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In chronic schistosomiasis, hepatic fibrosis is linked to the portal hypertension that causes morbidity in Schistosoma mansoni
infection. Silymarin (SIL) is a hepatoprotective and antioxidant medicament largely prescribed against liver diseases that has
previously been shown to prevent fibrosis during acute murine schistosomiasis. Here we employed silymarin to try to reverse
established hepatic fibrosis in chronic schistosomiasis. Silymarin or vehicle was administered to BALB/c mice every 48 h, start-
ing on the 40th (80 days of treatment), 70th (50 days), or 110th (10 days) day postinfection (dpi). All mice were sacrificed and
analyzed at 120 dpi. Treatment with silymarin reduced liver weight and granuloma sizes, reduced the increase in alanine amino-
transferase and aspartate aminotransferase levels, and reduced the established hepatic fibrosis (assessed by hydroxyproline con-
tents and picrosirius staining). Treatment with silymarin also reduced the levels of interleukin-13 (IL-13) in serum and increased
the gamma interferon (IFN-�)/IL-13 ratio. There was a linear correlation between IL-13 levels in serum and hydroxyproline
hepatic content in both infected untreated and SIL-treated mice, with decreased IL-13 levels corresponding to decreased hy-
droxyproline hepatic contents. Treatment with either SIL or N-acetylcysteine reduced both proliferation of fibroblast cell lines
and basal/IL-13-induced production of collagen I, indicating that besides inhibiting IL-13 production during infection, SIL anti-
oxidant properties most likely contribute to inhibition of collagen production downstream of IL-13. These results show that sily-
marin interferes with fibrogenic cytokines, reduces established fibrosis, and inhibits downstream effects of IL-13 on fibrogenesis,
indicating the drug as a safe and cheap treatment to liver fibrotic disease in schistosomiasis.

Schistosomiasis is a chronic disease of high prevalence and wide
distribution around the world (1) caused by worms that par-

asitize the vascular system. The morbidity in schistosomiasis is
associated with the arrival of worm eggs to the liver and the stim-
ulation of a granulomatous reaction (2). Chronic liver pathology
is closely associated to the nature of the host inflammatory re-
sponse. The immunological progression of this disease is fre-
quently divided in distinct phases: prepostural acute Th1 phase,
postural acute Th2 phase, and chronic Th2 downmodulated phase
(3). The control of this Th response throughout the chronic phase
may be associated with the reduction of morbidity in schistoso-
miasis. During acute murine infection, administration of antiox-
idant drugs such as curcumin (4), resveratrol (5), n-acetylcysteine
(6), artemether (7), and silymarin (8) is used to reduce morbidity
and prevent hepatic fibrosis. The reversal of established hepatic
fibrosis at the chronic stage is directly linked to the portal hyper-
tension, the major cause of morbidity in Schistosoma mansoni in-
fection, and was not attained in any of these previous works. Cur-
rently, there is no medical treatment to reverse the hepatic fibrosis
once it is established.

Silymarin is composed mainly of flavonolignans (9). It is a
reactive oxygen species (ROS) scavenger (10) that inhibits lipid
peroxidation (11), stimulates glutathione synthesis (12), induces
superoxide dismutase (13), and has iron-chelating activities (14).
Silymarin is therefore an antioxidant and also a reputed hepato-
protective drug (15). We have previously demonstrated that sily-
marin administration reduces fibrosis deposition in the liver dur-

ing acute S. mansoni infection. This reduction is associated with a
decrease in granuloma sizes (8).

Several works have focused on the role of cytokines in promot-
ing liver collagen deposition during S. mansoni infection. The cy-
tokine interleukin-13 (IL-13) directly stimulates collagen synthe-
sis by fibroblasts (16), and blocking studies established that IL-13
is the primary fibrogenic factor in S. mansoni infection (17). Ad-
ditionally, IL-13 blockade greatly reduces fibrosis during chronic
infection, although it fails to affect the overall granulomatous re-
sponse (18). The role of IL-4 in fibrogenesis is controversial (17,
19) and possibly mistaken as fibrogenic due to impaired IL-13
responses in IL-4-deficient mice (18, 19). On the other hand,
gamma interferon (IFN-�) exhibits marked antifibrotic activity
during S. mansoni infection (20, 21).

