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pyelonephritic rabbits were saved for further
investigation. Cultures of the urine and kid-
neys were sterile and no gross or microscopic
renal abnormalities were observed in the
control rabbits.

Discussion.  Although it has been well
recognized that tolerance to endotoxin may
be readily induced it had not previously been
observed to result from actual bacterial in-
fection(2,3). The present study indicates
that infection of the kidney by Gram nega-
tive bacteria is capable of inducing tolerance
to heterologous endotoxin, A previous study
failed to demonstrate pyrogen tolerance fol-
lowing experimental E. coli peritonitis in rab-
bits(2), but these apparently conflicting ob-
servations may reflect only a difference in
the 2 types of infection. The experimental
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peritoneal infection was acute and the ani-
mals either succumbed rapidly or recovered
without evidence of persistent chronic infec-
tion. Pyelonephritis, on the other hand, was
associated with bacterial proliferation which
continued to the time of endotoxin challenge.
The latter infection allowed more prolonged
exposure of the reticuloendothelial system to
endotoxin. This agrees with previous obser-
vations that repeated prolonged endotoxin
challenge produces tolerance more effectively
than a brief exposure.
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Kalter and Warkany (1) produced a vari-
ety of anomalies in the offspring of pregnant
mice by feeding a riboflavin-deficient diet
containing galactoflavin (a riboflavin antag-
onist). The frequency of the various anoma-
lies differed among the several inbred strains
used. Cleft palates occurred in 76% of the
offspring from treated mice of the DBA
strain. Embryonic development was not in-
vestigated by these authors, so the following
study was undertaken to search for a critical
deviation in palate morphogenesis during in-
duction of riboflavin deficiency.

Materials and methods. Pregnant mice of
the DBA and C57BL strains were fed a ribo-
flavin-deficient diet containing 12 mg galac-
toflavint per g of diet, starting at 1014 days
postconception and transferring to regular
diet at 1414 days. Uteri were collected at

* Supported by a research grant from Nat. Inst.
of Dental Research and a Traineeship from USPHS.

t Supplied by Merck and Co., Inc., Rahway, N. J.
through the courtesy of Dr. N. S, Ritter.

14 to 16 days postconception or at 1813
days, fixed in Bouin’s fluid, and the embryos
dissected out for palate examination and for
estimates of “developmental age” according
to their stage of morphological development
(2).

Results. Treated litters of the DBA strain
at 14 to 16 days postconception differed
grossly from untreated litters in 2 respects.
First, the treated embryos were quite edema-
tous; second, the long axis of the snout was
usually at right angles to the body axis in-
stead of being pressed down on the chest as
in the control embryos.

Table I shows the condition of palate
morphology (3) relative to the embryo’s
morphological rating, the latter calculation
being based on the developmental state of
several external features(2). The palates of
all control embryos had moved to the hori-
zontal plane and started to fuse by morpho-
logical rating 11 in this experiment and by
12 in a previous experiment(3). Some of the
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TABLE I. Relation of Palate Stage to Morphological Rating in Embryos from Riboflavin-
Deficient (R) and Control (C) Pregnant Mice of the DBA Strain.
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treated embryos had also commenced palate
fusion by morphological rating 11, but most
of them showed some degree of retardation
in movement of the palatine shelves from a
vertical to a horizontal position (Table I).
However, aside from this alteration in shelf
position, no pronounced morphological
changes of the palatine shelves were seen
grossly or in sections.

At 18 days postconception, the morphol-
logy of the fetal palates was as follows: both
shelves vertical in 6 fetuses; one shelf verti-
cal and the other horizontal in 7 fetuses;
both shelves horizontal in 10- shelves hori-
zontal and fused (normal) in 31 fetuses.
This constitutes an average palate stage(2)
of 0.80 and a cleft palate frequency of 42%.

There were no cleft palates among 67 fe-
tuses collected at day 18 from 11 treated
C57BL female mice, so no litters were col-

lected at the time of palate closure in this
strain.

Discussion. 'The observations on effects
of riboflavin deficiency in this experiment
support the conclusions of Kalter and War-
kany(1) that there are strain differences in
the effects of this treatment and that a high
frequency of cleft palate can be induced in
offspring of the DBA strain. In the embryos
from treated DBA mice, the only observed
deviation in palate morphogenesis of suf-
ficient magnitude to cause cleft palate was
retardation of palatine shelf movement. At
the time of normal palate closure, no differ-
ence was seen in the morphology of palatine
shelves in treated embryos which achieved
shelf movement within the normal period of
time and those with delayed shelf movement.
Subsequent alterations in the morphology of
the palate region were apparently secondary
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to failure of shelf fusion. In untreated em-
bryos of 3 strains previously investigated(3),
palatine shelves had reached the horizontal
position and started to fuse before a morpho-
logical rating of 13 in all cases. It is prob-
able that embryos in which shelf fusion had
not started by morphological rating 15 would
develop cleft palate. In Table 1. 20 embryos
had unfused palates and 22 had fused palates
at morphological rat'ng 15 or later. This
frequency of delayed shelf movement is simi-
lar to the frequency of cleft palate in the late
(day 18) fetus. The delay in shelf movement
was also refl-cted in the various shelf posi-
tions in the fetus.

Thus, the sensitive phase of palate morph-
ogenesis is again the process of shelf move-
ment, as it was with cortisone-induced cleft
palate(4), hypervitaminosis A-induced cleft
palate(2), the spontaneous cleft lip-cleft pal-
ate of the A ‘Jax strain(3) and cleft palate
produced by amniotic sac puncture(6). The
cause of shelf movement retardation was not
pressure against the lower jaw and tongue

AGE CHANGES OF A HUMAN SALIVARY BACTERICIDIN

due to the head being forced against the chest
as in the case of amniotic sac puncture(6),
since the lower jaw was not in contact with
the chest. However, the possibility of pres-
sure effects cannot be ruled out since the
edematous condition of the embryo may have
altered normal pressure relationships in the
amniotic cavity and embryo.

Summary. Retardation of palatine shelf
movement was found to be the morphoge-
netic basis for the cleft palates induced in
DBA strain mouse embryos by a riboflavin-
deficient, galactoflavin-containing diet.
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It has been established that the oral mi-
crobial flora are relatively characteristic for
an individual. Antibacterial systems present
in the saliva are among several factors postu-
lated to contribute to selection of the resi-
dent oral flora. Since selection of the oral
microbiota usually commences shortly after
birth, the influences exerted by such systems
would be expected early. The salivary
glands of human infants, however. are re-
garded as physiologically immature(1) and
it is possible, therefore, that the level of any
salivary antibacterial system would also re-
flect this immaturity.

A bactericidin for various species of lacto-
bacilli has been described in mixed, parotid

* Supported by grant from N.I.H., U.S.P.H.S.

and submaxillary saliva of human adults(2).
Since this is not a product of bacteria and is
lacking in the serum, it appears to be an en-
dogenous product of the salivary glands. The
present report gives results of an investiga-
tion of the titers of this salivary lactobacillus
bactericidin as a function of age.

Methods. The mixed salivas were col-
lected from humans ranging in age from birth
to 56 years. Individual salivas were grouped
together for study as follows:

A. Premature newborns: delivered prior to
expected gestation and weighing 515 1b
or less
Full-term newborns: age 1 to 5 days
Infants: age 5 days to 1 year

. Preschool children: age 1 to 6 years
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