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INTRODUCTION

A raplid expansion in experimental teratogenesis resulted
from the thalidomide disaster. Thalldomide had been consid-
ered as almost innocuous in man previously and yet produced
maimed infant victims as a result of exposure to the drug
by pregnant females. The unusual characteristic deformities
produced by thalidomide were instrumental in defining thalido-
mide as the responsible agent.

Many drugs have been used in the experimental production
of congenital anomalies, but many naturally occurring congen-
ital anomalies have not been defined on an etiologic basis.
Multiple, rather than single, external and genetic factors
may be important in determining naturally occurring malfor-
mations.

Congenital malformations can be induced in mammals
by maternal dietary deficiencies. Deficiency of the mother's
diet in vitamin A, riboflavin, folic acid, pantothenic acid,
vitamin By, vitamin D and vitamin E have been used experi-
mentally to induce congenital malformations in the young.
Congenital malformations can be obtained by dietary deficien-
cies only if the mother is in a borderline deficliency state.
It can be easily demonstrated that deprivation of a specific
essential nutrient results in sterility, resorption of embryos
or the birth of dead or nonviable young. It is equally easy

to show improvement in reproductive performance by utilization



of adequate diets. However, it is difficult to create a
borderline deficlency that damages the embryo without killing
it. These borderline deficiencies have been created experi-
mentally in the laboratory.

Domesticated animals may be kept in marginal deficiency
states or may be exposed to other factors that may inhibit
utilization of, or cause a depletion of otherwise normal
quantities of essential factors. Vitamin A stores and utiliza-
tion have been reported to be affected by nitrate and nitrite,
but results are equivocal and vary with the speclies. Vitanin
A deficiency has been shown to have a teratogenic effect. The
effect of nitrite in pregnant rats, some of which wlll have
marginal vitamin A deficiency, wlll be investigated in this
study.

Nitrite oxidizes the ferrous lron of hemoglobin with the
production of methemoglobin which does not transport oxygen.
Anoxic conditions can be produced depending upon the amount
of hemoglobin that is converted to methemoglobin. Anoxia has
been reported as an experimental teratogenic agent.

Certain ions have an inhibitory effect on the uptake of
lodides by the thyroid with the result that hypothyroidism
may be produced. Nitrate and possibly nitrite have been shown
to have this effect. Hypothyroidism has been reported to have
a teratogenic effect.

The use of vitamin A in increasingly larger doses as a

therapeutic agent has become a common veterinary practice.
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Excess vitamin A has a proven teratogenic effect in rodents.
There have been few reports on the use of domestic animals in
experimental teratology. The existence of a teratogenic effect

of excess vitamin A in the canine will be investigated in this
preliminary study.



PART I. EFFECTS OF DIETARY NITRITE IN THE PREGNANT
RAT



REVIEW OF LITERATURE
Historical

The review of literature in this portion covers the
historical development of experimental teratology and con-
cerns either initial or major contributions to mammalian
teratology with reference, on occasion, made to reports
involving the human.

Teratology (Hoerr and Osel, 1956) is the science of mal-
formations and monstrosities. Warkany (1961 ) states that the
term "congenital malformations" should be applied to gross,
structual anomalies present at birth, irrespective of their
etiology or morphogenesis.

Experimental production of congenital malformations is
not new. As early as 1891 Dareste produced abnormalities in
the chicken embryo. More recently the experimental production
of malformations in the mammalian fetus has been reported.
Hale (1933, 1935, 1937) reported the teratogenic effect of
maternal vitamin A deficiency in pigs.

Teratogenic procedures carried out in laboratory animals
date back to 1940. Giroud and de Rothschild (1951) produced
cataracts in the offspring of rats by the administration of
thyroxine orally to the female rats before and during preg-
nancy. Fraser and Fainstat (1951) produced cleft palate in
mice as a result of cortisone injections. They observed

differences in the strain response to teratogenlic doses of



cortisone. Kalter (1954) and Fraser et al. (1957) pointed
out the contributions made by the genetic and environmental
backgrounds of the embryo when exposed to an environmental
agent. They used various crosses between two strains of mice
that showed very different responses in congenital cleft
palate production due to cortisone. Results indicated that
both genotype and uterine environment of the embryo were
important 1ﬁ—determining the probability that an embryo would
get cleft palate. Courrier et al. (1951) showed increased
resorptions in rats as a result of cortisone injections
admihistered to pregnant females. Raynaud (1943) found that
espradiol administered to female mice inhibited the develop-
ment of eyelids in the fetuses. It has been shown that some
human female fetuses, whose mothers received synthetic pro-
gestins in the treatment of threatened abortion, were born with
masculinized genitalia (Wilkins et al., 1958). Curtis and
Grant (1964) have also reported this masculinization effect
in female canine fetuses. Chomette (1955) had shown that the
rabbit was a suitable animal for teratogenic experiments
employing insulin. Malformations consisted of microcephaly
and ectopia cordis.

Teratogenic effects have been produced by physical agents.
Ingalls et al. (1950, 1952) showed that reduced atmospheric
pressure resulted in increased incidence of malformations in
litters of pregnant mice. However, under certaln experimental

conditions anoxia has counteracted teratogenic agents. BRussell



and Russell (1954) found that hypoxia markedly protected mice
against irradiation-induced abnormalities. Smith (1957)
produced abnormalities in the young of pregnant hamsters that
were subjected to severe hypothermia. Trasler et al. (1956)
reported on the production of cleft palate in mice by puncture
of the amniotic sac on day 13 of gestation. These cleft
palates appeared to have resulted from a loss of amniotic
fluid, which constricted the embryo, pushing the head down on
the chest and forcing the lower jaw upward. Thus the tongue
was forced between the pslatine shelves, which therefore could
not fuse.

Goldstein and Murphy (1929), among others, reported on

the effect that x-rays had on human embryos that were exposed
in EEEEQ to therapeutic doses. ©Some of the children born
after such procedures showed microcephaly, microphthalmus,
spasticity or mental retardation and sometimes mglformations
in the genital and the skeletal systems.

Warkany and Schraffenberger (1947) produced a variety of
congenital malformations in the offspring of female rats by
exposing them to roentgen rays on certaln days of pregnancy.

Skeletal malformations were common.
Haskin (1948) administered a radiomimetic and cytotoxic

nitrogen mustard to pregnant rats and produced various mal-

formations in the fetuses.

Diamond et al. (1960) reported that the therapeutic use
of busulfan, a polyfunctional salkylating agent, has lnduced
congenital malformations in human embryos. Harelip and cleft

palate, hydrocephalus, encephalocele, anencephaly and other
defects have been observed in affected embryos or infants.
Metaphase inhiblitors have shown teratogenic activity in

animals. Ferm (1963) injected colchicine intravenously into

the pregnant hamster on the eighth day of gestation and obtain-



ed high morbidity with the survivors having exencephaly and
skeletal abnormalities. Eye defects were also observed with
colchicine, vinblastine and vincristine (Ferm, 1964). Pod-
ophyllotoxin and podophyllin caused resorptions of the fetal
rat (Thiersch, 1963). A clinical report by Cullis (1962)
describes a woman who took "slimming tablets" containing
podophyllin during the 5th to 9th weeks of pregnancy and gave
birth to a baby with multiple deformities.

Toxlic antibiotics, which have been considered as anti-
cancer drugs, are generally teratogenic. Actinomycin D has
produced congenital malformations in the rat that were poly-
morphic in nature (Tuchman-Duplessis and Mercier-Parot, 1960).
Treatment on the seventh day with actinomycin D produced a
significant incidence of malformations (Wilson, 1965). Some
of these were types rarely or never seen before. Other tera-
togenic agents have not produced malformations prior to the
eighth day. This early teratogenic effect may be due to the
action of this compound. At the enzymatic level synthesis of
RNA by DNA-dependent RNA-polymerase is sensitive to the effects
of act!nomycin D, and this would prevent or interfere with the
initial step of the many chemical and morphogenetic steps that
are requlred for the development of any tissue or organ.

Filippi and Mela (1957a) have reported micromelia, ectrod-
actyly and syndactyly in the offspring of female rats when the
dams were given penicillin and streptomycin in doses regarded

as equivalent to clinical therapeutic doses. Filippi and



Mela (1957b) have also reported a teratogenic effect of
tetracycline in rats when given in long term dosage. A lead
article in the British Medical Journal (1965) cautions against
the use of tetracyclines in the treatment of pregnant women
because of the concentrating of tetracyclines in the fetal
skeleton, reduced growth, and a possible connection to mal-
formations.

Another positive teratogen, trypan blue, was described
by Gillman et al. in 1948. It produced hydrocephalus, spina
bifida and other anomalies in the young of treated rats. It
still 1s a favorite teratogen; but 1ts mode of action remains
unexplained.

Goldman and Yakovac (1963) found that maternal immobili-~
zation enhanced teratogenicity of salicylate in the pregnant
rat. Congenital malformations were produced using subcutaneous
injections of sodium salicylate. Immobilization, by itself,
produced a marked reduction of fetal growth. However, immo-
bilization markedly increased the production of congenital
anomalies by single injections of toxic teratogenic doses of
sodium salicylate on the tenth day of gestation in proportion
to the dose of salicylate and duration of immobilization.

A maternal deficiency of many of the vitamins has resulted
in congenital malformations in the offspring (Kalter and
Warkany, 1959). Some of the early work in teratogenesis was
based on dietary deficlencies. In 1940 Warkany and Nelson

reported that a maternal nutritional deficiency in rats produced
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congenital malformations in offspring. Warkany and Schraffen-
berger (1943) showed that a dletary deficlency of riboflavin
was the causative factor., A substantiation of the fact that
these malformations were due to riboflavin deficiency was
provided by the work of Nelson et al. (1956). These workers
used the riboflavin-antimetabolite, galactoflavin, with an
increase in the incidence of abnormal young.

Evans et al. (1951) demonstrated that multiple congenital
malformations in fetuses of rats resulted when the maternal
diet was made acutely deficient in follc acid using x-methyl-
pteroylglutamic acid, a crude folic acid antagonist.

Warkany et al. (1959) reported on the use in a human of
aminopterin (4-amino-pteroylglutamic acid), a folic acid
antagonlist, in an attempted abortion. The procedure was not
successful and resulted in the birth of a malformed infant.

A maternal deficlency of vitamin By, has been shown to
result in hydrocephalus in rat fetuses (0!'Dell et al., 1951).

Boisselot as cited in Kalter and Warkany (1959, p. 79) fed
a purlfled diet deficient in pantothenic acid to female rats

which resulted in various congenltal malformations in the
young.

Pinsky and Fraser (1960) reported that 6-aminonicotin-
amide, a potent nicotinic acid antagonist, produced congenital
skeletal anomalies in the young of pregnant mice that had been
subjected to a two-hour inactivation of nicotinamide by 6-

aminonicotinamide.
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A deficiency of vitamin E has been reported to produce
fetal abnormalities. Shute (1936) reported hydrocephalus in
offspring of female rats kept on a vitamin E-free diet. Frank
congenital malformations of various types due to vitamin E
deficiency have been reported by Cheng and Thomas (1953).
However, Gortner and Ekwurtzel (1965) reported that they could
not duplicate the high congenital malformation rate reported
by Cheng and Thomas (1953) obtained by administering a toco-
pherol supplement on the 9th to 1llth day of gestation to
vitamin E-restricted rats.

A rachitogenic diet gliven to young female rats and con-
tinued throushout pregnancy has produced skeletal defects in
the offspring (Warkany, 1943).

Runner and Miller (1956) have reported that a 24 or 30-
hour fast of a certaln strain of mice during the 7th to 10th
days after conceptlon produced congenital malformations in the
young. This finding seems to be without precedent among
vertebrates. Runner (1959) has produced evidence in mice which
showed that very similar deformities result from the use on
the ninth day of either folic acid antagonist, ilodoacetate,
fasting or insulin. He suggested that all these agents inter-
fere in the citric acid cycle, probably at different levels.

Nucleic aclid antagonists have produced teratogenic effects
in laboratory animals. Thiersch (1957) gave antimetabolites
of purine to rats on various days of gestation and produced

malformations in the fetuses. Murphy and Karnofsky (1956)
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used azaserine, a glutamine antagonist which is an inhibitor
of purine biosynthesis, to produce skeletal malformation in
rat fetuses. Murphy (1960) reported on the teratogenic effect
of a number of tumor-inhibiting chemicals in the fetal rat.

The tumor-inhibiting chemicals used were chlorambucil, amino-
pterin, 6-mercaptopurine, azaserine, 6-diazo-5-oxo-l-norleucine
(DON), 5-fluoro-2-deoxyuridine (FUDR), 6-aminonicotinamide,
thiadiazole, and triazene. 1In some cases, metabolites were
injected following a dose of an antimetabolite to attempt
prevention of toxic effects on the fetuses.

Excessive vitamin A intake during pregnancy has been shown
to produce congenital malformations. Cohlan (1953) was the
first to show this effect, He used rats as an experimental
animal.

The impetus to research in the area of teratogenesis canme
with the thalidomide incident. 8Some of the first reports
assoclating thalidomide with congenital abnormalities in human
babies were by McBride (1961) and Lenz (1962). Mellin and
Katzenstein (1962) have written a thorough review covering
the thalidomide literature to late 1962. The varying terato-
genic response of different strains and species of laboratory
animals to thalidomide became evident. This explained the
inability to detect the teratogenic action of thalidomide
(Cahan, 1964).

Little work in experimental teratology has involved the

effect of agents on the male and subsequent congenital mal-
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formations in offspring. Lukwak-Mann (1964) described dele-
terious effects on offspring of male rabbits that were treated
with thalidomide and subsequently mated to does of high
fertility 2 to 10 weeks from the end of thalidomide administra-
tion. Déleterious effects on the progeny ascribable to paternal
treatment with thalidomide were reduced litter numbers, smaller
litters and one male offspring in each of two litters by the
same male that showed gross melformations.

Numerous reports have appeared concerning the experimental
production of congenital malformations by various means (Cahan,
1964; Karnofsky, 1965; Kalter and Warkany, 1959). The interest
in this research is emphasized by the mass of information on
the teratogenic effects of pharmaceutically interesting com-
pounds. Woollam (1965) 1lists 120 different drugs known to

produce death or malformation, or both in experimental animals.
Deficiency of Vitamim A and Teratogenesis

Experimental mammalian teratology began with Hale'!'s work,
His initial report appeared in 1933 concerning results he had
obtalned with a female plg fed a vitamin A-deficient diet. A
litter of 11 was born, all of which exhibited anophthalmia and
two of which had ectopic kidneys. The sire was bred to two
other females on normal rations and normal offspring resulted.
In 1935 and 1937 Hale reported further results. Using the same
general procedure but different sires, he reported the occur-.

rence of anophthalmia, microphthalmia, harelip, cleft palate,
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accessory ears, otocleisis, malformed hind legs, undescended
kidneys, ectopic ovaries, cryptorchidism and subcutaneous
cysts. These abnormalities did not all appear in any one
individual but occurred in various combinations in the off-
spring. He ralsed malformed individuals from these litters
on adequate rations and then mated a blind male to a normal
unrelated gilt, to its dam, and to a blind sister litter-
mate with the result that no abnormal pigs were farrowed.,
With this series of reports Hale demonstrated that a deficiency
of a nutritional factor could induce congenital malformations
and that genetic factors were not responsible for the malfor-
mations observed.

Anderson (1941, 1949) demonstrated that a genetic pre-
disposition to dilaphragmatic hernia in her strain of rats was
manifested to a much greater degree in the absence of vitamin
A.

Warkany and Schraffenberger (1944, 1946) reported con-
genital malformations of the eyes of young rats that were the
offspring of vitamin A-deficient females. Female rats were
‘ralsed on a vitamin A-deficient diet which contained small
measured amounts of carotene. The carotene was necessary for
growth and maturation of the females but insufficient to pro-
vide vitamin A for storage. At sexual maturity the females
were given a diet entirely free of vitamin A and carotene.
While on this diet the females were bred and kept throughout

pregnancy. In one series of experiments only 7 of 140 females
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carried their offspring to term and 39 young were obtained.
All of the eyes that were sectioned were found to be abnormal.
The most constant abnormal finding was a retrolenticular
membrane in place of the vitreous body. Coloboma, abnormal
structure and folding of the retina, anomalies of the irils
and "open eyes" were some of the other anomalies reported.
Jackson and Kinsey (1946) confirmed these findings. They
also reported a serum vitamin A level below 12 I.U. per 100
ml. in all of the mothers that produced young with abnormal
eyes. Jackson and Kinsey concluded "that the ocular defects
occur in the young rat only when the maternsl vitamin A
deficiency is extremely severe, so advanced in fact, that
fetal resorption is common and normal birth is impossible.®

Wilson and Barch (1949) confirmed the experiments of
Warkany and co-workers using two strains of rats. These
workers used three criteria for recognition of imminent death
and resorption of conceptuses, thereby making it possible to
collect many severe malformed fetuses that would otherwlse
be destroyed in utero. These criteria were: 1) the presence
of more than 25 per cent cornified cells in the vaginal smear
at any time during pregnancy; 2) the presence of blood in the
vaginal smear in excess of or at times other than that compris-~
ing the usual placental sign; or 3) the loss of weight by the
mother after the tenth day of pregnancy.

Warkany and Roth (1948) found that increasing the amount

of carotene added to the preparatory diet increased the fer-

tility of the females but decreased the incidence of abnormsal
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young. They recommended that it was advisable to supplement
the preparatory diet with 12 to 25 mcg. carotene every tenth
day. When early termination of pregnhancy threatened, the
animal was opened and the fetuses removed for examination.