The development of new drugs to be used against schistosomi-
asis is of great relevance (22). Although praziquantel can reduce
fibrosis (23), drugs that could accelerate or amplify this role would
be very important. Here we assessed whether silymarin adminis-
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tered during chronic schistosomiasis could reverse the established
hepatic fibrosis. We also evaluated the levels of profibrogenic
IL-13 and IL-4 and antifibrogenic IFN-� in serum in order to get
insight into silymarin’s mechanism of action. Silymarin reduced
the levels of IL-13 and IL-4 in serum, increased the IFN-�/IL-13
ratio, and diminished hepatic fibrosis in chronic schistosomiasis.
Additionally, we studied the effects of silymarin upon basal and
IL-13-stimulated collagen I production by fibroblasts and found
that silymarin inhibits both, besides inhibiting proliferation of
fibroblast cell lines. These results indicate silymarin as a promising
antifibrotic drug to be tested in clinical studies.

MATERIALS AND METHODS
Animals, drug, and infection. Adult BALB/c female mice (7 to 8 weeks of
age) were infected with 60 cercariae of Schistosoma mansoni strain BH by
the cutaneous route, reaching the chronic phase at 120 days postinfection
(dpi). Briefly, silymarin (batch number 107K0762; silybin content, 47%;
Sigma-Aldrich, USA) is composed mainly of flavonolignans from the fruit
of Silybum marianum, including silicristin (22.6%), silydianin (9.06%),
silybin A (21.3%), silybin B (34.9%), isosilybin A (8.26%), and isosilybin
B (3.91%), as determined by high-pressure liquid chromatography
(HPLC) (24). Silymarin was suspended in 1% carboxymethylcellulose
(CMC) (Sigma-Aldrich, USA) (25, 26) to avoid quick precipitation and
administered every 48 h at 10 mg kg�1 of body weight intraperitoneally
(i.p.) as previously described (8). Noninfected controls (N) and infected
(I) mice were divided randomly in seven groups of 8 animals: nontreated
(N and I), treated during 80 days with CMC (I�Veh 80D), or treated with
silymarin for 80 days (N�SIL 80D and I�SIL 80D), 50 days (I�SIL 50D),
or 10 days (I�SIL 10D). The groups treated during 80 days, 50 days, and
10 days started treatment at the 40th dpi, 70th dpi, or 110th dpi, respec-
tively. Animals from all groups were maintained under controlled tem-
perature and light conditions, fed a balanced diet and sterile water ad
libitum, and submitted to euthanasia under anesthesia at 120 dpi. Proce-
dures were approved and conducted in accordance with guidelines for
care and use of laboratory animals (CEUA) of the Centro de Ciências da
Saúde-UFRJ (protocol number DBFCICB032, 2009), which conform to
the National Institutes of Health (Bethesda, MD, USA) guidelines.

Parasitological parameters. Hepatic and intestinal tissues were di-
gested as described by Cheever (27). Briefly, tissues were maintained in
4% KOH at room temperature for approximately 12 h, followed by 1 h of
incubation at 37°C. Eight independent samples were counted.

ALT and AST levels. The alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) levels in serum, markers of hepatocellular
damage, were established by colorimetric assay using a commercial kit
from Labtest Diagnóstica S.A. (Lagoa Santa, MG, Brazil).

Histopathological analysis. Transversal sections of all liver lobes were
collected, fixed in 4% buffered formaldehyde solution, and embedded in
paraffin. Five-micrometer sections were stained with hematoxylin and
eosin (H&E) or phosphomolybdic acid-picrosirius red staining (PMA-
PSR) (28) and read by bright-field microscopy. The area of hepatic gran-
uloma was determined in histological sections from 20 to 30 granulomas
per animal, containing central eggs, randomly chosen. The granuloma
area was manually delimited in H&E images, and the collagen area was
determined in PMS-PSR images, which were captured by a charge-cou-
pled-device (CCD) camera using bright-field microscopy and automati-
cally processed with ImageJ 1.45 software. All evaluations were performed
by two different blinded observers.

