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ABSTRACT

Background: In trichinosis, the presence of muscle larvae inside skeletal
striated muscle causes loss of identity and function of myotube through the
releasing of myogenin and myosin. Considering the dominant role of
vaccination, research on gamma radiation-attenuated vaccine has very
promising value. The goal of this study was to determine the efficacy of
vaccination with radiation-attenuated Trichinella spiralis larvae on the
subsequent infectivity. This goal was to be achieved by expression of
*Corresponding authors: myogenin, BcL-2 and DNA damages of myocytes in experimental animals.
Eman Naser Hafez Ph.D., Materials and methods: Mice were randomly assigned to serve as normal
E-mail: control, infected control, vaccinated unchallenged and vaccinated challenged

eman_naser612@hotmail.Com groups. Histopathological and immunohistochemical assessments of skeletal
muscle tissues of diaphragm were conducted using different stains. Also, DNA
damages of myocytes by comet assay were evaluated. Results: An
improvement of histopathological changes and DNA damages of myocytes
with significant decreased expression of myogenin and BclL-2 in vaccinated
challenged group was detected. Conclusion: Vaccination with gamma
radiation- attenuated larvae exerted protective effect against challenged
infection. This may pave the way to new protective modality in trichinosis
control.
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INTRODUCTION

Trichinosis is a parasitic disease that can be
categorized into three stages: the adult worm
in small intestine; the new born larvae in
lymphatic vessels and muscle larvae that
occupy intracellular niches in skeletal muscle
cells. However, the skeletal muscle cells are the
only cell type that can support growth and
survival of the larvae by dealing with host
immune response through effect of excretory /
secretory proteins (1.2),

Creation of so called Nurse Cell (NC) capsule
which is composed of collagenous wall and
cellular components is responsible for parasite
protection from the host's defense mechanisms
and meeting parasite's metabolic nutritional
demands G-3).

Gene expression analysis revealed that
myogenic regulatory factors, MyoD and
myogenin (important for the myogenesis and
regeneration of muscles), are over expressed in
infected muscle tissues during T. spiralis
infections, and the MyoD factor is highly
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expressed in the satellite cells of infected
muscles ().

At the end of encapsulation of Trichinella,
expression of all apoptotic factors ceased and
only positivity of an important gatekeeper to
apoptotic response B cell lymphoma-2 (BcL-2)
persists in the nurse cell. Anti-apoptotic and
pro-apoptotic proteins are two major subgroups
of BcL-2. The interaction between them in
mitochondria disrupts the normal function of
anti-apoptotic Bcl-2 proteins and can lead to the
forma-tion of pores in the mitochondria. This
leads to the release of cy-tochrome C and other
pro-apoptotic molecules from the inter
membrane space (7-9).

Evaluation of DNA damage induced in
Trichinilla spiralis infected muscle can be
applied by single cell gel (comet assay). It is
used as a guideline for assessing viability of cell
(dead or living), cell death type (apoptosis or
necrosis) and repair screening in different cell
models in animals (19). The resulting images
measured to determine the extent of DNA
damage was classified from type 1-5 based on
morphological basis. Viable cells showed large
head with minute or no tail while apoptotic one
represented as comet-like with small head (the
nuclear region) and large tail of nuclear
remnants (11-13),

So far, useful and stable anti-Trichinella
vaccines that can be used in animal husbandry
have not been developed yet. Therefore, it is
necessary to develop a vaccine against
Trichinella infection in domestic animals and
humans. Vaccination using live-attenuated
pathogen has an advantage of its potent
immunogenicity because organisms keep to
behave and can be recognized by immune
system as a natural infection. This supports
the hypothesis that activating multiple innate
receptors is better than activating only one
receptor (14-16),

The purpose of this study is to determine the
ability of gamma radiation-attenuated
Trichinella spiralis larvae to induce immune
protection  against challenged infection.
Expression of myogenin and apoptotic factor
BcL-2 were immunohistochemically evaluated
as well as DNA damages of myocytes by comet
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assay was performed.

