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Abstract

In order to control taeniasis, cysticercosis, a study was made to evaluate the effects induced by gamma irradiation, on the in vitro
evagination and development of Taenia solium in hamster intestine. Parasites were obtained from several infected pigs and irradi-
ated with doses of 0.2 and 0.3 kGy; viability of the metacestodes was evaluated by the in vitro evagination assay and the inocula-
tion of immunosuppressed golden hamsters (Mesocricetus auratus). The capacity to evaginate in vitro decreased (P =0.008) in the
metacestodes that were irradiated with 0.3 kGy. Immunosuppressed hamsters that were inoculated orally with the metacestodes
irradiated with 0.3 and 0.2 KGy did not develop parasites in their intestine; only scolices were found adhered to the intestinal
mucosa. The total amount of scolices obtained from T. solium metacestodes irradiated with 0.3 kGy was lower (P = 0.01). Based on
these results it is proposed that the dose of 0.3 kGy is effective to interrupt the life cycle of Taenia solium.
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Resumen

Con el objetivo de controlar la teniasis (cisticercosis) se efectud este estudio en el que se evaluaron los efectos que induce la
radiacion gamma en el metacestodo de Taenia solium (T. solium) en la evaginacién in vitro y en el desarrollo de T. solium en el
modelo del hamster. Los paréasitos se obtuvieron de varios cerdos infectados y se irradiaron con 0.2y 0.3 kGy. La viabilidad de los
metacestodos se evalué mediante la prueba de evaginacién invitro y lainoculacién en hamsteres dorados (Mesocricetus auratus),
previamente inmunodeprimidos. En los metacestodos irradiados con 0.3 kGy disminuyé la capacidad de evaginar in vitro (P =
0.008). En los hamsteres inmunodeprimidos que se inocularon con metacestodos irradiados con 0.3 y 0.2 kGy no se desarrolla-
ron tenias en sus intestinos, Unicamente se observaron escolices adheridos a la mucosa intestinal. La cantidad total de escolices
obtenidos de los metacestodos irradiados con 0.3 kGy fue menor (P =0.01). Con base en los presentes resultados se propone que
una dosis de 0.3 kGy es util para inhibir el ciclo parasitario de T. solium.
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Introduction

problem and are the cause for human suffering

as well as economic loses." Nevertheless, the
exact magnitude of the worldwide health problems
associated with these diseases is unknown, since in
some countries proper epidemiological surveillance
does not exist.

Taeniasis-cysticercosis caused by Taenia solium is a
parasitosis that is transmitted by food. The life cycle
of the parasite begins when a carrier of a sexually
mature gravid taenia passes out into the environ-
ment proglottides that contain thousands of eggs that
when ingested by swine or humans produce cysticer-
cosis, with the parasite lodged in muscles as well as
the brain.?* When improperly cooked infected pork is
consumed, the adult parasite develops in the intestine
of the host and thus completes its life cycle.??

Neurocysticercosis is the most frequent human ces-
todiasis. In endemic zones in developing countries,
approximately 3% to 6% of the human population
suffers from it; this represents approximately 50 mil-
lion persons, and of these 50 thousand die annually.?

There is not reliable and precise information in
relation to the frequency of porcine cysticercosis, due
to multiple reasons, amongst these the lack of proper
slaughter inspection and clandestine slaughtering of
pigs contribute to the existence and permanence of
this disease in several countries, including Mexico.*®
Diagnostic tests used for humans such as ELISA, com-
puterized tomography and magnetic resonance are
not routinely used on pigs due to their high costs.®®

Presence of T. solium metacestode is diagnosed in
pigs when they are alive, by inspecting the tongue with
a50% to 70% efficacy, and in slaughterhouses through
muscle mass inspection of carcasses.®*°

With the objective of interrupting the biological
cycle of T. solium, alternatives have been proposed
such as: improvement of sanitary inspection, general
hygiene measures, subject infected meat to proper
cooking or freezing.'®* Nevertheless, up until now,
it has not been feasible to introduce these methods
effectively in rural communities due to the lack of
education, extreme poverty, insufficient or non-exist-
ent basic services such as: water and electricity supply.

Other highly sophisticated alternatives have been
taken into consideration such as: diagnostic tests,***
pigs’ vaccination,**” and creation of transgenic ani-
mals that could be resistant to the parasitosis.® All
these alternatives are limited, since there still is not an
effective commercial vaccine, nor a low cost diagnostic
test that detects T. solium metacestodes in live pigs.

