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INTRODUCT ION

There is little doubt that the host-parasite relationship
constitutes one of the most intricate and diversified of all animal
associations. The ideal relationship supposedly results in a mutual
tolefance, a homeostatic, dynamic equilibrium in which the parasite
depends upon the host and lives at its expense. The parasite usually
harms the host by depriving it of some essential component, by tissue
damage, or by producing some toxic substances.

Because of the intricate association between the host and para-
site, subjection of the host to a rapid environmental change could
reflect on the parasite. Subjection of the host to large doses of
ioni;ing radiation produces a momentary change in the external
environment and a more pronounced change in the internal environ-
ment. The parasite must adapt itself to these changes or perish.

Studies concerning the effects of radiation on cestodes have
been conducted by relatively few researchers. Tapeworms are
especially suited for radiation research because they are homonomous,
being comprised of a series of similar units, the proglottids. Each
proglottid contains tissues sensitive to radiation such as germinal
tissue. The foremost problem in radiation studies of tapeworms has
been the determination or establishment of basic criteria for comparing
radiation induced variations. Most studies have been based on
morphological changes rather than physiological changes which are

difficult to ascertain because of the necessity of examining a large



number of worms. Another problem in radiation studies is the
difference in sensitivity between host and parasite. The range of
radiation doses must produce effects on both the host and parasite
yet not be lethal to one or the other. Usually the adult parasite
is more radioresistant than the host and sublethal doses for the
host produce no noticeable effects in the parasite. Therefore, most
studies concerning the effects of radiation on cestodes have been
conducted in vitro with the host and its parasite treated as separate
entities.

The objectives of this study were, 1) to determine whether
parasitized hosts are more susceptible to ionizing radiation than
are non-parasitized ones and 2) to develop a radiographic technique

for determining the degree of infection of Tribolium confusum with

cysticercoids of Raillietina cesticll]us.

REVIEW OF LITERATURE

The first studies concerning the effects of radiation on
cestodes were conducted by Palais in 1933, She tried to induce

abnormalities in adult Hymenolepis diminuta by exposing the eggs to

X-rays and ultraviolet radiation. The strobilae were studied for
morphological variations such as lateral and axial reversals of
polarity, sterility of proglottids, etc. The amount of radiation
employed by Palais was difficult to interpret. She was unsuccessful
in showing any significant difference in the number of morphological

variations between the irradiated worms and controls. The consensus



is that she employed insufficient doses of radiation to induce
abnormalities. Kisner (1957) exposed rats infected with Hymenolepis
diminuta to 120-720 R of gamma radiation from cobalt-60. He, too,
was unsuccessful in showing any significant difference in the number
of anomalies occurring in the irradiated and control tapeworms. |t
is now known that both Palais (1933) and Kisner (1957) employed
insufficient doses of radiation to induce abnormalities in the worms.
Schiller (1957, 1959) used larger doses of radiation and was able to
increase the number of abnormalities. He irradiated the eggs of

Hymenolepis nana with doses of from 5000 to 40,000 R. The cysti-

cercoids developing from irradiated eggs were malformed, poorly
developed, and not viable. Eggs receiving 30,000 R or more failed

to develop into adult worms. Worms which developed from eggs exposed
to sublethal doses of radiation showad a significantly higher number
of anomalies than the unirradiated controls. He also showed that

the frequency of these anomalies was directly proportional to the
dose of radiation employed and that the progeny of worms previously
exposed to X-irradiation shoﬁed a greater number of anomalies than
normal worms.

