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tion to the significant paired comparisons shown in the table, 
the following differences between means were also signifi- 
cant: GD 21-MOPEG (nonstressed fetal females vs non- 
stressed fetal males), p <0.005; PN1-DOPAC (prenatally- 
stressed neonatal females vs stressed neonatal males, 
p <0.005). PN1-MOPEG (prenatally-stressed neonatal fe- 
males vs prenatally-stressed neonatal males, p < 0.005). 
Mean values of forebrain protein content were also obtained 
for prenatally stressed and nonstressed fetal and neonatal 
rats on GD 21 and PN1 (females, means + SE's = 
9.58 __0.21, 10.52 + 0.15, 9.99 ___ 0.40, 9.87 + 0.21; males, 
10.29 • 0.17, 10.36 +0.17, 9.47 _+ 0.33, 10.35 _+ 0.27). 
ANOVAS for GD 21 and PN1 were both nonsignificant 
(F's = 1.37, 1.62, df 's = 3,42; 3,36), suggesting that the 
chemical milieu in which MA metabolites were assayed (ng/ 
mg protein) did not contribute to the MA changes in the 
brain. 
Thus the findings are clear that heat-restraint stress delivered 
to the pregnant dam during the last third of gestation signif- 
icantly elevated both DA and NE forebrain-hypothalamic 
metabolites in female offspring on the last day of in utero life 
and even more so on the first day of birth, in the absence of 
experimental stress (table). Male offspring were relatively 
unaffected. There appears therefore to be sex differences in 
responsiveness of  fetal and neonatal brain MA metabolites 
to maternal stress. To our knowledge this is the first demon- 
stration that prenatal stress alters MA metabolites in fetal 
and neonatal brain. Acute effects of maternal restraint stress 
have been observed on the last day of  gestation on plasma 
levels of NE and DA in pregnant rats and their fetuses as well 
as the CA content of fetal adrenals 2o, but not on fetal brains. 
The functional and behavioral significance of prenatal- 
stress-induced alterations in forebrain-hypothalamic M A  
metabolites remains to be discovered as does the mechanism 
of prenatal stress. To date it has been well-established that 
prenatal stress feminizes and/or demasculinizes the sexual 
behavior of male offspring as adults z l -  za. In female off- 
spring as adults, prenatal stress produces a syndrome charac- 
terized by markedly diminished reproductive capabilities 
(spontaneous abortions, vaginal hemorrhaging during preg- 
nancy, stillbirths, neonatal mortality or low birthweight 
young) 4, 11, 14, 29. Past and current research is examining the 
role of prenatal-stress-induced alterations in androgenic 
steroids as the basis of the alterations in adult behavior and 
reproductive function. 
As mentioned previously, critical periods involving the fetal 
CNS have been detected for a variety of neural, hormonal 
and behavioral events, as for example the testosterone surge 
that occurs in normal fetal males on GD 18 or 19 v. As with 
the 'premature'  testosterone surge in the stressed fetal male 7, 
prenatal stress may create a desynchrony between the state 
of development of the CNS and its neurotransmitter envi- 

