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It is well known that the appearance of T-cell subsets in immune-associating tissues in
adult germ-free animals is different from that in conventional animals, in which immune
responses are inevitably induced by environmental antigens, including vast amounts of
intestinal microorganisms, although the development of the immune system begins during
the fetal stage. In addition, many findings support the possibility that the differences in the
colonized bacteria and those in the intake nutrition differently influence immunological and
physiological responses after pre-mature and full-term neonates reach adulthood. It has been
demonstrated that maternal deprivation alters stress-induced responses in 12-week-old rats
and malnutrition in the uterus triggers some life-style related diseases after maturation.
These findings suggested that an experiment using neonates as models might be useful to
explore the underlying mechanisms and to find ways to implement improvements.

Breast milk has a direct effect on the nutritional and immunological development of
neonates; on the other hand, maternal care may influence a physiological response through a
psychological effect. A chemically refined-formula is necessary to examine the effects of milk
on neonatal growth, especially in neonatal experiments that require a gene-knockout animal
or a transgenic animal without maternal rearing. Kanno et al. reported a simplified procedure
for preparing a chemically refined formula for rats that closely resembled the nutritional
composition of rat’s milk. They succeeded to get similar growth of artificially reared rat pups
using a gastric cannula comparing mother-reared pups, and also they showed the physical
and histological appearance of the pups (1). The rat formula was composed of casein, whey
protein, five edible oils, vitamins, and minerals.

Using Kanno’s method, we examined changes in fecal bacterial flora, bacterial translocation
(BT), and adherent bacterial flora of the intestinal tissue (AdC) using maternally reared rats
and artificially reared rats after a gastric cannulation through the esophagus and abdomen
from 5 days of age (AR) (2, 3). As a result, the Enterobacteriaceae and Clostridium were more
common in the feces of artificially reared (AR) pups than in those of maternally reared (MR)
pups at 14 days of age. In 10-day-old rats, there were no significant differences in the fecal

and cecal flora between the AR and MR pups, whereas the AdC and the BT to the liver were



observed more frequent in the AR than in the MR pups. In the MR pups, systemic BT to the
liver was undetected, but BT to the liver was stimulated in the MR pups by a sham operation,
indicating that the stimulation was due to the surgery for gastric cannulation. On the other
hand, the occurrence of BT was ameliorated in the pups of the sham group, indicating that
breast feeding ameliorates the systemic BT (3). In addition, Enterobacteriaceae,
Streptococcus and/or Enterococcus, and Staphylococcus were dominantly detected as
microorganisms in AdC flora and BT. The AdC flora did not directly reflect the bacterial
colonization flora. On the other hand, the bacterial counts of Enterobacteriaceae began to
decrease during the weaning period in MR pups, but, in contrast, those in AR pups continued
to be 100 to 10000 higher than in MR pups at 28 and 42 days of age. Although the reasons for
these outcomes were not investigated yet, it is possible to speculate that the differential
colonization patterns of the intestinal flora and the BT in the neonatal period largely
influence intestinal colonization after maturation. These results suggest that artificial
rearing using a gastric cannula is inappropriate for experiments to examine immunological
development in the neonatal period.

Next, we tried artificial rearing of mice. Because, mice are more popular than rats in
experiments using gene-transgenic and knockout animals. Furthermore, antibody reagents of
mice are commercially available. Protein, fat, and minerals were analyzed in mice-milk.
Three kinds of milk, independently suckled from ICR, BALB/C, and FVB/N mice, were used.
The mean analytical values of milk from ICR, BALB/C, and FVB/N mice were 10.23+ 0.49%
of total protein and 21.34% 1.31% of total fat. The milk substitute for the mice was newly
devised. The concentration of total protein and total fat were respectively determined to be
11.1% and 16% in the formula.

The experiment of hand-feeding pups was conducted using nursing bottles newly devised by
Hoshiba (4). This rearing system allows mouse pups to suckle and swallow formula using
their tongue and lips with saliva secretion. In this way, the rearing system can start being
used immediately after birth without injury to the pups.

Using these methods, the impact of maternal nursing on the immune-related organs was
examined. The BALB/C mouse pups were divided into three groups within 16 hrs of birth:
mother-reared (MR), formula-fed from the first day (AR-0), and formula-fed from the third
day (AR-2). The thymus was significantly smaller, and the spleen was larger in AR-0 and
AR-2 pups than in MR pups. The total numbers of CD4+CD8+ double-positive, CD4 single+,
and CD8 single+ cells of the spleen in a unit parcel of the tissue slide in MR pups were
significantly higher than those in AR-0. Interestingly, the numbers of CD4 single+ and CD8
single+ cells in AR-2 pups were higher than those in AR-O pups. These results indicate that
the first two-day intake of colostrums may bring the T-cell population pattern of the spleen in

artificially reared pups to a level consistent with that found in MR pups.



The development of the intestinal micro-flora is different in cesarean-delivered animals and
naturally delivered animals. Our current experiments are focusing on examining the
influence on immune-related organs of administering Bifidobacterium or Escherichia coli to
pups just 60 min after being delivered by cesarean section on day 18 of pregnancy in
comparison to normally-delivered pups, in which the surrogate nipples were used as
substitutes for gastric administration tools.

The surrogate nipples used in hand-feeding with a nursing bottle are very convenient to
conduct immunological and nutritional experiments of artificial rearing as well as of
substitutes for gastric administration tools.
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