Food irradiation technology has been shown to
be a useful tool to inactivate a great variety of path-

Food borne diseases (FBD) are a public health
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Introduccién

(ETA) son un problema de salud publica y

representan una causa tanto de sufrimiento
para el ser humano como de pérdidas econémicas.*
Sin embargo, se desconoce la magnitud exacta de los
problemas de salud asociados con estas enfermedades
en todo el mundo, ya que en algunos paises no existen
sistemas de vigilancia epidemiolégica adecuados.

La teniasis-cisticercosis causada por Taenia solium
es una parasitosis que se transmite por medio de ali-
mentos. El ciclo parasitario inicia cuando el portador
de una tenia sexualmente gravida libera los progléti-
dos al ambiente, los cuales contienen miles de huevos
gue, al ser ingeridos por cerdos o humanos, producen
la cisticercosis y se alojan tanto en masas musculares
como en el encéfalo.?? Cuando la carne de cerdo infec-
tada insuficientemente cocida se consume, el parasito
adulto se desarrolla en el intestino del huésped y de
esta manera se completa el ciclo parasitario.”®

Laneurocisticercosis es la cestodiosis mas frecuente
en el ser humano y en zonas endémicas existentes
en paises en via de desarrollo; aproximadamente 3%
a 6% de la poblacion humana padece de ella, esto
representa alrededor de 50 millones de personas, de
éstas mueren anualmente 50 mil.?

No existe informacion confiable y certera, respecto
de la frecuencia de la cisticercosis porcina, debido
a multiples razones, entre ellas: falta de adecuada
inspeccion sanitaria y el sacrificio clandestino de los
cerdos, entre otros factores que contribuyen a la exis-
tencia y permanencia de esta enfermedad en varios
paises, incluido México.*® Las pruebas diagnosticas
empleadas en el humano como ELISA, tomografia
computaday resonancia magnética, no se utilizan de
rutina en el cerdo por su alto costo.®®

En los cerdos, la presencia del metacestodo de T.
solium se diagnostica cuando aquéllos estan vivos, por
medio de la inspeccion en lengua, con eficacia de
50% a 70%, y en los rastros mediante la inspeccion de
masas musculares de la canal.®*

Con el objetivo de interrumpir el ciclo biolégico de
T. solium, se han propuesto alternativas, como mejo-
rar la inspeccion sanitaria, observar medidas gene-
rales de higiene, someter a la carne infectada a una
coccion adecuada o a congelacion.’®™ Sin embargo,
hasta la fecha no ha sido posible introducir estos méto-
dos a la poblacion rural de manera efectiva, debido
a la falta de educacion, pobreza extrema y nulidad o
insuficiencia de servicios basicos, como el suministro
de aguay de electricidad.

Se han considerado otras alternativas altamente
sofisticadas, como las técnicas diagnésticas,**** vacu-
nacién de cerdos,™* creacion de animales transgé-
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ogenic agents such as parasites, virus, bacteria and
fungi, as well as, to increase shelf half life of diverse
products.’?° This physical method has been used to
inactivate the T. solium metacestode.”?* Gamma irra-
diation effects induced on the metacestode have been
described since 1976,% using in vitro evagination and
hamster inoculation criteria. Doses have been evalu-
ated from those that may have lethal effects with 7 KGy
to those that interrupt the parasite’s life cycle with 0.3
KGy.?** Since gamma ray irradiation has a cost that
can be considerable in industrial processes, it is neces-
sary to evaluate and compare effects of lower doses in
order to make irradiation technology more viable and
attractive. The objective of this study was the evalua-
tion of the gamma irradiation effects of 0.2 and 0.3
kGy on the development of the metacestode.

Materials and methods

Twelve pigs naturally infected with the T. solium meta-
cestode, were sacrificed in a humane manner with elec-
tric clamps. The shoulder blade areas of each animal
were removed, the left one was radiated and the right
one served as control. Each one of the infected shoul-
ders was placed in a black plastic bag and after that
introduced in a cardboard box located on a gyrat-
ing base to guarantee that the irradiation dose was
applied homogenously. Irradiation doses that were
applied were 0.3 kGy, in seven shoulder blades and 0.2
kGy in five shoulder blades. The sample was placed 40
cm away from the vortex of the radiation source, and
at a height of 36 cm from the floor.