ronment. Neurotransmitters 'release' hypothalamic-hypo- 
physeal hormones that respond to and regulate gonadal, 
adrenal and other endocrine axes. Should there be 'deficits' 
in MA processes as a function of maternal stress, effects on 
gonadal activity, CA nerve cell development, and sex differ- 
ences in fetal behavior might be expected to occur. Another 
question that remains open is the timing and mechanism of  
the onset of maternal stress effects on the developing fetal 
gonadal-central CA system. 
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Summary. Although IgE antibody is generally characterized as a homocytotropic antibody, it has been well known for some 
time that mouse IgE antibody causes potent sensitization of rat skin for PCA. The present study clearly shows the reciprocal 
cross-sensitization of mouse skin with rat IgE molecules. PCA and RPCA were produced by rat IgE antibody in an inbred 
mouse strain, DS/Shi, though not in C3H/HeShi, C57BL/6JShi and BALB/cCrj strains. Sensitization of DS/Shi mouse skin 
for PCA with rat IgE antibody was comparable in sensitivity with that of rat skin, but lasted only for a short term in 
comparison with the long persistence in rat skin. 
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IgE antibody has generally been characterized as a heat- 
labile homocytotropic antibody 1; it sensitizes the tissues on- 
ly of  animals of the species from which it has been derived. 
Therefore, it is usually assayed by means of the allogeneic 
PCA 2 -  5. However, some exceptional cases have been re- 
ported. Human IgE antibody sensitizes monkey skin for the 
Prausnitz-Kfistner ( P - K )  reaction and passive cutaneous 
anaphylaxis (PCA), although at a much lower level of sensi- 
tivity than in humans 6. Also, mouse IgE antibody sensitizes 
rat skin more strongly than mouse skin. In general, definite 
reproducible PCA cannot be produced by mouse IgE anti- 
body in the dorsal skin of  mouse 7, but a clear-cut reaction 
can be induced in rat skin 8. This is why mouse IgE antibody 
has been assayed almost exclusively using rat PCA. The fact 
that mouse IgE antibody as well as rat IgE antibody sensi- 
tizes rat skin suggests that IgE molecules of  mouse and rat 
are similar to each other in the Fc portion. However, no 
evidence has yet been offered of rat IgE antibody being able 
to sensitize mouse skin for PCA, most likely due to the 
known experimental difficulty of producing clear-cut PCA 
in mouse skin even with IgE antibody of mouse origin. Very 
recently, however, we found that mouse IgE monoclonal 
antibodies to benzylpenicilloyl haptens and ovalbumin me- 
diate distinct PCA in an inbred mouse strain, DS/Shi, with 
a high sensitivity, comparable with that of rat PCA, and that 
the high sensitivity of this mouse strain is inherited by the 
offspring as a dominant phenotype 9. This finding should 
facilitate the study of the nature of IgE antibody-mediated 
hypersensitivity in mice. The present study was conducted to 
find out whether IgE antibody of rat origin can also produce 
PCA in DS/Shi mice. 
Materials and methods. Animals. Female Wistar/Shi rats 
(8 -9  weeks of age; Shi: Shionogi Aburahi Laboratory, Shi- 
ga-ken, Japan) were used as antibody producers and PCA 
recipients. Female mice of  four inbred strains, i.e., C3H/ 
HeShi, C57BL/6JShi, DS/Shi and BALB/cCrj (Crj: Japan 
Charles River Inc., Atsugi, Japan), aged 7 - 9  weeks, were 
employed as PCA recipients. These animals were bred under 
specific pathogen-free conditions but kept under conven- 
tional conditions after the treatments. 
Antigens and antibodies. Bovine serum albumin (BSA, 
Nakarai  Chemicals, Kyoto, Japan) was used as antigen, and 
the antiserum to BSA of rat origin as antibody preparation. 
To raise anti-BSA IgE antibody, five rats were given a single 
i.p. injection of 1 mg of BSA with 1 x 10 t~ of killed Borde- 
tellapertussis organisms. Two weeks later, they were bled by 
heart puncture and the antisera were pooled. As an IgE 
antibody preparation of mouse origin, ascitic fluid of 
(BALB/c x C57BL/6J)F 1 hybrids (abbreviated below as 
CBF 1 mice) containing anti-benzylpenicilloyl (BPO) IgE 
monoclonal antibody designated as BIE-13CE lo was used, 
and BPO hapten-conjugated guinea pig serum albmnin 
(BPO17GpSA; see reference 11) was employed as the elicit- 
ing antigen homologous to BIE-13CE. 
Fraetionation of rat IgE antibody. A 4-ml portion of  the 
pooled rat anti-BSA antiserum was fractionated by means of 