The eyes of at least one animal in each litter were sectioned
serially. If no retrolenticular membrane was found, the

animal was considered normal, but, if a membrane was seen in
any section, the animal was considered abnormal and the litter
of origin of that animal was considered abnormel. Wilson and
Warkany (1950) had never found any other anomaly existing in
the absence of ocular malformations. 1In addition to ocular
malformations, anomalies of the soft tissues were found. These
were: undeveloped lungs, spongy heart muscle, diaphragmatic
hernia, renal hypoplasia, undistended renal pelves and ureters,
horseshoe kidneys, undescended testes and rarely agenesis of
one lung and tracheoesophageal fistula (Warkany et al., 1948).
Some of these young also had cardiovascular malformations,
which were analyzed by Wilson and Warkany (1949). These
consisted of defects in the interventricular septum and in the
aortico-pulmonary system, a trabeculated and spongy myocardium,
and various aortic arch anomalies such as supernumerary,
absent, ectoplilcally arising and transposed vessels. It was
concluded that all the malformations were the result of inter-
ference with normal processes occurring on or subsequent to

the 12th day of gestation. Many of the cardiovascular anoma-
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lies observed in rats closely simulated malformations observed
in man (Wilson and Warkany, 1950).

In addition to the above mentioned renal anomalies, many
other malformations of the genito-urinary tract were discoverasd
in histological studies (Wilson and Warkany, 1948). These
genito-urinary anomalies-were classified on the basis of the
apparent manner in which normal developmental processes had
been altered in order to produce the observed abnormality.

The four categories which seemed to cover all types of malforma-
tions were (1) paraplasia, resulting from aberrant processes,
(2) aplasia, complete absence of a structure ordinarily present,
(3) hypoplasia, resulting‘from arrested or slowed processes,

and (4) hyperplasia, resulting from ovér-activity of a process.
A large majority of these malformations appeared to have been
the result of hypoplasia (Wilson and Warkany, 1948).

Keratinizing metaplasla was found by Wilson and Warkany
(1947) in epithelia derived from the urogenital sinus but was
nevér found in any fetus prior to the 18th day. This would
indicate that the embryo and fetus produce a different histo-
logic response to vitamin A deficiency from that seen ir the
animal after birth.

The broad array of congenltal malformations observed in
the abnormal offspring of vitamin A-deficient female rats has
been referred to as a "syndrome" (Warkany et al., 1948). Over
9 per cent had both ocular and urogenital anomalies, over 50

per cent had diaphragmatic hernia, and 17 per cent had cardio-
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vascular malformations. This syndrome could be modified by
administration of a single dose of vitamin A (16,000 I.U.
orally) to pregnant females at varlous times during pregnancy
(Wilson et al., 1953). The following conclusions were drawn
from this study: (1) Administration of a single dose of
vitamin A progressively reduced the incidence of malformed
young the earlier given in gestation. (2) The syndrome of
mal formations was modified by vitamin supplementation on
particular days, both as to type of defect and relative per-
centage of various defects., This was interpreted as being the
result of salvaging young that would have otherwise perished.
(3) The malformations resulting from maternal vitamin A
deficiency were determined during the period of active organ
formation rather than on undifferentiated tissues.

Rokkones (1955) noted hydrocephalus in the offspring of
vitamin A-deficient rats, although Warkany's group did not
observe this. Millen et al. (1954) reported congenital hydro-
cephalus in the offspring of female rabbits fed a carotene-
free diet 14 to 38 weeks before mating. When the carotene-
free diet was fed 14 weeks before mating, the offspring mani-
fested hydrocephalus at 2 to 8 weeks after birth (Millen et al.,
1953). The hydrocephalic young had well-marked stenosis of the
cerebral aqueduct at the level of the superior colliculi. Con-
striction of the optic nerves was seen. The hydrocephalus was
considered to be responsible for the constriction. Overgrowth

of the bones of the skull was not evident. Evidence suggested
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that the determining factor for hydrocephalus may be over-
production of cerebrospinal fluid with a relative insuffi-
ciency of the cerebral aqueduct. Millen and Dickson (1957)
found increased cerebrospinal fluid pressures in hydrocephalic
young, and noted that administration of 10,000 to 20,000 I.U.
of vitamin A given weekly starting at one week of age to
affected young, produced a steady fall in pressure, which
reached normal limits within 2 to 3 weeks.

Lamming et al. (1954) observed ocular malformations in
the offspring of rabbits fed a carotene-free diet 12 to 14
weeks before mating. These ocular defects appeared similar to

the "open eye" condition reported by Warkany and co-workers

(1944, 1946, 1948).

Effects of Dietary Nitrate and Nitrite

on Vitamin A

By using in vitro procedures Pugh et al. (1962) reported
on the destruction of'}-carotene by KNO, with various molar
ratios and a range of pH values. Destruction of‘f-carotene by
nitrite was greatest at a pH of 1 through 3. Vitamin A
alcohol was destroyed at higher molar ratios of nitrite to
substrate at pH 2.

Olson et al. (1963) reported that g-carotene is not
affected by nitrate under a variety of conditions in an in

vitro situation. In an acid medium, nitrite caused rapid

;—carotene destruction.
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Bloomfield et al. (1962a) reported on the concentration
of nitrate in the stomach of rats following intraperitoneal
injection of NaNOB. A gastric julce:plasma ratio of 20:1 was
reported at low plasma concentrations. The presence of gastric
nitrite in the nitrate 1ﬁjected animals was sporadic and could
not be quantitated. Kearley et al. (1962) reported that in
the wether there was a gastric concentration of intravenously
administered nitrate.

Roberts and Sell (1963) reported on the effect of KNO,,
on the destruction of vitamin A in abomasal fluid from sheep
and ventriculus fluid from chickens in an in vitro situation.
When the pH was below 4, almost complete destruction of the
vitamin A was observed by the end of a 60-minute incubation
periocd. When 2 per cent KNOZ was fed to fistulated sheep, no
nitrite was found in either rumen or abomasal fluid at approx-
imately 90 minutes after feeding. Furthermore, there was
relatively little difference in vitamin A concentration be=
tween abomasal fluids collected from sheep receilving the
control and nitrite rations, suggesting that the dietary
nitrite did not enhance vitamin A destruction in the sheep.
However, when broilers were fed 0.74 per cent KNOZ, nitrite
was found in the ventriculus and intestine two hours after
feeding, and, in addition, the concentration of vitamin A in
these areas was much reduced compared with control birds.

Mitchell et al. (1965) reported that in steers with abo-

masal fistulas niltrate had no effect on reducing the vitamin A



21

recovered in the abomasum although extensive ruminal loss
was evident in both control and KNO3 treatments,

Reddy and Thomas (1962) reported on the interrelationship
between thyrold status and nitrate on in vitro carotene con-
version to vitamin A. Their results indicated that 1in hypo-
thyroidism conversion of carotene to vitamin A was reduced.
The presence of nitrate in the medium reduced conversion of
carotene to vitamin A whether the duodenal homogenate origin-
ated from a control, a hypo- or hyperthyroild animal.

Jordan et al. (1963) reported that beef cattle fed corn
silage of varying nitrate content showed increased blood
levels of carotene as a result of intramuscular administration
of trilodothyronine. Trilodothyronine increased liver vitamin
A in animals receiving supplemental vitamin A or carotene, and
Increased blood levels of vitamin A in unsupplemented animals.

Moore et al. (1965) observed that nitrate added to a
ration for calves had no effect on the utilization of carotene
from corn silage. Davison et al. (1962) reported that nitrate
ingestion in cattle had no effect on liver storage of vitamin
A. Hale et al. (1961) reported that 1 per cent KNO5 in the
ration of steers caused a trend in reduced liver vitamin A
stores but the difference from controls was not significant.

Jordan et al. (1961) reported that liver vitamin A levels
of steers on a full feed of silage which had different nitrate
levels were reduced greatest on the higher nitrate silage

after approximately 70 days. At the end of 133 days, the
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liver vitamin A values in all lots were reduced to the same
low level.
Koch et 51.7(1963) reported that NaNO, in the diet of
swine reduced liver vitamin A stores as did dietary NaNOB.
Goodrich et al. (1962) reported on the effects of 3 per
cent dietary NaN03 on the vitamin A status of sheep. Sodium
nitrate, with or without the addition of vitamin A, resulted
in a significant lowering of liver vitamin A stores. An
effect on plasma vitamin A values by the nitrate was uncertain.
Goodrich et al. (1964) reported that in sheep receiving
added nitrate to the ration (3.5 and 3.0 per cent) lower
liver vitamin A levels were produced. Hatfileld et al. (1961)
reported that liver stores of vitamin A were lowered in all
groups of lambs fed high nitrate silage vs. normal silage.
Sokolowski et al. (1961) reported on the utilization of
dietary KNOB by lambs as affected by inorganic sulfur. No
statistically significant differences were found in thyroid,
adrenal or pituitary weights, or liver vitamin A. The addition
of inorganic sulfate to give 0.5 to 0.9 per cent sulfur in
the ration appeared to ald in the prevention of toxic effects
of KN03 by increasing the utilization of the nitrate nitrogen
by the growing-fattening lamb. Cline et al. (1962) also
reported that KNO3 had no effect on liver vitamin A levels 1in
lambs. Davison et al. (1963) reported on the effects of
dietary nitrate in sheep. Plasma vitamin A and liver vitamin

A did not reflect the varyling nitrate concentrations of the
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diets. ©Smith et al. (1962) reported that in steers and sheep
KN03 did not exert a significant effect on liver vitamin A
values.

Holst et al. (1961) reported on the addition of nitrite
to the ration of sheep. There was loss of an undetermined
amount of nitrite between the time that it was added to the
diet and the time that the feed was consumed by the sheep.
Rumen microorganisms reduced 80 per cent of the nitrite within
15 minutes. Liver vitamin A was low in the animals fed nitrite
but no statement was made as to its signiflcance as compared
with control animals.

Sell and Roberts (1963) described the effects of dietary
nitrite on the chick. Nitrite (0.4 per cent dietary nitrite
as KNOZ) depressed growth under ad libitum feeding conditions,
but, when feed intake was equalized, supplemental vitamin A
or carotene almost completely overcame the growth depressing
effect of nitrite. Liver vitamin A levels were very low in
chicks fed the various levels of vitamin A or carctene along
with nitrite. 1In all instances dietary nitrite caused a
greater loss of ration vitamin A than of injected vitamin A.

Sodium nitrite administered continuously in the drinking
water of growlng swine for a 1l05-day period had no adverse
effect on liver vitamin A stores (Seerley et al., 1965).
Vitamin A values were higher from llivers of pigs on the high-
est level of nitrite than from livers of control animals

(17.443.9 and 14.442,5 mecg. of vitamin A/gm. of liver, respec-
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tively). Liver vitamin A content of pigs from nitrate-treated
dams receiving 300 parts per million (p.p.m.) nitrate nitrogen
was not adversely affected by the nitrate treatment (Seerley
et al., 1965).

Garner et al. (1958) reported on the effect of adding
KNO3 to the ration of bred sows 35 days after breeding. At
a 2 per cent level of KNO3 one litter showed evidence of a
vitamin A deficliency. Viablility and number of strong pigs
appeared to decrease with higher levels of nitrate. By using
weanling rats, the depletion of liver vitamin A was studled.
The depletion appeared to be more rapid with NOB' and NOo-
containing rations. Histologlc studies falled to reveal e
true vitamin A deficiency in spite of a deficlency syndrome.

O'Dell et al. (1960) reported on the effects of nitrite
containing rations in rats. By using a vitamin A-deficient
diet, it took 6 to 8 weeks to deplete liver vitamin A. Rats
that had received 0.3 per cent KNO2 in the vitamin A-deficient
diet showed a greater reduction in growth rate, and liver
vitamin A correlated with the growth data in the two groups.
Rats that had been vitamin A depleted were then subdivided so
that each group had subgroups recelving pg-carotene or p-
carotene and 0.3 per cent KNOZ. Again growth was depressed
by KNO2. After four weeks with carotene added the rats in the
original KNO, group showed a dystrophy typical of vitamin E
deficlency. Not only did nitrite cause rapid depletion of

vitamin A, but it also precipitated a vitamin E deficiency on
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a diet normally adequate in vitamin E. Appetite and muscular
coordination improved when vitamin E concentrate was given to
the rats in this group.

Tollett et al. (1960) reported on the effect of dietary
nitrate on growth and reproduction in swine. High levels of
nitrate depressed gains significantly, and supplemental vitamin
A did not counteract the reduction in gains. High levels of
nitrate increased the methemoglobin level. Growth of gilts
was depressed by high levels of nitrate (3.17 per cent), but
reproductive abllity was not affected nor was thyrold weight
affected.

Yadov et al. (1962) described the relation of lodine and
nitrate as factors in vitamin A storage. Male rats were
placed on vitamin A-deficient rations; (1) low iodine (0.2
meg./gm. ), (2) low iodine-nitrate (1.5 per cent KNOB), (3)
adequate iodine (2 mcg./gm.) and (4) adequate iodine-nitrate,
until they were vitamin A deficlent. Analysis revealed that
nitrate reduced liver vitamin A. Adeqguate iodine in the diet
resulted in a reduced loss when compared with inadequate iodine.
Remaining rats were repleted with 1 mg./;-carotene in the diet
for four weeks. After the repletion period rats receiving
adequate lodine stored much greater vitamin A per liver than
those receiving low iodine. Those recelving nitrate at the
two iodine levels stored a lesser amount of liver vitamin A

than those not receiving nitrate.
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Smith et al. (1961) reported that dietary nitrite in
rats resulted in decreased liver vitamin A stores. DPotassium
nitrite was added to the diet at 0.8 per cent dry basis and
fed for 25 days.

Emerick and Olson (1962) found that 0.5 per cent sodium
nitrite fed for six days to vitamin A-depleted rats decreased
the liver storage of orally administered vitamin A and g-
carotene when compared with that stored by control rats or
rats receiving 3 per cent NaNO3 in the diet. 1Injection of
vitamin A in oil resulted in very small amounts of vitamin A
appearing in the livers of the rats fed the control and nitrite
diets. Storage of the injected dose was significantly higher
in the rats receiving nitrite, but was unexplained. 1In all
instances the water dispersed source of vitamin A contributed
to liver storage to a much greater extent than the oil solu-
tion and the orally administered sources to a much greater
extent than the injected sources. Both nitrite and nitrate
significantly lowered the liver storage of vitamin A from
carotene with the greatest effect resulting from nitrite. The
six-day nitrite treatment did not result in less liver vitamin
A than controls when neither group received any vitamin A,

although values were very low in each case.
Effects of Dietary Nitrate and Nitrite on the Thyroid

Wyngaarden et al. (1952) studied the ability of 20 differ-

ent anions, including nitrate and nitrite, to interfere with



27

normal lodine metabolism of the thyroid gland of rats fed a
low iodine diet. Perchlorate was the most potent and nitrate
the least potent as compared with thiocyanate in discharging
iodide previously collected by the thyroid. The results with
nitrite were equivocal in that initial discharge was not
significant but the subsequent loss of radio-iodide exceeded
the spontaneous loss in control groups. Capacity to prevent
collection of iodide by the thyroid approximately paralleled
their iodide discharging action. Nitrite was not tested in
this manner. Rats fed nitrate for a period of time developed
only minor degrees of hyperplasia and slight reduction of
thyroidal ilodine concentrations; whereas, rats treated with
perchlorates developed hyperplastic colloid-depleted low
iodine goiters.

Astwood (1943) reported on the relative effectiveness
of a number of compounds in inhibiting the functlion of the
thyroid in young rats. The administration of sufficient
inorganic iodide prevented the goitrogenic effects of thio-
cyanates but not that of thiourea.

Franklin et al. (1944) demonstrated that thiocyanate
interferred with thyroidal accumulation of iodine and the
formation of thyroxine and dilodotyrosine in contrast to
thiouracil which blocked the organic incorporation of lodine
but did not inhibit its collection by the thyroid.

Bloomfield et al. (1961) reported that rats on a diet

containing KN03 at concentrations of 0.5, 1.0 and 2.5 per cent
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for six days showed a significant reduction in thyroldal up-
take of 1131 at all levels of nitrate. Sheep fed a diet
containiﬁg 1.5 per cent KNOB for slx days showed a marked
reduction in protein bound 1331, Bioomrield et al. (1962c)
reported that rats on a diet containing 2.5 per cent KNOB in
a normal environment initially showed a decreased thyroidal
1131 uptake but were able to overcome this effect after two
weeks. The flushing action of the KN03 on the 1131 from the
thyroid was not overcome. Thyroid gland weights in the
nitrate group were larger than those in the control group.
Serum protein bound 1131 was higher in the KNOB group than in
the controls. The increased size of the thyrolid glands was

also reported for young rats fed 2.5 per cent KNO, for 75 days

3

and for mature female rats fed a diet containing 2.5 per cent
KNO5 for 30 days (Welsch et al., 1961). The diet contained
72 p.p.m. as a calculated iodine level. Adrenal glands were
larger in the nitrate group, but the differences were not
significant.

Gordon et al. (1965) reported on the chronic effects of
NH4N03 on lodine balancé in rats. Nitrate initially increased
urinary iodide excretion and decreased fecal iodide excretion.
After seven days on nitrate total thyroid lodine was reduced
to 60 per cent of its control and urinary and fecal excretion
of lodide gradually returned to the control values. The
plasma protein bound iodine was 76 per cent greater in the

nitrate rats than in the controls after 110 days on experiment.
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131
I 3 uptake was reduced, release was increased, and the thyroids

were enlarged in the animals fed nitrate.
Welsch et al. (1962) reported on rats that were on a diet
with 72 parts per billion (p.p.b.) of ilodine with 2.5 per cent
KNO5 added and maintained at 2°9C. The thyroid glands were
significantly enlarged and hyperplastic in the nitrate group.
When the experiment was repeated using a diet with a calculated
iodine level of 1081 p.p.m. there was no significant difference
in thyroid gland weight or activity as determined histolog-
ically. However, the rate of gain of the nitrate group re-
mained significantly less than that of the control group.
Bloomfield et al. (1965) concluded that 200 p.p.b. of
iodide were sufficient to overcome 2.5 per cent dietary KNO

3
in rats maintained at 2°C. for 35 days.

