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ABSTRACT:

To study the pathological and possible
molecular changes of small intestine during
prohemistomumiasis, a total of 30 BALB/c mice
were experimentally infected orally with 150
encysted metacerceriae / mouse of

Prohemistomum vivax. Groups of 3 mice, each,
were dissected at 6 and 12 h. and subsequently
on daily basis up to 7 days post-infection (p.i.) as
well as non-infected controls. Tissues of
jejunum/upper intestine  were immediately
removed, fixed and prepared for histopathological
investigation. On the other hand, tissue
specimens from the above mentioned area were
collected, RNAs were extracted and semi-
quantitative  reverse transcription-polymerase
chain reaction was performed to analyze the
expression of the multifunctional cytokine
transforming growth factor-beta (TGF-B). Light
microscopic examination showed compression
and sometimes erosions of intestinal epithelial
lining especially at the site of parasite attachment.
The villi underwent deformation in the form of
shortening, blunting and fission, which progressed
with the infection time. Some villi were totally
eradicated at the parasite localization.
Hypertrophy of crypts was parallelly observed. In
addition, inflammatory cell infiltration was
recorded in the lamina propria of the parasitized
intestine. These changes reached its peak value
at the end of the experiment. At the same time,
the molecular outcome was in accordance with the
pathological findings. The expression of TGF-B
was normal at baseline and increased
progressively along the infection time compared
with that in non-infected control. These findings
strongly support a role for TGF-B during P. vivax
infection. The recorded results were discussed in
the light of the available literature.
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INTRODUCTION:

Prohemistomum vivax (Sonsion, 1892) is a
small trematode (Cyathocotylidae) parasite
that inhabits the intestine of fish-eating birds
and mammals (Shalaby, 1988; Khalil et al.,
1998). Along the Nile River, numerous fish
species such as Mugil, Tilapia, Clarias,
Hydrocycon, Alestes, and Mormyrus were
reported as second intermediate hosts for P.
vivax (El-Naffar and Hassan, 1985; Khalil,
1987). The unconfined distribution of the
infected fish along the Nile river and irrigation
canals, in addition to the lack of specificity of
the final host raise many queries about the
rate and dynamics of the infection in fish-
eating animals, as well as the effect of the
parasite on the definitive host.

In the final host the main habitat of the
parasite is the jejunum and the upper third of
ileum (Amer, 1992). Intestinal infections can
induce substantial pathological changes in the
gut compartments. Intestinal trematodes have
a great potency to induce enteritis (Lee et al.,
1985). A number of these trematodes such as
Meatagonimus yokogawai, Pygidiopsis summ,
Fibricla seoulensis, Centrocestus armatus and
Gymnophalloides seoi are known to cause
villous atrophy, fusion and blunting as well as
stromal changes such as crypt hyperplasia,
oedema and cellular infiltration (Chai, 1979;
Lee et al., 1981; Seo et al., 1986; Hong et al.,
1997; Chai et al., 2001). In addition, P. vivax
infection in rat resulted in efflux of mast cells

as well as eosinophils in the mucosa of
parasitized area (Amer, 1992). These
alterations may lead to disturbance of
physiological milieu of the intestine and

subsequently its functional performance.

Experimental infection of mice with various
intestinal parasites has facilitated dissection of
the immunological events associated with both
parasite clearance and the pathology of
parasitic infection. Cytokines are small, low

molecular weight, secreted proteins which
mediate and regulate host responses to
infection, immune responses, inflammation,

and trauma (Finkelman et al., 1997). They are
known as one of the major effectors in the
expulsion of helminthes (Else and Finkelman,
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1998; Onah and Nawa, 2000). Cytokines are
actively secreted by the immune cells as well
as other cell types in response to an antigen
and function as chemical messengers for
regulating the innate and adaptive immune
systems. Some cytokines act to make disease
worse (proinflammatory), whereas others serve
to reduce inflammation and promote healing
(anti-inflammatory) (Dinarello, 2000). Among
many cytokines involved in cell growth and
differentiation, the anti-inflammatory
transforming growth factor-beta (TGF-B) is
noteworthy because of its multiple functions in
a variety of cells (Letterio, and Roberts, 1998;
Taipale et al., 1998). TGF-B is believed to be
essential in wound healing as well as in
regulation of cell growth and differentiation and
is known to be involved in tissue repair and
remodelling (Tominaga et al., 1997; Beck et
al., 2003). In vivo and in vitro studies have
indicated that TGF-B plays important roles in
several physiological and pathological
functions (Blobe et al., 2000; Beck et al.,
2003), in addition to its increase in association
with intestinal inflammation (Shull et al., 1992).

