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Remodeling of hepatic vascular changes after specific
chemotherapy of schistosomal periportal fibrosis
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Hepatosplenic schistosomiasis was the first human disease in which the possibility of extensive long standing
hepatic fibrosis being degraded and removed has been demonstrated. When such changes occurred, the main signs
of portal hypertension (splenomegaly, esophageal varices) progressively disappeared, implying that a profound
vascular remodeling was concomitantly occurring. Hepatic vascular alterations associated with advanced schisto-
somiasis have already been investigated. Obstruction of the intrahepatic portal vein branches, plus marked angio-
genesis and compensatory hyperplasia and hypertrophy of the arterial tree are the main changes present. However,
there are no data revealing how these vascular changes behave during the process of fibrosis regression. Here the
mouse model of pipestem fibrosis was used in an investigation about these vascular alterations during the course of
the infection, and also after treatment and cure of the disease. Animals representing the two polar hepatic forms of
the infection were included: (1) “isolated granulomas” characterized by  isolated periovular granulomas sparsely
distributed throughout the hepatica parenchyma; and (2) ‘pipestem fibrosis’ with periovular granulomas and
fibrosis being concentrated within portal spaces, before and after treatment, were studied by means of histological
and vascular injection-corrosion techniques. Instances of widespread portal vein obstruction of several types were
commonly found in the livers of the untreated animals. These obstructive lesions were soon repaired, and completely
disappeared four months following specific treatment of schistosomiasis. Treatment was accomplished by the simul-
taneous administration of praziquantel and oxamniquine. The most impressive results were revealed by the tech-
nique of injection of colored masses into the portal system, followed by corrosion in strong acid. The vascular
lesions of non-treated pipestem fibrosis were represented in the plastic casts by considerable diminution of the fine
peripheral portal vein radicles, plus dilatation of periportal collaterals. Four months after treatment, this last
picture appeared replaced by tufts of newly interwoven vessels formed along the main portal vein branches, disclos-
ing a strong angiomatoid reparative change. Understanding about the cellular elements at play during fibro-
vascular repairing changes of hepatic schistosomiais represents a matter of considerable scientific and conceptual
importance. At present time one may only speculate about the participation of some type of natural stem-cell
capable of restoring the diseased liver back to normal once the cause of the disorder has been eliminated.
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Clinical (Bina & Prata 1983, Dietze & Prata 1986,
Homeida et al. 1988, Mohamed-Ali et al. 1991) and patho-
logical (Andrade et al. 1992) observations revealed that a
proportion of patients with hepatosplenomegaly and por-
tal hypertension due to Schistosoma mansoni infection,
the so-called hepatosplenic schistosomiasis, could revert
to normal, months or years after specific treatment. An
instance of spontaneous regression of hepatosplenic
schistosomiasis has even been observed in an isolated
endemic area from the state of Minas Gerais, Brazil, prob-
ably due to the self-extinction of parasitism (Katz & Brener
1966). Such observations were registered at a time when
the concept about the irreversibility of hepatic fibrosis
was taken for granted. Nowadays, such possibility is ad-
mitted while the cases of successful liver fibrosis rever-
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sion are being published (Geerts 2001, Desmet & Roskams
2004), which included even cases of far advanced cirrho-
sis (Arthur 2002, Massarrat et al. 2004).

The crucial requirement is that the etiology of the fi-
brosis is identified and properly removed. On the other
hand, studies regarding the cells and their soluble factors
involved in fibrogenesis and fibrolysis, are becoming a
matter of recent and intensive investigations (Bataller &
Brenner 2005).

Although the actual focus on fibrosis research is en-
tirely justified, one must remember that fibrosis in the liver
probably is not important by itself. The space usually
occupied by fibrosis in most chronic liver diseases should
not be sufficient enough to cause impact on the physiol-
ogy of an organ with such considerable functional re-
serve. The significance of liver fibrosis is related to the
fact that it usually serves as a supporting stroma for an
abnormal vasculature. Vascular changes induced by se-
vere previous insults are the source of physiologic dis-
turbance, not only it is expressed as portal hypertension,
but also as hepatic failure (Popper 1977). Thus, in schis-
tosomiasis, portal vein obstructive lesions coupled to he-
patic artery hypertrophy are the dominating vascular
changes (Andrade & Cheever 1977), while in cirrhosis a
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complex of porto-hepatic shunts, hepatic artery hypertro-
phy, and sinusoidal capillarization are responsible for the
deranged physiology (Popper 1977). Usually these im-
portant vascular changes have not been particularly con-
sidered during the process of fibrosis regression.

