect of vitamin
A on the health of the individual from
birth to maturity, and also relative to
the health of mature animals and hu-
man beings. Osborne and Mendel
showed as early as 1913 that if vitamin
A 1s withheld from the ration or diet,
the subject will eventually contract a
disease of the eye, variously known as
ophthalmia, xerophthalmia, keratomal-
acia, conjunctivitis, or keratoconjunc-
tivitis. It has been shown also that the
nerves of animals degenerate when the
ration is without vitamin A, but the lit-
erature is lacking concerning the rela-
tion of maternal vitamin-A deficiency
to embryonic development,

In connection with an investigation
on the effects of vitamin A on swine, at
the Texas Agricultural Experiment
.Station, a gilt of the Duroc breed that
had been fed a vitamin-A-free ration
for a period of 160 days before breeding,
and for the first 30 days after breeding,
farrowed in 1932, a litter of eleven pigs,
all of which were boru without eye-

balls, so far as could be determined by
macroscopic examination.

Since anomalies of this nature had
not previously been observed in this
particular herd in the many years that
it has been under observation, and
since the ration fed to this gilt was de-
ficient in vitamin A, the natural infer-
ence must be that the eye anomaly of
the young pigs was in some way associ-
ated with maternal vitamin-A defi-
ciency. Further experiments were im-
mediately initiated to determine the re-
lation between vitamin A and embry-
onic eye development.

Two gilts were placed on a vitamin-
A-free ration in an attempt to duplicate
this anomaly. At the same time, two
other gilts were fed the vitamin-A-free
ration, plus one percent of cod-liver oil.
These two latter gilts were bred 154
days after they were started on test,
and farrowed normal litters in March,
1933. One of the gilts fed on the vita-
min-A-free ration failed to show the
symptoms of estrus, while the other
one was bred 160 days after she was
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Fig. 1 (Hale). Showing pig without eye- Fig, 2 (Hale). Showing pig with double
balls, farrowed June 8, 1934, out of Dam No. cleft lip, farrowed June 8, 1934, out of Dam
336. Note subcutaneous cysts on head and N(])i 336. This pig was also born without eye-_
back. balls.

. Fig. 3 (Hale). Showing pig with extra ear- Fig. 4 (Hale). Showing pig born with cleft

like growths, farrowed May 11, 1935, out of palate, farrowed May 11, 1935, out of Dam
Dant: ﬁTo. 49. This pig was also born without No. 49. This pig was also born without eye-
eyeballs. balls.
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started on the vitamin-A-free ration,
but failed to farrow at the end of the
normal gestation period. A post-mor-
tem examination by Schmidt indicated
the litter had probably perished at an
early stage, followed by complete re-
sorption of the fetuses.

In 1933, two additional five-months-
old gilts, weighing 102 and 116 pounds
respectively, were placed on the vita-
min-A-free ration. The gilts were self-
fed in a dry lot, and had access to sun-
shine. On the 176th day aiter starting
on feed, one of the gilts was so com-
pletely affected by the depletion of vi-
tamin A that she was unable to get up.
A two-ounce dose of cod-liver oil was
administered, and she regained her
strength so rapidly that she was able to
walk within eight hours following the
cod-liver-oil treatment. Both gilts were

bred to a sire of the Duroc breed on -

the 190th day after starting on feed. It
will be recalled that the litter with the
eye defects farrowed in 1932 was sired
by an Essex male, which is an alto-
gether different breed. Symptoms of
vitamin-A deficiency in the gilts at the
time of breeding were evidenced by
their wobbly gait, weaving, and cross-
ing of the hind legs at the walk, droop-
ing of the ears, and loss of weight.
After the gilts were bred, they re-
mained on the vitamin-A-free ration for
the first 30 days of the gestation period,
the time during which it is known that
the eye develops in the pig embryo.
After the first 30 days of the gestation
period had passed, the gilts were given
an abundance of vitamin A in the form
of cod-liver oil, so as to furnish them
every opportunity to complete a full
gestation period.