Since each species of trematode parasites
has its characteristic mode of damaging host
tissue (Lee et al., 1985), the pathogenesis of
individual trematode infection might be
associated with particular species. Although P.
vivax has a significant medical importance due
to its ability to infect human beings (Nasr,
1941), the associated pathological alteration
has received little attention. The present study
was undertaken to demonstrate, on a daily
basis, the pathological alteration in mice
intestine after experimental infection with P.
vivax and to determine the changes in
expression, if any, in the multifunctional
cytokine, TGF-B in response to this trematode
parasitic infection.

MATERIALS AND METHODS:
Experimental animals:

Thirty (8 week-old) male BALB/c mice,
weighting about 21 gm in average were
obtained from the animal house of Theodore
Bilharz research Institute, Giza, Egypt.
Animals were housed at room temperature (28
+ 2°C) in plastic cages (6/cage) with wire
covers. Saw dust was used as bedding and
changed daily along the course of the
experiment. Animals were acclimatized for one
week before the start of the experiment. Food,
powdered casein-based diet formulated to
meet National Research Council (1978)
requirements for the laboratory mouse, and
water were available ad libitium.

Parasite and infection:

Prohemistomum vivax encysted
metacercariae were obtained from the skeletal
muscles of naturally infected Claris lazera (cat-
fish), collected from the local markets at Kafr
El-Sheikh city. Each mouse was infected orally
with 150 freshly isolated metacercariae,
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counted by the aid of stereo-microscope. Three
animals were kept non-infected and served as
controls and were killed at the end of the
experiment. Before the infection, mice were
deprived of food for 12 h., while it was
provided 4 h. p.i. A group of infected mice
(n=3) as well as age-matched non-infected
control were autopsied by cervical dislocation
at 6, 12, and 24 h. post infection and on daily
basis onward up to 7 days p.i.

Gross examination:

The whole intestine of each mouse, starting
from the jejunum up to the colon, was
removed, rinsed in cold saline solution and
divided into three equal portions, referred as
jejunum/upper intestine, mid intestine and hind
intestine. Each intestinal segment was opened
separately in Petri dish containing saline,
along the mesenteric border, and inspected for
the presence of parasites under dissecting
microscope (Bausch & Lomb, USA).

Histopathological examination:

For light microscopy, tissue samples, from
both infected and non-infected control, of
about 1 cm were excised from the
jejunum/upper intestine, fixed in 10% buffered
formalin, dehydrated in alcohol, embedded in
paraffin and sectioned at 5 ym thicknesses.
Finally, sections were stained by Haematoxylin
and Eosin (HE) stain according to Drury et al.
(1976).

For scanning electron microscopy (SEM),
tissue samples were fixed in 2%
glutaraldehyde in 0.1M sodium cacodylate
buffer, pH 7.2 for 1 h, rinsed in buffer three
times before post-fixed in 1% Osmium
tetroxide for one hour. Following washing in
double-distilled water, the samples were
dehydrated in an ascending series of acetone
concentrations. After critical-point drying, the
specimens were mounted on aluminium stubs,
coated with gold and viewed in a JEOL JSM-
5300 scanning electron microscope operating
at an accelerating voltage of 10 keV in the
Electron Microscopy Unit, Faculty of Science,
Alexandria University.

