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Abstract

The effects of schistosomiasis on microsomal enzymes were studied
on post-infection day 90 when accumulated damage and fibrosis are
most intense but granulomatous reaction around the eggs harbored in
the liver is smaller than during the earlier phases. Swiss Webster (SW)
and DBA/2 mice of either sex (N = 12 per sex per group) were infected
with 100 Schistosoma mansoni cercariae on postnatal day 10 and
killed on post-infection day 90. Cytochrome P-450 (CYP) concentra-
tion and alkoxyresorufin-O-dealkylases (EROD, MROD, BROD, and
PROD), p-nitrophenol-hydroxylase (PNPH), coumarin-7-hydroxy-
lase (COH), and UDP-glucuronosyltransferase (UGT) activities were
measured in hepatic microsomes. Age-matched mice of the same sex
and strain were used as controls. In S. mansoni-infected mice, CYP1A-
and 2B-mediated activities (control = 100%) were reduced in SW
(EROD: male (M) 36%, female (F) 38%; MROD: M 38%, F 39%;
BROD: M 46%, F 19%; PROD: M 50%, F 28%) and DBA/2 mice
(EROD: M 64%, F 58%; MROD: M 60%; BROD: F 49%; PROD: M
73%) while PNPH (CYP2E1) was decreased in SW (M 31%, F 38%)
but not in DBA/2 mice. COH did not differ between infected and
control DBA/2 and UGT, a phase-2 enzyme, was not altered by
infection. In conclusion, chronic S. mansoni infection reduced total
CYP content and all CYP-mediated activities evaluated in SW mice,
including those catalyzed by CYP2E1 (PNPH), CYP1A (EROD,
MROD) and 2B (BROD, PROD). In DBA/2 mice, however, CYP2A5-
and 2E1-mediated activities remained unchanged while total CYP
content and activities mediated by other CYP isoforms were de-
pressed during chronic schistosomiasis.
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It has been reported that activities and
levels of expression of cytochrome P-450
(CYP) isoforms are altered by inflammatory
stimuli and by a variety of infections includ-
ing some helminthic infections. In rats and
sheep, for instance, the liver fluke Fasciola

hepatica causes a marked depression of vari-
ous CYP monooxygenases (1,2). In contrast
to the down-regulation of most CYP iso-
forms, CYP2A5 was induced in mice in-
fected with F. hepatica (3). Similarly, Opis-
thorchis viverrini enhanced the expression
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of hepatic CYP2A5 in male hamsters (4) and
the expression of CYP2A6, an isoform
orthologous to rodent CYP2A5, in humans
(5). As observed with other trematode infec-
tions, it has also been reported that liver
monooxygenase activities are modulated by
Schistosoma mansoni. During the early phase
of murine schistosomiasis, when the liver is
still largely devoid of granulomas, infection
causes only minor changes in monooxy-
genase activities, the direction and magni-
tude of which depend on the mouse strain
and sex. Increased activity of some hepatic
monooxygenases has been detected in male
BALB/c mice 33 days after infection with S.
mansoni (6). However, a study on male and
female Swiss Webster (SW) and DBA/2 mice
detected no change in CYP-mediated activi-
ties on post-infection day 15 (PID15), and
only strain- and gender-specific minor changes
of monooxygenase activities on PID30 (7).
At this early stage of infection, Manhães-
Rocha et al. (7) also noted that there was no
alteration of coumarin 7-hydroxylase, a
marker of CYP2A5 activity, in male and
female DBA/2 mice infected with S. man-
soni cercariae.

A marked decline of several CYP-medi-
ated activities has been found at a more
advanced stage of infection (i.e., 48-55 days
after infection) (6,8,9), when worms are sexu-
ally mature and the immune reaction to para-
site eggs as well as the size of hepatic granu-
lomas are maximal (10). There are almost no
data on the activities of microsomal enzymes
at even more advanced phases when accu-
mulated damage and fibrosis are intense but
the immune reaction to parasite eggs har-
bored in the liver is down-modulated.

In the present study, we evaluated the
effects of S. mansoni infection on the activi-
ties of CYP2A5 and other microsomal en-
zymes on PID90, when granulomas around
newly deposited eggs are smaller than those
observed during earlier phases.