Sell and Roberts (1963) reported that dietary nitrite in
the chick produced thyroid gland hypertrophy which was most
severe when low levels of vitamin A were given. Increasing
the level of vitamin A or‘p-carotene reduced the thyroid gland
enlargement somewhat, but the nitrite still produced a very
enlarged thyroid that was approximately twice the size of the
control group at each level of vitamin A or‘;-carotene.

Bloomfield et al. (1962b) reported on thyroidal 131
metabolism in sheep fed a basal diet plus 1.5 per cent KNO 5
for six days pricr to injection of 1131. Six-day thyroidal
uptake of 1131 was significantly higher in the nitrate group

than in the controls, whereas serum protein bound 1131 was
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reduced. However, 27 days after injection the serum protein
bound 1131 was significantly greater in the nitrate group than
in the controls.

Jainudeen et al. (1965) found that feeding nitrate to
pregnant heifers at levels to 660 mg. nitrate ion/kg. of body
welght had no effect on thyroid gland weights, acinar cell
heights and pitultary thyroid stimulating hormone content.

Davison et al. (1962) had not observed thyroid abmormalities

in cattle fed nitrate,.

Hypothyroidism and teratogenesis

The literature includes case reports in which hypothy-
reosis of the mother is claimed to be the cause of congenital
defects in the child. Elphinstone (1953) reported on an
infant whose mother received methylthiouracil after the first
16 weeks of pregnancy that had hypothyroidism at birth. The
infant recovered from the hypothyroidism but subsequent mental
development was retarded. Literature concerning other cases
was reviewed. Morris (1953) described a clinical case of hypo-
throidism in an infant whose mother had been treated with
methylthlouracil after the first 14 weeks of pregnancy. Thy-
roild therapy was given for ten days after birth. When eight
months old the infant showed signs of hydrocephalus. A
neurosurgeon suggested that there was probably stenosis of the
aqueduct. Hodges et al. (1952) described the offspring of a

myxedematous woman that had had the condition for 15 years.
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Four children had survived and were found to be euthyroid.
The children displayed congenital defects: moronism, mongol-
ism, a clawfoot, double canine tooth and undescended testis.
These suggested that the myxedematous mother provided an in-
adequate environment for normal growth and development of her
fetuses.,

Hoet et al. (1959, 1960) described and discussed pregnancy
wastage (congenital malformations, miscarriages and still-
births) in the human. Treatment with insulin or thyroid extract
was successful in preventing pregnancy wastage in a selected
group with mild endocrine disturbances. Hypovitaminosis A,
based on clinical signs such as carotinadermia and night blind-
ness which are common symptoms of prediabetes and hypothyroid-
ism, was proposed as one of the prenatal causes of malforma-
tions in the human newborn. They proposed that the hypovitamine
osis A was due to a reduced transformation of provitamins to
active vitamin A. It was suggested that the genesis of active
vitamin A at the level of the effector organ was disturbed
and deficient under such adverse metabolic circumstances as
diabetes and hypothyroidism. This same relationship between
the endocrinopathies and active vitamin A metabolism may be
relevant at the level of the fetus and placenta. 1In selected
patients with night blindness insulin or thyroid treatment
corrected the night blindness in five days.

Administration of goitrogenic agents to preghant labora-

tory animals has been reported. Most investigators made no
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report of congenital malformations being produced.

Krementz et al. (1957) reported on the effect of admin-
istration of propylthiouracil to pregnant rabbits starting
day 11 of pregnancy. Fetal thyrolds showed a significant
relative weight gain. There was a definite decrease in average
fetal body weight when the dam received propylthlouracil during
pregnancy. No malformations were reported.

Freiesleben and Kjerulf-Jensen (1947) found only slight
transitory hyperplasia in the thyroids of fetuses of rats

fed methylthiouracil throughout pregnancy. This disappeared
if the drug was discontinued immediately after birth. Admin-
istration of thyroid hormone to the femsle with the methyl-
thiouracil prevented the fetal thyroid hyperplasia. Nikito-
vitch and Knobil (1955) fed propylthiouracil to rats from the
12th day of pregnancy. They found a highly significant in-
crease in fetal thyroid weight which was not modified or pre-
vented by prior hypocphysectomy of the mother. They concluded
that maternal thyroid stimulating hormone does not cross the
placental barrier and that the increase in fetal thyroid

weight is mediated by the fetal piltuitary-thyroid axis. Mal-
formations were not reported.

Krohn and White (1950) reported on the effect of hypo-
thyroidism in the female rat. Rats were injected with propyl-
thiouracil for at least 54 days before mating or were thyroid-

ectomized at least 28 days before mating. Reproductive ability
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was compared to that achieved by these same animals in a
previous normasl pregnancy. The induced hypothyroid state
produced estrous cycles that were longer and more variable
than normal. Fewer young were brought to term than in the
previous pregnancies. This was due to increased resorption
of fetuses in the hypothyroid state. Malformations were
not observed.

Nelson and Tobin (1937) reported that thyroidectomy of
female rats during the last half of pregnancy or prior to
pregnancy resulted in the delivery and suckling of normal
litters.

Reports in the literature of hypothyrcidism as a cause of
defects of the fetuses are few. Chu as cited in Krohn (1950,
p. viii) noted frequent resorptions and abortions of underde-
veloped fetuses when rabbits were thyroidectomized in early
pregnancy. Krohn (1950) did not reproduce Chu's results. Nor-
mal litters were delivered. Langman and van Faassen (1955) pro-
duced malformations in the offspring of Wistar female rats that
were partially thyroidectomized 7 to 38 days before, but not 2
to 7 days after, conception. The most frequent abnormalities
were those involving the eyes, such as cataractous lenticular
changes, coloboma, retinal folding and occaslonal anophthalmia,
Cleft palate, cleft lip, retarded ossification and hemorrhages
were also found. Preliminary study by these same investligators

with methylthiouracil in the drinking water for some time before
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pregnancy produced eye defects of the same nature as those
obtained by thyroidectomy. None of these defects were found
in control offspring.

Stempak (1962) was unable to confirm the data of Langman
and van Faassen., He used Holtzman strain rats and did a
partial thyroidectomy or a complete thyro-parathyroidectomy

prior to pregnancy. Defects in experimental and control 1lit-

ters were comparable.

Effects of Dietary Nitrate and

Nitrite on Reproduction

Weeds containing nitrates were reported to cause abortion

in cattle (Sund and Wright, 1957). Feeding of KNO., and NaNO»

3

to cattle produced the same placental lesions that were noticed
in natural occurring cases. These lesions were attributed to
a tissue anoxia caused by methemoglobinemia.

Muhrer et al. (1956) reported on the effect of KNO3 on
reproduction in rats., All 12 control rats produced normal
litters. ©Nine of 12 animals produced litters on a 1 per cent
KN03 ration. Two out of 8 animals produced litters on a 2
per cent KNOB ration. It was observed that four of these
animals produced placental tissue but did not produce litters
indicating that the fetuses had been absorbed or aborted. They

also reported that KNO3 produced a marked drop in milk produc-
tion in the bovine.
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Welsch et al. (1965) investigated the previous finding of
Muhrer's group at Missouri on the effect of dietary nitrate
on reproduction of the rat. Chronlic administration of 2.5 per
cent KN03 to males and females through several preghancies
did not interfere with normal reproductive processes. Histo-
pathologic evaluation of neonatal thyroid tlissue showed no
significant effect of nitrate, and no apparent differences in
thyroid gland size were noted.

Sinclair and Jones (1964) administered KNO3 to pregnant
ewes., When the ewes were 49 to 70 days pregnant, they were
placed on KNO3 sprayed hay. No abortions occurred but the
lambs from the nitrate treated ewes were smaller than those
from the control ewes. Davison et al. (1963) found that
dietary nitrate had no effect on birth weight of lambs.

Davison et al. (1964) reported that the conception rate
in heifers receiving 660 mg. nitrate ion/kg. of body weight
was lowered. However, growth, length of estrous cycle, length
of gestation, birth welght and performance of calves were
similar in all groups.

Sodium nitrate (300 p.p.m. nitrate nitrogen) given con-
tinuously in the drinking water to swine from weaning through
two farrowings had no adverse effects on litter size, birth
welights, dally gain or litter size at weaning (Seerley et al.,
1965).
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Methemoglobin Formation and Dietary Nitrate

and Nitrite

A survey of nitrate levels in well waters revealed quite
a varlation in nitrate nitrogen. Water suppllies with levels
of 70 to 130 p.p.m. of nitrate nitrogen were located near
soils contaminated with organic nitrogen by livestock (Schmidt,
1956). Walton (1951) surveyed the literature relative to
infant methemoglobinemia and nitrate-contaminated water. Most
cases of methemoglobinemia were assoclated with nitrate nitro-
gen concentration in excess of 40 p.p.m.

Zobell (1932) demonstrated in vitro that many organisms
commonly found in the gastrointestinal tract of man are
capable of reducing nitrates to nitrites. 1In a review of
literature Comley (1945) mentioned that van den Bergh and
Gutterinck reported in 1906 that nitrites could be formed in
the intestines from nitrates and that the nitrite was more
likely to be absorbed if the intestine was damaged.

Conant (1933) noted that the reaction of nitrite with
hemoglobin to form methemoglobin was an oxidation reaction in
which the ferrous iron in hemoglobin was oxidized to ferric
iron in methemoglobin. Methemoglobin is unable to transport
oxygen. Ordinarily this reaction is reversible and occurs
without permanent injury to the cells. Cyanoslis characterized
by greyish or brownish-blue coloration is attributed to the

abnormal pigment, methemoglobin, within the red cell. Five
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grams of reduced hemoglobin/100 ml. of blood are required to
produce recognizable cyanosis, whereas 1.5 gm. of methemo-
globin/100 ml. of blood has comparable effects (Finch, 1948).

At concentrations of 20 per cent methemoglobin working
subjects complained of fatigue and showed abnormally high
blood lactic acid levels (Teppermen et al., 1946). Lester
and Greenberg (1944) reported that dogs and cats could tolerate
more than 80 per cent conversion of hemoglobin to methemo-
globin without becoming unconscious.

The red cell reduces methemogloblin by an enzymatic process
in which glucose and lactate are the principal substrates
(Finch, 1948). The presence of methemoglobin activates this
process since resting oxygen consumption and glucose utiliza-
tion of the red cell are only slight, whereas in the presence
of methemoglobin there is an appreciable increase. It appears
that hexosemonophosphate and reduced nicotinamide adenine
dinucleotide (NADH) diaphorase are involved in this reaction
(Fialkow et al., 1965). Production of methemoglobinemia can
be caused either by dysfunction of the reconversion mechanism
or by the action of oxidants which produce methemoglobin more
rapidly than the cell mechanism is able to reduce it.

Nitrite is much more toxic for rats than 1s nitrate.
Wanntorp and Swahn (1953) reported that the LD5O of sodium
nitrate for female rats welghing 150 to 200 gm. was 5 gm./kg.
of body weight. The LD5O for sodium nitrite was determined to

be 90 mg./kg. of body weight. From these experiments it
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appeared that the toxicity of nitrite was approximately 50
times as high as that of nitrate. Methemogloblin was not found
in the blood of rats that recelved nitrate. This would indi-
cate that nitrate was not reduced to nitrite in the digestive
tract of rats. With sub-lethal doses of nitrite the methemo-
globin concentration of the blood of rats reached its maximum
as early as 1 to 1.5 hours after administration. The con-
centration then fell slowly and after 4 to 6 hours there was
no measurable methemoglobin in the blood.

Mortensen (1953) showed in rats that the intraperitoneal
administration of 28 mg. sodium nitrite/kg. of body weight
resulted in an average methemoglobin level of 4.05 gm./100
ml. of blood one hour after administration. Three hours after
administration it was 0.55 gm./100 ml. of blood.

Wang et al. (1961) reported on metabolism of nitrate by
cattle. Nitrate was raplidly reduced into nitrite and ammonium
lons in the rumen. The formation of methemoglobin followed
the time course of nitrite formation in the rumen rather close-
ly, suggesting that nitrite was passed rapidly and directly
from the rumen into the blood. Maximum concentration of
nitrite in the rumen appeared about three hours after nitrate
was added to the rumen, and the maximum conversion of hemo-
globin to methemoglobin occurred at almost the same time,

Lewis (1951) reported that nitrate introduced into the
rumen of the sheep was reduced to ammonla. Nitrite was an

intermediate in thls reaction and may accumulate under certain
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conditions and lead to a conversion of hemoglobin to methemo-
globin. Sodium nitrate (25 gm.) or sodium nitrite (10 gm.)
placed in the rumen or 2 gm. of sodium nitrite injected intra-
venously resulted in a methemoglobinemia corresponding to 60
per cent conversion of the total hemoglobin.

Stormorken (1953) presented data concerning methemoglobin-
emia in domestic animals. He found that for cattle the minimum
oral lethal dose of sodium nitrite in aqueous solution was
about 100 mg./kg. of body weight. The response in sheep was
similar to that of cattle. Swine were more sensitive to sodium
nitrite than cattle and sheep. The minimum lethal dose of
sodium nitrite in this species was 70 to 75 mg./kg. of body
weight, 1In cattle it was found that methemoglobin disappeared
at the rate of 9 per cent per hour following a single treat-
ment.

Davison et al. (1962) repcrted on the effect of high
nitrate intake in cattle, Blood hemoglobin tended to increase
following feeding of nitrate, but there was also a trend in
all animals toward decreasing hemoglobin levels with advanc-
ing pregnancy. Much variation was evident in production of
methemoglobin, but methemoglobin production paralleled nitrate
ingestion. Packed cell volumes (PCV) paralleled hemoglobin.
The results indicated an apparent adaptation of the erythro-
poletic system of animals fed nltrate to the reduced oxygen-

carrylng capacity of the blood.
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Nitrate fed to pregnant heifers at the rate of 20 or 30
gm./100 1b. of body weight per day resulted in an erythro-
poetic response. Hemoglobin, methemoglobin, PCV, erythrocyte
count and blood volume were significantly greater in the
nitrate-fed animals than in the controls (Jainudeen et al.,
1963).

Smith et al. (1962) reported that only methemoglobin
values were affected in steers fed nitrate.

Bloomfield et al. (1962b) found that feeding 1.5 per cent
KN03 to sheep produced a change in hemoglobin values. Twelve-
day hemoglobin (gm./100 ml.) values were determined and values
for the nitrate fed group were significantly higher than for
the control group (11.93+0.23 and 10.83+0.47, respectively).
Holst et al. (1961) reported that the addition of nitrite to
the ration of sheep did not result in an increase in methemo-~
globin. Rumen microorganisms reduced 80 per cent of the nitrite
within 15 minutes. Goodrich et al. (1962) reported low methe-
moglobin values in sheep that received 3 per cent NaNO3 in
their diet. Goodrich et al. (1964) again reported small
amounts of methemoglobin at regular bleedings in sheep receiv-
ing 2.5 and 3 per cent NaNOB. However, seven sheep died from
suspected acute nitrate toxicity while being fed 3 per cent
NaNO 3.

Sokolowski et al. (1960) described the effects of varied
levels of KNO3 ingested by lambs. Levels of KNO3 to 12.8 per

cent of the ration were fed without causing any visible



41

symptoms of nltrate toxlicity. A subsequent drenching of the
lambs with 64 gm. of KNO3 resulted in symptoms of extreme
nitrate toxicity within four and one-half hours after drench-
ing, and methemoglobin levels were 70 per cent of total hemo-
globin by the fourth hour. 1In a different trial administra-
tion of KNO3 by capsules resulted in toxicity symptoms while
KN03 in a complete ration produced no apparent toxicity effects.
Sokolowskl et al. (1961) reported that the addition of inorgan-
ic sulfate to the ration of lambs recelving high levels of
nitrate to give 0.5 to 0.9 per cent sulfur in the ration aided
in the prevention of toxic effects of KNO3 by increasing util-
lzation of the nitrate nitrogen. Methemoglobin values were
normal. Smith et al. (1962) found that KNO3 had no effect
upon hemoglobin, methemoglobin and hematocrit values. Davison
et al. (1963) found that hemoglobin and methemoglobin did not
reflect varying concentrations of nitrate in the diet of sheep.

Sinclair and Jones (1964) reported on the effect of
nitrate administration to sheep. Drenching once daily with
KNO3 resulted in a very slight rise in methemoglobin at the
end of the first week. Subsequently the methemoglobin con-
centration returned to normal. Administration of KNO3 on the
hay at a level of 1.5 per cent of dry matter did not produce
any change in methemoglobln levels., No changes in hemoglobin
or PCV were produced.

Seerley et al. (1965) reported that sodium nitrite admin-

istered continuously in the drinking water of swine did not
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result in much methemoglobin production. The hlghest average
value observed was 0.4740.10 gm. methemoglobin/100 ml. of
blood at a level of 100 p.p.m. nitrite nitrogen. All groups

had decreasing methemogloblin levels at each succeeding samp-

ling period.

Anoxia and congenital malformations

A simulated atmospheric pressure of 260 mm. Hg. or more
for five hours at different stages of pregnancy produced
fetal death or congenital deformity in mice (Ingalls et al.,
1950). Anoxia produced on the 9th, 10th and 1llth day of
pregnancy produced a marked decrease in number of embryos.

Ingalls et al. (1952) reported again on anoxia in mice
and its effects on fetuses. Distribution of embryos in veri-
fied pregnancles according to location in right or left horn
of the uterus was analyzed. No finding emerged to indicate
that one side provides a more favorable location for implanta-
tion and maintenance, even under stress, than the other. A
variety of congenital defects were noted.

Fernandez-Cano (1958) described the effect of increased
or decreased body temperature and hypoxia on pregnancy in the
rat. An increase or a decrease of body temperature of rats
for five hours for two consecutive days during early pregnancy
was found to induce embryonic resorptions mainly before implan-
tation. Hypoxia at 410 mm. Hg. of barometric pressure induced

embryonic degeneration mainly after implantation especially



43

when applied on days 10 and 11 of pregnancy. Malformations
were not noted.