Hydroxyproline. Hydroxyproline quantification was determined as
described by Stegemann and Stalder (29). Briefly, livers were maintained
in acetone at room temperature until complete dehydration, followed by
hydrochloric acid hydrolyzation for overnight incubation at 107°C. Col-
orimetric assay was then performed using chloramine-T buffer (Sigma,
USA), Ehrlich’s reagent (Sigma, USA), and perchloric acid (Merck).

Cytokine assay. IL-13, IL-4, and IFN-� levels in serum were measured
at 120 dpi by a sandwich enzyme-linked immunosorbent assay technique
with capture and detection antibodies according to the instructions of the
manufacturer (R&D, USA). Recombinant cytokines were used as stan-
dards.

Fibroblast proliferation and viability assays. Mouse embryonic fi-
broblasts (MEFs) and murine hepatic stellate cell line (GRX) were cul-
tured at 37°C in 5% CO2 and 95% air atmosphere maintained in Dulbec-
co’s modified Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), whereas cell line L929 was routinely cultivated in
RPMI with 10% FBS.

For lactate dehydrogenase (LDH) and cell proliferation assay using
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT),
2 � 103 L929 and MEF cells/well or 1 � 104 GRX cells/well were seeded in
96-well plates for 12, 24, 48, and 72 h. The cell membrane integrity was eval-
uated by quantifying LDH via a cytotoxicity detection kit, according to the
manufacturer’s instructions (Doles, Brazil). The cell proliferation assay was
based on cleavage of the tetrazolium salt MTT (0.5 mg/ml) after incubation
for 4 h, using dimethyl sulfoxide (DMSO) to dissolve formazan crystals quan-
tified by a spectrophotometer with absorbance of 590 nm.

Immunofluorescence. Cells were plated onto 24-well plates at a den-
sity of 1 � 105 cells per well and cultured for 7 days in the presence of SIL
(50 �M), N-acetylcysteine (NAC) (10 mM), and/or recombinant IL-13
(rIL-13) (50 ng/ml). Cell cultures were subsequently rinsed with PBS,
fixed with 4% paraformaldehyde for 4 h, permeabilized with Triton–
0.03% PBS, and blocked with 10% BSA for 30 min. Then, cells were
washed with Triton– 0.03% PBS and incubated overnight with anti-colla-
gen I, N-terminal (1:500, batch number 310154; Sigma-Aldrich) at 4°C.
The cells were washed five times for 10 min, incubated with fluorescein
isothiocyanate (FITC)-conjugated anti-rabbit secondary antibody (1:
200) at room temperature for 2 h, and then washed with PBS five times.

A Leica microscope inverted DMI6000 B connected to a Leica DFC
360Fx camera was used to assess immunofluorescence. Four pictures were
captured for each group with high magnification (�400), and the same
area was manually selected and analyzed (75,025.39 �m2). The fluores-
cence intensity was automatically determined using Leica Application
Suite software (Advanced Fluorescence Lite, LAS AF Version 2.6.0).

Statistical analysis. Statistical analysis was performed by analysis of
variance (ANOVA) with Tukey’s posttest. P values of �0.05 were consid-
ered significant.

RESULTS

Silymarin (SIL) or vehicle (Veh, 1% carboxymethylcellulose) was
administered to BALB/c mice every 48 h, starting at 40 dpi and
extending through an 80-day period (I�Veh 80D and I�SIL
80D), starting at 70 dpi and extending through a 50-day period
(I�SIL 50D), or starting at 110 dpi and extending through a 10-
day period (I�SIL 10D). Noninfected mice were also treated with
silymarin for 80 days as a control (N�SIL 80D). All mice were
sacrificed and analyzed at 120 dpi.

