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Four-day-old BALB/c mice were infected by the oral administration of 50,000 Cryptosporidium parvum oo-
cysts, and the resulting infection was scored histologically and by counting colonic oocysts. Infection occurred
in the ileum and proximal colon (but not duodenum and jejunum), peaked on days 14 to 18, and was cleared
between days 24 and 30. Nitric oxide (NO) appeared to play a protective role in this model as evidenced by the
facts that plasma nitrite and nitrate levels increased during the period of peak parasitosis; immunohisto-
chemically detected inducible nitric oxide synthase (iNOS) was increased in the ileum and colon enterocytes
of infected animals; the NOS inhibitor L-N-iminoethyl lysine or N-nitro-L-arginine methyl ester (L-NAME)
decreased the elevated plasma nitrite and nitrate levels while exacerbating the infection and increasing oocyst
shedding; administration of a NO donor, S-nitroso-N-penicillamine, reduced oocyst and infection scores; and
neonatal iNOS knockout mice exhibited a slightly longer infection than control animals. The oral administra-
tion of oocysts to L-NAME-treated BALB/c mice, but not control animals, between 24 and 40 days old resulted
in the fecal excretion of oocysts 1 week later. Administration of the antioxidant ascorbic acid also exacerbated
the C. parvum infection, suggesting a protective role for reactive nitrogen and/or reactive oxygen compounds,
while administration of the superoxide scavenger superoxide dismutase exacerbated the infection. Taken to-
gether these data suggest that both reactive nitrogen and reactive oxygen species play protective roles in exper-
imental cryptosporidiosis.

Cryptosporidiosis is a common self-limiting enteric disease
caused by the protozoan parasite Cryptosporidium parvum.
While immunocompetent individuals readily clear this para-
site, immunodeficient and immunosuppressed individuals may
experience a sustained infection with significant associated
morbidity and mortality (5, 7, 23, 51). The infection is initiated
when environmentally resistant oocysts are ingested. Contam-
inated water supplies constitute the most common source of
such oocysts (23, 33). Excystation in the intestine yields four
sporozoites that adhere to and invade adjacent epithelial cells,
each establishing a unique parasitophorous vacuole just be-
neath the apical (luminal) membrane of the host cell. A pro-
liferative asexual cycle ensues, giving rise to merozoites that
further infect the mucosal epithelium, while a sexual cycle
gives rise to oocysts that are mostly shed in the feces (17).
Numerous mammalian species have been infected by this par-
asite (51). While primates, including humans, can be infected
throughout their lifetimes, many immunocompetent animal
species are resistant to C. parvum infection beyond the neona-
tal period (11, 38, 46). It is possible that the susceptibility of
neonatal, but not older, animals to infection correlates with
lower numbers of intraepithelial CD41 and CD81 lympho-
cytes in the former (39). The inability of AIDS patients with
CD41 counts of ,50 cells/mm3 to clear a C. parvum infection
(5) and observations that experimental murine cryptosporidi-
osis is exacerbated and prolonged by the depletion of CD41

but not CD81 T cells (52, 53) have led to an emphasis being
placed on the role of CD41 T-cell-dependent cellular immu-
nity in this disease. Both Th1 and Th2 responses appear to be
involved in protection and parasite clearance (2, 50). However,
the fact that the administration of interleukin 12 (IL-12) pro-

tects the host against experimental cryptosporidiosis (54) and
the many observations implicating gamma interferon (IFN-g)
in several aspects of the immune response to Cryptosporidium
infection (8, 10, 18, 20, 26, 40, 49, 54) suggest that a Th1 in-
flammatory response predominates in cryptosporidiosis. Hu-
moral immune responses seem to be less important in control-
ling infection, as infected AIDS patients can mount secretory
and serum antibody responses without clearing the parasite
(4), although persistent infections in patients with hypogam-
maglobulinemia have been reported (7).

The majority of experimental cryptosporidiosis studies have
used rodent models. Three such models are a steriod-immu-
nosuppressed-mouse or -rat model (40, 59); an immunodefi-
cient-rodent model, most commonly the athymic nude mouse
(22, 29, 34, 35) or SCID mouse (28, 34, 35); and a neonatal-
mouse model (11, 21, 38, 54). Differences have been reported
among these models in terms of the responses of the Crypto-
sporidium infection to chemotherapeutic agents (29) and to
manipulation of putative protective cytokines or mediators
such as nitric oxide (NO) (28, 30).