    The present investigation used the mouse model of
schistosomal pipestem fibrosis (Warren 1966, Andrade &
Cheever 1993) in order to investigate on the behavior of
the advanced vascular hepatic changes during the course
of post-chemotherapy fibrosis regression.

MATERIALS  AND  METHODS

Animals and procedures - Fifty adult inbred Balb/c
mice of both sexes were used. Their weighted around 18-
20 g at the start of the experiment and were maintained in
large metal boxes, with free access to a commercial bal-
anced diet and water. Forty animals were submitted to
infection with recently eliminated cercariae from the FS
strain (Andrade & Sadigursky 1985) of S. mansoni, by the
transcutaneous route. Ten non-infected mice were kept in
similar conditions. They were submitted to liver biopsy
and histological examination, and to vascular injections.
Two months after cercarial exposition all the animals were
passing viable S. mansoni eggs in the stools. Two months
later (16 weeks of infection) the cumulative mortality
among the infected animals was found to be rather unex-
pected and high. The surviving animals were submitted
to a liver biopsy and 12 of them were selected after micro-
scopic examination to be treated some days later with both
oxamniquine and praziquantel. After treatment no further
mortality occurred. Also, no non-infected controls died.
But the infected and non-treated mice all died during the
following four months. The drugs were administered by
gavage. Each animal received the equivalent of 100 mg
per kg of body weight of oxamniquine. The following day
praziquantel was administered to the same animals, the
dose of 400 mg/kg/bw being divided into two halves, one
given at morning and the other in the afternoon. Four
months after treatment the animals were killed, and the
data obtained by histopathology were compared with
those observed in the biopsy material from the same ani-
mal. The vascular casts obtained after treatment where
compared with those from normal mice. Due to the high
mortality of the animals, the vascular casts of the portal
system could not be obtained from untreated mice with
“pipestem” fibrosis. However, whenever necessary com-
parisons were made with material obtained from previous
experiments, with the casts kept in our files (Andrade 1987).

Liver biopsy -  Under sterile conditions and sodium
pentobarbital general anesthesia the skin of the abdomen
was shaved and cleaned. A small incision was made at the
abdominal middle line and through it part of a liver lobe
was exposed, tied and removed. The wound was closed
with separate sutures.

Histopathology - Fragments of the liver taken by bi-
opsy (just before treatment) and by necropsy (four months
after treatment) were fixed in 10% neutral formalin and
routinely embedded in paraffin. Sections were stained with
hematoxilyn and eosin, with Sirius-red for collagen and
orcein for elastic tissue.

Vascular injections - Two livers taken from normal
non-infected mice, and seven from the infected and treated
mice were submitted to vascular injection-corrosion stud-
ies. The portal system was first flushed from the portal
vein trunk with saline to clear it from blood.  This proce-
dure was immediately followed by injection of 14% ac-
etone solution of vinyl chloride-acetate (Union Carbide
Plastics Co. grade VYHH, US), colored with carmine. The
ininjection was made manually with a 10 cc glass syringe
until an uniform filling of the portal system was achieved.
After injection, the liver was removed and kept in water
overnight at room temperature. Then, the liver tissue was
digested in a 50% hydrochloric acid solution. One week
later the plastic cast was taken out of the acid, washed
several times in water and alcohol, dried, and examined
directly with the naked eye and under a dissecting micro-
scope. The plastic casts were analyzed using a SZX-9
Olympus stereoscopic microscope coupled to a DP-12
Olympus digital camera.

RESULTS

The liver fragments obtained by surgical biopsy taken
at 16 weeks of infection revealed numerous periovular
granulomas concentrated within periportal spaces, which
appeared amplified by fibrosis up to the point to make
connections with neighboring spaces, sometimes fusing
some of them into large and irregular fibrotic areas. In
between the areas of fibrosis the liver parenchyma ap-
peared with its normal architecture. Obstructive vascular
changes were detected in the large and medium-sized
branches of the intrahepatic portal veins, especially evi-
dent in orcein-elastic stained slides (Fig. 1). The vessel
walls and their lumina were partially or totally replaced by
inflammatory and reparative tissue, sometimes centered
by viable and degraded schistosome eggs, some of them
showing evidence of calcification. The limiting elastic
membrane of the portal veins appeared frequently frag-
mented and duplicated, forming irregular concentrations
of fragmented elastic fibers in several focal areas around
the most damaged vessels. In all sections examined, par-
tial and total vascular obstruction was disclosed to be
present in every portal space, both small and large. The
tissue filling the vascular lumen seemed a proliferating
connective tissue, formed by fusiform cells mixed with
macrophages, lymphocytes and a few polymorphonuclear
eosinophils, the numerous vessels appearing as clefts.
When such intra-vascular tissue seemed more mature, it
simulated an organized thrombus. The small-sized thin-
walled blood vessels were numerous, represented by slits
or clefts in the middle of the fibrotic-inflammatory changes
of the portal spaces.