Kuhlman (1961) exposed Tribolium confusum larvae infected with

cysticercoids of Hymenolepis microstoma to 2000, 10,000, 15,000,

20,000, 25,000, 30,000, 40,000 and 50,000 R of gamma radiation,
respectively. Cysticercoids which received 20,000 R or more did
not develop into adult worms. Among worms that developed after

receiving less than 20,000 R the number of anomalies (abnormal testes



development, abnormal cirrus pouch, sterility, and abnormal segmenta-
tion) increased as the radiation dose increased. Eggs of this cestode
exposed to 10,000 and 15,000 R showed no significant difference in

the number of anomalies occurring in adult worms developed from them.
He attributed this lack of effect to the cestodes' being recovered
from mice after they had fully matured and had shed a number of
proglottids. He suggested that all adult worms be collected before
terminal proglottids are lost. Job et al. (1963) studied the effects

of cobalt-60 gamma radiation on the cestode Hymenolepis diminuta over

several generations. They began this study in 1958 by exposing
cysticercoids of this worm (in vitro) to 15,000 R and then feeding
them to rats via stomach tube. Gravid proglottids containing oncos~

pheres were fed to Tribolium confusum, allowed to mature, then again

irradiated (ig ELEEQ) with 15,000 R of gamma radiation before feeding
to rats. This procedure was continued through 10 generations, thus

a total of 150,000 R was given. Generations of worms exposed to a
total of 60,000 R and 120,000 R, respectively, were examined to
&etermine whether morphological variations were increased or diminished
by exposure to cumulative radiation. Contrary to what might be ex-
pected, they found fewer morphological variations in these two groups
than they did in the controls. Actually they found a reduction In
the number of abnormalities in these irradiated groups. They attri-
buted these incongruous results to mean that a selective factor was
operating each generation to counteract the disruptive effect of

radiation. This factor operated as a selective screen by being



interposed between each irradiated group and its descendants, the
viability of those select descendants being 1inked somehow with
normal morphogenesis and the absence of anomalies. Even though the
irradiated worms showed fewer morphological variations than the non-
irradiated, they showed some deviations from the norm by having a
retarded growth rate and abnormally large gravid proglottids.

Jones and Dvorak (1963b) described an abnormal cestode from
the eighth generation (105,000 R) of tapeworms from Job's experiment
of 1963. This worm was so different from the parent species that the
authors thought it should merit separate taxonomic consideration. The
worm was small and delicate, and about 80% of the oncospheres showed
a preponderance of two rather than six hooks.

A preliminary investigation concerning the effects of radiation
on cestode oncospheres was conducted by Jones (1963). Oncospheres
from irradiated cestodes developed adults having frequently small or
undeveloped eggs or eggs having oncospheres with less than six hooks
or were abnormally large and hookless. The work had only limited
significance since he studied only two specimens, but it did show a
measurable difference presumably related to radiation.

Brannon (1961) irradiated larval Hymenolepis microstoma in

Tribolium confusum in order to study the direct effects of gamma

radiation on this cestode. After irradiation he dissected out the
cysticercoids, induced them to excyst, then cultured them in a modi-
fied Tyrodes' solution at 36.5°C to which antibiotics had been added.

In order to compare in vivo results with in vitro results he fed some




of the irradiated larvae to mice via stomach tube. Approximately 90%
of these (both the irradiated and unirradiated cysticercoids) excysted
and appeared to move normally. He concluded that failure to excyst
could not be used as a measure of radiation damage.

Villella, Gould and Gomberg (1960) conducted a study on the
effects of cobalt-60 and X-rays on the infectivity of cysticercoids.

of Hymenolepis diminuta. They exposed cysticercoids of this cestode

in saline to various doses of cobalt-60 and X-rays of various energies
(245 KV., 120 Kv., and 80 Kv.). Doses of from 5000 to 30,000 Rep
cobalt-60 gamma radiation were applied to cysticercoids. Fifteen
irradiated cysticercoids were fed by pipette to white rats. Controls
for each experiment consisted of 2 or 3 rats fed no cysticercoids and
of 1 to 6 rats, each fed non-irradiated cysticercoids. A dose of
12,000 Rep cobalt-60 or 12,000 R X-ray prevented most cysticercoids
from developing to tapeworms and the few tapeworms that did develop
were stunted or sexually sterile. Doses of 15,000 Rep cobalt-60 or
15,000 R X-ray generally prevented cysticercoids from developing

into adult tapeworms.