RNA isolation and purification:

Freshly isolated tissue samples of
jejunum/upper intestine (0.5 cm) were
collected, snap-frozen in liquid nitrogen and
processed directly for RNA isolation or stored
at -70 °C until use. Total RNA was extracted
from tissue samples using TRIzol reagent.
Disruption and homogenisation was
accomplished in 1.5 ml TRIlzol, two times each
for 2 min, and total RNA subsequently isolated
using chloroform and isopropanol under
standard  procedures according to the
manufacturer’s recommendations (Gibco BRL).
Contaminating DNA was removed using 2 units
of deoxyribonuclease (DNase I, RNase free)
for 30 min at 37°C. RNA concentrations were
measured spectrophotometerically at 260 and
280 nm (average ratio 1.89 + 0.1).
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Reverse transcription-polymerase chain
reaction (RT-PCR):

Of each tissue sample, 1 pyg RNA was
reverse transcribed into complementary DNA
(cDNA) in a volume of 25 pl of reaction mixture
containing random hexanucleotides primer (0.2
pg/reaction), deoxyribonucleotide triphosphate
(dNTP-0.5 mM of each), avian myeloblastosis
virus reverse transcriptase (RT, AMV) (20
units/reaction), RNasin (20 units/reaction) and
2.5 yl of 10x PCR buffer. After an initial 5 min
at 70 °C in order to dissociate secondary RNA
structures, samples were incubated at 42 °C
for 60 min. Reactions were terminated after
5 min at 95 °C.

PCR was performed initially using primers
for mouse glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) housekeeping gene
(sense, 5’-
GAAGGGCTCATGACCACAGTCCATG - 37
antisense, 5-
TGTTGCTGTAGCCGTATTCATTGTC-3)
(Knight et al., 2000), which served as a
positive control for RT-PCR due to its
constitutive expression. Products obtained
using 25 cycles of amplification were within the
linear range of signal amplification and allowed
titration of the amount of template to be
subsequently used in order to obtain
consistent amounts of product between
samples. The adjusted cDNA volumes were
then used in the succeeding PCR reactions
employing gene-specific primers for TGF-B

(sense, 5-GCCCTGGATACCAACTATTGC-3’;
antisense, 5-AGCTGCACTTGCAGGAGCG-3)
(Sharmin et al.,, 2004). Negative control
reactions  without cDNA template were

performed in order to ensure that no products
arose due to contamination or primer-dimer
effects.

The PCR reaction mixture was set up in a
total volume of 50 pl, containing 3 pl of reverse
transcriptase product (50-100 pug of cDNA), 5
pl of a 10x PCR standard buffer, 1.5 yl 50 mM
MgCl,, 1 ul 10 mM dNTP mix, 1.5 units Taq
DNA polymerase (Promega) and the selected
primer pair (30 pmol/primer/reaction).
Amplifications were performed using 35 cycles
of denaturation (40 seconds at 95°C),
annealing (40 seconds at 55°C), and extension
(60 seconds at 72°C) followed by a final
extension at 72 °C for 10 min.

Semi-quantitative analysis of
expression:

Following PCR, a 10-pyL aliquot of each
PCR product was analyzed by electrophoresis
on 1.5% agarose gel containing ethidium
bromide and the bands were examined under
ultraviolet light for the presence of amplified
DNA. Semi-quantitative assessments of mRNA
levels were determined by quantifying the
intensity of each band of PCR product through
using Gel Analyzing Imager (Sharp-100). This
relies on the quantification of the investigated
genes expression on the basis of optical
density of detected bands. The relative

gene
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intensity of TGF-B to that of GAPDH was then
determined. Corrected values were obtained by
dividing the measured value for TGF- by that
of GAPDH. Mean values of  three
measurements of TGF-B expression relative to
the corresponding GAPDH expression are
presented. Differences of gene specific
expression (relative to GAPDH) in infected
mice were tested against corresponding values
in non-infected controls at respective days p.i.
using an unpaired t-test.

RESULTS:
Gross examination:

It was observed that six h. p.i., most of the
metacercariae were passed to the
duodenum/jejunum, but still encysted; few
were observed excysted producing immature
flukes moving in the intestinal lumen. At 12 h.
p.i., all the metacercariae were excysted and
the immature flukes were found doweling
between the villi (Fig. 1). One day p. i. and
onward the worms proved to be entrapped
between the intervillous spaces. However, the
attachment seemed not to be so firmly, that the
parasites detach from the site within 30 min to
2 h. after opening the intestine. The infection
was localized at the jejunum/upper intestine for
5 days p.i. On the other hand, six and seven
days p.i., few parasites were observed in the
mid intestine. The parasite was never seen in
the hind intestine.