The radiation sessions were carried out in the
Gammabeam 651 PT Co60, located in the Nuclear Sci-
ences Institute of the National Autonomous University
of Mexico. All irradiations were performed at constant
dose that was determined by the Frick method. Like-
wise, the location of the sample and the storage condi-
tions were similar for all the irradiation sessions.

In order to evaluate viability, the in vitro evagina-
tion test was used, and it consists of depositing in a
Petri dish 20 mL of RPMI 1640 culture medium, that
contained 25% pig bile. The metacestodes were cul-
tured in this solution at 37°C during 12 hours. At
the end of this time, evaginated metacestodes were
counted. For this test 40 metacestodes were used, 20
without irradiation (controls) and 20 radiated with
0.2 kGy or with 0.3 kGy, for each pig, except for pig
number 12. A total of 20 larvae were used for this
pig. Only metacestodes that had the neck completely
stretched-out and had motility and a visible scolex
were considered as evaginated.?” Hamsters were used
with the purpose of making evident the metacestode
viability in vivo. The hamsters (Mesocricetus auratus)
were from both sexes, with ages between six and 12

nicos que pudieran ser resistentes a la parasitosis.”®
Todas estas alternativas poseen limitaciones, ya que
no existe una vacuna comercial que sea efectiva, ni
una prueba diagnostica de bajo costo que detecte pre-
sencia de metacestodos de T. solium en cerdos vivos.

Se ha demostrado que la tecnologia de irradiacion
de alimentos es una herramienta util para inactivar
gran variedad de agentes patdgenos, como parasitos,
virus, bacterias y hongos, asi como para incrementar
la vida media de anaquel de diversos productos.'®?°
Este método fisico ha sido empleado para inactivar
al metacestodo de T. solium.??* Los efectos que la
radiaciéon gamma induce en el metacestodo han sido
descritos desde 1976,% utilizando los criterios de eva-
ginacion in vitro y de inoculacion en hamster. Se han
evaluado dosis cuyos efectos pueden ser letales con 7
KGy hasta interrumpir el ciclo vital del parasito con
dosis de 0.3 KGy.#?* Dado que la irradiacion con rayos
gamma tiene un costo, que puede ser considerable en
procesos industriales, es necesario valorar y comparar
el efecto con dosis menores a fin de hacer mas viable
y atractiva la tecnologia de irradiacion. El objetivo del
presente trabajo fue evaluar los efectos de la radiacion
gamma de 0.2 y 0.3 kGy sobre el desarrollo del meta-
cestodo.

Material y métodos

Se tomaron 12 cerdos infectados con el metacestodo
de T. solium de manera natural, que se sacrificaron
humanitariamente con pinzas eléctricas. Se removie-
ron las espaldillas de cada animal, la izquierda fue
irradiada y la derecha sirvido como testigo. Cada una
de las espaldillas infectadas se colocé en una bolsa de
plastico negra y, posteriormente, se introdujo en una
caja de cartdn situada sobre una base giratoria para
garantizar que la dosis de radiacion fuera homogénea,
las dosis de radiacion aplicadas fueron de 0.3 kGy, en
siete espaldillas, y de 0.2 kGy en cinco espaldillas. La
muestra se colocé a 40 cm del vértice de la fuente de
radiacion y a 36 cm de altura respecto del piso.

Las sesiones de radiacion se llevaron a cabo en
el Gammabeam 651 PT Co60, localizado en el Insti-
tuto de Ciencias Nucleares de la Universidad Nacio-
nal Autbnoma de México. Todas las irradiaciones se
realizaron con una dosis constante, que se determiné
por el método de Frick. Asimismo, la ubicacion de la
muestra y las condiciones de almacenamiento fueron
similares en todas las sesiones de radiacion.