SW and DBA/2 mice of either sex from
the Oswaldo Cruz Foundation breeding stock

were used. The animals were housed in stand-
ard plastic cages covered with stainless steel
lids and containing wood shavings as bed-
ding. Room temperature (23 ± 2ºC), air rela-
tive humidity (approximately 70%) and light/
dark cycle (lights on from 8:00 am to 8:00
pm) were controlled in the animal facilities.
Tap water and a commercial diet for rats and
mice (Nuvital CR1, Nuvilab®, Curitiba, PR,
Brazil) were provided ad libitum. The ex-
periments were conducted in accordance with
Brazilian animal protection and welfare laws
and the research project was approved by the
Ethics Committee on the Use of Animals,
Oswaldo Cruz Foundation. Statistical com-
parisons within each mouse strain were made
by the Kruskal-Wallis test followed by the
Mann-Whitney U-test, with the level of sig-
nificance set at P < 0.05.

SW and DBA/2 mice were infected with
S. mansoni (BH strain) cercariae as described
in detail elsewhere (11). Briefly, 10-day-old
pups were transferred to Petri dishes (5 cm in
diameter, one pup per dish) containing 3 mL
dechlorinated water with 100 cercariae. Pups
were kept warm while infection took place
by 60-W tungsten lamps located close to the
Petri dishes. Under these conditions, the
pup’s tail and paws as well as all the ventral
part of their body were exposed to cercarial
penetration for 20 min. Immediately after
being infected, the pups were returned to the
cage of their mothers. A few drops of Lugol’s
iodine were then added to each dish and the
number of cercariae that failed to penetrate
the skin of the mice (i.e., separated cercarial
heads and intact cercariae) was counted un-
der a stereomicroscope. Skin penetration by
the cercariae was very efficient (97 to 100%)
irrespective of mouse sex and strain. Control
(sham-treated) mice were treated exactly as
infected animals except that no cercaria was
added to the Petri dish water. Infected mice
and their age-matched controls were killed
by cervical dislocation on PID90, i.e., on
postnatal day 100. Livers were removed as
quickly as possible, freed from fat and extra
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tissue, weighed and frozen in liquid nitrogen
until further use. Hepatic microsomes (pools
of two organs) were prepared as described
by Manhães-Rocha et al. (7). Microsomal
protein concentration was determined by the
method of Bradford and total CYP content
and the activities of pentoxy- (PROD), ben-
zyloxy- (BROD), methoxy- (MROD), and
ethoxy- (EROD) resorufin-O-dealkylases,
coumarin 7-hydroxylase (COH), and UDP-
glucuronosyltransferase (UGT) were deter-
mined as reported elsewhere (7). Nitro-
phenol-hydroxylase activity in the mouse
liver microsomal fraction was determined
by the real-time kinetic method described in
detail by Allis and Robinson (12). Serum
alanine aminotransferase (ALT) was assayed
by a colorimetric method using a commer-
cially available kit (Bioclin®, Belo Hori-
zonte, MG, Brazil) and a microplate spectro-
photometer reader (Spectramax Plus®, Mo-
lecular Devices Co., Sunnyvale, CA, USA).
Blood was taken from the periorbital venous
sinus at the time of sacrifice on PID90. ALT
activity was reported as international units
per liter (IU/L).

As shown in Table 1, infection with S.
mansoni (PID90) markedly depressed total
CYP content in the liver of SW and DBA/2
mice irrespective of sex. Monooxygenase
activities catalyzed by CYP1A (MROD and
EROD) and 2B (BROD and PROD) subfam-
ily isoforms were decreased by chronic in-
fection in both strains and genders (M: male,
F: female) but, in these cases, reductions
(control: 100%) were more pronounced
among SW mice (EROD: M 36%, F 38%;
MROD: M 38%, F 39%; BROD: M 46%, F
19%; PROD: M 50%, F 28%) than among
DBA/2 mice (EROD: M 64%, F 58%;
MROD: M 60%; BROD: F, 49%; PROD: M
73%) (Table 1). In non-infected SW and
DBA/2 mice, PROD and BROD activities
were higher in females than in males, a
finding consistent with the higher expres-
sion of CYP2B9/10 in females. This sex-
related difference regarding CYP2B activity

was not apparent in infected SW mice (Table
1). CYP2E1-mediated activity (nitrophenol-
hydroxylase) was also depressed among in-
fected SW mice of either sex (M 31%, F
38%) but it remained unchanged among in-
fected male and female DBA/2 mice (Table
1). These results indicate that CYP-medi-
ated activities were depressed in chronically
infected mice on PID90 and that the effects
of S. mansoni infection were more intense
on SW than on DBA/2 mice. The differences
between the two strains could be explained
at least in part by differences in the number
of parasite eggs harbored in the liver paren-
chyma. As demonstrated by Fidalgo-Neto et
al. (11) in mice infected with 100 cercariae
on postnatal day 10, although skin penetra-
tion by cercariae was very effective and did
not differ between the SW and DBA/2 strains,
the proportion of penetrating cercariae that
further developed into adult worms - and
thus the number of eggs trapped in the host’s
liver on PID90 - was higher in the former
strain.