Histopathological examination:

Histological examination of the intestine of
the non-infected controls through the entire
period of the experiment revealed normal
architecture, characterized by long and slender
villi  with intact columnar epithelial lining;
however, lamina  propria of the \villi
occasionally had few inflammatory cells.
Crypts were in normal figure with long
columnar and remarkable paneth cells. Sub
mucosal layer was thin and delicate without
cellular infiltration (Fig. 2).

In the infected mice, the intestinal
architecture showed disfigurement  with
progressive pathological alterations up to 6
days p.i., which coincides with the maturity of
the parasite. Examination of intestinal sections
on the first day p.i. revealed that the parasite
was deeply inserted in the intervillous spaces
and attached with the intestinal mucosa.

On the second and third days p.i., the lining
epithelial cells at the parasite attachment were
thickened and/or compressed. Some cells
showed pyknotic changes. The villi became
blunt with mild oedema. The lamina propria
was infiltrated with a considerable number of
inflammatory cells. Furthermore, fusion and

atrophy of the villi were remarkable. In
addition, increased inflammatory cell
infiltration as well as occasional stromal

oedema were recorded (Fig. 3-6).

On the fourth and fifth days p.i., the
parasite was seen frequently entrapping the
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villi, and sometimes engulfing mucosal
fragments, and some necrotic debris was
observed in the sucker (Fig. 7 - 8). The villous
changes become more sever than that
recorded before. Tremendous cell infiltration

was found in the lamina propria. Thickening of

Fig. 1: Scanning Electron Micrograph (SEM) showing
the parasite (P) inserted between the villi (V)
(X200).

Fig. 3: Ph.J./U. T.S. of two days post infection (p.i.)

showing fusion of villi (arrow head) with
inflammatory cells into lamina propria (arrow), HE
stain (X400).
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the layer with obvious oedema were seen in
the parasitized intestine. On the sixth day p.i.,
facultative epithelial changes along with sever
villous atrophy, as well as complete loss of
some villi at the parasite attachment were
observed.

a5 2.

Photomicrograph of jejenual/upper intestinal
transverse sections (Ph.J./U. T.S.) of control mice
showing normal, slender, finger-like villi, HE stain

(X100).

Fig. 4: Ph.J./U. T.S. of three days p.i. showing the parasite

(P) pinching the villi (arrow) with the oral sucker (OS).
Fusion of villi is remarkable (arrow heads), HE stain
(X40).
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Fig. 5: Ph.J./U. T.S. of three days p.i. showing
infiltration of inflammatory cells in the lamina
propria and stromal oedema (arrow) of villi, HE
stain (X400).

Fig. 7. Ph.J./U. T.S. of four days p.i. showing the
parasite (P) entrapping fused villi (arrow). Mucosal
fragments (MF) are being engulfed in the oral
sucker (OS). An asterisk indicates cell infiltration in
the lamina propria, HE stain (X400).

Furthermore, congestion of Iymphatic and
blood vessels in submucosa was frequently
observed. Of interest, free floating red blood
cells were observed in the stroma of infected
intestine (Fig. 9-12). On the other hand, no
further progress in the pathological figure was
recorded at the seventh day p.i., which may
imply that the recorded alteration were peaked
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Fig. 6: Ph.J./U. T.S. of three days p.i. showing facultative

necrosis (arrow). The parasite (P) is pinching the villi
with its oral sucker (OS), HE stain (X400).

Fig. 8: Ph.J./U. T.S. of five days p.i. showing pinched

villi with the oral sucker (OS) of the parasite (P).
Degenerative changes are noted in the mucosal
area (arrow) at contact with the parasite, HE stain
(X400).

at the 6" day p.i. under
conditions of the current study.