Para evaluar la viabilidad se utiliz la prueba de
evaginacion in vitro, que consiste en depositar en una
caja de Petri 20 mL de medio de cultivo RPMI 1640,
que contenia 25% de bilis de cerdo, se incubaron
los metacestodos en esta solucion a 37°C durante 12
horas. Al cabo de este tiempo, se contaron los meta-
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weeks old; they were immunosuppressed with 4 mg im
of methyl prednisolone.??%

Eight hamsters were used for each pig. They were
divided into two groups, each of four hamsters inoc-
ulated orally with five non-radiated metacestodes
(controls), and the other four with five metacestodes
radiated with 0.2 kGy in some occasions and with 0.3
kGy in others. All 96 hamsters were humanely slaugh-
tered 21 days after inoculation by means of CO, and
intestines were taken. The mucosa of each intestine
was observed with a stereoscopic microscope, in order
to locate and collect the parasites. Only complete met-
acestodes that were in vesicular state with maternal
membrane and vesicular liquid were used for the in
vitro evagination test, as well as for in vivo oral inocula-
tion. The results that were obtained were analyzed by
the Chi square test and Wilcoxon range test for paired
samples.

Results

Forty non-radiated metacestodes were used for each
evagination assay, and these were the controls and 40
metacestodes radiated with 0.2 kGy and 40 radiated
with 0.3 kGy were used.

The amount of metacestodes radiated with 0.2 and
0.3 kGy and controls that evaginated, obtained from
twelve pigs is shown on Table 1. The proportion of
evaginated metacestodes in the control group (non-
radiated) was higher (40.65%), in comparison with
the ones radiated with 0.3 kGy (31.075%) (P = 0.008).
When the control group was compared with the meta-
cestodes radiated with 0.2 kGy, no differences were
found (P =0.59).

Only scolices were found, when the intestines
were inspected of the hamsters that were inoculated
with metacestodes radiated with 0.3 kGy and 0.2 kGy,
at 21 days post-inoculation (Figure 1). Taenias were
obtained from the ones inoculated with non-radiated
T. solium metacestodes (Table 2 and Figure 2).

In the radiated group, the maximum number of
scolices that were obtained was four in a hamster that

cestodos evaginados. Para esta prueba se destinaron
40 metacestodos, 20 sin irradiar (testigos) y 20 irra-
diados con 0.2 kGy o con 0.3 kGy, por cada cerdo,
excepto en el cerdo 12, para el que se emplearon 20
larvas en total. Sélo se consideraron como evaginados
los metacestodos que tenian el cuello completamente
distendido y que presentaban motilidad y el escolex
visible.?? Con la finalidad de evidenciar la viabilidad
de los metacestodos in vivo, se utilizaron hamsteres
(Mesocricetus auratus) de distintos sexos, con edad de
seis a 12 semanas, que fueron inmunodeprimidos con
4 mg de metilprednisolona im.?*2¢

Para cada cerdo se emplearon ocho hamsteres,
que se dividieron en dos grupos cada uno de cuatro
hamsteres inoculados via oral con cinco metacesto-
dos sin irradiar (testigos), y los cuatro restantes con
cinco metacestodos irradiados en algunos casos con
0.2 kGy, y en otros con 0.3 kGy. Los 96 hamsteres
fueron sacrificados humanitariamente después de 21
dias pos inoculacion, empleando CO, y se obtuvieron
los intestinos. La mucosa de cada intestino se observo
al microscopio estereoscopico, con el fin de localizar
y recolectar los pardsitos. Tanto para la prueba de
evaginacion in vitro como para la de inoculacién via
oral in vivo, se utilizaron sélo los metacestodos que se
encontraban en estado vesicular, que estaban comple-
tos, con la membrana materna y el liquido vesicular.
Los resultados obtenidos se analizaron con la prueba
de Ji cuadraday la prueba de rango de Wilcoxon para
muestras pareadas.

Resultados

En cada ensayo de evaginacion se emplearon 40
metacestodos sin irradiar, que fueron los testigos y 40
metacestodos irradiados con 0.2 kGy y 40 irradiados
con 0.3 kGy.

El nimero de metacestodos irradiados con 0.2 y
0.3 kGy y testigos que evaginaron, obtenidos a partir
de doce cerdos se muestran en el Cuadro 1. La propor-
cion de metacestodos evaginados en el grupo testigo
(no irradiado) fue mayor (40.65%), en comparacion

Cuadro 1
EVAGINACION in vitro DE METACESTODOS IRRADIADOS Y TESTIGOS (SIN IRRADIAR)
In vitro EVAGINATION OF IRRADIATED AND NON-IRRADIATED (CONTROL) CESTODES

Pig number 1 2 3 4 5 6

8 9 10 11 12 Total

Control 13 10 30 7 9 28
0.2 kGy
0.3 kgy 17 6 26 3 9 15

10 37 8 1 18 187/460*  40.65**
2 40 16 1 10 69/180 38.33

87/280 31.07**

In all the experiments the total number of metacestodes was 40, except in the case of pig number 12 where 20 metacestodes were

used.
*Evaginated metacestode/total number of metacestodes.