The levels of CYP2A5 expression vary
among mouse strains, some of which either
do not express a functional CYP2A5 or ex-
press it at very low levels. Since COH, a
CYP2A5-mediated activity, is rather low in
SW, the effects of infection on CYP2A5
were determined only in DBA/2 mice. As
expected, COH activity was higher in fe-
males than in males. S. mansoni infection,
however, did not alter COH in males or in
females (Table 1).

The effects of chronic schistosomiasis on
the activity of UGT, a phase II microsomal
enzyme, were also evaluated. As shown in
Table 1, UGT activity was somewhat higher
in non-infected male SW mice than in fe-
males, a difference between genders that
was not apparent in the DBA/2 strain. S.
mansoni infection, on the other hand, did not
cause any change in UGT activity in SW or
DBA/2 mice.

The mechanisms by which S. mansoni
and some other parasitic infections modify
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the expression and activity of various CYP
isoforms are still far from being entirely
understood. The down-regulation of liver
CYPs during murine schistosomiasis seems
to depend on the development of a granu-
loma around the parasite’s eggs since no
changes in enzyme activities were observed
in athymic nude mice (13) or in cases of
unisexual S. mansoni infection (14). This
view of the importance of circumoval granu-
lomas for the down-modulation of CYPs is
additionally supported by the fact that liver
microsomal enzyme activities remain un-
changed on PID15, when worms are not yet
sexually mature, and only minor changes
are found on PID30, when very few eggs, if
any, are found in the hepatic tissue (7,11). It
remains unclear, however, how pathophysi-
ological changes associated with schistoso-

mal granulomas alter the expression and
activity of CYP enzymes. Based mainly on
studies using bacterial lipopolysaccharide
as well as other immunostimulants, it has
been proposed that an increase in the levels
of nitric oxide (NO) due to the induction of
nitric oxide synthase (NOS2 or iNOS) is a
major factor mediating the suppression of
CYP expression and activity by infections
and pro-inflammatory stimuli (15). Morgan
(16), however, has failed to demonstrate that
overproduction of NO is an essential link
between lipopolysaccharide treatment and
suppression of CYPs. Whether NO and a
variety of cytokines produced in the vicinity
of schistosomal granulomas play a role in
the down-modulation of CYP isoforms by
the infection remains to be further eluci-
dated.

Table 1. Cytochrome P450 (total CYP) and activities of alkoxyresorufin-O-dealkylases (EROD, MROD, BROD, PROD), p-nitrophenol-hydroxylase (PNPH),
and UDP-glucuronosyltransferase (UGT) in liver microsomes of Swiss Webster and DBA/2 mice 90 days after infection with Schistosoma mansoni.

Swiss Webster mice DBA/2 mice

Infected Control Infected Control

Males Females Males Females Males Females Males Females

Total CYP 443.3±37.6* 428.8±68.9* 707.8±27.1 668.4±58.4 350.8±30.2* 365.4±16.4* 579.8±98.1 609.1±24.6
(pmol CYP/mg ptn) (63%) (64%) (60%) (60%)

X-ROD (pmol resorufin mg ptn-1 min-1)
EROD 35.4±20.8* 27.3±12.3* 99.2±20.0 72.4±14.9 77.6±25.6* 50.5±12.6* 121.2±20.3 87.2±15.5