Sephadex G 200 gel filtration (column size: 3 x 80 cm; elut- 
ed with phosphate-buffered physiological saline solution 
(PBS, pH 7.0). The optical density of each eluate (3 ml/tube) 
was measured at 280 nm. When the optical density was over 
2.0, eluates were diluted twofold or fourfold with PBS before 
the measurement. Eluates near the second and third peaks 
were separately pooled and concentrated three times. These 
two fractions were characterized by Ouchterlony's test using 
goat anti-rat IgG/Fc serum (Cappel, Cochranville, PA, 
USA), PCA and reversed PCA (RPCA) using goat anti-rat 
IgE/Fc serum (Cappel) and/or anti-rat IgG/Fc serum in mice 
and rats. 
PCA and RPCA. PCA was produced in mice and rats. A 
0.05-ml portion of the twofold serially diluted antibody 
preparations was injected into the dorsal skin of mice and 
rats, and was followed at various time intervals by i.v. chal- 
lenge with 1 mg of an elicitor homologous to the antibody 
preparation used (0.2 ml for a mouse and 1.0 ml for a rat) 
including 0.5 mg (mouse) or 5 mg (rat) of Evans blue. One 
hour later, the animals were sacrificed and the dye leakage in 
the inner surface of the skin observed. Blueing with a diame- 
ter of more than 5 mm was recorded as a positive reaction. 
Tests were performed in duplicate using two recipients for 
each antibody dilution. RPCA was done in a similar way 
except for the use of anti-rat IgE/Fc serum or anti-rat IgG/ 
Fc serum (0.2 ml of the 1: 8 dilution for a mouse) as the 
elicitor in place of  an antigen. In some experiments, rat anti- 
serum was heat-inactivated at 56 ~ for 30 min before use to 
prove that the antibody responsible for PCA and RPCA is of 
the IgE class. 
Results. Strain difference in PCA and RPCA mediated by rat 
anti-BSA IgE anti-body. As shown in the table, 2- to 3-day 
PCA was clearly produced by rat anti-BSA serum in DS/Shi 
mice but not in any of the other strains tested. The antibody 
titer in DS/Shi mice was 1 : 8, which was lower than that in 
rats only by one grade of  the twofold dilution. No individual 
difference was observed between the two recipients in the 
duplicate test. PCA in DS/Shi mice was abolished by heat- 
treatment of the antiserum, which strongly suggests that the 
antibody involved is of the IgE isotype. Similarly, 2-day 
RPCA was produced in DS/Shi mice but not in C3H/HeShi 
mice by challenging anti-rat IgE/Fc serum (table and fig. 1). 
In addition, RPCA was not induced in DS/Shi mice by anti- 
rat IgG/Fc serum. 
Fraetionation of the antibody responsible for PCA and RPCA 
in DS/Shi mice. As illustrated in figure 2, four peaks were 
obtained by Sephadex G 200 gel filtration of the rat anti- 
serum. Ouchterlony's test using anti-rat IgG/Fc serum re- 
vealed that the third peak contained the IgG fraction. This 
fraction, heat-treated at 56 ~ for 30 rain, produced l-h PCA 
in DS/Shi and C3H/HeShi mice but not 3-day PCA in rats, 
which was in accordance with the result of Ouchterlony's 
test. On the other hand, 3-day PCA was clearly provoked in 
rats by the contents of  the second peak, indicating that this 
was the IgE fraction. This fraction produced l-day PCA in 
DS/Shi mice. Also, it p roduced / -day  RPCA in DS/Shi mice 

PCA and RPCA in the mouse and rat mediated by IgE antibodies of rat and mouse origin 

Antibody preparation Recipients PCA titer at latent period of RPCA *titer 
2-day 3-day 5-day 7-day 9-day 2-day 

Ra t  anti-BSA serum DS/Shi 1:8 1:8 1:1-1:2"* Neg. Neg. 1:16 
BALB/cCrj Neg. *** Neg. Neg. 
C57BL/6JShi Neg. Neg. 
C3H/HeShi Neg. Neg. 
Wistar/Shi rats I : 16 1 : 16 1 : 16 1 : 16 1 : 8 
DS/Shi 1 : 4096 1 : 4096 1 : 4096 1 : 2048 1 : 512 
Wistar/Shi rats 1:8192 1:8192 1:4096 1:4096 1:1024 