This study was undertaken to determine if reactive nitrogen
and reactive oxygen compounds play protective roles in exper-
imental cryptosporidiosis. The study was prompted by the con-
flicting results obtained in studies designed to test for a role for
NO in this infection (28, 30) and the realization that not all of
the protective effects of IFN-g observed with this and other
parasitic infections can be attributed to NO (14, 28, 44). This
study demonstrates that NO and other reactive nitrogen com-
pounds play a modest but significant role in limiting the sever-
ity and course of experimental cryptosporidiosis in one rodent
model, the immunocompetent neonatal mouse. In addition,
preliminary evidence is provided to suggest that reactive oxy-
gen compounds are also protective in this cryptosporidiosis
model.
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MATERIALS AND METHODS

Animal models. Pregnant BALB/c mice were obtained from Harlan Sprague-
Dawley, Inc. (Indianapolis, Ind.), and housed in filter top cages. Litters were
maintained in the range of 5 to 8 pups, and all animals were weaned at 21 days
of age. At 4 days of age all animals in a litter were either administered 50,000
Cryptosporidium parvum oocysts in 50 ml of water or 50 ml of water by stomach
tube. The C. parvum isolate was originally of bovine origin and has been main-
tained in nude mice for approximately 5 years (29). At appropriate times, pups
were killed by cervical dislocation and weaned animals were killed with an
intraperitoneal injection of pentobarbital (100 mg/kg of body weight). Segments
of duodenum, jejunum, distal ileum, and proximal colon were placed in neutral
formalin for subsequent histological evaluation, and the contents of the distal
half of the colon and rectum were harvested and homogenized in 100 ml of
neutral formalin for subsequent oocyst evaluation. In weaned animals the oocyst
evaluation was performed with five fresh fecal pellets homogenized in 500 ml of
neutral formalin. The choice of times at which animals were killed depended on
the expected outcome of a given experiment. In experiments in which a drug was
expected to reduce the parasite load, the animals were killed at or near the time
of peak infection, while in experiments in which a drug was expected to exacer-
bate infection or delay parasite clearance, the animals were killed at a time when
the infection was reduced or the intestine had just been cleared of parasites.

One experiment was designed to detect a role for NO in determining at what
age BALB/c mice could no longer be infected with C. parvum oocysts. Animals
were administered water orally or 10 mg of N-nitro-L-arginine methyl ester
(L-NAME) per kg in water for 4 days prior to the administration of oocysts as
described above. In a preliminary experiment using animals of various ages, it
was found that a small number of oocysts, presumably originating from the oral
innoculum, were shed in the feces for 2 to 3 days. None were detected by 5 days
postinoculation. In those animals that were to go on to support an infection, fecal
oocysts were detected on days 5 to 8 postinoculation. For this reason fecal oocyt
shedding on day 7 postinoculation was used as the criterion for the establishment
of an infection in older animals.

One experiment employed an inducible NO synthase (iNOS) knockout mouse
to determine the effect of this defect on the severity and course of experimental
cryptosporidiosis. The iNOS knockout breeding stock used was developed on a
B6,129 background, and control animals were provided from the B6,129F2/J
colony (Jackson Laboratory, Bar Harbor, Maine).

Oocyst and infection scores. C. parvum oocysts in 10 ml of either colonic
content or fecal homogenate were visualized by a commercial immunofluores-
cent assay (Meridian Diagnostics, Cincinnati, Ohio) and counted. The oocyst
score was derived from this count (29, 30) as follows: 1 indicated 1 to 9 oocysts,
2 indicated 10 to 49 oocysts, 3 indicated 50 to 99 oocysts, and 4 indicated $100
oocysts.

Two separate hematoxylin- and eosin-stained, paraffin-embedded cross sec-
tions of each intestinal segment were assessed to generate the infection scores,
which were as follows: 1 indicated a single parasite or a cluster of parasites,
limited to one villus/crypt unit or one colonic crypt per section; 2 indicated two
or three villi/crypt unit or two or three colonic crypts per section showing various
numbers of parasites; 3 indicated parasites observed in many crypts with some
villus or surface epithelium involvement; and 4 indicated extensive infection of
the crypts and villi or surface epithelium, usually associated with epithelial
damage and mucopenia.