On June 8, 1934, both gilts farrowed.
The gilt that had gone through the en-
tire 190 day period without vitamin A
farrowed a litter of ten pigs. A macro-
scopic examination showed that all
these pigs were born without eyeballs,
an exact duplicate of the litter produced
under similar conditions in 1932. The
gilt that had received a single dose of
cod-liver oil two weeks before concep-
tion, farrowed fourteen pigs. In this lit-
ter, macroscopic examination showed
various combinations of eye defects;

1089 .

some with no eyes; some with one eye;
some with one large and one small eye;
but all were blind. Three pigs of this
litter, all blind, were raised to maturity
on a normal ration. In both litters, vari-
ous other defects were also observed,
such as accessory ears, subcutaneous
cysts, hare lip, and misplaced kidneys.

Fig. 5 (Hale). Showing normal eye of pig
(A), and a pair of defective eyes (B). The
anomaly was from a pig farrowed June 8,
1934, out of Dam No. 187. Both the normal
eye and the pair of blind eyes were removed
from ten-months-old pigs.

Finally, on July 6, 1934, another five-
months-old gilt weighing 106 pounds
was placed on the vitamin-A-free ra-
tion, and fed under the same conditions
as those previously described. She was
bred 192 days after starting on test, to
a Duroc male unrelated to any other
sire used in these tests, and on May 11,
1935, she farrowed seven pigs, all with-
out eyeballs, as determined macroscopi-
cally. Other defects observed in the pigs
were: hare lip, cleft palate, accessory
earlike growths at the base of the ear,
malformed hind legs, and a failure of
the kidneys to ascend from their em-
bryonic position.

It might be assumed that the eye
anomalies here described are due to
heredity; that the genetic factors re-
sponsible for them are existent in our
herd and have appeared only when cer-
tain matings were made. The evidence
against hereditary transmission is al-
most overwhelming, and may be briefly
set forth as follows: (1) No other blind
pigs have been farrowed in our herd
since this herd was established twenty
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years ago. (2) The three sires and the
four dams of the forty-two defective
pigs had apparently normal vision. (3)
The three sires have produced only nor-
mal pigs when bred to other sows. (4)
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were from gilts unrelated to the gilt that
farrowed the eyeless pigs in 1932, and
their sire was of a different breed. (6)
The only eyeless pigs produced in our
herd have been from sows that were

Table 1
DATA PERTAINING TO THE PRODUCTION OF BLIND PIGS FROM NORMAL SOWS FED RATIONS DEFICIENT IN
VITAMIN A
Date Litter| No.of | 1% | No. of
Dam| Sire atfe Aitter P'o. oLl Pigs 0. 0 Kind of Ration Other Defects in
No. | Breed-No. | of Pigs | Pigsin} pg.; INormall  Req Dam of Litter Litter of Pigs
Farrowed | Litter | pjind | Pigs
38 | Essex-2 3-29-32 ) 11 11 None | Vitamin-A deficient** | Misplaced kidneys
in 2 pigs
38 | Duroc-3 8-19-32 4 None 4 Vitamin-A deficient None
plus green pasture
114 | Duroc-5 3-20-33 8 None 8 Vitamin-A deficient | None
plus 1% cod-liver oil
20 | Duroc-§ 3-27-33 9 None 9 Vitamin-A deficient | None
plus 19, cod-liver oil .
336 | Duroc-14 | 6~ 8-34 | 10 10 None | Vitamin-A deficient** | Subcutaneous
: cysts, cleft palates
hare lip, misplaced
kidneys, extra ear-
like growths
187 | Duroc-14 | 6~ 8-34 | 14 14 None | Vitamin-A deficient** | Misplaced kidneys
336 | Duroc-45 | 12-17-34 | 10 None 10 Vitamin-A deficient | None
plus green pasture
187 | Duroc-45 | 12-20-34 | 11 None 11 Vitamin-A deficient | None
plus green pasture
49 | Duroc-1 5-11-35 7 7 None | Vitamin-A deficient** | Harelip, cleft pal-
ates, misplaced
kidneys, extra ear-
like growth
46 Blind 5-11-35 | 11 None 11 Vitamin-A deficient | None
boar son plus green pasture
of sow 187
187 Blind 5-19-35 8 None 8 Vitamin-A deficient | None
boar son plus green pasture
of sow 187
12* Blind 5-26-35 7 None 7 Vitamin-A deficient | None
boar son plus green pasture
of sow 187

* Blind gilt out of sow 187.