** Differences were found between the control group and the group irradiated with 0.3 kGy (P = 0.008), Chi square test.
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Figura 1: Escolex obtenido a los 21 dias posinfeccion de un
hamster inoculado con metacestodos de Taenia solium irradiado
con 0.2 kGy.

Figure 1: Scolex obtained 21 days post-infection from a hamster
inoculated with Taenia solium metacestodes irradiated with 0.2
kGy.

Cuadro 2

TENIAS Y ESCOLICES OBTENIDOS A PARTIR DE INTESTINOS DE HAMSTER
A LOS 21 DIAS POST INOCULACION

TAENIAS AND SCOLICES OBTAINED FROM HAMSTER INTESTINES 21
DAYS AFTER INOCULATION

Number of scolices irradiated

Number of scolices

Pig Number of Taenias with 0.3 kGy irradiated with 0.2 kGy.
1 1,1,3,3 1,1,0,3
2 2,2,5,4 1,0,2,1
3 0,4,0,3 0,0,0,0
4 0,0,0,0 0,0,0,0
5 2,3,0,0 2,2,0,0
6 3,2,2,4 0,1,1,0
7 2,1,2,0 0,1,0,0
8 2,0,2,1 0,1,2,1
9 5,3,1,4 2,1,0,0
10 4,5,4,5 2,1,1,0
11 0,3,1,0 1,1,0,0
12 3,2,3,0 3,2,2,4
Total 97/240 16/140 24/10
% 40.41* 12.90* 24

*Differences were found between the control group and the group irradiated with 0.3 (P =0.01) Wilcoxon range test.

was inoculated with metacestodes radiated with 0.2
kGy. Animals that were inoculated with five non-radi-
ated metacestodes had taenias with an approximate
length of 21 cm and the maximum number of tae-
nias that were obtained from one hamster was five.
Significant differences were found between the con-
trol group and the group radiated with 0.3 kGy (P =
0.015).

Discussion
In this research project the doses of 0.2 kGy and

0.3 kGy were observed to be effective in inhibiting
the development of the parasite from the metaces-

con los irradiados con 0.3 kGy (31.075%) (P = 0.008).
Cuando se compar6 el grupo testigo con los metaces-
todos irradiados con 0.2 kGy, no se encontraron dife-
rencias (P = 0.59).

En los hamsteres que fueron inoculados con meta-
cestodos irradiados con 0.3 kGy y 0.2 kGy , al inspec-
cionar sus intestinos sdlo se encontraron escolices a
los 21 dias posinoculacion (Figura 1). De los que se
inocularon con metacestodos de T. solium sin irradiar,
se recuperaron tenias (Cuadro 2y Figura 2).

En el grupo de radiados, el nimero maximo de
escolices recuperados fue de cuatro en un hams-
ter que fue inoculado con metacestodos irradiados
con 0.2 kGy. En los animales que fueron inoculados

Vet. Méx., 37 (3) 2006 307



Figura 2: Tenias obtenidas del intestino de un
hémster inoculado con metacestodos de T.
solium sin irradiar.

Figure 2: Taenias obtained from the intestine
of a hamster inoculated with non irradiated T.
solium metacestodes.

tode phase to an adult T. solium. Similar results were
obtained with 0.3 kGy dose when the hamsters were
inoculated orally, in comparison with the 0.2 kGy
dose. We must indicate that this similitude in results
derives from the fact that with both irradiation doses
you only obtain scolices. Nevertheless, the number of
scolices that were obtained was higher when the irra-
diation does was 0.2 kGy. It is concluded that a dose of
0.3 kGy has a larger safety margin.

It has been reported that a 0.3 kGy dose is capa-
ble of inducing DNA fragmentation and apoptosis
in scolices obtained 21 days post infection.? Similar
structures were obtained in hamsters that consumed
metacestodes irradiated with 0.2 kGy; therefore, it is
speculated that this dose could cause a similar biologi-
cal effect on the parasite, with the additional advan-
tage of a lower cost of this dose. Nevertheless, for the
time being the 0.3 kGy dose is more reliable.