Plasma NO2 and NO3. No attempt was made to place the nursing mothers or
weaned pups on a nitrate-restricted diet in these experiments. Prior to being
killed, animals were heparinized by the intraperitoneal injection of 200 U of
heparin. Immediately following cervical dislocation, blood was removed by in-
tracardiac puncture and centrifuged, and the plasma was stored at 220°C prior
to analysis. Plasma nitrate was reduced to nitrite and measured with endogenous
nitrite as described by Lyall and colleagues (32). Briefly, by this method plasma
samples were incubated for 2 h at 37°C in the presence of nitrate reductase, flavin
adenine dinucleotide, and reduced nicotinamide adenine dinucleotide phos-
phate, buffered to pH 7.5. Excess reduced nicotinamide adenine dinucleotide
phosphate was then oxidized by further incubation following the addition of
lactate dehydrogenase and pyruvate. Greiss reagent was then added to the
samples, and after incubation in the dark at room temperature the absorbance
was measured at 548 nm and the values were compared against a nitrite standard
curve. As the sample nitrite concentrations represented both nitrite and nitrate,
values are expressed as concentrations of NO2 plus NO3.

iNOS immunohistochemistry. Formalin-fixed, paraffin-embedded sections
were deparaffinized, rehydrated, and incubated in 2% bovine serum albumin
(BSA) in phosphate-buffered saline (PBS) for 1 h at room temperature. The
anti-iNOS polyclonal antibody (Upstate Biotechnology, Lake Placid, N.Y.) was
made up at a concentration of 3 mg/ml in 1% BSA in PBS, and sections were
incubated with this first antibody overnight at 4°C. The secondary antibody used
for the purposes of screening sections was a rabbit anti-mouse immunoglobulin
G (PK-6101; Vector Laboratories, Inc., Burlingame, Calif.) visualized with Vec-
tastain ABC reagent according to the directions of the manufacturer (Vector
Laboratories, Inc.). Sections were then screened by light microscopy. For the
purpose of illustration in this work, after tissue sections had been exposed to the
first antibody overnight, they were washed three times for 5 min each time in PBS
and then incubated in a 1:300-diluted biotinylated goat anti-rabbit immunoglob-

ulin G (Jackson Immunoresearch, West Grove, Pa.) in 1% BSA in PBS at 37°C
for 1 h, followed by three rinses in PBS and incubation in streptavidin-Oregon
green 488 (Molecular Probes, Eugene, Oreg.) in PBS for 45 min at room tem-
perature. Sections were then viewed by confocal microscopy with a laser excita-
tion wavelength of 488 nm and an emission wavelength of 510 nm.

Drug administration. The NOS inhibitors L-NAME and L-N-iminoethyl lysine
(L-NIL) and the NO donor S-nitroso-N-penicillamine (SNAP) were dissolved in
water and administered at a final volume of 100 ml by stomach tube in two
divided doses for 4 days prior to killing of the animals. The antioxidant ascorbic
acid was also dissolved in water and administered orally once a day at a dose of
5 mg/animal for 4 days prior to the killing. In these experiments the control
animals were given the same volume of water by gastric tube. With the super-
oxide scavenger, 500 U of superoxide dismutase-polyethylene glycol (Sigma
Chemical Co., St. Louis, Mo.) was suspended in 200 ml of corn oil and this
suspension was injected subcutaneously daily for 4 days prior to the killing.
Control animals for this experiment received corn oil alone.

Statistical analyses. Data are means 6 standard errors of the means of values
from experiments with at least five animals. When data were evaluated in ex-
periments involving more than a single drug dose, a one-way analysis of variance
was performed to evaluate any treatment effect, followed by post hoc Tukey
protected t tests to evaluate the differences between individual group mean
values. Student t tests were used to evaluate the difference between mean values
when there were only two groups in an experiment. Mean values were considered
significantly different from one another when P was ,0.05.

RESULTS

The severity and course of cryptosporidiosis in animals in
this study were similar to what has been reported in the liter-
ature for neonatal BALB/c mice (38, 50, 56). Briefly, of the
four sections of intestine studied, only the ileum and colon and
never the duodenum and jejunum exhibited infection. The
infection peaked between day (day of age) 14 and day 18 and
cleared between day 24 and day 30. The infection in the colon
was always less than in the ileum of the same animal, and the
colonic infection cleared before the ileal infection (data not
shown).