MATERIALS AND METHODS

Irradiation of parasite

Trichinella spiralis larvae were obtained by
collecting from infected donor mice as
described by Crum et al. (7, Mice were
euthanized by cervical dislocation following
anesthesia, skinned and eviscerated tissues
were minced in a meat grinder. They were
digested in 10 ml/g distilled water, 1% (w/v)
pepsin (Sigma Chemical Co., St. Louis, MO, U.S.A.)
and 1% (v/v) hydrochloric acid. The digested
fluid was poured through mesh, washed several
times with 0.85% NaCl and larvae were
collected. They were exposed to attenuating
dose of 300 Gy gamma-radiations—according to
Brake et al. (18, This was performed at the
National Center for Radiation Research and
Technology (NCRRT), Cairo, Egypt using Indian
Cobalt-60 gamma chamber 4000 A Irradiator at
2.5 Krad / h at the time of experimentation.

Experimental animals and design

A total of 40 male Swiss albino mice six
week-old and weighing 18-20 g were used in
the experiment. They were housed in cages (10
rats in each) and maintained under controlled
conditions of lighting and temperature. They
were kept under specific pathogen-free
conditions, with free access to standard
laboratory water and chow according to the
ethics committee of the National Center of
Radiation Research and Technology, Egyptian
Atomic  Energy Authority, Cairo, Egypt
(REC-NCRRT) (Permissin code 8A/19).

Mice were randomly divided into four groups
of 10 mice each: normal control, infected
control received orally 250 Trichinella spiralis
larvae using stomach tube syringes (19,
vaccinated unchallenged group infected orally
with the same dose of larvae attenuated with
300 Gy gamma radiation and vaccinated
challenged group that infected with
radiation-attenuated larvae then challenged two
weeks later (to allow stimulation of immune
response) by the same infective dose. Thirty
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days postinfection and challenge; all mice were
euthanized under anesthesia. Skeletal muscles
tissues of diaphragm were then obtained and
divided into three parts for histopathological,
immunohistochemical and comet assay study.

Experimental procedures
Histopathological examination

Portions of  skeletal muscle tissues of
diaphragm of mice in all groups were preserved
in 10% buffered formalin, cut into 1 cm. thick
slices, dehydrated by alcohol, cleared with
xylol and finally embedded in paraffin wax then
processed into paraffin blocks. Using Reichert
Rotary microtome, serial paraffin sections of
5um thickness were made then stained with
Harries Hematoxylin and Eosin (20),

Immunohistochemical study

Two sections were cut from each case on
positively charged slides and subjected to
immunohistochemical stain using the
streptavidin-biotin alkaline phosphate methods.
Myogenin staining was performed using the myf
-4 antibody (L026, 1:10, mouse monoclonal,
Movacastra Labs, and Burlingame, CA),
according to the recommended protocol. In a
pressure cooker, antigen retrieval was done for
40 min in 10nM citrate buffer with 0.1% Tween
20 at pH 6.0. Slides were incubated overnight
with the primary antibody, followed by
detection using standard protocol on an
automated immunostainer (Ventana Medical
Systems, Tuscon, AZ).

For BcL-2 staining, the protocol of the DAKO
LSAB2 kit Peroxidase (DAKO Kyoto) was
followed for each section. The sections were
incubated overnight at 4°C with the primary
antibody (Bcl-2 mouse monoclonal, DAKO, in a
1:40 dilution with PBS containing 1% bovine
serum albumin). Negative controls were
prepared by omitting the primary antibody
under identical test condition. The sections were
placed in an oven at 50°C for 30 min and then
they were deparaffinized in PBS, incubated with
0.3% hydrogen peroxide to block endogenous
peroxidase activity, washed in PBS again, and
boiled in citrate buffer solution (pH 6.0) using a
microwave for 10 min at 60°C for antigen
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retrieval. After cooling at room temperature,
sections were incubated with primary antibody
overnight in a humidified chamber and rinsed
with PBS. They were then incubated for 30 min
at 37°C with biotinylated secondary antibody
and streptavidin congugateed to horseradish
peroxidase. The sections were counter stained
with Mayer's hematoxlin.