** Dam started on cod-liver oil on 30th day of gestation period,

The 1932 eyeless condition was dupli-
cated exactly in 1934 and again in 1935,
but only in connection with vitamin-A-
free rations. (5) The two litters of de-
fective pigs farrowed in June, 1934,

practically depleted of vitamin A at the
time of conception. (7) Definite and
complete genetic tests were made in
order to determine whether or not we
were working with an hereditary
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anomaly already in the stock of pigs we
were using. These tests included the
mating of the blind male from one of
the 1934 litters of blind pigs (a) to a
normal, unrelated gilt, (b) mating the
blind male back to his dam, (¢) mating
the blind male to his blind full sister
and litter-mate. From these three mat-
ings, 26 normal pigs and no abnormal
pigs were farrowed.

As a matter of fact, it will be obvious
to any one familiar with the principles
of heredity, that there are only two
hereditary mechanisms by which nor-
mal parents could produce blind off-
spring. The first possibility assumes
that both parents were heterozygous
for recessive factors responsible for
blindness, in which case one fourth of
the offspring on the average would be
expected to be blind, just as in humans
two brown-eyed parents may have
some blue-eyed children. This possibil-
ity is ruled out by the first litter of
eleven blind pigs, even without addi-
tional evidence that has since accumu-
lated. There is only one chance in about
four million of all the offspring in a
litter of this size being recessive, an
event, for all practical purposes, not so
much more common than an all-trump
hand in bridge, or the birth of human
quintuplets. The second possibility is
that the two normal. parents carried
complementary factors which when
combined in the offspring produced
these various eye and other defects in
the same way that the crossing of two
white-flowered sweet peas sometimes
produces purple flowers in the first gen-
eration. Such a situation could easily
result -in blindness in all of the oft-
spring, but this hypothesis is ruled out
because the blind pigs themselves have
completely failed to transmit their
blindness to their offspring, even in
very close matings, such as brother and
sistér and mother and son (see table 1).

These studies leave no reasonable
doubt that a maternal deficiency of vi-
tamin A will result in a variety of de-
fects in the offspring, including blind-
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ness and even a failure of complete de-
velopment of eye tissues, cleft palates,
hare lip, and the arrested ascension of
the embryo kidney. The question at
once arises as to the relation of these
results to various eye defects and
weaknesses in the human race. It may
be argued that there is a vast gap be-
tween pigs and people, but from the bi-
ological and nutritional standpoint, the
differences are not so great as might ap-
pear at first glance. Both are omnivo-
rous mammals with a relatively long
gestation period.

It must not be forgotten, of course,
that the nutritional conditions which
brought about our litters of blind pigs
are extreme and exaggerated. It would
be almost impossible for an expectant
mother to be as nearly depleted of vita-
min ‘A as were the animals in our ex-
periments. On the other hand, vitamin-
A deficiency is by no means uncommon
in human diet—especially where the
variety of food is limited. Furthermore,
the instance of the one gilt that received
a single dose of cod-liver oil two weeks
before conception, and subsequently
gave birth to pigs with eyes, but with a
variety of defects including blindness,
points to the fact that there are various
degrees in which a lack or deficiency of
vitamin A can affect eye development.
Just as Dr. H. M. Taylor has recently
discovered that some of the deafness
among Southern children is due to
quinine taken by the mother during
pregnancy, so it may easily be that
many of the eye weaknesses which we
suffer today, are due to maternal vita-
min-A deficiency. Perhaps we have been
forcing our spinach on the wrong vic-
tims; it ought to be administered to the
mothers instead of the children. In any
case, it is obvious that until we have
evidence to the contrary, we should in-
sist on an abundance of vitamin A in the
diet of the expectant mother in the
early stages of pregnancy when so
many of the vital organs of the embryo
are being formed.
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Discussion. Dr. WarTer B, LaAN-
casTER: I should like to ask if any investi-
gation was made to see whether blind-
ness in humans is connected with a de-
ficiency in vitamin A.

Mgr. HaLE: You mean in the literature.
There is nothing in the literature that I
could find that would indicate that any
observations have been made and con-
clusions drawn to that effect, but, on the
contrary, there is nothing to show it
was not. I do not think the subject has
been studied from the naternal vitamin-
A-deficiency standpoint. Most of what I
was able to find relates from the date of
birth instead of previous to birth.