Two NOS inhibitors, L-NAME and L-NIL, were used to
inhibit NO production and unmask any effect of endogenous
NO on the severity and duration of the C. parvum infection.
While the same results were obtained with both inhibitors,
L-NIL is a more specific iNOS inhibitor and proved to be less
toxic to these neonatal mice than was the more general NOS
inhibitor L-NAME. Concentrations of NO2 plus NO3 in
plasma were used as an indicator of host NO production.
Figure 1 illustrates the effects of C. parvum infection and of

FIG. 1. Concentrations of NO2 plus NO3 in the plasma of 14- and 24-day-old
uninfected (control) and C. parvum-infected BALB/c mice and infected mice
given 1, 10, or 100 mg of L-NIL per kg daily for 4 days prior to being killed. p,
significantly different from corresponding mean value for uninfected mice; pp,
significantly different from corresponding mean value for infected mice not
treated with L-NIL.
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L-NIL administration on concentrations of these NO metab-
olites in plasma on day 14 when the infection was at its peak
and on day 24 when it had begun to clear. Infection signifi-
cantly increased NO2 plus NO3 levels on both days compared
to values for uninfected animals. All three doses of L-NIL
significantly reduced plasma NO metabolite values in infected
animals.

Figure 2 illustrates the oocyst, ileum, and colon infection
scores for the same infected animals used to obtain the results
shown in Fig. 1. On day 14 both the oocyst and ileum infection
scores were at or near peak values, precluding the manifesta-
tion of any drug effect. The mean colonic infection score was
less than 1.0 in untreated, infected animals, and L-NIL signif-
icantly exacerbated this score in a dose-related manner. Para-
site clearance was well under way by day 24. The mean ileal
infection score was below 0.5 and none of the untreated, in-
fected colonic samples showed signs of infection. All three
doses of the NOS inhibitor showed significant increases in
oocyst and ileum infection scores, and the highest dose caused
a significant increase in the colon infection score. In the ileum,
the drug-induced increase in parasite burden occurred both in
the crypts and on the villus surfaces. Similar results were ob-
tained with the NOS inhibitor L-NAME (data not shown). The
administration of the general NOS inhibitor L-NAME and of

the more specific iNOS inhibitor L-NIL for 4 days prior to the
killing of infected animals on days 14 and 24 reduced the
infection-induced elevation of NO product levels in plasma
and resulted in an exacerbation of the infection and a delay in
parasite clearance from the large intestine. Parasites were not
detected in either the duodenum or jejunum of any of these
untreated or drug-treated, infected animals.

Inducible NOS was visualized immunohistochemically in
paraffin-embedded sections. When these sections were screened,
it was found that the iNOS activity was undetectable in duo-
denum and jejunum sections but that it was detectable in the
ileal and colonic epithelia of the same animals. In ileum tissues
from both uninfected and infected animals the enzyme was
concentrated in the villus epithelial cells rather than crypt cells.
This finding is similar to the observation that the more differ-
entiated villus enterocytes possess the highest iNOS enzymatic
activity in rat small intestine (48). Conversely, histological sam-
ples from infected animals showed that the parasite number
was always greater in the crypts than in the villi. Sections from
infected animals showed a consistently greater iNOS activity in
ileal and colonic epithelia than in the same tissues from unin-
fected animals of the same age. Figure 3 shows representative
confocal microscopic images of immunofluorescent staining
for iNOS in uninfected and infected ileum and colon sections.
This figure demonstrates that C. parvum infection is associated
with an increase in epithelial cell iNOS.

The NO donor SNAP was administered orally to infected
animals for four days prior to killing of the animals on day 14.
When compared with scores for untreated, infected animals,
the oocyst and the ileum infection scores were significantly
reduced for animals receiving the NO donor (Fig. 4). No
SNAP-treated animal showed signs of colonic infection, but
because of the variance in the colonic infection scores from
untreated animals, this apparently protective effect was not
statistically significant.

Uninfected animals of various ages were treated orally for 4
days with 10 mg of L-NAME per kg in two divided doses. On
the fourth day of treatment they were infected with 50,000
C. parvum oocysts and fecal oocyst shedding was monitored.
On the seventh day following oocyst administration, five fresh
fecal pellets were collected and homogenized in 2 ml of neutral
formalin. Five oocysts per 10 ml of fecal homogenate was
chosen as a cutoff point that indicated the presence of a low-
grade infection. Table 1 indicates the numbers of animals in
untreated control groups and in L-NAME-treated groups that
met this criterion. The age at which mice were susceptible to
the establishment of a C. parvum infection was extended by
L-NAME treatment. It was not usually possible to histologi-
cally confirm these low-grade infections. L-NAME was chosen
for these experiments because, while it is a less specific iNOS
inhibitor than L-NIL, it is expected to inhibit enterocyte and
macrophage iNOS as well as constitutive NOS in enterocytes
and other mucosal cells.