Woollam and Millen (1961) reported that in the mouse
effects of anoxia from reduced barometric pressure were
greatest on the fetuses that implanted at the vaginal end of
the horn. Resorptions and stunting occurred most frequently
at these implantation sites.

Chicken eggs incubated to 40 hours in an air mixture of
6 or 8 per cent 02, 0.5 per cent CO2 and the remainder N2
experienced a high degree of masldevelopment which frequently
involved the alar-plate tissues resulting in pseudoencephaly
(Nelsen, 1960).

Curley and Ingalls (1957) kept pregnant mice for two
hours during the tenth day of gestation in a chamber through
which was directed a mixture of nitrogen and alr containing
6 per cent 0, at normal atmospheric pressure. Skeletal mal-
formations were produced. This was the first report to reveal
that in mice exposure of the mother to an atmosphere of normal
pressure with reduced oxygen tension can induce vertebral and
rib anomalies in the young. Previous experiments that used
hypoxla as a stressing agent had been carrled out in such a
manner that the animals also exhibited lowered body tempera-
ture and also were without nutriment during the experimental

perlod, Results then were controversial.
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Haring and Polli (1957) exposed female rats for 3 to 12
days at various times during pregnhancy to a gas mixture con-
taining increased CO2 with normal or decreased 02 tension in
the respiratory atmosphere. Offspring were killed between
term and nine days of age. The treatment increased the number
of nonviable offspring at birth. Myocardial thickening and
some septal defects were noted in sections of hearts.

Brent and Franklin (1960) reported on the use of uterine
vascular clamping to produce malformations, growth retardation
and fetal death in nine-~day rat embryos. The technique con-
sisted of placing a hemostatic clamp at the cervical and
ovarlian ends of one uterine horn for a predetermined period of
time, removing the clamps and examining embryos at a later
stage of gestation. Franklin and Brent (1964) studied the
effect of uterine vascular clamping on the development of rat
embryos. There was no difference in uterine sites as regards
resorption rates.

McLaren and Michie (1960) in a discussion of congenital
runts in mice stated that there was a significant association
between runting and the ovarian position in the uterine horn.
Placental fusion with another live embryo also showed signifi-
cant association with runting. The ovarian embryo often
shares its blood supply with the ovary, and the fused embryo
shares its blood supply with its fused partner. They suggested
that the factor involved in runting may be reduced blood supply.

A correlation between incidence of cleft 1lip and cleft palate
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and occupancy of the ovarian position in the uterine horn
was cited. The role of limitation of blood supply might pro-
vide a common basis for uniting congenital runting with con-
genital malformations that can be induced by reduced oxygen
tensions (Ingalls et al., 1952).

Wilson (1954) reported on the influence on offspring of
altered physiologic states during pregnancy in the rat. He
used hemorrhagic anemla, carbon tetrachloride polsoning, trypan
blue injections and vitamin A deficiency as maternal stresses.
There was little correlation between the severity of the
maternal reactlon, as reflected in maternal death or early
termination of pregnancy, and the extent to which offspring
were affected in surviving litters. It was postulated that
those agents capable of acting on or through the pregnant
mother to cause maldevelopment of the young must have some
specific relation to the needs of the developing embryo rather
than have non-specific influences that happen to act at a
critical time in development.

Muller and Graham (1955) reviewed a number of cases of
carbon monoxide polsoning during pregnancy in humans. Ana-
tomic anomalies and psychomotor disturbances in the offspring
were described. There was not complete agreement among authors
reviewed as to whether carbon monoxide can enter fetal circula-~
tion or not. Effects seen may be due to simple fetal hypoxia

at a critical time in development.
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MATERIALS AND METHODS-EXPERIMENT I
Experimental Design

Animals

A Sprague-Dawley rat colony1

maintained by the Department
of Physiology and Pharmacology was used as the source of exper-
imental animals. The rats were individually ear notched for
identification at weaning time, 25 days of age. Four experi-
mental female animals were in a 10" x 16" cage except when
exposed to males until the females were zero days pregnant at

which time two animals were placed in an 8" x 10" cage. All

experimental animals were rot avalillable at the same time.

Division of groups
Four treatment groups were established on the basis of
diet as follows:
I. Control diet
II. Contrel diet plus 0.75 per cent KNO, (1.25 mg.
nitrite nitrogen/gm. of feed)
III. Vitamin A-Tree dlet
IV. Vitamin A-free diet plus 0.75 per cent KNO2
(L.25 mg. nitrite nitrogen/gm. of feed)
Animals were randomly distributed to their groups at the

time that they were determined to be zero days pregnant.

1Holtzman Co., Madison, Wisconsin.
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Unequal group sizes were used for a total of 94 animals. Group
sizes were as follows: group I, 22; group 11, 31; group III,
19; and group IV, 22.

Method of handling

When the female rats reached a body weight of at least
180 grams, they were mated. Two male rats were placed in a
cage of four or less females at 5:00 P.M. and removed in the
morning. A vaginal smear was made dally from each female
exposed to the males in order to confiru breeding. Day zero
of pregnancy was the day that sperm were found in the vaginal
smear.

Rats comprising groups 1 and II were fed a commercial
laboratory ration.l The ration was fed finely ground through-
out the period of pregnancy. Potassium nitrite (0.75 per cent)
was mixed with the ground ration daily and the animals were
fed newly prepared feed once a day. Palred feeding was
conducted between rats in groups I and II and between rats in
groups III and IV. Groups III and IV were fed a purified
vitamin A-free diet from 30 days of age (Table 1). Forty I.U.
of vitamin A2 in an aqueous solution were administered orally

with a cannula to each rat every 10 days. When the female

rats were approximately breeding size, severe symptoms of

11,AB-BLOX, Allied Mills, Chicago, Illinois.

2Palmilets, supplied by Chas. Pfizer and Co., Inc., New
York, New York.
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vitamin A deficiency became gpparent and deaths from respira-
tory infectlons occurred. The dosage of vitamin A was increased
to 80 I.U. and was gilven to each rat every 10 days. Vitamin A

was not given during pregnancy. The drinking water was changed

three times a week.

Table 1. Composition of vitamin A-free diet

%

Casein (devitaminized)? 20.0
Dextrose 64.9
Corn oil 5.0
Cellulose b 5.0
Minerel mix 5.0
Vitamin mix® 0.1

100,0

8gheffield Chemical, Norwich, New York.

Prones and Foster (1942). NaCl, 13.9%; KH,PO,, 38.9%;
Mgs0y, 5.73%; CaCO,, 38.1%; FeSOy.7H,0, 2.7%; K%, 6.08%;

MnSOL.2H,0, 0.44%;7ZnC1,,” 0.26%; Cusb),. 5H,0, 0.048% and CoCl,.
6H20, Oo 002%0

CThiamine-HCl, O.5%; Riboflavin, 0.8%; Niacin, 4.0%;
Pyridoxine, 0.5%; Ca-Pantothenate, 4.0%; Biotin, 0.04%, Folic
acid, 0.2%; Menadione, 0.5%; Cyanocobalamin (Byz), 0.003%;
Inositol, 10.0%; p-Amino Benzoic Acid, 10.0%; alpha-Tocopherol

Succinate, 2.2%; vitamin Dy, 0.4% (500 I.U./mg.); Dextrose,
q. s. loo%.

Body Weight Analyses

Initial body weights were recorded at day zero of preg-

nancy. The final body weights were recorded at day 20 of

preghancy. All of the final body weights were used in calcu-
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lations whether the females were pregnant or not.
Blood Analyses

Blood samples were obtained by cardiac puncture under
light ether anesthesia on days 5, 12 and 20 of pregnancy.
Clotting was prevented by the use of disodium ethylenediamine-
tetraacetate (EDTA) powder.

The PCV was determined by the microhematocrit method.
Whole blood was drawn into heparinized microhematocrit tubes
and centrifuged for five minutes at approximately 11,500 r.p.m.
The percentage of packed cells was determined by reading
directly from a microhematocrit reader. Hemoglobin values
were obtained by the cyanmethemoglobin1 method. Methemoglobin
values were obtained by the method of Evelyn and Malloy (1938)

immediately after collection of the sample.
Small Organ Weights Analyses

The females were killed on day 20 of pregnancy in a Jar
saturated with ether. The pitultary gland and adrenal glands
with adjacent adipose tissue were removed and put into Bouin's
solution. The upper trachea with the thyrolid gland attached

was removed and put into 10 per cent formalin solution.

lHycel Cyanmethemoglobin Determination Instructions.
Hycel, Inc., Houston, Texas.



50

Twenty-four hours later the small organs were isolated from
any extraneous tissue, placed on paper toweling, weighed 10

minutes later to the nearest 0.1 mg. and stored in 70 per cent

alcohol.

Liver Analyses

The liver was the first organ removed from the female,
It was blotted with paper toweling, weighed, stored under
nitrogen in plastic bags that were heat-sealed and lmmedlately
placed in a deep freeze at -20°C.,

Liver vitamin A analyses1 were made at a later time by
a modified Carr-Price method (Gallup and Hoefer, 1946).
Equal aliquots of liver (1 gram) were taken from the frozen

livers to form composite samples for each treatment group.
Fetal Analyses

Prior to death a Cesarean sectlon was qulckly performed
on the females for the purpose of examination of the uteri and
contents. The number of live fetuses per litter and the weight
of the litter were recorded. The average welght per fetus in
a litter was utilized in the calculations.

The number, position and duration of resorptions were

recorded. The distribution of position and duration of re-

lAnalyses were conducted by M. Ruffin and B, Symns, Home

Economics Nutrition Laboratory, Iowa State University, Ames,
Iowa.
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éorptions were analyzed by chi-square (Snedecor and Cochran,
1956). Early resorptions showed yellow nodular implantation
remnants in the uterus at delivery. Late resorptions usually
showed only placentas present at delivery, but at times
fetuses in the process of resorption were evident.

Fetuses were initially put into Bouin's solution and
later transferred to 70 per cent alcohol for storage. One
fetus from each litter was used as the source of material for
sectioning. The fetuses were examined grossly. The heads
were removed as was the lower Jjaw by a cut with a razor blade
through the commissures of the lips and continuing posteriorly.
The anterior portion of the muzzle was also removed. Paraf-
fin tissue blocks of the heads were prepared.

Sections were made using a standard microtome with section
thickness of 40 microns. Every eighth section was mounted on
glass slides except at the level of the eyes where every fourth
section was utilized. The sections were stained with hema-
toxylin and eosin (Armed Forces Institute of Patholog§i 1957).

Fetuses were examined grossly for malformation at the
time that the fetuses were removed from the female. When
the heads were prepared for sectioning, gross examination of
the fetuses was again conducted. Microscopic examination of
the sections was conducted. Emphasis was directed toward the
detection of malformations of the eyes. Photomicrographs were

taken on a Leitz Photomicroscope.
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Data Analyses

Data for this research project were assembled and proces-
sed with a computer.1 The variables studied were as follows:
initial body weight, final body welght, hemoglobin, methemo-
globin, PCV, liver welght, average fetus weight, number of
fetuses, number of resorptions and weights of adrenals, thyroid,
and pituitary. The data were analyzed at the 5 and 1 per cent
levels of significance by an analysis of variance, correla-
tion coefficients (Snedecor and Cochran, 1956) and a modifica-

tion of Duncan's multiple range test (Kramer, 1965).

1Computation Center, Iowa State University, Ames, Iowa.
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RESULTS AND DISCUSSION-EXPERIMENT I
Body Welght Analyses

The initial body weights averaged 216, 211, 202 and 196
grams for group I, control; group II, control plus nitrite;
group III, vitamin A-free; and group IV, vitamin A-free plus
nitrite, respectively (Figure 1l). Unless otherwise indicated,
values for treatments will be given in the above order through-
out the experiment. The differences among treatment means
were significant at the 1 per cent level. The multiple range
test (5 per cent level) indicated that the significant differ-
ences were between group I (control group) and the vitamin A-
free groups (I vs. III or IV). Variability in initial body
weights can be attributed to differences in the length of time
that ensued between the exposure to the males and day zero of
pregnancy.

The mean final body weights were 285, 264, 247, and 216
grams, respectively (Figure 1). The differences among treat-
ment means were significant at the 1 per cent level. The
multiple range test indicated a significant difference (5 per
cent level) between the means of all possible pairs of groups
except groups II vs. III. Palred feeding had been conducted
between animals in groups I and 11 and animals in groups III
and IV. Feed requlrements were severely reduced in the nitrite
groups when the animals were initially placed on treatment.

An undetermined amount of treated feed was wasted due to un-



54

300 — ~
I
T
i T
iy
el T
s T
200 1 P}-ﬂ
@
<
o
(O
OO0 —

I TR I T
INITIAL FINAL
WEIGHT WEIGHT
CROUP: I= CONTROL, II= CONTROL + NO2, II=VIT,
A-FREE , IL=VIT. A-FREE + NO2

Figure 1. 1Initial and final body weights of rats in
experiment I



55

palatability. This was more evident during the first days on
experiment. After about eight days feed requirements in the
treated groups approached the expected normal. The reduced
final body weight in nitrite-treated groups could have been
primarily due to reduced feed ingested as the amount wasted
could not be determined.

Group IV (vitamin A-free plus nitrite) was the only group
with significant negative correlations between the final body
welghts and weights of the adrenal, thyroid and pituitary
glands (1 per cent, 1 per cent and 5 per cent levels, respect-
ively). This would indicate that the treatment (vitamin A-free
diet plus nitrite) was of such a nature as to produce an
increased weight of these organs while resulting in a decreased
body weight on day 20. This would be a characteristic result
from a stressing agent. However, there were significant nega-
tive correlations between inlitial body weights and welghts of
the adrenals and thyroid also in this group (5 per cent level).

These were not evident in the other vitamin A-free group (group

I111).

Blood Analyses

The day 5 PCV averaged 45.2, 43.7, 42.3 and 43.5 per cent,
respectively (Figure 2). There was not a significant differ-

ence between treatment groups in the day 5 PCV, nor were the

day 5 hemoglobin values affected by the treatments. The
average hemoglobin values were 14.8, 14.8, 14.5, and 15.0
gm./100 ml. of blood, respectively (Figure 3).
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Methemoglobin values on day 5 averaged 0.18, 0.95, 0.16
and 1.35 gm. per 100 ml. of blood, respectively (Figure 4).
The analysis of variance indicated a significant difference
between means at the 1 per cent level. The multiple range
test (1 per cent level) indicated that the groups receiving
nitrite (II and IV) had significantly greater mean methemo-
globin values than the groups not receiving nitrite (I and
I1I1I).

The reaction of nitrite with hemoglobin to form methemo-
globin is an oxidatlion reaction in which the ferrous iron in
hemoglobin is oxidized to ferric iron in methemoglobin (Conant,
1933). This reaction is reversible and occurs without perman-
ent injury to the cells (Fialkow et al., 1965). Methemoglo-
binemia can be caused eilther by dysfunction of the reconver-
sion mechanism or by the action of oxidants which produce
methemoglobin more rapidly than the cell mechanism is able to
reduce it. The ingestlion of potassium nitrite at a level of
0.75 per cent of the diet evidently resulted in sufficient
blood nitrite levels to produce an oxidation of hemoglobin to
methemoglobin.

Methemoglobin is unable to transport oxygen. Concentra-
tlions of 20 per cent methemoglobin resulted in fatigue of
working humen subjects (Teppermsn et al., 1946). Sufficient
methemoglobin can result in an anoxic stimulus to erythro-
poletic tissue. If methemoglobin levels on day 5 were such

as to exert an anoxic stimulus on the erythropolietic tissue,
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the effects were not detected in the day 5 PCV and hemoglobln
values.

Statistical analysis indicated treatment effects on day
12 hemoglobin values at the 5 per cent level of significance.
These mean hemoglobin values were 14.0, 14.5, 13.8 and 14.8
gm./100 ml., respectively (Figure 3). The multiple range
test indicated a significant difference at the 1 per cent
level between the hemoglobin values of the vitamin A-free
and vitamin A-free plus nitrite groups (III vs. IV). The
increased hemeglobin in the nitrite groups could be a result
of the methemoglobin produced by the potassium nitrite. The
presence of methemoglobin could result in chronic anoxic
stimulus to the erythropoietic tissue with the resultant
increase in hemoglobin that was evident on day 12. Day 12
methemoglobin values were significantly affected (1 per cent
level) by the treatments. Mean values of 0.23, 1.66, 0.25
and 1.3l gm. of methemoglobin per 100 mli. of blood were pro-
duced (Figure 4). The methemoglobin values reflected the
effect of the dietary nitrite in groups II and IV on day 12
as it did on day 5. The multiple range test (1 per cent level)
indicated that the groups receiving nitrite (II and IV) had
significantly greater mean methemoglobin values than the
groups not receiving nitrite (I and III).

PCV on day 20 averaged 39.6, 39.1, 38.4 and 43.4 per cent,
respectively (Figure 2). There was a significant difference

(5 per cent level) between means of the groups. The multiple
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range test (5 per cent level) indicated that the mean PCV
of the vitamin A-free plus nitrite group was significantly
greater than the other groups (IV vs. I, II or III).

On day 20 mean hemoglobin values were 13.2, 12.6, 13.0
and 14.2 gm./100 ml. of blood, respectively (Figure 4). There
was a significant difference between mean values at the 5 per
cent level. The multiple range test (5 per cent level) indi-
cated that the vitamin A-free plus nitrite group has a signifi-
cantly greater mean hemoglobin value than the vitamin A-free
and the laboratory ration plus nitrite groups (IV vs. III or
II). This could be expected as the PCV was also increased
significantly in this group compared with the other groups.

