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cumulation of immature cells. Inhibition in 

maturation of zymogenic cells led to accumu­
lation of intermediate mucous cells. Cellular 
kinetics was also investigated in three regions 
of the small intestine. An increase of pro lifer a­
tive zone length in infected rats was evident. 
BrdU labeling revealed significant increase in 
mean number of labeled cells. Enteropathy 
was also found in the colonic mucosa. 

The second part studied different animal 
models to search for suitable host to investi­
gate the role of larvae-derived products. T. 

taeniaeformis (mouse strain) susceptible AKR 
mice was investigated whether gastroentero­
pathy could be induced. Heavily infected im­

munocompetent mice developed gastroentero­
pathy from 6 -12 months post inoculation. 
SelD mice inoculated with different doses 
and routes of T. taeniaeformis in vitro­

hatched oncospheres and those orally inocu­
lated with eggs resulted in different degrees 
of gastric hyperplasia. Surgical implantation 

of larvae into the peritoneal cavity of SCID 

mice resulted in moderate gastric hyperplasia 
both in corpus and antral mucosa. SClD mice 
proved as an experimental animal model to 

study larval ES products. In vitro cultured T. 

taeniaeformis larval excretory-secretory 
(TtLES) products containing 1 mg of protein 

injected daily into SClD mice resulted in mild 
gastropathy. SClD mice injected daily with 
0.5 mg of TtLES products also showed slight 
gastric hyperplasia. The study proved that ES 
products of larvae facilitated a remote pa­
thologic effect to gastric mucosa, and that gas­
tropathy in SClD mice could be induced by 
larval in vitro products alone. 

Understanding the pathogenesis of gas­
troenteropathy during T. taeniaeformis larval 
infection will lead to new insights about host­

parasite relationship. Moreover, this will be a 
good model to study the pathogenesis of simi­
lar gastroenteropathies with unknown etiol­
ogy. 

Original papers of this thesis appeared in Parasitol. Int., 51 : 81-89 (2002) and Jpn. J. Vet. Res., 49 : 273-
285 (2002). 
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Nitric oxide (NO) correlates with the cyto­

toxic effect of macrophages on neoplastic cells 
and in the killing of intracellular parasites 

(Lissner et al., 1985; MacMicking et al. , 

1997a). NO produced by macrophages, in re­
sponse to lFN -y or TNF -ex, is known to be a po­

tent antimicrobial agent (Nathan, 1995). 
This study in mice aimed to establish the 

roles of the Nramp 1 and Tnfa genes in NO 
production upon cytokine activation as well as 

in infection with S. typhimurium. Further­

more, the genetic factors associated with NO 
production were analyzed by using macro­
phages from several different Nramp lr 

mouse strains that were theoretically ex­
pected to have relatively high NO production 

after cytokine stimulation. 
In the first part of the study, it was con­

firmed that the level of iNOS-mediated NO 
production in Nramp 1 r congenic peritoneal 
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macrophages was generally higher than that 
of N ramp 18 congenic macrophages after 
stimulation by IFN-y, LPS or TNF-a alone or 
in combination. Nramp 1 mRNA expression 
in both Nramp 1 congenic macrophages was 

constitutive notwithstanding cytokine stimu­
lation. During infection with S. typhimurium 
strain 6203, Nramp lr macrophages pro­
duced a lower amount of NO due to an initial 
strong reaction and unsustained iNOS gene 
expression as compared with Nramp 18 

macrophages. An inhibitory effect of the 
Nramp 1 r gene on bacterial replication was 
also observed during the early stage of S. ty­

phimurium infection, while the effect of TNF­
a occurred later. NO production and iNOS ex­
pression in TNF-a-1-macrophages were not 

detected from the start of the bacterial infec­
tion or at 24 h post-infection. It was also ob­
served that S. typhimurium strain 6203 grew 
more vigorously without TNF -a, especially in 
Nramp 1 S macrophages. These data therefore 
demonstrate that there is cooperation of the 
Nramp 1 and Tnfa genes in NO production 

and an inhibitory effect in response to S. ty­
phimurium infection. 

In the second part of the study, after IFN­
y and LPS stimulation, the strains NZBIN, 
DBA/2 N, AKRIN and A/J showed signifi-

cantly lower NO production, NJL, 1291 J, 
MOG, SJLlJ, CBAIN and NOD/Shi had mod­
erate amounts, and C 3 HIRe and SPR had 
higher levels as compared to the other mice. 
The F 1 progeny of A/J XC 3 HlHe and AKRI 

N X C 3 HIRe showed significantly higher NO 
production, whereas the F 1 progeny of DBAI 

2 N X C 3 HIRe produced a relatively low 
amount. Furthermore, the backcross progeny 
from F 1 showed variations in NO production, 
and it was therefore speculated that the regu­
lation of NO production is polygenic. Genetic 
typing experiments related to NO production 
in the backcross progeny demonstrated sig­

nificant deviations to some genetic microsat­
ellite markers. Sequencing of the iNOS pro­
moter regions of the Nramp lr strains to ex­
amine the relationship with NO production 
revealed that MOG and SPR strains had sub­
stitutions within the NF-KB and the "(-IRE, re­
spectively. 

These experiments therefore suggest that 
there are several factors involved in NO pro­
duction and its function against infection. The 

use of more comprehensive experiments is 
suggested to further elucidate the main fac­
tors responsible for NO production and its ac­
tivity against other infectious organisms. 

The original paper of this thesis appeared in J. Interf. Cytok. Res., 21 : 53-62 (2001) and Biochem. 
Gen. , 39 : 379-394 (2001). 
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Sterility in interspecific hybrids usually affects the heterogametic sex. This is known 