Detection of mRNA and semi-quantitative
analysis of TGF-B expression:

On testing the viability of the RNA samples
via the amplification of mouse GAPDH, it was
found that all tissue samples from controls and
infected individuals, except for negative
control, presented detectable quantities of

the mentioned
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GAPDH mRNA (453 base pair (bp) fragment)
revealing an acceptable integrity to
amplification as well as a successful first-
strand cDNA preparation. This stable and
consistent expression was used for the

normalization of mRNA levels of TGF-B.

The levels of TGF-B mMRNA were assessed
by RT-PCR in

jejunum/upper intestine

Fig. 9: Ph.J./U. T.S. of six days p.i. showing prominent
sub mucosal hemorrhage (arrows) , HE stain
(X40).

Ph.J./U. T.S.
regeneration of lost villi (arrow), HE stain (X40).

Fig. 11: of six days p.i. showing
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specimens from P. vivax-infected (6 h p.i. up to
7 days) as well as non-infected control mice.
RT-PCR product of TGF-B, analyzed by gel
electrophoresis, gave the expected 336 bp
given the selected primer pair. Meanwhile,
there was no expression in the negative
control samples (Fig. 13).

Fig. 10: Ph.J./U. T.S. of six days p.i. showing sub

mucosal hemorrhage in the stroma (arrows) of the
parasitized intestine as well as complete loss of villi
(arrow head). Mucosal fragments (MF) are seen in
the area of oral sucker (OS) of the parasite (P), HE
stain (X40).

Fig. 12: Ph.J./U. T.S. of six days p.i. showing congestion

of blood vessels (BV), HE stain (X400).
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On semi-quantitative analysis, TGF-B was
amplified weakly in control individuals and
there was no evidence for increment in its
mRNA level in 6 and 12 h. However, significant
difference in the expression of TGF-B could be
observed at day 2 p.i. and onwards.

The expression of TGF- peaked after 6 day
p.i. with ~ 8.5 folds up-regulation compared to
non-infected controls, while no further increase
in its level was detected on day 7 p.i. (Fig. 13).
Along with, TGF-B/GAPDH mRNA ratio was
significantly increased during the course of P.
vivax infection compared with those in the
control non-infected individuals (P<.05) (Fig.
14).

e _ S

Fig. 13: Expression of TGF-B mRNA in the small
intestine of BALB/c mice. Electrophoresis of RT-
PCR products of TGF-B (336 bp) and GAPDH (453
bp) mRNA was performed in ethidium bromide-
stained agarose gel (1.5%). Shown are amplicons;
Lane 1: negative control, Lane 2: non-infected
control, Lane 3: 6 h p.i., Lane 4: 12 h p.i., Lanes 5-
11: 1, 2, 3, 4,5, 6 and 7 day p.i., respectively.

1.6 7 @Unifected Control M Infected

0.8 4

0.4 1

Expression relative to GAPDH (TGF-B/GAPDH)

Time post infection

Fig. 14: RT-PCR product signal intensity expressed as
a ratio of TGF-B to GAPDH optical density values.
The expression of GAPDH was constant and thus
served as internal control to assess variations in
gene expression. Shown are comparisons of the
relative intensity in BALB/c infected mice to non-
infected control. (h: hour, D: Day).

DISCUSSION:

The present study reveals that as for the
locality of P. vivax in host, the parasite
harboured the jejunum/upper intestine of the
final host. This result is in agreement with
those reported by Khalil (1987) and Amer
(1992) for the same parasite. The duodenum
as well as the upper part of the small intestine
are considered as preferred biological niche
for many trematodes such as Echinostoma
caproni (lsaacson et al., 1989), E. hortense
(Lee et al., 1990; Kim et al., 2000), Fibricola
seoulensis (Lee et al., 1985; Huh et al., 1988)
and Gymnophalloides seo (Chai et al., 2001).
P. vivax was found to be inserted deeply at the
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interspaces of the villi, between the intestinal
villi, while the parasite was never seen
invading the crypt region.