Evaluation of immunostaining

Staining for myogrnin was graded from 1+ to
4+ as follows, based on the percentage of tumor
cell nuclei staining positive: rare positive to
25%; 1+, 25t0 50 % ; 2+, 50 -75% ; 3+ and 75 to
100%; 4+. The percentage of cells immune
positive cells for BcL-2 was calculated by
counting the cells in a 200-power field. Two
investigators blinded to treatment graded BcL-2
expression on the following scale: (-), no muscle
fibers positive; (+), 1 to 25% of muscle fibers
positive; (++), 26 to 50% of muscle fibers
positive; (+++), 51 to 100% of muscle fibers
positive (21,22),

Single cell gel (comet Assay)

The remaining of skeletal muscle tissues was
subjected to study of DNA damage according to
Hartmann et al (3. Tissues were
homogenized in 0.075 NaCl and EDTA buffer,
Ph 7.5, at 1 g of tissue to 1 ml of buffer a
ratio then cooled to 4°C. 6 ul of tissue
homogenate were suspended in 100 pl of 0.5%
low-melting agarose (Sigma-Aldrich, StLouis,
MA, USA). It was placed onto clean slides coated
with 300 pl of 0.6% normal melting agarose.
Solidification in ice was done for 10 minutes
then slides were covered with 0.55 low melting
agarose. After solidification of agarose gel, slides
were immersed in lysing solution (100 Na2
EDTA, 2.5 NaCl, 10 M Tris-HCI and 1% sodium
sarcosinate, which was adjusted to pH 10, using
1% Triton X-100 and 10% dimethyl sulfoxide
(DMSO). Slides were removed from lysing
solution, placed in a horizontal electrophoresis
unit (near the anode) that was filled with an
alkaline buffer ( 1mM Na2 EDTA and 300 mM
NaOH) to allow the unwinding of DNA.
Electrophoresis was carried out in the freshly
prepared alkaline solution for 20 minutes at 25
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V (300 mA). Electrophoresis at high pH resulted
in structures resembling comets, as observed by
fluorescence microscopy. Afterwards, the slides
were neutralized by adding Tris buffer (pH
7.5), stained with 30 ml of ethidium bromide
(Sigma- Aldrich, St Louis, MA, USA) (20 mg/L),
and then covered and stored in sealed boxes at
4°C for further analysis. All of the steps
described above were conducted in the dark to
prevent additional DNA damage. Images of 100
randomly selected cells were analyzed for each
sample by Leitz Orthoplan epifluorescence
microscope (magnification x250) equipped
with an excitation filter of 515 to 560 nm and a
barrier filter of 590 nm.

Statistical analyses

Results were subjected to Student’s t-test
using SPSS program version 8 to determine the
significance of the data. Data are expressed as
mean #* standard error. Values with P<0.05,
P<0.01 and P<0.001 were considered as
significant, highly significant and very highly
significant respectively.

RESULTS

Histopatuhological results

Histopathological examination of H&E
diaphragm muscle sections of all groups were
represented in figure 1. Normal control group
showed normal muscle cells with no
inflammatory reaction. Infected control group
showed severe parasitic infection with many
encysted larvae in well-formed capsule. Also,
inflammatory tissue reactions infiltrating the
cyst walls with cloudy swelling of muscle fibers
were detected. Vaccinated unchallenged group
showed disintegration and fragmentation of
encysted larvae within incomplete cyst wall
surrounded by tissue reaction. While
vaccinated challenged group showed relative
regression of inflammatory reaction with much
less cellular infiltrates.

Immunohistochemical examination
Data in table 1, figure 2 showed minimal
expression of Bcl-2 in myocytes of normal
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control group (1.7+0.3) while infected control
group revealed strong positive deposition
around encysted larvae and cellular infiltrates
(20.7£2.7) with statistically significant increase
(P<0.001) compared to normal control group.
The expression showed moderate deposition in
interstitial spaces of muscle bundles in
vaccinated unchallenged group (7.6+0.4). On the
other hand, vaccinated challenged group
revealed relatively mild expression (3.6+0.3) in
muscle bundles with regular architecture
showing a high significant decrease were
detected compared to infected control group
(P<0.001).