Mouse anti-BPO IgE Ab 
(BIE-13CE ascites) 

* Elicited by goat anti-rat IgE/Fc serum (diluted 1:8 with PBS). ** Variance depending on the recipients. *** Neg.: Negative. 
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Figure 1. RPCA in DS/Shi and C3H/HeShi mice produced by rat anti- 
BSA serum and goat anti-rat IgE/Fc serum. 
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when combined with anti-rat IgE/Fc serum, but not when 
combined with anti-rat IgG/Fc serum. 
Duration of  passive skin sensitization by rat IgE antibody. The 
duration of the sensitization of the skin by rat IgE antibody 
was compared with that by mouse IgE antibody in DS/Shi 
mice. The comparison was also done between rat PCA and 
DS/Shi mouse PCA mediated by rat IgE antibody. As shown 
in the table, the IgE antibody titer of the rat anti-BSA serum 
in DS/Shi mice did not change within 3 days after the intra- 
dermal injection. However, it decreased rapidly thereafter, 
PCA being negative after 7 days. In contrast, sensitization 
lasted longer in rat skin, the antibody titer remaining un- 
changed within 7 days, and decreasing only by one grade of 
the twofold serial dilution after 2 more days. In addition, 
anti-BPO IgE monoclonal antibody titer of CBFa mouse 
ascites did not change in DS/Shi mice within 5 days, al- 
though it decreased gradually after that. These results sug- 
gest that sensitization by rat IgE antibody in DS/Shi mice is 
alleviated sooner than sensitization by allogeneic IgE anti- 
bodies in rats and mice. 
Discussion. It has been suggested that IgE molecules of rats 
and mice are similar in their Fc portions. This would explain 
why mouse IgE antibody as well as rat IgE antibody sensi- 
tized rat skin 8, 12 ,  and why passive sensitization by mouse 
IgE antibody can be prevented by unrelated mouse and rat 
IgE molecules 13, 54. However, information is poor concern- 
ing reciprocal passive sensitization of mouse tissues with rat 
IgE antibody. According to Prouvost-Danon et al. ~5, rat 
IgE antibody sensitizes mouse mast cells for degranulation, 
but the results are variable and no correlation can be ob- 
tained between the PCA titer and mast cell-sensitizing activ- 
ity. The present study is the first indication that rat IgE 
antibody produces skin sensitization for PCA and RPCA in 
the mouse; 1- to 3-day PCA and RPCA were clearly ob- 
served in DS/Shi mice, an inbred strain established from a 
closed colony of dd mice 16, but not in the other three mouse 
strains tested. Rat antibody of the IgG class can also mediate 
PCA in mice after a a-h latent period, but the antibody 
responsible for 1- to 3-day PCA and RPCA was clearly dis- 
tinguishable from IgG antibody in several respects such as 
heat lability, molecular size and lack of reactivity with anti- 
rat IgG/Fc antibody in Ouchterlony's test. Moreover, sensi- 
tivity to 1- to 3-day PCA by rat antiserum was markedly 
different depending on the strain of  the recipients, while that 
to 1-h PCA was not. This is in accordance with our previous 
study dealing with the strain difference in sensitivity to PCA 
mediated by allogeneic IgE and IgG~ homocytotropic anti- 
bodies 9. The IgE antibody titer of rat antiserum obtained in 
DS/Shi mice was close to that in rats, which indicates that the 
difference if any in sensitivity between rat PCA and DS/Shi 
mouse PCA is small. However, it should be noticed that the 
duration of sensitization with rat IgE antibody was shorter 
in DS/Shi mouse skin than the long-lasting sensitization of 
the rat skin: maximal sensitization in DS/Shi mouse skin by 
rat IgE antibody lasted only for 3 days, while that by mouse 
IgE antibody lasted for 5 - 7  days. Thus, rat IgE antibody 
bound as a foreign protein to mast cells of DS/Shi mice may 
be metabolized relatively quickly. 
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