All silymarin-treated mice survived chronic infection, while
some infected nontreated (I, n � 2) or Veh-treated mice (I�Veh
80D, n � 2) died, but this phenomenon was not statistically sig-
nificant (Fig. 1B). The characteristic hepatomegaly that accompa-
nies S. mansoni infection was partially reduced by treatment with
silymarin (Fig. 1C). Hepatic and intestinal tissues were digested,
and no parasitological differences were observed between groups
(Fig. 1D). The levels of the hepatic lesion markers ALT and AST in
serum were decreased in mice treated with silymarin (Fig. 1E and
F). Treatment with silymarin also reduced the sizes of the granu-
lomas (Fig. 1G). These data demonstrate that silymarin protects
mice from liver disease during chronic schistosomiasis.

Treatment with silymarin greatly reduced the hydroxyproline
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content of the livers, indicating that it reverses hepatic fibrosis at
the chronic stage (Fig. 2A). These results were confirmed by the
reduced collagen area of the granulomas that was observed in
silymarin-treated mice and illustrated by the two images in Fig.
2B. The levels of the profibrogenic cytokines IL-4 and IL-13 in
serum were reduced in silymarin-treated compared to vehicle-
treated or nontreated mice (Fig. 2C and D). Treatment with sily-
marin also reduced the levels of the antifibrogenic cytokine IFN-�
in serum (Fig. 2E), but the IFN-�/IL-13 ratio was increased in
silymarin-treated mice, indicating that silymarin favors a rather
antifibrogenic profile (Fig. 2G). The IFN-�/IL-4 ratio remained
unchanged (Fig. 2F). Note that even when silymarin treatment
was started late after infection (at 110 dpi) and extended through
a short period (10 days), it was capable of reversing fibrosis and
decreasing IL-13 amounts in serum, indicating that silymarin
probably acts on late stages of fibrogenesis instead of on the estab-
lishment of a Th2 response.

We next assessed whether silymarin could alter the prolifera-
tion of fibroblasts/hepatic stellate cells (HSC), the cells responsible

for collagen deposition in the S. mansoni granulomatous reaction.
To this purpose, we studied the proliferation of L929 cells (mouse
fibroblastic lineage), mouse embryonic fibroblasts (MEFs), and
hepatic stellate cells (GRX) by MTT assays. Silymarin was capable
of inhibiting the proliferation of all three cell types at 50 �M (Fig.
3A) and caused a low decrease in viability, assessed by LDH (Fig.
3B). N-acetylcysteine, a drug capable of replenishing glutathione
and helping scavenge reactive oxygen species, was also capable of
inhibiting proliferation of these lineages, though at later time
points and with a somewhat reduced efficiency. These results in-
dicate that silymarin acts through its antioxidant properties to
inhibit fibroblast proliferation.

We studied the correlation between IL-13 amounts in serum
and hepatic hydroxyproline contents in nontreated and sily-
marin-treated mice by Pearson’s analysis. The reduction of IL-13
amounts in serum produced by silymarin treatment was linearly
correlated with the reduction of hydroxyproline hepatic content
in mice (Fig. 4A). In fact, treatment did not modify the original
correlation between hydroxyproline and IL-13 found in infected