London et al. (1967) reporting on pigs found that the
continuous administration of nitrite in the drinking water
over a 124-day trial period resulted in increased hemoglobin
and PCV values, but no value was above the normal range.
Davison et al. (1962) reported increases in mean hemoglobin
and PCV values as a result of chronic ingestion of high nitrate
in cattle. They reported a trend in all animals toward de-
creasing hemoglobin and PCV values with advancing pregnancy.
In this experiment decreases in mean hemoglobin and PCV values
on day 20 compared with values on day 12 were evident in all
groups except group IV which had a small increase in PCV on
day 20 (Figures 2, 3). The hemodilution effect of advanced

pregnancy may have been sufficient to nullify an expected
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erythropoietic response in the control plus nitrite group
(group II).

Examination of the data revealed positive correlation
coefficients (1 per cent level of significance) in all treat-
ment groups between day 20 PCV and hemoglobin. This would be
expected. Davison et al. (1962) reported that PCV paralleled
hemoglobin in cattle on a nitrate trial.

Hemoglobin and PCV on day 20 in group II (control plus
nitrite) did not respond to the nitrite treatment in a manner
comparable to group IV (vitamin A-~free plus nitrite). This
would suggest that in group IV perhaps there may be some cause
other than an anoxic stimulus from nitrite for the increased
mean hemoglobin and PCV values, or rather, the lack of decrease
on day 20,

McLaren et al. (1965) reported that the hemoglobin and
PCV values were significantly increased in vitamin A-deficient
rats versus rats receiving the same diet but supplemented with
four I.U. of vitamin A daily. Sure et al. (1929) had previous-
ly reported the hemoconcentration effect of vitamin A-
deficiency in the terminal stage of deficiency. Moore (1957)
reported that four 1.U. of vitamin A dally were sufficient
to result in optimal growth and normal blood levels of the
vitamin without liver storage. BRats comprising groups III
and IV in this experiment received a vitamin A-free diet sup-
plemented with 40 or 80 I.U. of vitamin A every ten days until

day zero of pregnancy when no more vitamin A was given. Group
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IV then received nitrite in the diet during pregnancy. The
dietary nitrite could have produced vitamin A deficlency with
a resultant increase in hemoglobin and PCV as reported by

Sure et al. (1929) and McLaren et al. (1965). The hemoconcen-
tration effect of vitamin A-~deficiency on PCV and hemoglobin
may have been sufficient to overcome the hemodllution effect
of advanced pregnancy in the vitamin A-free plus nitrite group
(group 1IV).

Garner et al. (1958) reported that nitrite-containing
rations fed to weanling rats produced a depletion of vitamin
A. Histological studles falled to reveal a true vitamin A
deficiency in spite of a deficlency syndrome. O!Dell et al.
(1960) found that it took 6 to 8 weeks to deplete liver vitamin
A in weanling rats using nitrite-containing rations.

Day 20 mean methemoglobin values were 0.22, 0.98, 0.21
and 1.35 gm./100 ml. of blood, respectively (Figure 4). The
mean values were significantly different, and the multiple
range test (both at 1 per cent level) indicated that both
nitrite groups (II and IV) had greater mean methemoglobin
values than the nitrite free groups (I and III). Only group
IV (vitamin A-free plus nitrite) had a significant positive
correlation (1 per cent level) between day 20 methemoglobin
and day 20 PCV and hemoglobin values. Davison et al. (1962)
reported that mean methemoglobin values paralleled PCV and

hemoglobin values in cattle receiving nitrate,
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Mean methemoglobin values on days 5, 12 and 20 reflected
the effect of potassium nitrite in the diet, although methemo-
globin values were not very large. Methemoglobin values in
chronic toxicosis trials may reflect the time interval between
nitrite ingestion and sampling. It would appear that methemo-
globin levels may be too erratic té serve as a useful diagnos-
tic aild where continuous nitrite intake is 1lnvolved.

Mortensen (1953) reported that the intraperitoneal admin-
istration of 28 mg. of sodium nitrite/kg. of body weight in
rats resulted in an average methemoglobin level of 4.05 gm./
100 ml. of blood one hour after administration. Three hours
after administration there was 0.55 gm. methemoglobin/100 ml.
of blood. An ingestion rate for potassium nitrite can be
approximated for this experiment. One car consider an average
weight of 225 gm./animal during the experimental period, and
a mean feed consumption of 20 gm./animal daily. At the level
of potassium nitrite in the diet (0.75 per cent or 1l.25 mg.
nitrite nitrogen/gm. of feed) each rat consumed an average of
110 mg. of nitrite nitrogen/kg. of body weight over a 24-hour
period. The ingestion of this amount of nitrite over a 24-hour
period would result in a lesser amount of nitrite intake for
any one period than that reported by Mortensen and could
account for a lower methemoglobin level.

Seerley (1965) reported that 100 p.p.m. of nitrite nitro-
gen administered continuously as sodium nitrite in the drink-

ing water of swine resulted in mean methemoglobin values of
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0.34, 0.47 and 0.17 gm./100 ml, of blood on days 16, 23, and
76, respectively. All treatment groups had decreasing methemo-
globin values at each succeeding sampling period except day 23
and were very small at any time.

London et al. (1967) reported that pigs receiving nitrite
continuously in drinking water had varlable amounts of methemo-
globin. Methemoglobin was the highest in pigs receiving 18.3
mg. nitrite nitrogen/kg. of body weight as potassium nitrite,
and forty-four per cent of samples in this group contained
methemoglobin with an average amount of 8.5 per cent of total
hemoglobin existing as methemoglobin. This approximates the
amount of total hemoglobin existing as methemoglobin in this

experiment.

Small Organ Weights Analyses

The day 20 adrenal weights averaged 19.2, 22.3, 19.2
and 23.0 mg./100 gm. of body weight, respectively (Figure 5).
The differences among treatment means were significant at the
1l per cent level. The multiple range test indicated a signifi-
cant difference (5 per cent level) between means of the control
and control plus nitrite groups (I vs. II) and between means
of the vitamin A-free and the vitamin A~free plus nitrite
groups (III vs. IV). The feeding of potassium nitrite at the
level used (0.75 per cent of the diet) affected the adrenals

so that they were significantly larger than those of the non-
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nitrite groups. Discussion of the adrenal enlargement in
group IV is found in the analyses of body weights,

The day 20 thyroid gland weights averaged 4.7, 4.2, 5.5
and 5.9 mg./100 gm. of body weight, respectively (Figure 5).
The differences among treatment means were significant at the
1 per cent level. The multiple range test (1 per cent level)
indicated that the differences were not the result of nitrite
in the diet. Wyngaarden et al. (1952) reported that in the
rat nitrate had a weak effect in interfering with lodide
metabolism of the thyroid, and nitrite results were equivocal.
Bloomfield et al. (1965) reported that sufficient dietary
lodide would overcome the effect of 2.5 per cent dietary KNO3
in rats. Either nitrite at the level used did not cause
thyroid enlargement or the diets contained sufficient iodide
to overcome any such effect if it did exist.

Jainudeen et al. (1965) reported that the feeding of
nitrate, which is reduced to nitrite by rumen bacteria, to
pregnant heifers at levels to 660 mg. of nitrate ion/kg. of
body weilght had no effect on thyroid gland welghts, acinar
cell heights or pltuitary thyroid stimulating hormone content.

The increased mean thyroid weights were assoclated with
the vitamin A-free diet (groups III and IV). Sell and Roberts
(1963) reported that dietary nitrite in the chick resulted in
hypertrophy of the thyroid gland. Low levels of vitamin 4

with nitrite produced an increased hypertrophy.
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There was a significant (1 per cent level) negative cor-
relation only in group IV between both initial and final body
weights and thyroid gland weights. This group also had a
significant negative correlation between both adrenal (1 per
cent) and pituitary (5 per cent) gland weights and final body
weights.

There were no significant treatment differences in the
mean pltuitary gland weights. These were 3.2, 3.3, 3.7 and
3.5 mg./100 gm. of body weight, respectively (Figure 5). There
was a significant positive correlation (5 per cent) between
pituitary weights and adrensl weights in the control and
vitamin A-free plus nitrite groups (I and IV, respectively).
These groups also had the only significant positive correla-

tions between pituitary gland weights and thyroid gland weights
(5 per cent level).

Liver Analyses

The day 20 liver weights averaged 3.6, 3.4, 3.2 and 3.2
gm,/100 gm. of body weight (Figure 6). The differences among
treatment means were significant at the 1 per cent level. The
multiple range test indicated that the dietary nitrite did
not have any effect on reducing mean liver welghts when com-
parisons were made between groups receiving the same dietary
regimen with the exception of nitrite (I vs. II; III vs. IV).

This may not be in agreement with Emerick and Olson (1962)

who reported that 0.5 per cent dietary NaNO2 for six days
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reduced liver welghts when compared with controls. There may
have been sufficient adaptation to nitrite ingestion in this
experiment so that no effect on liver size was noted after 20
days on experiment. Methemoglobin values in these rats were

low which could be a result of adaptive mechanisms.

Table 2. Liver vitamin A analysis

Vitamin A
Group and diet (mcgm./gm. of liver)
I. Control 327.15
II. Control plus nitrite 269,94
IT1I. Vitamin A-free 10.32
IV. Vitamin A-free plus nitrite 14.73

Dietary potassium nitrite reduced liver vitamin A when
added to the control diet (Table 2). Dietary nitrite in the
ration of the vitamin A-free plus nitrite group did not reduce
liver vitamin A when compared with the vitamin A-free group.
Both values were low when compared with the animals on labora-
tory ration.

Emerick and Olson (1962) reported that a six day dietary
treatment of 0.5 per cent NaNO2 to vitamin A-depleted rats did
not reduce liver vitamin A when compared with the vitamin A-

depleted rats not receiving nitrite. Values for both groups
were low. However, 0'Dell et al. (1960) reported that 0.3
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per cent dietary KNO, in a vitamin A-deficient diet depleted
liver vitamin A of rats in 6 to 8 weeks. Smith et al. (1961)
reported that dietary nitrite resulted in decreased liver
vitamin A in rats receiving 0.8 per cent KNO, for 25 days.

Seerley et al. (1965) reported higher vitamin A values
from livers of pigs on continuous dietary nitrite than from
livers of control animals (17.4 and 14.4 mcgm./gm. of liver,
respectively). Statistical results were not stated.

In thlis experiment pooled liver samples for vitamin A
analysis were formed without regard to the length of time that
the rat was on the vitamin A-free diet. If nitrite had an
effect on liver vitamin A stores in the rat, this effect may
have been masked by the fact that rats in the vitamin A-free
group could possibly have been more depleted of vitamin A than
those in the nitrite group as a result of being on the vitamin

A-free diet for a longer period of time before pregnancy.
Fetal Analysis

All the femsles in which sperm were found in the vaginal
smear did not become pregnant, nor did all those that became
pregnant have viable fetuses at day 20. The incidence of
pregnancy in the various treatmeant groups ls summarized in
Table 3. The females in the mated row were those found to
contain sperm in the vaginal smear and were classified as zero
days pregnant at that time. The females in the row deslignated

as numbers with implantations exhibited evidence at day 20 of
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Table 3. Reproductive performance of rats in the four treat-
ment groups

Group
I II 111 Iv
Control Control Vitamin Vitamin
+NO2 A-free A-free
+N02
Mated females 22 31 19 22
No. with im-
plantations 20 23 13 15
Litters
all alive 5 15 7 6
1 resorption 7 5 L 2
>1 resorption
<100% 8 3 2 3
100% resorptions 0 0 0 4

having been pregnant by either having live fetuses at that
time or by exhibiting resorption sites. Litters were clas-
sified into four groups as follows: (1) all alive, (2) one
resorption site, (3) more than one resorption site but less
than 100 per cent resorptions and (4) 100 per cent resorptions.
By using chi-square analysis and testing for independence
of a two-way classification of pregnancy rate, it was found
that there were differences in the pregnancy rate due to treat-
ments but only at a rather low level of significance (25 per
cent level). A second approach was used to examine the data.
This was the chi-square test for goodness of fit which refers

to the comparison of some observed sample distribution with a
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theoretical frequency distribution. In this case the theoret-
ical frequency was that of preghant and non-pregnant based
upon the control group (group I) with a pregnancy rate of 91
per cent. The chi-square test for goodness of fit indicated
that there were significant effect of treatments on pregnancy
rate when the theoretical frequency was that of the control
group (group I). Pregnancy rates in the other groups (II,

III and IV) were reduced when compared with the rate of group
I. Group I had a pregnancy rate of 0.91, whereas, the combined
rate for the other groups was 0.70. The effect of reduced
pregnancy rate can be attributed to the ingestion of nitrite
by group II and the decreased levels of vitamin A in groups
IIT and IV.

By using chi-square and testing for independence of a two-
way classification there were no effects of treatments on
number of females delivering live fetuses without resorptions,
number of females with one resorption and number with more
than one resorption but less than 100 per cent resorptions.

The only treatment group with females exhibiting 100 per cent
resorptions of litters was the vitamin A-free plus nitrite
group (group IV).

Warkany and Schraffenberger (1944) reporting on congenital
malformations induced in rats by maternal vitamin A deficiency
stated that in one series of experiments only 7 of 140 females
carried theilr offspring to term. Certainly the animals in

that experiment were more deficient in vitamin A than were
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those animals reported here.

Muhrer et al. (1956) reporting on the effect of potas-
sium nitrate on reproduction in rats found that a two per
cent potassium nitrate ration resulted in only 2 litters out
of 8 females. Four animals exhibited evidence of resorptions
or abortions. However, Welsch et al. (1965) reported that
the chronic administration of 2.5 per cent potassium nitrate
to males and females through several pregnancies did not
interfere with normal reproductive processes. These reports
were concerned with the effects of nitrate while the experi-
ments reported here concerned effects of nitrites.

There was a significant difference (1 per cent level) in
the mean number of live fetuses for the different treatments.
The mean number of live fetuses were 7.2, 7.2, 4.6 and 3.7
fetuses (Figure 7). The multiple range test (1 per cent level)
indicated that dietary nitrite had no significant effect.on
the mean number of fetuses (III vs. IV). The vitamin A-
deficient groups had significantly less fetuses in the litters
than the females receiving laboratory ration (III or IV vs.

I or II). There was a significant positive correlation in

all groups between number of fetuses and final body weight

(5 per cent level). This may indicate that the same homeo-
statlc conditions of a female necessary to produce a large
number of fetuses may be those necessary for a successful body

growth, or it could be a result of experimental design as the
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final body weight was the total body weight and included the
weight of the litter.

There was a significant difference (5 per cent level) in
the average weight of the fetuses for the different treatments.
These were 3.6, 3.3, 3.7 and 2.9 gm./per fetus, respectively
(Figure 7). The multiple range test (5 per cent level)
indicated a significant difference between the mean fetal
weight of the vitamin A-free group and the vitamin A-free
plus nitrite group (III vs. IV). Gross observation indicated
a more severe vitamin A deficiency in the vitamin A-free plus
nitrite animals than in the vitamin A-free animals. This
could result in a decreased mean fetal weight. However, liver
analysis did not substantlate this in the experiment. Al-
though Garner et al. (1958) reported that nitrite produced a
vitamin A deficiency syndrome in weanling rats, yet they failed
to find histologlic evidence of a true vitamin A deficiency.

The vitamin A-free plus nitrite group also showed a
correlation that was unique to this group. This was a signif-
icant negative correlation between adrenal gland weight and
average weight of the fetuses (1 per cent level). This could
be interpreted as the result of a stress response as the mean
adrenal weight in this group was significantly greater than
that of the vitamin A-free group (IV vs. III) and the average
welght of the fetuses was significently less.

Sinclair and Jones (1964) reported that nitrate adminis-

tered to pregnant ewes resulted in smaller lambs than those
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from control ewes. However, Davison et al. (1964) reported
that nitrate had no effect on reproductive performance of
heifers.

There was a significant difference (1 per cent level)
in the mean number of resorptions for the different treatments.
These were 1.8, 0.5, 0.5 and 1.5 resorption sites per treat-
ment female (Figure 7). The multiple range test indicated
that there was a significantly greater resorption rate in the
group receiving laboratory ration than in the group receiving
laboratory ration plus nitrite. This would not be expected.
There was not a significant effect of nitrite on the resorp-
tion rate in the vitamin A-deficient groups although there was
an apparent effect. Analysis of the classification of resorp-
tion durations indicated no differences in distribution between
early and late resorptions in a}l treatment groups and is
summarized in Table 4. Figure 8 is an example of a normal
appearing fetus, a fetus in an early process of resorption and
a late resorption site.

The location of resorption sites is gliven in Table 5.
The ovarian pole of each respective uterine horn is the refer-
ence point and is considered as position one. Other positions
are relative to this position. There were no effects of treat-
ments on location of resorption sites regarding the right and
- left uterine horns. This is in agreement with Ingalls et al.
(1952) who reported on the effect of anoxia in mice. They

analyzed the distribution of embryos according to location in
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Table 4. Classification of fetal resorptions by duration

Group and diet Duration
Early Late
I. Control 18 16
II. Control plus nifrite 7 V4
III. Vitamin A-free L 5
IVv. Vitamin A-free plus nitrite 10 11

Table 5. Uterine location of resorption sites in right (R)
or left (L) horn

Group and diet Uterine Position of Total
horn resorption site

1 2 3 4 5 6 7
I. Control R 5 4 3 2 1 1 20
L 2 3 3 3 1 2 14
II. Control R 2 1 1 1 5
+NO2 L 1 1 3 2 2 9
ITI. Vit. A-Free R 2 1 1 1 5
L 2 1 1 L
IV. Vit, A-Free R 2 1 1 L
+NO, L 1 1 2 1 5




Figure 8. Normal and abnormal products of pregnancy of a

litter from vitamin A-free plus nitrite treatment.
Note the normal fetus (center), fetus in process of
resorption (right) and late resorption (left).
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the right or left uterine horn and no finding emerged to indi-
cate that one side provided a more favorable location for
implantation and maintenance under stress than the other.