Regarding expression of myogenin in normal
control group, it showed minimal expression
(2.9£0.3) while a strong positive
immunostaining of the cellular infiltrates
surrounding encysted larvae was recorded in the
infected control group (36.8+2.2) with high
significant increase compared to normal control
group. In vaccinated unchallenged group, there
was moderate positive expression (8.2+0.3)
with incomplete capsule surrounding
disintegrated larvae. Vaccinated challenged
group showed a weak deposition (3.5+0.5) with
a high significant decrease compared to infected

Figure 1. No
showed striations with abundant eosinphilic cytoplasm
and peripherally placed nuclei (a). Infected control
group showed encysted larvae surrounded by
histiocytes, plasma cells and lymphocytes with fibrosis
around them (=) (b). Vaccinated unchallenged group
revealed degeneration and fragmentation of the larvae
surrounded with incomplete capsule (arrow) and
remains of degenerative changes of muscle fibers (=)
(c). Vaccinated challenged group showed nearly normal
muscle fibers with minimal hisopathological changes (d)
(H&E X100).
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Table 1. Effect of vaccination with attenuated Trichinella spiralis larvae on expression of BcL-2 and myogenin in experimental

groups
Parameters |Normal control |Infected control| Vaccinated unchallenged | Vaccinated challenged
BclL-2 1.740.3 20.7+¢2.7 " 7.6:0.4 " 3.6403"
Myogenin 2.90.3 36.8+2.2 " 8.2+0.3 " 3.540.5 ™

Data are expressed as mean * SE. P values + compared to control normal group.P values * compared to control infected group.

Figure 2. Imm
diaphragm muscles showed weak expression in normal
control group (A). Strong positive expression in infected
control group (red arrow) around encysted larvae (black
arrow) (B). Myocytes of vaccinated unchallenged group

revealed moderate expression (red arrow) around
degenerated larvae in incomplete capsule (black arrow) (C).
Weak expression was detected in vaccinated challenged
group (D) (1 Magnification X 200, 2 Magnification X 400).

DNA comet assay

DNA comet assay in myocytes was
expressed in table 2 figure 4 showing
significant increase in tail moment and tail
length in the infected control group compared to
the normal control. A significant decrease was

Figure 3. Immunohistochemical staining of myogenin in
diaphragm muscles showed weak expression in normal
control group (A). Strong positive expression in infected
control group (red arrow) arrounf encysted larvae (black
arrow) (B). Myocytes of vaccinated unchallenged group
revealed moderate expression (red arrow) around
degenerated larvae in incomplete capsule (black arrow) (C).
Weak expression was detected in vaccinated challenged
group (D) (1 Magnification X 200, 2 Magnification X 400).

recorded in tail moment and length in
vaccinated unchallenged group and vaccinated
challenged groups with 91% and 95% untailed
respectively compared to the infected control
one.

Table 2. Tail moment, length and % of untailed DNA myocytes in comet assay.

Tailed % | Untailed % | Tail length | Tail DNA% | Tail Moment
Normal control 2 98 1.24+0.005 1.28 1.71+0.14
Infected control 18 82 3.1+0.01° 1.78 5.51+0.16°
Vaccinated unchallenged 9 91 2.80+0.05%° 1.35 3.90+0.13%°
Vaccinated challenged 5 95 1.64+0.06™° 1.21 2.98 +0.08%°

DNA % = percent of DNA in comet tail

Tail length = Length of tail measured from borders of the head ares to tail end (um)

Tail moment = tail DNA % X tail length
a: Significant difference from normal control
b: Significant difference from infected control
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Figure 4. Normal control group shows intact nuclear DNA.
In infected control group, DNA damage expressed by tail
moment in muscle cells with strongly damaged spot.
Vaccinated unchallenged group showed mild DNA damage
expressed by tail moment in cells with less damaged spot.
Vaccinated challenged group revealed few DNA damage in the
cells (a-d magnification X 250

DISCUSSION

Vaccination efforts have been performed on
the protective immunity against T. spiralis
infection. Immunization of pigs with the soluble
fraction prepared by sonication of larvae
revealed an ineffective protection (24). The crude
excretory-secretory (ES) antigens at certain
molecular size showed an immune efficacy in
reducing parasite burden (5. DNA vaccine was
demonstrated to be able to promote humoural
and cellular immune response and reduce the
muscle larval burden (9. However, it was
reported that immunization with a single
antigen selected from recombinant proteins or
ES antigens revealed lower protective effect
than inactivated whole worm (26),