Figure 5 illustrates the oocyst, ileum, and colon infection
scores of infected iNOS knockout animals and their controls
on day 25 and day 30. While the mean scores were higher in the
iNOS knockout mice than in control animals on day 25, these
differences were not statistically significant. By day 30 the
iNOS knockout animals shed significantly more oocysts than
the control animals and while six of six iNOS animals still
exhibited some sign of infection (shed oocysts or histologically
detectable parasites), only one of six control animals remained
infected, suggesting a delay in parasite clearance in animals
lacking this NOS isoform.

Ascorbic acid was administered orally to infected neonatal
BALB/c mice daily for 4 days prior to their killing on days 24

FIG. 2. Oocyst, ileum, and colon infection scores of C. parvum-infected (con-
trol) 14- and 24-day-old BALB/c mice and infected animals given 1, 10, or 100 mg
of L-NIL per kg daily. The same animals used to obtain the results shown in Fig.
1 were used for this experiment. p, significantly different from the value for
control mice.
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and 30. On day 24 all scores were significantly increased by the
administration of this antioxidant (Fig. 6). By day 30 parasite
clearance had largely been accomplished in infected control
animals and the ascorbic acid only significantly increased the
oocysts and ileum infection scores. When the superoxide scav-
enger superoxide dismutase-polyethylene glycol was adminis-
tered subcutaneously for 4 days prior to the killing of infected
BALB/c animals on day 24, the oocyst and ileum infection
scores were significantly greater than those for vehicle control
animals (Fig. 7).

DISCUSSION

NO has been implicated in the killing of many infectious
agents, including viruses (9), bacteria (16, 19, 45), fungi (3),
and a wide variety of parasites (1, 25, 41, 55). Evidence that
NO protects against C. parvum is less clear. Kuhls and col-
leagues (28) suggested that NO has no role in cryptosporidiosis
after they observed that the NOS inhibitor aminoguanidine
had no effect on the severity and course of the infection in
either adult BALB/c or SCID mice. Similarly, those authors
were unable to show an effect of administered IFN-g. Those

FIG. 3. Representative confocal microscopic immunohistochemical images of ileum (A and B) and colon (C and D) sections from 18-day-old uninfected (A and
C) and infected (B and D) BALB/c mice illustrating the presence of iNOS in the mucosal epithelium. Bars represent 20 mm in the ileum sections and 10 mm in the
colon sections.
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models differ significantly from the neonatal BALB/c model in
that the SCID mouse develops a very severe infection, not
restricted to the ileum and colon, that is expected to mask any
but the most dramatic ameliorating effect of NO. Kuhls and
colleagues were unable to detect infection in adult BALB/c
mice killed 4 weeks after oocyst administration, even when the
mice were administered aminoguanidine. In the present study
we observed an extension of the period when an animal could
be infected when L-NAME was administered. However, even
with this agent, the observed infection was minimal and was
expected to be cleared within 4 weeks. Putrescine has been
shown to protect neonatal C57BL/6 mice against C. parvum
infection, but this effect was apparently not NO mediated (56).
On the other hand, we previously found that a arginine-rich
diet was protective in C. parvum-infected nude mice, an effect
that was prevented by the NOS inhibitor L-NAME, and that
NO donors inhibited oocyst excystation and reduced sporozo-
ite viability in vitro (30).

The present study employed the neonatal murine cryptospo-
ridiosis model and suggests that NO or other reactive nitrogen
compounds play roles in limiting the severity of infection, con-
tributing to parasite clearance from the intestine and limiting
the age window during which it is possible to establish a low-
grade infection in this model. NO does not appear to be a
factor in determining which section of the neonatal mouse
intestine can be infected, as neither iNOS knockout animals
nor animals administered NOS inhibitors exhibited duodenal
or jejunal infection. In contrast, IFN-g knockout mice (20) and
SCID mice (35) exhibited C. parvum infection throughout the
gastrointestinal tract. Differences in the small intestinal T-cell
subtypes may be one explanation for the regional differences

seen in susceptibility to C. parvum infection in neonatal
BALB/c mice (6).