FIG 1 Silymarin reduced mortality and liver morbidity in chronic S. mansoni infection. Mice were left untreated (I) or treated with carboxymethylcellulose
(I�Veh 80D) or silymarin (10 mg kg�1) for 10 days (I�SIL 10D), 50 days (I�SIL 50D), or 80 days (I�SIL 80D). Noninfected groups were used as controls (N
and N�SIL 80D). (A) Schematic image describing the experimental design; (B) survival curve; (C) liver weights in relation to total animal weight; (D) equal
distribution of tissue eggs; (E) ALT levels in sera; (F) AST levels in sera. (G) Granuloma areas were evaluated on histological sections (5 �m) of hepatic tissue
stained with H&E; all granulomas containing a central viable egg were measured. Results are expressed as means � standard errors (SE) (n � 8). *, P � 0.05 for
N versus I comparison; #, P � 0.05 for I versus I�SIL 50D and I�SIL 10D; ##, P � 0.05 for I�Veh 80D versus I�SIL 80D. Results are representative of two similar
experiments.
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nontreated mice. These data suggest that at least most of sily-
marin’s antifibrogenic effects are exerted through the reduction
that it causes in IL-13 levels. The cytokine IL-13 is thought to exert
its fibrogenic effects by promoting collagen deposition by fibro-
blasts and HSC. To assess whether silymarin also acted down-
stream of IL-13 to inhibit fibrosis, we studied the production of
collagen I by confluent L929 cell cultures after incubation with
recombinant IL-13 (rIL-13), silymarin, or silymarin � rIL-13 for
a week. The cytokine rIL-13 induced great amounts of collagen I,
while silymarin alone was capable of inhibiting basal production
of collagen I (Fig. 4B). When administered together, silymarin was
capable of inhibiting rIL-13-induced collagen I production (Fig.
4B). A similar profile was found when NAC was used instead of
silymarin, indicating that the antioxidant properties of silymarin
are involved in its inhibitory effects upon fibrosis (Fig. 4C). Rep-
resentative immunostaining of L929 is shown in Fig. 4D, along
with a positive anti-collagen I-labeled skin control to ensure the
specific staining pattern.

Together, our results allow us to postulate that silymarin has
pleiotropic effects on fibrogenesis, reducing IL-13 amounts in se-
rum, fibroblast proliferation, and IL-13-induced collagen I depo-
sition by fibroblasts (Fig. 4E).

DISCUSSION

Silymarin is a natural product that has been used as a hepatopro-
tective medicament since the time of ancient Greece (30). It pre-
vents apoptotic and necrotic cell death in the liver (31) and retards
the progression of alcohol-induced hepatic fibrosis (32). Sily-
marin is the natural product of most widespread use in the treat-
ment of liver diseases (33), and it is sold over the counter all over
the world (34). Its low toxicity encouraged researchers to use sily-
marin in long-term tests in chronic and severe liver conditions in
humans, and its efficacy in the prevention of liver fibrosis and
stimulation of liver regeneration was observed in alcoholic and

nonalcoholic fatty liver diseases and in drug- and chemical-in-
duced hepatic toxicity (35). In viral hepatitis C patients, high-
dosage studies were performed with silymarin, and silymarin did
not show any toxicity (36) and still decreased progression from
fibrosis to cirrhosis (37). Furthermore, the coadministration of
silymarin with darunavir/ritonavir seems to be safe in HIV-in-
fected patients (38). There are no known collateral effects of sily-
marin that could raise doubt on the safety of this drug in schisto-
somiasis, but still, our study in mice raised no concern on the
safety of silymarin in schistosomiasis, representing a first step to-
ward future human tests.

Schistosoma mansoni causes a rather silent infection in humans
until the parasite has accomplished oviposition, by 6 to 8 weeks
after infection, when it becomes symptomatic (39). Some eggs laid
in the mesenteric vessels are carried by the blood flow and become
trapped in the liver. Once the eggs have reached the liver, they can
no longer be eliminated, and they promote a granulomatous re-
action that isolates the eggs from the hepatic parenchyma. Colla-
gen is deposited around the eggs by myofibroblasts. However, the
fibrosis and vascular damage alter the blood flow in the liver, pro-
ducing portal hypertension (40, 41). An inflamed, enlarged, and
fibrotic liver was associated with increased AST and ALT levels in
serum, which are markers of hepatic injury. Here, we have showed
that the treatment with silymarin at the chronic phase of infection
is capable of reducing ALT and AST levels in serum, hepatomeg-
aly, and hepatic granuloma size. These results indicate that sily-
marin interferes with the overall hepatic disease, reducing hepatic
injury and fibrosis and ameliorating morbidity.