In the present study, histopathological
examination revealed severe parasitic infection
with larval encystations surrounded with
complete capsule in infected control group.
Immunohistochemical staining which was
proved to be a subjective, time-consuming
process that offers the potential to develop
quantitative scoring models 27) revealed high
expression of myogenin and BcL-2 in
inflammatory cellular infiltrates. This was in
accordance with previous studies reported an
increase of Myogenin, MyoD and MEF2 in
Trichinilla spiralis infected muscle. Also, weak
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expression of BcL-2 in early infection followed
by strong positive staining for mitochondrial
related genes as BAX (a pro-apoptotic member
of BcL-2 family) in cellular infiltrates around
capsule of encysted larvae. This was explained
due to replacement of destructed mitochondria
as a result of parasite invasion with new one (28
30),

Concerning the DNA damage of muscle cells,
high intensity of DNA damage with a significant
increase in tail moment and tail length in
infected control group indicating the adverse
effects of parasite on myocytes was recorded.
This was in agreement with studies reported
DNA fragmentation in the nurse cell during the
interval from 18 to 28 days post infection (31.
This may be due to the combination of
mitochondrial cytochrome c¢ with apoptotic
protease activating factor 1. An intrinsic or
mitochondrial BcL-2- regulated pathway
triggers the response of DNA damaged-cells by
increasing their production of p53 which is a
potent inducer of apoptosis. After trichinella
invasion, there is an increase the release of Ca2+
due to mechanical damage of the sarcoplasmic
reticulum that increases the nuclear expression
of apoptosis inducing factor (AIF) which could
be from the muscle cells or from the parasite
organism (32),

Vaccinated unchallenged group showed
disintegration of encysted larvae and mild
inflammatory reactions within incomplete cyst
wall. There was moderate expression of
myogenin and Bcl-2 in cellular infiltrates that
surround disintegrated larvae. Also mild DNA
damage and a significant decrease in tail
moment and tail length were detected
compared to infected control group. This
outcome is compatible with the previous studies
reported mild inflammatory and histopathologi-
cal changes with maintaining normal
architecture of different organs resulted
from experimental vaccination with
radiation-attenuated vaccine without chal-
lenged infection. These could be explained by
the effect of radiation as a powerful inducer of
the intrinsic pathway of apoptosis that leads to
DNA  fragmentation and  mitochondrial
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disruption. Thus, it weakened the parasites,
systematically inactivate, disassemble and
degrade their functional and structural
components with loss of their proliferation
ability and decreasing pathogenicity (33.34),

This study revealed marked improvement of
histopathological changes in the diaphragm
muscle tissues of vaccinated challenged group.
These findings were in accordance to previous
studies revealed a significant protection
against Trichinella spiralis with high degree
of reinfection resistance using lower dose
radiation-attenuated larval vaccine (3536), Also,
protection against challenged infection was
demonstrated in experimental mice immunized
with larvae after exposure to the microwave
irradiation. This was assessed by a statistically
significant decrease in adult and muscle larval
count, compared with the non-immunized
infected control 37).

Immunohistochemical expression of
myogenin and BcL-2 was  significantly
decreased in vaccinated challenged group. This
was in agreement with previous study revealed
that  vaccination with  gamma-radiation
attenuated Schistosoma mansoni larva resulted
in reduction in immunohistochemical changes
in liver tissue of challenged group (38).

Also, DNA damage showed a significant
decrease in tail moment and tail length
compared to infected control group. More or
less similar results were recorded by previous
studies demonstrated a significant decrease in
tail moment, tail DNA%, and tail length in brain
tissue of group vaccinated with irradiated T.
canis larvae (3940), In another study vaccinated
challenged groups either by UV or Gamma
radiation  attenuated  Toxoplasma gondii,
revealed that the majority of cells appeared
normal rounded and few cells with very short
tails (41). This is due to potent immunogenicity of
attenuated vaccines since the organisms are still
able to behave initially in a similar manner to a
natural infection. Thereby  stimulating
the immune system to secrete the
immunoregulatory products and induce the
cellular activation that would normally occur (2).
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CONCLUSION

Mice immunized with gamma radiation-
attenuated Trichinella spiralis larvae showed an
enhanced  immunogenicity = against  the
challenged infection. This was demonstrated by
an improvement of histopathological changes
and DNA damages of myocytes that happened as
a result of infection. Also, the protection causes
reduced expression of myogenin and BcL-2 in
infected muscles of the diaphragm. This would
be of a great importance for the future design of
a new vaccine for prevention and control of
animal trichinosis.
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