Treatments had no effect on the frequency of resorptiéns
at any one implantation site (Table 5). Franklin and Brent
(1964) reporting on the effect of uterine vascular clamping
on the development of rat embryos found that there was no
difference in uterine sites regarding resorption rates. How-
ever, Woollam and Millen (1961) reporting on the effects of
anoxia in pregnant mice found that resorptions and stunting
occurred most frequently at implantation sites at the vaginal
ends of the uterine horns. However, McLaren and Michie (1960)
stated that there is a significant association between con-
genital runting and the ovarian position in the uterine horn.
A sharing of the blood supply by the ovary and the ovarian
fetus was clted as a possible cause. A correlation between
occupancy of ovarian position and cleft lip and palate was
also cited.

Group IV, the vitamin A-free plus nitrite group, was the
only treatment group that had a positive correlation (1 per
cent level) between the number of resorptions and pituitary
gland weights. This same group had the only significant posi-
tive correlation between adrenal welghts and thyroid weights.
This finding could again be interpreted as characteristic of

a stress reaction imposed by treatments.
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Only one fetus which was from a litter in the vitamin
A-free group (group III) had lesions characteristic of the
anomalies induced by maternal vitamin A deficiency. This was
unusual as this fetus was from a female on the vitamin A-free
diet that became pregnant on the second day breeding of the
vitamin A-free diet females. Because of the lesions in the
fetus from this litter, this female evidently was completely
depleted of vitamin A at this time., There were eight fetuses
in this litter plus one late and one early resorption. The
average weight of the fetuses in this litter was 2.7 gnm.,
whereas the mean average welght for the fetuses in the vitamin
A-free diet group was 3.7 gm./fetus. The resorptions and the
reduced average fetal weight in this litter would be compatible
with a maternal vitamin A deficiency. The deficiency could
not have been very severe or the litter would not have been
carried to term (Warkany and Schraffenberger, 1946). The
ocular congenital anomalies induced as a result of maternal
vitamin A deficiency will be discussed in experiment II under
the topic of fetal analyses.

Tables 16 and 17 of mean values for experiment I with

standard errors of the means are found in the appendix.
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MATERIALS AND METHODS-EXPERIMENT II

Only deviations from experiment I will be described for
experiment II. Unless otherwise stated, materials and methods

in experiment II were the same as experiment I.
Experimental Design

Animals

Disease-free rats1 were purchased to provide a source of
rats for use on experiment II. The animals were handled as
in experiment I. The animals were quartered in an air condi-

tloned room in experiment II.

Division of groups

Eight treatment groups were established on the basis
of the female and male diets as follows:
I. Control diet (female) X control diet (male)
II. Control diet (female) X control diet plus nitrite
(male)
III. Control diet plus nitrite (female) X control diet
(male)
IV. Control diet plus nitrite (female) X control diet
plus nitrite (male)

V. Vitamin A-free diet (female) X control diet (male)

1Charles River Breeding Laboratories, Inc., North Wilming-
ton, Massachusetts.
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VI. Vitamin A-free diet (female) X control diet plus
nitrite (male)

VII. Vitamin A-free diet plus nitrite (female) X control

diet (male)
VIII. Vitamin A-free diet plus nitrite (female) X control
diet plus nitrite (male)

Female rats in the control diet groups, control diet plus
nitrite groups and vitamin A-free diet groups were distributed
to these groups at 30 days of age. Ultimate distribution to
groups was made at the time of determination of day zero of
pregnancy. Treatment of the servicing males determined the
ultimate distribution to groups.

Unequal group sizes were used with a total of 99 animals,
Group sizes were as follows: group 1, 12; group I1I, 11;
group III, 7; group IV, 15; group V, 9; group VI, 8; group
VII, 17; and group VIII, 20.

Method of handling

Female rats in the control diet plus nitrite groups as
well as the nitrite meles received 0.25 per cent KNO, (415
p.p.m. nitrite nitrogen) in the drinking water from 30 days of
age until the termination of the experiment. Drinking waters
were freshly prepared every day by dissolving and dispensing
the requlired amount of potassium nitrite in the final volume

of water in watering bottles. All nitrite females in these
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groups and nitrite males received nitrite for not less than
60 days before breeding.

Nitrite was administered in the water in experiment II
rather than in the feed as in experiment I because of ease in
insuring a more uniform mixing and because there should be
less loss of nltrite by reduction in watering bottles than in
the feed during the 24-hour periods between feedings and water-
ings. 1In experiment I the nitrite was added to the feed
rather than the water because the animals in experiment I
were housed in facilities that were not temperature controlled
and became very hot at times. Water consumption increased at
these times and was more variable than feed consumption.
Animals in experiment II were housed in air conditioned facil-
ities and water consumption was not variable with outdoor
temperatures. To insure the presence of the added nitrite in
the water, one analysis was made of treatment waters prepared
24 hours earlier from potassium nitrite handled in a manner
like that during the experimental period. An adaptation of
the colorimetric alphanaphthylamine method was employed
(American Public Health Association, 1938).

Breeding was conducted in the same manner as in experi-
ment I. When nitrite males were placed overnight in cages
with non-nitrite females, non-nitrite water was avallable.
When non-nitrite males were placed overnight with nitrite

females, again ncon-nitrite water was avallable during the

mating period.
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Rats receiving the control diet were fed a commercial
laboratory ration that is considered to be free of salmonella

organisms and would be indicated for use with disease-free

rats.l

The purified vitamin A-free diet was the same as that
used in experiment I and was fed from 30 days of age to the
end of the experiment. Forty I.U. of vitamin A were adminis-

tered orally every ten days untll day zero of pregnhancy.
Body Welight Analysis

Only final body weights were recorded at day 20 of

pregnancy.
Blood Analyses

Blood analyses were performed in the same manner as in
experiment I. Pre-breeding hemoglobin, methemoglobin and PCV
were determined on those females that were on control ration
and control ration plus nitrite from 30 days of age. Day 20

hemoglobin, methemoglobin and PCV were determined on all

females.

Liver Analyses

Liver vitamin A analysis was initially performed on

pooled liver samples. The pooling criteria were the dietary

lRockland Mouse/Rat Diet. Teklad, Inc., Monmouth,
I1llinois.
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treatment regimen of the females thus making four pooled
samples. A later analysis was performed on the vitamin A-
free diet and vitamin A-free dlet plus nitrite groups by

pairing samples from each group as to the length of time that

the animgls were on the vitamin A-free diet.
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RESULTS AND DISCUSSION - EXPERIMENT II

Discussion that is common for both experiments I and II

will be found in experiment I.
Body Welght Analysis

The mean final body weights were 341, 356, 338, 328, 338,
322, 321 and 315 gms., respectively (Figure 9). There were
no significant differences among the means of these groups.

In experiment I, nitrite was given in the feed which
reduced palatability and encouraged feed wastage. Although
paired feeding was. used the amount of feed wasted could not
be determined. There were significant differences among mean
final body weights of the treatment groups. However, in
experiment II when nitrite was in the water rather than the
feed there was no significant treatment difference in mean
final body weights. This would indicate that nitrite inges-

tion per se was without effect on rate of growth.

Blood Analyses

Pre-breeding

The pre-breeding PCV averaged 39.5, 38.3, 44.5 and 44.8
per cent for group I, control diet (female) X control diet
(male); group II, control diet (female) X control diet plus
nitrite (male); group III, control diet plus nitrite (female)

X control diet (male); and group IV, control diet plus nitrite
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(female) X control diet plus nitrite (male), respectively
(Figure 10), Treatment differences were significant at the
1 per cent level. The multiple range test (5 per cent level)
indicated that there were a significant increases in the
means of the PCV of the groups receiving nitrite from those
not receiving nitrite (III and IV vs. I and II). The animals
receiving nitrite had been on nitrite-contalning water from
30 days of age and had received nitrite for no less than 60
days.

The pre-breeding mean hemoglobin values were 15.5, 15.2,
17.0 and 16.5 gm./100 ml. of blood, respectively (Figure 11).
The treatment effect differences were significant at the 1
per cent level. There was a significant difference (5 per
cent level) between group II which did not receive nitrite
and groups III and IV which did receive nitrite, and also
between group I (no nitrite) and group III (nitrite).

Pre-breeding mean methemoglobin values were 0.6, 0.3, 1.4
and 1.0 gm./100 ml. of blood, respectively (Figure 12).
Treatment effect differences were significant at the 5 per
cent level and groups receiving nitrite had significantly (5
per cent) higher methemoglobin values than did groups not
receiving nitrite (III and IV vs. I and II).

It was evident in the pre-breeding hematologic analyses
that the ingestion of nitrite caused an increase in methemo-
globin production above control values, although the amount

of methemoglobin detected was not very great. Increased
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hemoglobin and PCV were evident in the nitrite groups (III
and IV). It would seem that although the amount of methemo-
globin was not great in the nitrite groups, there must have
resulted a degree of anoxia that was sufficient to stimulate
erythropoietic activity as evidenced by increased hemoglobin
and PCV in these groups. All values would be considered to

be in a normal range.

A positive correlation at the 5 and 1 per cent levels
existed only in the nitrite groups (III and IV, respectively)
between pre-breeding hemoglobin and pre-breeding PCV. A

positive correlation between methemoglobin and these variables
would have been expected as increased methemoglobin would
result in an anoxic stimulus with a resultant increased eryth-

ropoieses, but a positive correlation was not evident upon

examination of the data.

Day 20

The mean day 20 PCV values were 36.6, 38.5, 37.8, 40.0,
36.0, 37.9, 41.7 and 39.2 per cent for groups I through VIII,
respectively (Figure 10). There was no significant difference
among treatment groups. Values were considered normal. There
also was no significant difference among means of the day 20
hemoglobin values. These values were 12.7, 12.4, 13.8, 13.9,
11.9, 12.7, 13.4 and 12.7 gm./100 ml. of blood, respectively
(Pigure 11).

The mean day 20 methemoglobin values were 0.26, 0.20,

0.62, 0.74, 0.05, 0.26, 0.47 and 0.39 gm./100 ml. of blood,
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respectively (Figure 12). There was no significant difference
among means.,

The day 20 blood analyses did not show any significant
effects of treatments. With the exception of the PCV of
group III and of the hemoglobin of group VIII, all groups
receiving dietary nitrite had higher apparent values than the
corresponding groups not receiving nitrite (Figures 10, 11).
A positive correlation across all treatments at the 5 per
cent level was found between day 20 methemoglobin and both
day 20 hemoglobin and day 20 PCV. A positive correlation
between day 20 hemoglobin and PCV was also present, as would
be expected. The day 20 methemoglobin values in the groups
receiving nitrite were lower than the pre-breeding values in
the corresponding groups. The day 20 methemoglobin values
in groups receiving nitrite were also lower than the corres-
ponding groups in experiment I. The lower methemoglobin at
day 20 was not expected. Rats apparently adapt rapidly to the
constant exposure to methemoglobin-producing substances by
increased rate of reduction of methemoglobin., During the
course of these experiments reported here, a separate group
of rats was administered drinking water containing 0.25 per
cent potassium nitrite (415 p.p.m. nitrite nitrogen). Methemo-
globin determinations were made on the third day of receiving
the nitrité in the drinking water. The mean methemoglobin
value was 3.5 gm./100 ml. of blood. Rats in experiment II

that received the same level of nitrite in the water for at
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least 60 days had mean methemoglobin levels of 1.2 gm./100
ml. of blood. Day 20 values, which were obtained from 30 to

60 days later, are given above.
Small Organ Weights Analyses

Day 20 mean adrenal gland weights were 17.8, 17.1, 22.2,
18.6, 14.9, 13.0, 15.8 and 15.4 mg./100 gm, of body weight,
respectively (Figure 13). Treatment differences were signi-
ficant at the 1 per cent level. The multiple range test indi-
cated that group IITI had a significantly greater mean adrenal
welght than all other groups except groups I and IV (1 per
cent level). The diets of groups III and IV were the control
diets plus nitrite and the results were as expected, although
there was an apparent difference in the mean adrenal welghts
between these two groups. The diets of groups I and II were
the control diet. There was a difference between adrenal
weights on the control diet and control diet plus nitrite,
i.e., group II and group III (5 per cent level). Nitrite
ingestion in experiment I also produced a significant increase
in adrenal weights over the same groups without nitrite. The
increased adrenal weights are apparent in the vitamin A-free
plus nitrite groups compared with the vitamin A-free groups,
i.e., groups V and VI vs. groups VII and VIII, respectively.

Day 20 mean thyroid gland weights were 5.1, 4.0, 4.6, 4.9,

L4, 6.2, 5.0 and 5.4 mg./100 gm. of body weight, respectively
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(Figure 14). Treatment differences were not significant nor
was there any apparent effect of nitrite on thyrold welght.

Day 20 mean pituitary gland weights were 2.7, 2.3, 2.7,
3.0, 2.5, 2,8, 2.5 and 2.5 mg./100 gm. of body weight, respec-
tively (Figure 14).

Treatment differences were not significant nor was there
any apparent effect of nitrite on pitultary weight.

There was a positive correlation at the 5 per cent level
of significance between pituitary weight and the adrenal
weight only in groups VII and VIII. Both of these groups
were on the vitamin A-free plus nitrite ration. This would
be indicative of an expected stress response.

There was a positive correlation between pituitary weight
and thyroid weight (5 per cent ievel) only in groups III and
VII. The dietary regimen of these groups was control plus
nitrite and vitamin A-free plus nitrite, respectively. This
finding could be interpreted as indicative of an effect of
nitrite on thyroid function, but other groups that received
nitrite did not indicate a significant correlation of this
type. Thus, this interpretation may not be valid.

A positive correlation (5 per cent level) between thyroid
weight and adrenal weight existed only in group V, a vitamin
A-free group. This could be indicative of a stress response.

An interesting nhegative correlation (5 per cent level)
between adrenal weight and both day 20 hemoglobin and PCV was

found in group VIII which was on a vitamin A-free plus nitrite
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diet. A negative correlation between adrenal weight and day
20 PCV was evident in group I which was on the control diet
and group IV which was on the control diet plus nitrite. If
group I would not have shown this correlation, the following
explanation would seem valid. The animals were on nitrite-
contalning rations and the nitrite produced a sufficient
adrenal stress reaction which resulted in a retention of
fluid and a resulting hemodilution that was evident on day 20.
Day 20 blood values ordinarily showed a decrease in values

compared with earlier values because of pregnancy.
Liver Analyses

Day 20 mean liver weights were 3.5, 3.4, 3.3, 3.7, 3.4,
2.8, 3.2 and 3.2 gm./100 gm. of body weight, respectively
(Figure 15). The differences were significant at the 5 per
cent level. The multiple range test indicated that dietary
nitrite did not have any effect on reducing liver welght when
comparisons were made between groups receiving the same dietary
regimen with the exception of nitrite. These were the same
findings as in experiment 1, where this was discussed.

Potassium nitrite in the drinking water reduced liver
vitamin A in the control plus nitrite sample compared with the
sample from groups receliving the control ration (Table 6).
Nitrite administered to the vitamin A-free groups did not
reduce liver vitamin A when compared with the vitamin A-free

groups not receiving nitrite (Table 6). Values for both of
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Table 6, Liver vitamin A analysis

Diet Groups Vitanin A
(megm, /gm. of liver)

Control I, II 71.6
Control+NO III, IV 61.0
Vitamin A-free v, VI 2.8
Vitamin A-free+NO, VIiI, VIII 14,2
Vitamin A-free

(paired) Vv, VI 5,0
Vitamin A--free+N02

(paired) VII, VIIT 22.6

the vitamin A-free groups were low. These were the same
results as obtained in experiment I.

It was initially hypothesized that the results of the
vitamin A analyslis involving the vitamin A-free groups could
be due to the fact that the animals in these groups were on
the vitamin A-free ration longer than those in the vitamin A-
free plus nitrite groups. Thus, they might have been more
depleted of vitamin A at day 20. To eliminate any effect of
this nature a second group of samples was formed from these
groups by paliring animals as to the number of days from wean-
ing to termination of the experiment. This analysis was per-
formed at a later time from the first analyses. The results
are indicated in Table 6 as "paired". The pairing had an
effect on absolute values of vitamin A but did not alter the
relationship. The sample from vitamin A-free plus nitrite

groups had higher liver vitamin A than the sample from groups
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not receiving nitrite. Discussion of this is found in experi-
ment I. It is of interest to note the great differences in

the pooled liver vitamin-A values of the control diet groups
from experiments I and II (327.15 vs. 71.6 mcgm./gm. liver,
respectively) (Tables 2, 6). The two groups received different
brands of commercial laboratory animal rations. It seems that
there must be differences in the vitamin A contents of the two

rations if liver vitamin A stores are an indication.
Fetal Analyses

All the females in which sperm were found in the vaginal
smear did not become pregnant, nor did all those that became
pregnant have viable fetuses at day 20, The data are summariz-
ed in Table 7. Chi-square anslysis indicated no significant
differences due to treatments in the pregnancy rate, number
of females delivering live fetuses wlthout resorptions, number
of females with one resorption and number with more than one
resorption but less than 100 per cent resorptions. The only
treatment groups with females exhibiting 100 per cent resorp-
tions of litters were the vitamin A-free plus nitrite females
(VII and VIII). |

The mean number of live fetuses per female was 8.9,

7.9, 10.6, 8.7, 9.2, 8.5, 8.4 and 7.0, respectively (Figure
16). The treatment differences were not significant. There
was no effect of maternal nitrite ingestion on the number of

fetuses in the groups receiving the control ration (III and IV).
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Table 7. Reproductive performance of rats in the eight
treatment groups

Group

I II I1I Iv. v VI VII VIII

Mated females 12 11 7 15 9 8 17 20

No. with im- 10 6 7 14 9 7 15 20
plantations

Litters
all alive 3 Ly 3 6 5 5 9 L
1 resorption 6 2 2 3 2 1 3 8
>1 resorption <100% 1 0 2 5 2 i 2 6
100% resorptions 0 0 0 0 0 0 1 2

There was an apparent effect of nitrite ingestion on decreas-
ing the number of fetuses in the groups receiving the vitamin
A-free ration (VII and VIII).