There are no differences between the metacestodes
that evaginated after being irradiated with 0.2 kGy and
the control group (non irradiated). When comparing
the proportion of evaginated metacestodes irradiated
with 0.3 kGy, it was lower than the control group; nev-
ertheless, the capacity to evaginate was preserved in
vitro. This suggests that perhaps the in vitro evagina-
tion test may not be an adequate criterion to evaluate
viability of irradiated metacestodes.

It is important to take into consideration the fact
that a 0.2 kGy gamma radiation dose has the capac-
ity of controlling other pathogenic agents such as:
Campylobacter jejuni, Listeria monocytogene and E. coli.
Likewise, other animal origin food such as pork and
poultry may be irradiated with a 0.2 kGy dose, without
suffering any organoleptic changes.”** A 7 kGy dose
does not induce organoleptic changes in pork.?% It
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con cinco metacestodos sin irradiar se recuperaron
tenias con longitud méxima aproximada de 21 cm y el
ndimero maximo de tenias recuperadas a partir de un
solo hamster fue de 5. Se encontraron diferencias sig-
nificativas entre el grupo testigo y el grupo irradiado
con 0.3 kGy (P = 0.015).

Discusioén

En el presente trabajo de investigacion se observo que
las dosis de 0.2 kGy y 0.3 kGy son efectivas para inhibir
el desarrollo del parasito de la fase de metacestodo
a T. solium adulta. Con la dosis de 0.3 kGy se obtu-
vieron resultados similares cuando se inocul6 por via
oral a los hamsteres, en comparacion con la dosis de
0.2 kGy. Cabe sefialar que esta similitud en los resul-
tados consiste en que con ambas dosis de radiaciéon
sOlo se obtienen escolices. Sin embargo, el nimero de
escolices obtenidos fue mayor cuando se irradié con
la dosis de 0.2 kGy, se concluye que la dosis de 0.3 kGy
presenta mayor margen de seguridad.

Se ha referido que una dosis de 0.3 kGy es capaz de
inducir fragmentacion de ADN y apoptosis en los esco-
lices obtenidos 21 dias después de la infeccién.?® En
los hamsteres que consumieron metacestodos irradia-
dos con 0.2 kGy, se obtuvieron estructuras similares,
por lo que se especula que esta dosis podria causar
un efecto bioldgico similar en el paréasito, con la ven-
taja adicional de que esta dosis es de costo menor. Sin
embargo, por el momento la dosis de 0.3 kGy es la
mas confiable.

No existen diferencias entre los metacestodos que
evaginaron después de ser irradiados con 0.2 kGy y
el grupo testigo (no irradiados). Al comparar la pro-
porcion de metacestodos evaginados irradiados con



has also been reported that a dose of up to 30 kGy
does not induce changes in nutritional quality of
pork.

In Mexico, the use of radiation technology was
approved by the government and its application is
authorized for meat (chicken, pig, fish), fresh fruits
and vegetables, dry milk and eggs. Therefore, this
technology could be used in rural areas where these
basic products are produced, in order to control path-
ogenic agents that could be in them and thus increase
the product half life.?’

This study confirms that metacestodes irradi-
ated with 0.2 and 0.3 kGy preserve their evaginating
capacity, an observation that had been previously
reported.”> Nevertheless, these irradiated metaces-
todes, even though they evaginate, loose the capacity
to transform into an adult parasite, even though the
scolices adhere to the intestinal wall.

The in vitro evagination results of this study,
when compared to those obtained in metacestodes
irradiated with 7 kGy, made evident the capacity of
this dose to completely inhibit evagination and the
development of the parasite in hamsters,? taking
into account another previous study where the in vitro
effect of irradiation on evagination was evaluated with
0.5 kGy and 0.7 kGy dose where it was reported that
there were no differences between the evagination
percentages that were obtained in the control group
and the irradiated ones for the 0.7 dose. Nevertheless,
when the 0.5 kGy dose was used, the evagination per-
centages were 74 for irradiated ones and 82 points for
the control group.? Differences obtained between in
vitro evagination values may be attributed to certain
factors such as the radiation that was used, handling
of metacestodes in different experiments and degree
of affectation that the immune response of the pig
may cause.