Four months after specific chemotherapy the picture
changed considerably. No evidence of vascular obstruc-
tion was found in the several sections examined. The ves-
sels appeared numerous, dilated, congested and thin-
walled. Portal fibrosis diminished in extent and density,
the fibrous tissue appearing as a loose, edematous tis-
sue, containing calcified egg remnants, focal pigmenta-
tion, and a few scattered inflammatory cells (Fig. 2A).
Collagen was seen in Sirius staining slides as woven and
fragmented fibers, with focal areas of dissolution. The
distribution of elastic fibers in the vascular walls varied
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from one vassel to the next, even in a same vessel, reveal-
ing areas where the electic tissue was absent, side by side
with other areas with elastic duplication or even evident
hyperplasia. Proliferation of endothelial cells was evident,
even in routinely stained slides, sometimes forming bridges
inside the vascular lumen (Fig. 3D).

Vascular casts - Mice with periportal “pipestem” fi-
brosis due to schistosomiasis presented considerable
decrease of the smaller ramifications of the vascular tree
when compared with those obtained from the normal (Fig.
3). The smaller vessels are not observed in the infected
animals, while the large ones (from the 1st, 2nd, and 3rd
order dichotomization) exhibit numerous short spikes,
which give a characteristic hairy appearance to the casts
(Fig. 3B). Besides the amputation of the smaller vessels,
the remaining portal vessels seen in the casts from in-
fected animals also present frequent alterations, such as
tortuosities, sudden caliber reduction, abnormal anasto-
mosis with neighboring vessels or within the same ves-
sels (short circuits).

The vascular casts obtained from infected mice four
months after specific treatment showed and abundance
of small ramifications sprouting from the larger branches

of the portal system. The aspect was that of a growing
tree in the spring (Fig 3C, D). The irregularities observed
in the larger vessels of the infected mice were not ob-
served any more when a careful examination of the casts
was made under the lupa.

DISCUSSION

Present results reveal that the cure of advanced mu-
rine schistosomisis is not only followed by fibrosis re-
gression, but also by a considerable vascular remodeling.
These results indicate that, besides the interplay of fac-
tors already pointed out by connective tissue research,
such as metalloproteinases, TIMPS, cells, and cytokines
on extracellular matrix degradation, there are even more
complex factors involved in hepatic fibrosis regression.
That is indicated by the impressive vascular remodeling
herewith observed, which involved the repair of the dam-
aged vascular walls of the portal system that resulted in
the opening of obstructed vessels, and the modifications
detected on their walls, suggestive of a process of vascu-
lar cleaning and repairing. Furthermore, the sprouting of
numerous new vessels suggested an important role being
played by angiogenesis. The process of angiogenesis has
more recently been linked with fibrosis formation

Fig. 1: periportal vascular obstructive lesions present in the liver of mice with non-treated 4-month old  Schistosoma mansoni infection.
Arrows point to the presence of  fibrotic and inflammatory tissue filling the lumen of portal vessels. Orcein stain for elastic tissue, × 400.
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(Rosmoduc et al. 1999, Bataller & Brenner 2005), rather
than with fibrosis removal. But present data are consis-
tent with the possibility of angiogenesis being able to
play a two-way role. Although  the presence of a rich
vasculature in schistosomiasis treated mice could be ex-
plained  by re-canalization of large obstructed portal ves-
sels and pressure dilatation of the numerous small branches
and capillaries, the vascular neo-formation (angiogenesis)
cannot be discarded. The mechanisms behind these
changes seem to have a high degree of complexity. One
can speculate about the presence of putative stem-cells,
resident or migrated from elsewhere, with potential to in-
duce vascular remodeling, removal of the excess extracel-
lular matrix, and angiogenesis (Theise 2003). Recently, great
emphasis has been given to angiogenesis in fibrosis for-
mation (Rosmoduc et al. 1999, Souza 2003).The evidences
are so strong on this regard that a  recent editorial sug-
gests that new approaches to therapy of liver fibrosis
may be derived from progress on angiogenesis manage-

ment. (Lai & Adams 2005). Now, the evidences of endot-
helial proliferation and the appearance of numerous ves-
sels in periportal tissue following curative chemotherapy
of schistosomiais bring about the question whether an-
giogenesis may act in a two-way mechanism, being im-
portant to form as well as to remove fibrosis. Future re-
search is expected to clarify this matter.
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