Radiation induced chromosomal aberrations in Hymenolepis diminuta

were studied by Kisner (1961). The most prominent effect was the
production of extremely long chromosomes which occurred in early
cleavage stages of the irradiated worms. He attributed the long
chromosomes to the fusion of chromatids after chromosome breakage.
Other aberrations observed were stickiness (a radiation effect whereby

the chromosomes fail to separate easily at anaphase), fragmentation

*Rep - roentgen equivalent physical - that amount of any radiation
which results in the deposition of 93 ergs/gram of soft tissue.



(small pieces of chromosomes), and abnormal chromosomal complements.
A dose of 5000 R resulted in 45% of the irradiated worms displaying
such aberrations. The only aberration encountered in the controls was
an occasional aneuploidy.

Tan and Jones (1966) exposed 7-day-old specimens of Hymenolepis

microstoma in vitro to 2500, 5000, and 7500 R X-rays, respectively.

These were transplanted into mice as were non-irradiated controls.
The hosts were sacrificed at intervals of 2, 4, 6, 8, and 32 days,
respectively, and worms removed for morphological studies. These
studies ware performed only on the 8-day and 32-day post-transplanta-
tion groups and suggested that the neck region of tapeworms is highly
radioresistant, while newly forming proglottids and the existing
strobilae are more radiosensitive. They reported that this radio-
sensftivity where proglottids are developing is evidenced by organ
abnormality, e.g., number and position of testes, fusion of cirrus
pouches, incomplete segmentation and sterility. They found that the
damage, or abnormalities, was directly proportional to dose, and
apparently complete recovery occurs by the thirty-second day after
initial exposure.

Tan and Jones (1967) exposed 7-day-old specimens of Hymenolepis

microstoma in vitro to 40,000 and 20,000 R, X-rays and then implanted

these worms into mice. At intervals of 8 and 20 days post-implantation
they fed the infected mice (infected with previously irradiated worms)
with 5 cysticercoids to the group which had received worms irradiated

with 40,000 R and 10 cysticercoids to the mice which had received



worms exposed to 20,000 R. Worms exposed iﬁ vitro to LO,000 R did
not grow very well and within 18 days were all dead. But secondary
infection‘rates were the same as those in the controls. Different
results were obtained from the worms exposed to 20,000 R. Although
these worms also passed out of the host, secondary infection fates
were below 20% as compared with 80% in the controls. They also state
that the growth of these challenge worms was greatly inhibited. They

concluded that acquired resistance to Hymenolepis microstoma depends

upon metabolic activity of the immunizing worms. Thus 40,000 R
radiation apparently had little effect.

In 1968 Tan and Jones exposed 7-day-old worms (H. microstoma)
in vitro to 20,000 R X-rays and then implanted 10 worms per host
into the duodenum of mice. Mice that received these lethally
irradiated worms were challenged with cysticercoids &, 50, 100, and
150 days after inoculation. The challenge worms were removed after
10 days, counted, and measured. Worms in immunized mice were signi~
ficantly fewer and shorter than in controls. This Inhibitory response
arose between 8 and 50 days after immunization, and began to decline
between 100 and 150 days.

Fairbairn et al. (1961) conducted in vitro metabolic studies on

irradiated and normal strains of Hymenolepis diminuta. The irradiated

strain was described by Schiller (1961) and morphologic anomalies had
persisted for seven generations. The metabolic characteristics of
this strain were compared with those of the normal strain from which
it was derived. They were unable to find any biochemical differences

between normal and irradiated strains of this species.



In the following review of literature pertinent studies are
cited concerning the effects of radiation on the intermediate host,

Tribolium confusum.

Banham andCrook (1966) studied the susceptibility of Tribolium
confusum to gamma radiation. They studied all developmental stages,
viz. egqg, larvae, pupae, and adult. Radiation was from a cobalt-60
source at a dose rate of 4000 Rads/hr. (1.11 Rads/sec.). They found
that exposure of the eggs to doses of 1200 and 4500 Rads induced 50%
and 99.9% reduction, respectively, in the numbers of emerging adults.
In order to attain the same percentages of reduction in numbers of
larvae and pupae reaching adulthood, doses of 3400 and 5300 Rads and
7500 and 14,500 Rads were needed, respectively. It required 9400 Rads
to kill 50% of the adults and 12,800 to kill 99.9% of them. The doses
required to kill 50% and 99.9% of the adults were somewhat higher than
the doses required to produce the same effects in the present s tudy.