The immune response associated with schistosomiasis is mark-
edly different in its various phases (3). We have previously dem-
onstrated that silymarin reduces granuloma area and collagen de-
position during acute S. mansoni infection (8). It has been
previously demonstrated that other antioxidants also have the
ability to prevent schistosomiasis-induced fibrosis when adminis-

FIG 2 Silymarin reduced fibrosis and profibrogenic cytokines in chronic S. mansoni infection. (A) Biochemical quantification of hydroxyproline. (B) Examples of
images from histological sections (5 �m) of hepatic tissue stained with picrosirius from I�Veh 80D (left) and I�SIL 80D (right) used to evaluate the granuloma
collagen areas. (C to E) Concentrations of IL-4 (C), IL-13 (D), and IFN-� (E) in serum. (F) IFN-�/IL-4 relation; (G) IFN-�/IL-13 ratio. Results were expressed
as means � SE. *, P � 0.05 for N versus I comparison; #, P � 0.05 for I versus I�SIL 50D and I�SIL 10D; ##, P � 0.05 for I�Veh 80D versus I�SIL 80D.
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tered in the acute phase (4, 5). El-Lakkany and coworkers (2012),
treating infected mice with silymarin from 84 to 126 dpi, observed
a slight decrease in the parasite burden and then in fibrosis, but the
effect was smaller than that of praziquantel alone and possibly
secondary to the decrease in burden (42). Herein, we did not ob-
serve alterations in the deposition of eggs in liver and intestinal
tissues, which could suggest that there is no difference in parasite
burden.

As fibrosis results from an active process that involves contin-
uous collagen synthesis and degradation, one might expect that a
drug that could interfere with this balance could reverse hepatic
fibrosis. Here we showed that silymarin administered at the
chronic stage of schistosomiasis could reverse chronic hepatic fi-
brosis and morbidity, even when administered for a short period
late at the chronic stage. The reduction in hepatic fibrosis was
associated with a decrease in the levels of fibrogenic IL-13 in serum
and an increase in the IFN-�/IL-13 ratio. As the short-course
treatment (10 days, 5 doses) with silymarin started late after infec-
tion (110 dpi) was also able to reverse hepatic fibrosis to the same
extent as that achieved with the long-course treatment (80 days, 40
doses), we believe that the treatment did not interfere with the Th
polarization. Instead, the reduction of the secretion of effector
cytokines or the direct effects of silymarin upon collagen secretion
most likely contributed to reversing fibrosis.

Recently, silymarin was demonstrated to be capable of reduc-

ing transforming growth factor 	1 (TGF-	1) at the acute phase
and the number of mast cells in mice infected with S. mansoni
(42). The authors associated the silymarin-induced reduction of
fibrosis with a reduction in the levels of TGF-	1 in serum. How-
ever, TGF-	, a fibrogenic cytokine that is usually induced by IL-13
(43, 44), does not seem to be involved in the fibrogenic response to
S. mansoni infection, as its blockade slightly reduces granuloma
sizes but does not affect liver fibrosis (45, 46).

The collagen deposition that accompanies the granulomatous
reaction is thought to be the result of fibrogenic cytokines signal-
ing to myofibroblasts (47). In fact, blockade of IL-13 has been
demonstrated to reduce established hepatic fibrosis (17), while
IL-13 knockout mice (48) and mice transgenic for a soluble IL-13
receptor that blocks IL-13 actions (49) present reduced amounts
of collagen in granulomas. Here we showed that treatment with
antioxidant silymarin reduces the levels of IL-13 in serum.
Though silymarin also reduced the levels of IL-4 and IFN-� in
plasma, the IFN-�/IL-13 ratio was increased in silymarin-treated
mice, while the IFN-�/IL-4 ratio remained unchanged, indicating
that the reduction of fibrosis better correlates with an increased
IFN-�/IL-13 ratio, as previously shown by others (18). Silymarin
can thus represent a cheaper alternative to anti-IL-13 blockade in
fibrotic diseases.