A germinal tissue zone has been described in the
region of the neck of in vitro evaginated metacestodes
using the incorporation of thymidine and autoradi-
ography technique. The cells of this group have large
prominent nuclei, abundant ribosomes; the authors
propose that this cell type proliferates, differentiates
and migrates to the tegument,? for which they could
be more susceptible to irradiation damage.

At this time, it is known that gamma radiation
affects the biological systems through two tracks, the
direct one that are the effects caused by the interac-
tion between DNA and radiation,?® and the indirect
track that is a consequence of the interaction of DNA
with free radicals that are formed during the irradia-
tion process,”** both may harm DNA and the magni-
tude of the damage shall be related to the radiation
dose that is used.

In conclusion, taking into account the results, it

0.3 kGy, ésta fue menor que la del grupo testigo; sin
embargo, se conservl la capacidad de evaginar in
vitro. Esto sugiere que quizé la prueba de evaginacion
in vitro no sea un criterio adecuado para evaluar la
viabilidad de los metacestodos irradiados.

Es importante considerar que una dosis de radia-
cion gamma de 0.2 kGy posee la capacidad de con-
trolar otros agentes patdgenos, como Campylobacter
jejuni, Listeria monocytogenes, E. coli. Asimismo, otros
alimentos de origen animal, como la carne de cerdo
y pavo, pueden ser irradiados con la dosis de 0.2 kGy,
sin presentar cambios organolépticos.’*®® Una dosis
de 7 kGy no induce cambios organolépticos en carne
de cerdo.?*? También se ha referido que una dosis de
hasta 30 kGy no induce cambios en la calidad nutri-
tiva de la carne de cerdo.

En México, el uso de la tecnologia de irradiacion
fue aprobado por el gobierno y se autoriza su aplica-
cion en carnes (pollo, cerdo y pescado), frutas frescas
y vegetales, leche en polvo y huevo. Por ello, esta tec-
nologia podria emplearse en areas rurales donde se
producen estos insumos, con el fin de controlar agen-
tes patégenos en ellos e incrementar la vida media del
producto.?’

En este estudio se confirma que los metacestodos
irradiados con 0.2 y 0.3 kGy conservan su capacidad
para evaginar, una observacién que anteriormente
habia sido documentada.? Sin embargo, estos meta-
cestodos irradiados, aunque evaginan, pierden su
capacidad de transformarse en el paréasito adulto, a
pesar de que los escolices se adhieran a la pared intes-
tinal.

Los resultados de la evaginacion in vitro de este
estudio, al ser comparados con los obtenidos de meta-
cestodos irradiados con 7 kGy, evidenciaron la capaci-
dad que esta dosis posee para inhibir completamente
la evaginacion y el desarrollo del paréasito en hamste-
res, al tomar en cuenta otro estudio previo en el cual
se valoré el efecto de la radiacién en la evaginacién in
vitro con dosis de 0.5 kGy y 0.7 kGy se refiere que no
existieron diferencias entre los porcentajes de evagi-
nacién obtenidos en el grupo testigo y los irradiados,
para el caso de la dosis de 0.7; sin embargo, cuando se
empled la dosis de 0.5 kGy, los porcentajes de evagina-
cion fueron de 74 para los irradiados y 82 puntos para
el grupo testigo,?? las diferencias obtenidas entre los
valores de evaginacion in vitro pueden ser atribuidas
a algunos factores como dosis de radiacion empleada,
manejo de los metacestodos en distintos experimen-
tos y grado de afectaciéon que la respuesta inmunol6-
gica del cerdo pudiera provocar.

En los metacestodos evaginados in vitro se ha des-
crito una zona de tejido germinal en la region del
cuello, empleando la técnica de autorradiografia e
incorporacion de timidina. Este grupo de células tiene
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is proposed that a 0.3 KGy dose is useful to avoid
the development of the T. solium metacestode into an
adult parasite. Also, it is recommended not to substi-
tute the 0.3 dose by the 0.2 kGy dose, since the 0.3
kGy dose has a significant effect on the T. solium met-
acestode viability, as well as in the inoculation, and
this represents a higher safety if the meat is going
to be consumed. It is pertinent to use the radiation
technology in combination with other methods, such
as sanitary inspection and basic hygiene practices.
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