Jefferies and Banham (1966) tested the effect of dose rate on

the response of Tribolium confusum, Oryzaephilus surinamensis, and

Sitophilus granarius to cobalt-60 gamma radiation. A dose rate

within the range 1500 to 4700 Rads/hr. modified the lethal response
of the three insect pests of stored products to gamma irradiation.
They found that the higher dose rates induced greater mortality and

provided a lower LD

50°
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MATERIALS AND METHODS

Invertebrate Host, Tribolium confusum DuVal

The selection of this invertebrate host was based on the following
criteria: {1) the beetles are easy to obtain, (2) easy to rear, (3)
require an uncomplicated diet, (4) have a high rate of reproduction,
(5) short life cycle, (6) long life span, (7) susceptible to cysti-

cercoids of Raillietina cesticillus, (8) extensive studies have been

done on them concerning the effects of radiation, and (9) stock cul-
tures are easily maintained in the laboratory.

The beetles were maintained in an insect rearing room under
constant environmental conditions at a temperature of 3005 and a
relative humidity of 65-70%. They were fed preconditioned wheat
shorts (sifted through an 80-mesh screen) to which was added powdered
Brewer's yeast (1.5 grams of yeast per 50 grams of feed).

The beetles selected for the experiments were from 3-5 months
old. Selection of this -age group was based on the fact that
Raychaudhuri and Butz (1965) reported that 5-23 week-old beetles
were considered middle aged, thus individuals were selected in an

effort to maintain as many parameters as constant as possible.
Life Cycle

This beetle was described by Jacquelin Duval in 1858. Life
cycle studies have been published by several workers (Chapman, 1918,
Brindley, 1930, Holdaway, 1932, Good, 1933, and Park, 1934). The

adult T. confusum is a shiny, brownish-red organism measuring 3.47 mm.
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in length by 1.07 mm. in width (Good, 1933). The female lays about
450 eggs in her lifetime which hatch into small larvae that undergo
several moults over a 23-day period before pupation (Good, 1933).

The pupal period is approximately 9 days. The total length of the
life cycle from the egg to adult under laboratory conditions of BDOC
and 70% relative humidity is about 31 days (Good, 1933). Park (1934)
reported that the majority of individuals which successfully emerge

and meet with no accidents live at least six months.

Tapeworm, Raillietina cesticillus (Molin, 1858)

This tapeworm of chickens was selected because (1) previous work
on other aspects using this organism has been conducted at Kansas State
University and stock infections were available, (2) the life cycle of
this organism is well known and can easily be maintained in laboratory
animals,‘(S) a large amount of research concerning the effects of
radiation on other closely related cyclophyllidean cestqdes has been
reported in the literature, and (4) the size of the adult and cyst

stages of this parasite permit morphological investigation.
Life Cycle

This tapeworm is a common parasite of chickens but has beén
reported from turkeys and guinea fowls. Its length is between 70 and
90 mm., sometimes reaching 130 mm. Maximum wi&th is 1.5 to 90 mm.
with the anterior proglottids 3 to 6 times as broad as long with the
following ones increasing in size until the length exceeds the width

(Ackert, 1918). It is cosmopolitan in distribution.
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Various beetles are the only organisms now recognized as inter-
mediate hosts for this tapeworm. In a preliminary note, Ackert (1918)

incriminated the housefly (Musca domestica) as an intermediate host

after having fed several hundred houseflies to chickens reared in
confinement. He did not demonstrate the cysticercoid stage in the
housefly. Later experiments (Guberlet, 1916 a and b; Joyeux, 1920;
- Zimmerman, 1930; Wetzel, 1933; Reid, Ackert and Case, 1938; and
unpublished, Enigk, 1959) were all unsuccessful in incriminating
this dipteran as an intermediate host.