Human skin fibroblasts treated with silibinin have a reduction
in type I collagen expression, which indicates that silibinin has the

FIG 3 Silymarin inhibits fibroblast proliferation. (A) L929 murine fibroblasts, murine embryonic fibroblasts (MEFs), and GRX cells (hepatic stellate cell lineage)
were incubated with SIL (12.5, 25, or 50 �M), NAC (10 mM), or vehicle (dimethyl sulfoxide [DMSO]) or left untreated for 12, 24, 48, or 72 h. Cell proliferation
was assayed by MTT as described in Materials and Methods. (B) Viability of cell cultures at the later time point was assessed by LDH assay. Data represent
means � SE for triplicate values. Results are representative of two similar experiments.
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potential to prevent fibrotic skin changes (50). Moreover, fibro-
blast cell lines obtained from pulmonary infection with S. mansoni
(51) as well as HSC (52), the two main cell types implicated in
fibrogenic responses during the S. mansoni granulomatous reac-
tion, react to rIL-13 with increased production of collagen I (53).
Here we studied the direct effects of silymarin on collagen I pro-
duction and fibroblast proliferation, phenomena involved in the
genesis of hepatic fibrosis. Our results show that silymarin inhibits
both fibroblast proliferation and IL-13-induced or basal collagen I
production, indicating that besides reducing IL-13 levels, sily-

marin is capable of directly inhibiting IL-13 signaling responses.
Nevertheless, the relevance of these direct antifibrogenic re-
sponses in S. mansoni-infected mice treated with silymarin is most
likely to be small, since IL-13 amounts in serum linearly correlate
with hydroxyproline hepatic content in silymarin-treated mice.

Oxidative stress is associated with fibrogenesis. It is known that
lymphocytes from gp91phox�/� mice (deficient in the superoxide
production that accompanies the respiratory burst) produce less
IL-13 under allergic sensitization (54), indicating that IL-13 pro-
duction is under ROS control and that antioxidants are able to

FIG 4 Inhibition of fibrogenesis by silymarin correlates with decreased IL-13 serum amounts and reduced IL-13-induced collagen I production by fibroblasts.
(A) Analysis of the correlation between IL-13 serum amounts and hepatic hydroxyproline contents in infected nontreated or treated mice. Samples examined for
hydroxyproline and IL-13 came from the same pool of mice. The Pearson analysis resulted in an r value of 0.93 (significant linear correlation, P � 0.0001). (B)
Quantification of collagen I production by L929 cells treated with rIL-13 (50 ng/ml), SIL (50 �M), or rIL-13�SIL for a week. (C) Experiment similar to that
described for panel B, except that NAC (10 mM) was used instead of SIL. Collagen I immunofluorescence staining was analyzed as described in Materials and
Methods. *, P � 0.05 compared to vehicle (Veh) in panel B or untreated (�) in panel C; #, P � 0.05, compared to rIL-13. (D) Illustrative confluent cell cultures
as in panel C assessed for collagen I production by immunofluorescence microscopy. Insets represent collagen I and DAPI (4=,6-diamidino-2-phenylindole)
simultaneously stained cell cultures. Skin was used as a specific labeling control (left). (E) Based on our results, we postulate that SIL acts pleiotropically to inhibit
fibrogenesis by decreasing IL-13 levels, fibroblast proliferation, and IL-13-dependent and basal (possibly ROS-dependent) collagen I production.
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reduce liver fibrosis (55, 56) in many instances. We have shown
here that IL-13-related liver fibrosis can also be reduced by sily-
marin, and we speculate that its antioxidant effects control both
IL-13 production and downstream fibrogenic events.

The decrease in IL-13 amounts in serum and the increase in the
IFN-�/IL-13 ratio show that silymarin interferes with fibrogenic
cytokines, a phenomenon that we have showed to be correlated
with reduced collagen content. Treatment with silymarin partially
reduced hepatic tissue lesions and decreased hepatomegaly, gran-
uloma sizes, ALT and AST levels, and the established hepatic fi-
brosis. In light of the attested safety of silymarin in long-term
treatments, as well as its broad efficacy as a hepatoprotective me-
dicament, we believe that the murine study performed here
should be followed by baboon studies (a successful primate model
of schistosomiasis [57]) in order to pave the way for future clinical
studies. The pleiotropic effects of silymarin on fibrogenesis that
we showed here, besides its widespread use in hepatic diseases and
its low cost, indicate that silymarin is a promising candidate to be
tested as a treatment to S. mansoni infection sequelae.
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