(36%) (38%) (64%) (58%)
MROD 69.8±33.0* 43.6±20.1* 183.7±38.0 112.1±24.7 133.2±20.8* 90.8±27.5 222.4±32.0 122.0±24.6

(38%) (39%) (60%)
BROD 13.8±4.6* 15.0±6.7* 29.9±8.6+ 79.3±19.4 22.2± 2.2+ 38.6±9.6* 33.4±11.6+ 78.6±21.9

(46%)  (19%) (49%)
PROD 4.9±2.0* 4.9±1.7* 9.7±2.1+ 17.6±1.9 6.8±0.8*+ 12.0±2.8 9.3±1.0+ 13.4±1.3

(50%) (28%) (73%)
PNPH (nmol 4-nitrocathecol 1.0±0.2* 0.9±0.2* 3.2±0.7 2.4±0.4 2.2±0.3 2.5±0.4 2.5±0.3 2.7±0.3

mg ptn-1 min-1) (31%) (38%)
COH (pmol umbelliferone - - - - 70.5±27.8+ 232.4±51.8 55.3±22.8+ 202.9±74.7

mg ptn-1 min-1)
UGT (nmol p-nitrophenol 8.4±0.5 11.1±2.4 10.9±1.5+ 7.6±1.0 14.6±1.3 16.1±2.0 13.7±4.2 14.4±1.6

conjugate mg ptn-1 min-1)
ALT (blood serum, IU/L) - - - - 50.5±12.3 51.7±23.1 47.2±7.7 48.2±12.6

Data are reported as means ± SD. Microsomes were obtained from pools of two livers. N = 12 mice (6 microsomes) per group. Alanine aminotransferase (ALT)
was measured in serum samples from 6 mice. Coumarin-7-hydroxylase (COH) (hepatic microsomes) and ALT (blood serum) were determined only in DBA/2
mice. ptn = protein.
*P < 0.05 compared to the non-infected control of the same gender and strain (Mann-Whitney U-test). A superscript plus (+) indicates that males differ from
females of the strain; the percentages for the treatment group in relation to the respective control mean values (= 100%) are shown in parentheses whenever
values for infected mice differed from those for controls.
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The mechanism by which CYP2A5 is
modulated by infections apparently differs
from that of most CYP isoforms. In rodent
models, expression of CYP2A5 was induced
by trematode infections such as those caused
by F. hepatica and O. viverrini (3,4,17), as
well as by malaria (18) and by bacterial
(Helicobacter hepaticus) and viral (HBV)
hepatitis. It is noteworthy that CYP2A5 was
specifically induced in these infection mod-
els, whereas total-CYP content was decreased
and CYP isoforms other than CYP2A5 were
either depressed or unaffected. Recently,
Gilmore et al. (17) suggested that the induc-
tion of CYP2A5 may be mediated by direct
cellular damage rather than by an indirect
pathway involving pro-inflammatory cyto-
kines. This hypothesis seems to be supported
by the fact that CYP2A5 is overexpressed in
infections that cause a rather extensive dam-
age to liver cells, such as fascioliasis, opis-
thorchiasis, and hepatitis. Gilmore et al. (17)
also reported that induction of CYP2A5 by
pyrazole is associated with a chemically pro-
duced hepatocellular injury. Recently, De-
Oliveira et al. (18) showed that the induction
of CYP2A5 by Plasmodium berghei (ANKA)
infection was also associated with an in-
crease of ALT and aspartate aminotrans-
ferase (AST) levels in blood serum. In the
present study, blood serum ALT activity did
not differ between infected and non-infected
DBA/2 mice on PID90 (Table 1), indicating
that S. mansoni infection did not produce a
biochemically detectable liver injury. As
pointed out by Brunet et al. (19), while granu-
lomas themselves are clearly pathogenic,

they also sequester molecules released by
parasite eggs and in so doing they protect the
hepatocytes from toxic miracidial secretions
that otherwise could lead to cell injury and
liver failure. F. hepatica, on the other hand,
causes extensive liver cell destruction, there-
by producing marked elevations of plasma
ALT and AST levels, as the juvenile flukes
migrate through the organ (20). The induc-
tion of CYP2A5 by fascioliasis but not by S.
mansoni infection is thus consistent with the
view that up-regulation of this isoenzyme de-
pends on the intensity of cellular damage and
that there is a threshold for this effect (17).

The results of the present study show
that, during chronic schistosomiasis (PID90),
except for CYP2E1 that remained unchanged
in the DBA/2 strain, total CYP levels and the
activities mediated by CYP1A1/2, 2B and
2E1 are depressed in the liver of SW and
DBA/2 mice. S. mansoni infection, on the
other hand, did not cause any change in
CYP2A5 or UGT, a phase 2 microsomal
enzyme. These results indicate that decline
of liver CYP activities caused by S. mansoni
is still present when infection evolves to a
phase characterized by fibrosis, accumulated
damage and a less intense host immune re-
sponse to the parasite egg antigens.
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