The male had an apparent effect upon the mean number of
fetuses. The mean number of fetuses in all groups with a
nitrite male was less than that in groups on the same dietary
regimen with a control male (II, IV, VI, VIII vs. I, III, V,
VII). This was the only apparent effect of treatment of the
male upon pregnancy in the rat in this experiment. A compari-
son was made between the mean number of fetuses resulting from
control males vs. the mean number of fetuses resulting from
nitrite~treated males. There was no significant difference.

There has been 1little work in experimental teratogenesis

involving the effect of agents on the male and subsequent
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congenital malformations in offspring. Lukwak-Mann (1964)
described effects produced as a result of thalidomide treat-
ment of male rabbits. Reduction in littering and congenital
malformations were produced. It thus is reasonable to hypothe-
size that other agents mediated through the male could have
comparable effects.

There was no significant effect of treatments on the mean
fetal weights. These were 3.9, 3.7, 3.7, 3.6, 3.4, 3.5, 3.4
and 3.5 gm./per fetus, respectively (Figure 17).

There was no significant effect of treatments on the
mean number of resorptions. These were Of8, 0.2, 1.7, 1.7,
0.8, 0.9; 1.1 and 1.6 resorption sites per treatment female
for the respective groups (Figure 16). There were no stat-
istically significant effects of treatments on the distribu-
tion of duration of resorptions in the various groups,
although group VIII had a greatly increased number of late
resorptions compared with early resorptions. The classifica-
tion of the duration of resorptions is given in Table 8.
Analysis of the classification of resorption durations indi-
cated no differences 1n distribution between early and late
resorptions in all treatment groups although there is an
apparent effect in group VIII, which is the contribution made

by the females that had litters exhibiting congenital ocular

anomalies.
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Table 8, Classification of fetal resorptions by duration

Group and diet Duration
Early Late
Female Male

I Control....es....Control 2 7
II Control......:...NO2 0 2
IIT NO,..eevveeeoes..Control 8 L
Iv NOZ..............NO2 17 9
V Vit. A-free......Control 6 1
Vi Vit. A-free......NO, 6 1l
VII Vit. A-free+NO,..Control 3 6
VIII Vit. A-free+N02..N02 6 21

The locatlon of resorption sites is given in Table 9.

The ovarian pole of each respective uterine horn is the refer-
ence point and positions are numbered from that end toward the
cervices. There was no effect of treatments on location of
resorption slites regarding right and left uterine horns.

Gross examinations of the fetuses did not reveal any
abnormalities. Warkany and Schraffenberger (1946) reporting
on malformations induced in rats by maternal vitamin A
deficlency described an external abnormality of the eye which

was called open eye and was characterized by a red discolora-

tion between the rudimentary 1lids.
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Table 9., Uterine location of resorption sites in right (R)
or left (L) horn

Group and diet Uterine Position of resorption sites
horn

1 2 3 4 5 6 7 8 Total

I F® Control, R 1 2 1 i
M Control L 1 1 1 2 5
II F Control, R 0
M NO, L 1 1 2
III F NO,, R 1 2 1 2 6
M Control L 2 1 1 2 6
IV F NO,, R 3 2 4 2 2 1 14
M NO, L 2 2 3 1 3 1 12
Vv F VAFP, R 1 1 1 1 1 5
M Control L 1 1 2
VI F VAF, R i1 1 1 1 1 5
M NO, L 2 2
VII ©F VAF+NO,, R 1 11 3
M Controf L 2 ] 1 1 1 6
VIIT F VAF4NO,, R 2 3 3 2 1 11
M NO, L L 3 2 2 2 1 1 1 16
a ‘
F = female, M = male.

bVAF = Vvitamin A-free.

Serial sections were made of the head region (primarily
through the eyes) of one fetus from each litter. Wilson and
Warkany (1950) reporting on malformations induced by vitamin
A deficlilency stated that they had never found any other anomaly

existing in the absence of ocular malformation.
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Warkany and Schraffenberger (1946) describing serial
sections of eyes of fetuses from vitamin A deficient female
rats found that of 32 eyes examined in great detail all 32
showed a fibrous retrolenticular membrane. Other abnormalities
were found at only a slightly lesser frequency. Because the
fibrous retrolenticular membrane is the most common character-
istic congenital abnormality of vitamin A deficliency, it was
the criterion used for detecting ocular malformations and was
the most frequently occurring abnormality. Figure 18 is a
section of a normal eye of a day 20 rat fetus through the
optic stalk and can be used for comparison with the sections
depicting abnormalities. Representative sectlions of abnormal-
ities will be described in the following paragraphs.

The vitreous space is occupled in varying degrees by a
dense network of fibrous tissue within which capillaries and
branches of hyaloid vessels may be discerned (Figures 19, 20).
This retrolenticular tissue is definitely overgrown as compared
with the retrolenticular tissue in normal fetuses. The fibrous
connective tissue which is usually most dense immediately be-
hind the lens decreases in thickness toward the equator of the
lens, where it ends (Figure 21). The internal leaf of the
retina may form several folds and may be distinctly everted
behind the point where the retrolenticular and extraocular
mesoderm join at a retinal cleft (Figures 19, 20). This
retinal cleft with retinal eversion is near the optic nerve.

The center of the retinal cleft is transversed by a thick



Figure 18. Section of the eye of a normal day 20 rat fetus.
H. and E. Approximately 40X.

I indicates eyelid; CS, conjunctival space; Co,
cornea; AC, anterior chamber; I, iris; Le, lens;
IR, internal leaf of retina; V, vitreous; 0OV,

space of optic vesicle; ER, external leaf of
retina; ON, optic nerve.

Figure 19. Section of the left eye of an abnormal day 20
rat fetus. H. and E. Approximately 45X.

Female No. 102v., Group VIII, vitamin A-free plus
nitrite diet. BM indlcates fibrous retrolenticular
membrane connected with extraocular mesoderm; Col,
coloboma; E, eversion of retina.
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Figure 20.

Figure 21.

Section of the right eye of an abnormal day 20
rat fetus. H. and E. Approximately U45X.

Female No. 102v. Group VIII, vitamin A-free plus
nitrite diet. BM indicates fibrous retrolenticular
membrane connected with extraocular mesoderm; Col,
coloboma; E, eversion of retina; IR, folded inter-
nal leaf of retina; Ro, rosette; HA, hyaloid artery;

ON, optic nerve fibers; H,, hemorrhage in space of
optic vesicle.

Section of the left eye of an abnormal day 20 rat
fetus. H. and E. Approximately 50X.

Female No. 16v. Group VIII, vitamin A-free plus
nitrite diet. BM indicates fibrous retrolenticular
membrane; IR, folded internal leaf of retina; Ro,
rosette; H,, hemorrhage in space of optic vesicle;
Hy, hemorrhage at internal leaf of retina.
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strand of connective tissue which Jjoins extraocular mesoderm
with the retrolenticular fibrous membrane, This strand 1is
pierced by a long branching blood vessel (hyaloid vessel).
In the retinal gap nerve fibers are seen on both sides of the
vessel. The changes in the optic cup such as persistent fetal
fissure, eversion of the retina and penetration of the cup
by mesodermal tissue are characteristic of a typical colobona.
Where the retina is folded and distinctly everted at the
retinal cleft, {(Figures 19, 20) there is a duplication of the
internal leaf of the retina and the "innermost" layers of the
everted portion are turned outward and face the choroidea.
The everted retina ends abruptly at the point of junction with
the external leaf of the retina. In some abnormal eyes the
posterior portions of the internal retinal leaf form many
folds (Figures 19, 20, 21). Some of the folds when cut trans-
versely appear in sectlions as "rosettes," in which the retinal
cells may be radially arranged around a variably defined inner
circle (Figure 21). The space within this circle corresponds
to the cavity of the fold which is a part of the lumen of the
optic vesicle. In some sections, especially where retinal
folds are more evident, the lumen of the optic vesicle, which
is the space between the two layers of the retina, is greatly
increased (Figure 20). 1In the areas not folded the internal
leaf of the retina is of approximate normal thickness and has
differentiated into two rather ill-defined layers of cells.

The histologlic structure of the internal leaf of the retina
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shows little resemblance to that of a normal newborn rat
(Figures 18, 20). Hemorrhages are frequently seen in the
abnormal eyes and can be found in the optic vesicle and in
the region of the retina (Figures 20, 21).

Anomalies of the anterior portions of the eyes as a
result of maternal vitamin A deficiency have been described
by Warkany and Schraffenberger (1946). 1In thelr work these
developmental defects were almost as frequent and accompanied
the changes described in this experiment. Thelr experimental
rats were undoubtedly much more deficient in vitamin A than
were the rats of this experiment as the reproductive efficlency
was very much reduced in their rats. Only 36 of 90 females
found to have sperm in the vaginal smear retained the products
of conception later than the 13th day of pregnancy. O0f these
only seven mothers carried their young to term. The reproduc-
tive efficiency of the females reported here is described above.
The purpose of their experimental procedure was to describe
congenital malformations induced by maternal vitamin A defi-
cilency, whereas the experiments reported here used induced
congenital malformations as only one measure of the effect of
ingested nitrite on reproductive performance of rats under
various treatments.

Induction of fetal anomalies in rats as a result of mater-
nal deficiency of vitamin A requires a stage of severe deple-
tion of vitamin A. Jackson and Kinsey (1946) reporting on this

subject stated that the ocular defects occur in the young rat
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only when the maternal vitamin A deficiency is extremely
severe, so advanced in fact, that fetal resorption is common
and normal birth is impossible.

Most of the eyes serially sectioned proved normal on
histologic examination. Table 10 summarizes the occurrence
of ocular anomalies in fetuses in experiment II, and gives
the number of days from the time that the female was placed
on the vitamin A-free ration until day 20 of pregnancy.

It would appear that nitrite had an effect upon reducing
maternal vitamin A stores to a level that induced anomalies.
This effect may be more apparent than real. Most of the females
that were in the vitamin A-free diet groups did not have as
long a period of time between being placed on the vitamin A-
free diet and day 20 as did the vitamin A-free plus nitrite
females that had fetuses with malformations. Perhaps this
period of time is not a factor as all rats on the vitamin A-
free diet (groups V, VI, VII, and VIII) received 40 I.U. of
vitamin A orally every ten days until day zero of pregnancy
after which they did not receive any additional vitamin A.
Moore (1957) reported that 4 I.U. of vitamin A are sufficient
to result in optimal growth and normal blood levels of vitamin
A, but storage in the liver does not occur. This should imply
that as long as rats receive an average of 4 I.U. of vitamin
A daily they would not need to use any stored vitamin A for
normal growth. If such would be the case, then the liver

vitamin A level would not decrease with increasing time on a



Table 10. Females with anomalous litters
Litter Days on alive No. of
from vit., A- in resorp~ a a a b
group free diet litter tions Adrenal Thyroid Pituitary Liver
VIII 226 4 1 late ——— —— - 3.17
VIII 261 7 1 late ———— —— - 3.66
VII 343 8 1 late 12.0 8.5 2.5 2.42
VII 229 3 0 20.9 7.3 3.4 3.20
Vi 266 2 5 early; 21.5 8.6 - 2.80
1l late
VIII 331 1 1l in 10.4 6.7 1.8 2.24
process;
1 late
VIII 228 1 L late 16.6 8.1 2.5 2.30
VIII 213 0 7 in process 28.6 5.3 2.9 2.10
Mean 3.25 2.6 18.3 7.4 | 2.6 2.75

®Mg./100 gm. body weight.

PGm. /100 gm. body weight.

81T
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vitamin A deficient diet supplemented with the necessary amount
of vitamin A to maintain optimal growth. If this would be
valid, then all females would have entered pregnancy with the
level of liver vitamin A that was present at the time that they
were placed on the vitamin A-free diet. Thus nitrite in the
water would seem to have reduced the level of vitamin A to a
point that anomalies were induced in some fetuses. However,

if that were the case there should have been malformations
induced in other females that were in the same treatment groups
but became pregnant with less time elapsing between being
placed on the vitamin A-~free diet and day 20. This was not

the case,

Most of the malformed fetuses were from litters in which
the male was a nitrite male. However, it does not seem reason-
able that the male was a factor in inducing these anomalies,

The average number of live fetuses in the litters with
anomalies was reduced conslderably from the mean number of
fetuses for group VIII, which had the smallest mean number
of fetuses of any treatment group (3.25 vs. 6.95, Tables 10,
19). The average number of resorptions (fetuses and sites)
was greater than for any treatment group. The sum of the
average numbers of fetuses and resorptions is less than that
of any treatment group and would indicate impalirment of re-
productive efficiency.

The average weights of the adrenal, thyroid and pituitary

glands of the females producing anomalous litters are greater
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than the mean weights of any treatment group. The average
liver weight is less than that of any treatment group. These
findings would be indicative of a stress reaction in those
females.

Although anomalies were induced in this experiment and
were mainly induced in fetuses of females on the vitamin A-
free plus nitrite ration, one could not conclusively state
that nitrite invariably reduces maternal vitamin A stores so
that anomalies characteristic of vitamin A deficlency result.
To state this, anomalies should have been evident in other
and more litters on the same regimen. When nitrite is given
to female rats receiving ample dlietary vitamin A, it can be
concluded that congenital anomalies characteristic of maternal

vitamin A deficiency will not be produced.
Males

Males used in experiment 11 were euthanatized with ether
at the completion of the experiment. Table 11 summarizes
the mean values obtalined for the variables that were observed.
At the time of completion of the experiment the males were
mature and approximately 1 year of age.

Methemoglobin values were zero for both groups. The
rats receiving nitrite had been on treatment for nearly one
year and evidently had adapted to its presence regarding
reduction of methemoglobin, or it may be concluded that there

may have been a faulty methemoglobin procedure. The average
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PCV and hemoglobin values reflect an erythropoietic stimula-
tion compared with the control. This would not necessarily
be compatible with zero methemoglobin values. The thyroid,
pituitary and adrenal gland weights are given as total weights
of these glands. There was no apparent effect of nitrite on
weights of these glands.

Tables of mean values for experiment II1 with standard

errors of the means can be found in the appendix.

Table 11. Mean values obtained from male rats in experiment

I1
Diet

Control NO2
Methemoglobin (gm./100 ml.) 0 0
Hemoglobin (gm./100 ml.) 12.5 13.6
Packed cell volume (%) 41.4 47.0
Thyroid weight (gm.) 30.6 27.8
Pituitary weight (gm.) 12.4 12.2
Adrenal weight (gm.) 60.7 53.7
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SUMMARY AND CONCLUSIONS OF EXPERIMENTS I AND II

The effects of nitrite were evaluated in timed pregnancy
rats as to its influence on hematologic, physiologic, and
reproductive responses under various regimens regarding diet-
ary vitamin A. Potassium nitrite in experiment I was given
dally in the feed throughout pregnancy to females either on a
commercial laboratory ration or on a vitamin A-free ration.

It was given daily in the drinking water in experiment II
either for at least 60 days before breeding to males and
females, or given only throughout pregnancy to females on a
vitamin A-free ration.

Initial and final body weight analyses were conducted.
Packed cell volumes, hemoglobin and methemoglobin values were
determined at various times on whole blood. The weights of
maternal adrenal, thyroid and pitultary glands were determined.
Liver weights and liver vitamin A analyses on pooled samples
were determined. Reproductive performence regarding pregnancy
rate, number and average weight of fetuses and number, posi-
tion and duration of resorptions was determined. One fetus
from each litter was serlally sectioned through the eye region
for histologic examination for the presence of congenital
malformations.

Potassium nitrite (0.75 per cent) in the feed reduced
feed intake and decreased final body weight, whereas,

potassium nitrite in water (0.25 per cent) did not produce
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significant differences in mean final body welghts.

Nitrite in feed and water produced small but statistically
significant increases in methemoglobin values at all sampling
periods with the exception of day 20 of pregnancy in the
experiment utilizing nitrite in the water when methemoglobin
values were increased but not to significant levels. Hemo-
globin and PCV values reflected the presence of methemoglobin
at most samplings. Mean hemoglobin and PCV values decreased
in most treatment groups at day 20 of pregnancy, the hemo-
dilution being attributed to effects of advanced pregnancy.
Hemodilution was more pronounced in some nitrite treated
groups than in controls and was attributed to an adrenal
stress response in the nitrite groups. Some groups on the
vitamin A-free diet plus nitrite did not have the hemodilution
effect of pregnancy on day 20. This was attributed to the
hemoconcentration effect of vitamin A deficiency that was
sufficient to nullify the hemodilution effects of advanced
pregnancy and adrenal stress.

Nitrite caused significant increases in maternal adrenal
gland mean weilghts in all treatment groups. Effects on thyroid
and pituitary mean weights were varlable. Nitrite plus
vitamin A-free diet increased thyrold mean weights.

Potassium nitrite had no significant effect on mean liver
weights, Liver vitamin A analyses on pooled liver samples
indicated that nitrite reduced liver vitamin A a small amount

in groups on commercial laboratory ration. Nitrite did not
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have the same effect on pooled samples from rats on the vitamin
A-free diet even when pooled samples were composed of rats
that were pailred as to days on the vitamin A-free diet. All
liver vitamin A values were low for the vitamin A-free diet
groups when compared with control ration groups.

Treatments (vitamin A-free diet and nitrite) significantly
reduced pregnancy rate compared with controls in the feeding
experiment. Complete resorption of litters was found only
in vitamin A-free plus nitrite groups in both experiments.
Usually the vitamin A-free groups had the smallest litters,
and nitrite demonstrated a further reduction in litter size
and average welght of the fetuses. Treatments had no signifi-
cant effects on distribution of the position or duration of
resorptions. Nitrite-treated males had an apparent effect
on reducing litter size in all treatment groups, but the
effect was not statistically significant.