NO is known to play many roles in the gastrointestinal tract,
acting as a neurotransmitter, controlling gastrointestinal mo-
tility, modulating blood flow, and contributing to the integrity
of the mucosal barrier, as well as providing protection against
invading microorganisms (27, 42). Excessive production of NO
has, however, been implicated in host cell damage and inflam-
matory bowel disease (47).

The simultaneous accumulation of reactive nitrogen and
reactive oxygen compounds increases the repertoire of high-
ly toxic compounds available for killing microorganisms
(16). While activated macrophages have been considered a
major source of reactive compounds in the gastrointestinal
tract (27, 42), the induction of NOS in intestinal epithelial cells
by proinflammatory cytokines (13) suggests that the epithelium
may also take a direct part in its own defense. This may be
particularly true for C. parvum, as reactive nitrogen and reac-
tive oxygen species derived from lamina propria macrophages
may not be able to diffuse unaltered into the parasite’s niche at
the luminal surfaces of the enterocytes.

In this study, ascorbic acid was effective at exacerbating and
prolonging the infection. This result was presumably due to the
antioxidant effect of this vitamin and may have been the result

FIG. 4. Oocyst, ileum, and colon infection scores of 14-day-old C. parvum-
infected (control) BALB/c mice and infected mice treated for 4 days with 100 mg
of SNAP per kg per day. p, significantly different from the value for control mice.

FIG. 5. Oocyst, ileum, and colon infection scores of 25- and 30-day-old
C. parvum-infected (control) B6,129 mice and iNOS knockout mice. p, signifi-
cantly different from the value for control mice.

TABLE 1. Age dependence of susceptibility of BALB/c mice
to C. parvum infection

Treatment

No. of animals meeting the criterion for infection/
no. of animals administered oocysts

at the indicated age (days)

4 24 30 40 60

None (control) 10/10 0/6 0/6 0/5 0/6
L-NAMEa 7/8 2/6 5/5 0/6

a Mice in the L-NAME group were given 10 mg/kg/day for 4 days prior to the
day of oocyst administration.
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of a reduction in either or both critical reactive nitrogen and
critical reactive oxygen species (43). One reaction product of
NO and superoxide, peroxynitrite, has been implicated in the
killing of microorganisms (60). To protect themselves from this
reactive compound, some bacteria have been reported to uti-
lize superoxide dimutase to scavenge superoxide, resulting in
the production of the less toxic NO and H2O2 (16). Similarly,
the administration of exogenous superoxide dismutase in the
present experiments may have exacerbated the infection by
reducing the production of peroxynitrite, or alternatively, it
may have functioned to reduce a critical superoxide pool. The
administration of a similar superoxide dismutase preparation
to mice reportedly protected the animals against reactive-oxy-
gen-induced lung damage (12). Compared to many intracel-
lular parasites (37), Cryptosporidium has a poor capacity to
scavenge reactive oxygen species (15), making it potentially
more susceptible to killing by such compounds.

Cytokines, notably IL-1b, IL-2, tumor necrosis factor alpha,
and IFN-g, have been shown to increase iNOS expression in
cultured epithelial cells (13). While tumor necrosis factor al-
pha does not seem to play a significant role in experimental
cryptosporidiosis in most species studied, IFN-g is protective
(8, 34, 50, 58). Many of the effects of IFN-g on both host and
microorganisms have been shown to be NO mediated (24, 31,

44), but increasingly it is recognized that some of the protective
effects of this cytokine do not require NO (14, 28, 44). The
relatively modest Cryptosporidium infection seen here in iNOS
knockout mice contrasts with the severe and often fatal infec-
tions seen in IFN-g knockout mice (20, 36) and adds to the
argument that some of the protective effect of this cytokine in
cryptosporidiosis is NO independent.

NOS inhibitors caused a more severe exacerbation in the
infection than was seen in the iNOS knockout animals. This
result may reflect the presence of redundant protective mech-
anisms in the latter case (57) rather than imply that NO was
derived from other NOS isoforms in iNOS knockout animals.

This study indicates that reactive nitrogen and reactive
oxygen species play modest but significant protective roles in
experimental cryptosporidiosis in the neonatal mouse. The ad-
ministration of a NO donor reduced infection, while the re-
duced production of reactive nitrogen species and, to a lesser
extent, the scavenging of reactive oxygen species exacerbated
the infection in the ileum and proximal colon, slightly delayed
parasite clearance, and extended the age at which this mouse
strain could be infected with C. parvum.
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