Dr. A. M. Yupxixn: I should like to
state that anophthalmos, microph-
thalmos, and macrophthalmos, uni-
lateral and bilateral, were observed in
our rat colony previous to 1927. These
ocular malformations were not found in
subsequent litters of the same combina-
tion of parents when subjected to a
similar environment and fed the same
type of diet. The rations were adequate
in maintaining normal growth and good
health,

A similar observation was made in
another well-known rat colony in this
country. It is not unusual to find ocular
deformities in other laboratory animals,
particularly in the rabbit.

If sterility is associated with a vita-
min-A deficiency, would you expect to
have specimens for examination? Even
though the diet may be lacking in vita-
min A, would you not find other types
of ectodermal disturbance?

I should like to see further observa-
tion made in his and other agricultural
stations on pigs before concluding that
the ocular changes are directly due to
vitamin-A deficiency.

Mg. HALE: In the four gilts I showed
you in the graph we had a complete set-
up, two gilts receiving vitamin-A-defi-
cient rations, the other two receiving
the same rations plus one percent of
cod-liver oil. Only the gilts receiving
the cod-liver oil that furnished the vita-
min A had perfectly normal pigs. We
have duplicated the condition we ob-
served in 1932, three different times
with unrelated animals and have taken
these animals and have proved to the
geneticist and to anyone familiar with
heredity that the eye anomaly was not
due to heredity.

We have taken these deficiency ra-
tions and added cod-liver oil and have
never been able to get these defects on
such rations. We have produced forty-
two blind pigs with these vitamin-A-
deficient rations. We have produced
these defective pigs by using two points
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of technique that are of paramount im-
portance. First, the mother must be
depleted to a very low state in vitamin
A before breeding. Second, the vitamin-
A-deficient ration must be continued
after the animal is bred until the stage
of embryonic eye development has
passed, and there is nothing in the liter-
ature that I can find to show that such
tests have been made other than what I
have read here today according to our
method of procedure,

Dr. Freperick H. VeErHOEFF: I should
like to ask if it ever failed when you
tried to do that?

Mgz. HaLE: Yes, it has, but it is hard to
tell when these animals are depleted to
the state where vitamin A is practically
depleted out of the body. You have to
observe that yourself and be enough of
an animal husbandman to know the
symptoms exhibited by those pigs with
vitamin-A deficiency. I doubt if any-
one who is not familiar with pigs show-
ing vitamin-A deficiency could ever
succeed, except through trial and error
for a good many periods.

‘We succeeded the very first effort we
made, after we selected young gilts the
same age and weight of the first gilt.
When we failed, it was with mature
animals. We thought the one-hundred-
and-sixty-day period on which we kept
the first gilt was of some significance,
but found it is not of any significance.
The important feature is to deplete the
animal to a very low state in vitamin A.
‘We kept mature animals on a deficient
ration for one hundred and sixty days
and failed, but never have failed when
we withheld breeding until the animals
showed depletion, by these vitamin-A
symptoms, to a very low state.

Dr. Tuomas B. Horroway: I should
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like to know whether sufficient time has
elapsed to determine whether these
blind pigs represented a true case of
anophthalmos or simply instances of
excessive microphthalmos. In one slide
shown the optic nerves entered the
orbits.

Mr. HaLg: It is not a true anophthal-
mos. Only by microscopic examination
would you know there was no anoph-
thalmos. We have not gone very far
with microscopic work yet. '

Dr. C. W. Ruraerrorp: What effects
of these experiments were noted on the
orbits and the extraocular muscles?

Mgr. HaLeE: We have not made those
observations yet. We have these an-
imals, however, in formalin, and we
intend to make very extensive studies
along that line.

Dr. Epwarp Jackson: Would it not be
a fair supplementary experiment to sub-
ject an entirely different species and
different family of animals, rats, to a
similar vitamin-A-deficiency diet and
see what the effect would be on them?
Would that be in the same line of ex-
periment?

Mgr. HALE : These experiments are only
four years old and are so new that they
are just in their infancy. There are so
many angles to the question that studies
will have to proceed for several years
before we can get at this problem from
all angles.

But if we should use rats (we are
using rats now) and fail, yon might ask
yoursel the question—Will we say the
lack of vitamin C does not cause scurvy
because we cannot give scurvy to arat?

Dr. LancasTer: Has it been tried in
poultry?

Mgr. Hack: No, not in poultry.