Congenital ocular malformations were found mainly in
vitamin A-free plus nitrite groups although they were also
present in vitamin A-free diet groups. The anomalies were
characteristic of vitamin A deficiency~induced malformations.
The malformations were characterized by retrolenticular

fibroplasia in place of the vitreous, coloboma and abnormal

structure and eversion of the retina.
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PART II. TERATOGENIC EFFECTS OF EXCESS
VITAMIN A IN THE DOG
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REVIEW OF LITERATURE
Excess Vitamin A and Teratogenesis

Cohlan (1953, 1954) was the first to show that excessive
intake of vitamin A during pregnancy could result in congenital
anomalies in laboratory animals. Moore and Wang (1945) had
reported that hypervitaminosis A produced uterine hemorrhage
and reduced litter size and number in pregnant rats but did
not report congenital malformations. Cohlan used Wistar
female rats fed a stock ration, mated (day sperm was found =
day one), and given 15,000 to 75,000 I.U. of vitamin A orally
as an agueous preparation on varying periods in gestation
ranging from a single dose on one day to dally doses from the
2nd, 3rd, or 4th to the 16th day of gestation. The females
were usually killed on the 20th or 21lst day of gestation. The
excess vitamin A during pregnancy resulted in a marked litter
failure. There was a 12 per cent litter rate in the treated
females and an 84 per cent litter rate in the controls. When
the litters were carried to term, a variety of gross congenital
malformations were produced which 1ncluded exencephaly, eye
malformations (including "open eye"), cleft palate, shortening
of the mandible and maxilla and spina bifida with meningocele
and hydrocephalus. Abnormal embryos, especlially those with
exencephaly, could be recognized in situ as their amniotic
sacs were swollen with excess fluid, which was often blood-

stailned. The offspring of the vitamin A-treated maternal rats
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exhibited gross malformations at an anomaly rate of 52 per
cent. Cohlan (1954) reported that the 7th to 10th day of

gestation in the rat was found to be the period critically
susceptible to the teratogenic action of excess vitamin A.

These results were confirmed in rats by Giroud and
Martinet (1954) who gave 20,000-35,000 I.U. of vitamin A per
day orally from the 4th to the 16th days of pregnancy. Vit~
amin A acetate and palmitate gave similar results.

Giroud and Martinet (1956) demonstrated a differential
effect on fetal development in rats by giving 60,000 I.U.
vitamin A per day orally for three successlilve days starting
treatment at several different periods of gestation. A peak
in incidence of cleft palate (92 per cent) with various limb
defects occurred when treatment was started on day 1l and only
cleft palate (49 per cent) and cataract when started on day
14, 1In addition to the common malformations, treatment for
three days starting on day ten also produced various abnor-
malities of the internal and external ear. The auricules
of the external ear were like cartilaginous skeletons in the
reglons of the cheeks. The middle ear showed little or no
development, and the ossicles showed defects.

Giroud and Martinet (1957) used hypervitaminosis A to
induce exencephaly in rats in order to investigate the morpho-
genesis of anencephaly, which they described in detall and
attributed to attrition and erosion of the exposed braln ln

utero. Deuschle et al. (1959) studied hypervitaminosis A-
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induced skeletal anomalies of the face of rats which produce
protrusion of the eyes or "open eye'". The exophthalmic eyes
were essentially normal in structure but protruded as a result
of congenital malformation of the orbital floor.

Excess vitamin A has been shown to produce malformations
in species other than the rat. Kalter and Warkany (1961)
used strains of inbred mice to produce various congenital
malformations. They used single oral doses of 10,000 I.U.
of vitamin A. Cleft palate was the most frequent defect.
Abnormalities of the pinna occurred quite often and included
external ears that were absent or small, defective and placed
in a low position. Visceral and skeletal anomalies were also
described.

Giroud and Martinet (1959) reported that excess vitamin
A given orally produced various congenital malformations in
the rabbit and guilnea pig. Exencephaly was produced in the
offspring of female guinea pigs that had received 50,000 I.U.
of vitamin A from day 10 to day 13 of gestation. Anencephaly,
anophthalmia, microphthalmia, faclial dysgenesis and syndactyly
were congenital malformations that were produced in rabbits
with doses of 125,000 to 150,000 I.U. of vitamin A from the
5th to the 10th days or the 10th to the 13th days of gestation.
Higher doses resulted in abortions of the whole litter. At
all levels the predominant effect was embryonic death, and

malformations were relatively infrequent.
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Millen and Woollam (1960) reported that an aqueous solu~
tion of vitamin A in Tween 80 given subcutaneously in adequate
doses to a pregnant rat or mouse was just as effective as oral
administration in producing congenital abnormalities. This
method may have advantages over oral administration regarding
convenience, more precise dosage and circumventing the vagaries
of intestinal absorption.

Murakami and Kameyama (1965) also reported on malforma-
tions of the mouse fetus produced by hypervitaminosis A. They
used a single intraperitoneal injection of 15,000 I.U. of
vitamin A. In addition to numerous other mslformations, they
reported microtia, anotia and abnormalities of the auricle
such as absence, lobulations or dislocation. The highest
incidence of auricular malformations did not coincide with
the highest incidence of cleft palate as to the day of treat-
ment. Abnormalities of the tall such as short tail and curva-
ture of the tall were observed. Treatment on day eight of
pregnancy produced the highest incidence of both tail and
auricular malformations. Their comment concerning the action
of hypervitaminosis A was that the hypervitaminosis A exerts
either a suppressive effect chiefly upon mesenchymsl tissue
just before its differentiation inpo the primordium or upon
mesenchymal tissue during differentiation.

Marin-Padilla and Ferm (1965) using the golden hamster
produced a variety of developmental malformations in the off-

spring of mothers treated on the eighth of gestation. They
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removed embryos after treatment and found somite necrosis
within 12 hours of the administration of vitamin A. The

somite necrosis reached a maximum at 24 hours. Somite necrosis
was considered to be the basic teratogenic action of vitamin

A leading to such malformations as cranioschisis and sacral
rachischisis which were considered to result from an abnormal
axial mesoderm which caused malformations of the axial skele-
ton.

Giroud et al. (1956) reported that the concentration of
vitamin A in fetal tissues was increased after treating female
rats with large doses of vitamin A at a teratogenic stage in
embryogenesis. A relatively small increase in vitamin A
concentration was found, but the authors believed that vitamin
A exerted a direct teratogenic effect on the embryo. Although
Woollam and Millen (1963) have found increased vitamin A
concentrations in offspring of vitamin A treated dams, the
concentration of vitamin A is no greater in the affected
embryos than in their normal siblings. They did not feel
that there was sufficient indication to state that the ident-
ification of a teratogenic agent in the fetus established its
effect on the fetus as direct action.

The incidence of congenital malformations from excess
vitamin A can be altered by the concomitant use of other
agents. Woollam and Millen (1957) and Millen and Woollam
(1957) using 20 mg. of cortisone acetate increased the fre-

quency of cleft palate and exencephaly in Wistar rats given
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60,000 I.U. per day of vitamin A orally from the 8th to the
13th day of pregnancy. On the other hand, subcutaneous admin-
istration of 1.5 units per day of protamine zinc insulin from
the 9th to the 12th day of gestation to females also receiv-
ing either large doses of vitamin A alone or vitamin A and
cortisone virtually eliminated the occurrence of young with
brain deformities (Millen and Woollam, 1958).

Cohlan and Stone (1961) reported that cortisone did not
potentiate the brain malformation rate induced by hypervitamin-
osis A in the rat fetus. Insulin did not prevent the brain
malformations. Parathyroidectomy, thymectomy or bilateral
adrenalectomy on the third day of gestation did not appear to
alter gross normal development or Influence the incldence of
hypervitaminosis A brain malformations. Kochhar (1965) also
reported that cortisone did not modify the lnclidence of cleft
palate induced by hypervitaminosis A. |

Woollam and Millen (1958) also reported that the admin-
istration of lL-methyl-2-thiouracil as a 0.1 per cent solution
in lieu of drinking water from the 1lst through the 10th day
of pregnancy in rats also receiving large doses of vitamin A
greatly increased the incidence of deformities of the skull
and brain. These same workers reported that the subcutaneous
administration of 0.6 mg. thyroxine daily from the 8th to the
13th day of pregnancy prevented the occurrence of any congen-
ital malformations of the head and palate in rats that received

large doses of vitamin A orally on those same days (Millen
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and Woollam, 1959). A mixture of B-vitamins injected sub-
cutaneously on days 8 to 13 of pregnancy, which was the same
period that large doses of vitamin A was given, greatly re-
duced the incidence of cleft palate and prevented any brain
malformations (Millen and Woollam, 1958). The series of find-
ings of Millen and Woollam concerning modification of tera-
togenic activity lead them to think that hypervitaminosis

A produces its effects by interference with the carbohydrate
metabolism of the developing embryo. This is not completely
tenable as the agents used as modifiers directly or indirectly
affect protein metabolism as well (Guyton, 1961).

Wilson (1964) investigated the interaction of terato-
genic agents in Wistar-descendant rats. One of the inter-
actions that he tested was that of hypervitaminosis A and
trypan blue. Both are known teratogens. The dosage of each
was that which had been determined to be a low but supra-
threshold dose. The vitamin A dosage was very high, 300,000-
450,000 I.U. and was given orally in cottonseed oil on the
eighth day. A potentiation of effect between these two agents
was demonstrated when low but suprathreshold doses of each
were used. Potentiation also occurred when a low but supra-
threshold dose of either agent was used in conjunction with a
subthreshold dose of the other.

Hirtel and Hirtel (1960) reported on the teratogenic
effect of audio-visual and immobilization stress in rats. The

pregnant females were subjected from the 9th to the 12th day
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of pregnancy to one or the other of these types of stresses

or to stress combined with oral administration of 15,000 I.U.
of vitamin A in oily suspension daily from the 8th to the 12th
day of pregnancy. The stresses alone had no effect on con-
genital malformations. However, immobilization stresses
potentiated the teratogenic effect of vitamin A.

The administration of a teratogenic agent to a number of
pregnant mammals of a single species under identical condi-
tions of timing and dosage does not produce a uniform effect
on the development of young. 1In any litter the response may
not be uniform. Woollam and Millen (1961) determined the
influence of a single factor such as the site of implantation
on the susceptibility of the mouse embryo to the teratogenic
effects of hypervitaminosis A. Their findings revealed (1)
that fetuses situated at the ovarian end of the uterine horn
were less subject to cleft palate than those at the cervical
end, and (2) that the probability of cleft palate increased
as the number of young in the uterine horn increased. These
findings were obtained as a result of a single subcutaneous
injection of vitamin A in Tween 80 on day 11 of pregnancy.

Most of the work concerning vitamin A as a teratogen has
been based on the use of large doses of vitamin A. Cohlan
(1954) commonly used 35,000 I.U. in rats and Giroud and
Martinet (1956) have used 60,000 I.U. of vitamin A in rats on
consecutive days at different stages of pregnancy. Kalter

and Warkany (1961) used single doses of 10,000 I.U. of vitamin
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A in mice. Giroud and Martinet (1962) investigated the tera-
togenic effect of much smaller doses of vitamin A in mice.
They tested doses of 500, 250, and 100 I.U. of vitamin A
orally on the 8th to the 10th day of pregnancy. Only the
100 I.U. dose did not produce malformations although it pro-
voked abortions. When these dosages were placed on an I.U./kg.
basis, they were lower than dosages that have been used in
human therapeutics.

Takekoshi (1964) investigated thyroid function and vitamin
A teratogenesis. He reported that methylthiouracil potentiated
the teratogenic effect of excess vitamin A in mice when both
were administered from the 10th to the 13th day of pregnancy.
Cleft palate and digital malformations were observed in the
fetuses from this group. Methylthiouracil did not-produce
any malformations when used alone. Male rats were used to
investigate a relationship between blood concentration of
thyroid hormone and asction of vitamin A. An intramuscular
injection of 50,000 I.U. of vitamin A in Tween 80 was used
for four days. It was found that vitamin A increased thyroid
welght and at the same time thyroidal 1131 uptake was elevated.
Serum protein bound lodine was decreased. Vitamin A plus
methylthiouracil resulted in a greater increase in thyroid
weight, a much reduced thyroidal 1131 uptake and a decreased
serum protein bound ilodine than in the rats receiving vitamin
A alone. Adrenal weight was greatly increased in the rats

receiving vitamin A plus methylthiouracil than in those admin-
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istered vitamin A alone. Shichyo and Shimoda (1962) reported
that vitamin A accelerates de-iodination of thyroxine and
that the concentration of circulating thyroid hormone may be
reduced as a result.

Poswillo and Roy (1965) studied the pathogenesis of cleft
palate in the rat. They employed three methods for production
of cleft palate. These methods were x-radiation on day 13-1/2,
50,000 I.U. of water-soluble vitamin A from the 8th to the
13th day of pregnancy plus 25 mg. cortisone acetate from the
9th to 12th day and puncture of the amniotic sac on day 15-1/2
of pregnancy. The causal mechanism involved in the vitamin A-
cortisone technique was a combination of delayed palatine
shelf movement plus tongue obstruction, further hampered by
excessively wide palatine shelves. The palatine shelves did
not exhibit fibrillogenesis until much later than normal.
There was a delay in descent of the tongue and this accounted
for increased tongue resistance at a time when tongue obstruc-
tion is normally absent. Normal maxillary growth throughout
the period of delayed shelf movement allowed a normal increase
in head width. This expansion of maxilla prevented the late-
turning shelves from meeting and fusing. Shelf movement in
these embryos was a simple hinge rotatlion without the trans-
position of tissue toward the midline that characterized
normal plate closure.

Walker and Crain (1960) used hypervitaminosis A in mice

to study the formation of cleft palate. They used 10,000 I.U.
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of vitamin A in oil orally on days 11 and 12 of gestation.
Strain differences in incidence of cleft palate were noted.
Subdivisions of cleft palate were made on the basis of whether
one or both palatine shelves were horizontal or vertical.
The widest cleft was formed when the medial borders of the
shelves were in a vertical plane; a cleft of intermediate
width was present when one shelf was horizontal and the other
vertical; the narrowest cleft was produced when both shelves
were in a horizontal position. In general the position of
the tongue relative to the palatine shelves varied with the
location of the palatine shelves. If the shelves were vertical,
the tongue was wedged between the shelves. When one shelf
was vertical and the other horizontal, the tongue was over
the horizontal shelf and medial to the vertical shelf. When
both shelves were horizontal, the tongue would overlap the
ventral surface of both shelves. This procedure of analyzing
cleft palates by palatal stage was applicable only to cleft
palates caused by retardation of palatine shelf movement. The
condition of the palatine shelves at birth could serve as a
clue to the embryological mechanism of cleft palate formation.
Hypervitaminosis A produced a retardation of palatine shelf
movement in the strains of mice used.

Walker (1961), using various histochemical techniques
and radioautography after administration of Na283504, studied
the distribution of mucopolysaccharides in heads of mouse

embryos at the stage of palate closure. Distribution of
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aldehyde fuchsin-positive material corresponded to sites of
835 incorporation. He concluded that the ground substance of
the palatine shelves contains a considerable amount of sulf-
ated acid mucopolysaccharide. ZElastic fibers were not found
in the heads of 15 day embryos. Walker hypothesized a rela-
tionship between the sulfated mucopolysaccharides and various
embryological events. This was based on the presence and time
of appearance of sulfated mucopolysaccharides in locations
where events were more easily explained by assuming involve-
ment of a firm, elastic gel, such as gels in which sulfated
mucopolysaccharides can be found. Walker and Crain (1961)
postulated two causes for retardation of palatine shelf move-
ment. One was that hypervitaminosis A interfered with bio-
chemical processes within the palatine shelves, especlally
those related to sulfated acid mucopolysaccharides. The
other postulated cause was increased resistance of the tongue
to being displaced by the palatine shelves.

Kochhar (1965) investigated the effects of hypervitamin-
osis A on palate closure in the rat. He reported that there
was no delay in the movement of the palatine shelves from
vertical to horizontal position in the vitamin A-treated
embryos. Toluldine blue staining coupled with 835 radioauto=-
graphy revealed that there was no reduction in the inter-
cellular ground substance as indicated by the sulfated acid
mucopolysaccharide content. Vitamin A dosage increased the

incorporation of 835 into the embryonic tissue during the
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period of palatal closure. Morphological factors were describ-

ed that possibly were responsible for cleft palate. These

were:
(1) reduced amount of mesenchymal tissue outfolded from
the maxillary processes resulting in overly narrow pala-~
tine shelves, (2) size of the maxillary bone reduced due
primarily to réplaoement with heterotopic cartilage,
(3) the two limbs of dental laminae for upper molars,
which were not lodged in maxillary bone because of de-
fects in the latter, diverged and thus separated palatal
tissue from the maxilla, (4) frequently the dental
laminae for the upper molars arose from oral epithelium
more medially than in controls and thus limited laterally
the amount of mesenchymal tissue which could participate
in the formation of the secondary palate and alveolar
process, and (5) abnormal infoldings of oral epithelium
appeared to entrap some of the palatal mesenchymal tissue
which should have been included in the formation of the

secondary palate.
Use of Domestic Animals in Teratogenic Studies

Deformities have been produced experimentally in embryos

of domestic animals. Hale (1933, 1935, 1937) reported on

the congenital effects of vitamin A deficiency in pigs. Good-
win and Jennings (1958) and Palludin (1961) described congen-

i1tal malformgtions in swine as a result of experimentally
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induced maternal vitamin A deficiency.

Young (1952) experimentally produced congenital malforma-
tions in pigs by the vaccination of sows 14 to 16 days after
breeding with attenuated hog cholera virus. These sows had
previously been vaccinated with Boynton's tissue vaccine
(B.T.V.). The most obvious malformation was ascites and edema
of the body and legs. Kitchell et al. (1953) reported further
on this problem. These investigators noted production of
ascites, somatic edema, cephalic asymmetry, microagnathia,
melformations of limbs and one anomalous right subclavian
artery in porcine fetuses. The dams producing the abnormal
fetuses were either non-immunized or B.T.V. immunized early in
1ife and had received one injection of attenuated hog cholera
virus when 14 to 16 days pregnant. Young et al. (1955)
described further experimental work concerning this problem.
Abnormalities were produced in 38 per cent of t