The results of the present study indicate
that P. vivax—induced histopathological
alterations appeared as early as one day p.i.
The intensity of the alteration increased
progressively up to six day p.i. and extended
to the deeper layers of the intestine. The
mucosal changes were in the form of
shortening, thickening and blunting of the villi.
By the time, villous fusion and crypt
hyperplasia were pronounced. With the
progression of infection, the parasite induced
stromal changes such as capillary congestion,
lymphatic dilatation and inflammatory cells
infiltration. Sub mucosal oedemas as well as
haemorrhage were occasionally seen.
Furthermore, the submucosa became thicker
than that of the non-infected controls. Similar
mucosal and stromal changes were seen in the
upper part of small intestine of rats and cats
infected with Mrtagoinmus yokogawai (Chai,
1979; Lee, 1981), in rats and mice infected
with Fibricola seoulensis (Lee et al., 1985; Huh
et al., 1988), in mice infected with pygidiopsis
summa, in rats infected with Centrocestus
armatus (Hong et al.,, 1997), and in mice
infected with Gymnophalloides seoi (Chai et
al., 2001).

In addition, comparable histopathological
findings were observed in other intestinal
parasitosis including trichinosis in mice

(Manson—Smith et al., 1979), nipostrongylosis
in rats (Symons, 1976) and Isospora belli
infection in man (Liebman et al., 1980). More
or less similar pathologic alterations were
recorded in other intestinal situations such as
malabsorrtion syndromes (Shiner and Barkin,
1985). The recorded pathological changes may
be related to the effect of the parasite itself,
and/or to the host response. P. vivax has a

well developed adhesive organ as well as
spiny topography (Khalil and Helal, 1992)
which may have a direct role in the

pathogenesis of the parasite due to the
resultant irritation to the host mucosa. In this
regard, it is claimed that rhythmic movement of
the anterior body and/or rotation of the
digenean trematodes result in abrasion of host
tissues at the contact areas of micro—niche as
well as mechanical pressure on the
neighbouring villi (Jang et al., 1985; Lee et al.,
1985; Chai et al., 2001). Chai (1979)
suggested the possibility of pressure atrophy
due to increased amount of gases and mucus
in the intestinal lumen of the parasitized
intestine. The present results indicated that the
parasite was frequently seen entrapping the
villi and/or engulfing tissue debris. It is
postulated that the mechanically destroyed
tissues of the host were ingested through the
oral cavity of the parasite (Lee et al., 1985;
Chai et al., 2001). Khalil (1987) reported that
P. vivax produces eggs just 6 days after
infection. The early gravitation of the parasite
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may impose the necessity for rich supply of
nutrient, therefore it is plausible to find the
parasite pinching out the villi and devouring
the epithelia tissue.

Regarding the immune response of the
host, it is established that P. vivax has the
potency to trigger the cellular and humoral
immune responses of the host. Helal et al.
(1998) recorded tremendous influx of mast
cells and eosinophils in the intestine of rats
infected with this parasite. Furthermore, mice
infected with the same parasite were able to
mount strong local and systemic immune
responses (Amer, 2005). In view of the fact
that the molecular pathology of intestinal
infection is generally studied in the context of
specific mechanisms and to infer a profound
insight in the association between pathological
and immunological aspects in P. vivax infected
mice, the level of mMRNA expression of the
cytokine TGF-B was evaluated. The results
presented here verify, for the first time, this
association. P. vivax infected mice had high
TGF-B levels when compared to non-infected
control individuals. This up-regulation
progressively continued during the examined
course of infection until the sixth day p.i. This
is consistent with the finding of previous
studies using experimental models in response
to different parasitic infection such as lambs to
Trichostrongylus colubriformis (Paalangara et
al., 2003) and mice infected with Echinococcus
granulosus  (de-la-Pena et al., 2002),
Schistosoma japonicum (Zhang et al., 2004),
and Heligmosomoides polygyrus (Su et al.,
2005). TGF-B is a multifunctional growth factor
that plays a crucial role in several
physiological and pathological conditions
(Blobe et al. 2000) as well as in preventing the
severe pathology of parasitic infection (Omer
et al., 2003). It is also a key regulator in the
maintenance of immunological homeostasis in
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