Ten families of beetles representing over 100 species may act as
intermediate hosts for this cestode (Reid, 1962). The cysticercoids
normally occupy the hemocoel of the abdominal region but in heavy
infections are commonly found in the thoracic region. The beetles
becomz infected by ingesting gravid proglottids containing eggs.

The oncospheres hatch, penetrate the gut wall, and develop into
infective cysticercoids. A detailed description of penetration of

the gut wall by the oncospheres and development of the cysticercoids
in the intermediate host is given by Schiller, 1959; Reid, 1946, 1948;
Silvermann and Maneely, 1955; and Ogren, 1955.

Depending on temperature the minimum time for development of the
oncospheres into infective cysticercoids is 14 days (Reid, 1962).
When the infected beetles are ingested by chickens, the cysticercoids
are liberated from the hemocoel, attach to the small intestine, and
develop. Reid, Ackert and Case (1938) found that the minimal time

required for the production of gravid proglottids from cysticercoids
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in White Leghorn chicks was 13 days. The total length of the life
cycle of R. cesticillus from egg to egg under laboratory conditions

is 27 days (Reid, 1962).
Laboratory Maintenance

Stock infections of R. cesticillus to infect beetles were main-
tained in chickens in the laboratory. Gravid proglottids were removed
from chicken feces with a spatula and placed in 0.85% saline. After
a large number of proglottids had been collected they were further
separated from adhering fecal debris by a flotation method developed
in our laboratory. The saline containing the proglottids was poured
onto an 80 mesh screen and washed with tap water. The contents were

then added to a 1000 ml test tube. Ninety ml of NaNO, (specific

4
gravify 1.43) was poured into the tube and tap water was added until

the total volume was 1000 ml. A hand was placed over the mouth of

the tube and it was shaken and inverted vigorously several times in
order to facilitate'mix?ng. The tube was placed in a rack and not
disturbed. The proglottids floated to the top of the tube, whereas,
most debris remained in the middle and bottom portions. The proglottids
were poured off into a beaker of water and rinsed with fresh water

three times in order to remove excess NaNDS. Using a pipette the

clean proglottids were added to a vial containing 0.85% physiological

saline and stored at QOC until needed.
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infection of the Invertebrate Host

Beetles infected with cysticercoids were obtained in the following
manher. The beetles were screened from their culture medium and placed
in an insect rearing room where they were starved for three days. Fresh
proglottids were removed from vials with a pipette and transferred to
round-bottomed glass dishes (2 cm. in diameter). Excess saline was
removed with a pipette. Proglottids were evenly dispersed around the
dish in groups of 3 or 4 and sprinkled with a little feed in order to
absorb excess saline and help attract the beetles.

Approximately 100 starved beetles were added to each dish. The
dishes containing the proglottids and starved beetles were returned to
the insect rearing room. The beetles consumed the proglottids and feed
within 12 hours. After the first feeding the beetles were again starved
for two or three days and the procedure repeated. In some instances
involving large populations of beetles they were offered a third feed-
ing. After the final feeding the beetles were placed in pre-conditioned
wheat shorts and returned to the insect rearing room to permit the

development of cysticercoids in 12 to 14 days.
Degree of Infection with Cysticercoids

| After allowing a minimum of 16 days (after the initial feeding)
for the cysticercoids to mature, the infected beetles were removed
from feed by screening. Using forceps the beetles were grasped at the
thorax and crushed. They were then placed in a drop of saline on a

slide and examined with a zoom~binocular microscope.



15

The head was severed at the cephalothoracic junction with the
aid of two teasing needles. Then the elytra were removed and the
alimentary tract was removed by placing one needle into the area of
the anus and pulling. The cysticercoids which were free in the
hemocoeal were freed onto the slide, were isolated from the alimentary
debris and segregated into one place on the slide. Next, using the
sharp-pointed dissecting needles, the alimentary tract-free abdomen
and thorax were completely macerated. Cysticercoids were not damaged
by this technique and if present would becoﬁe visible after maceration
of the tissue. O0ften in highly infected beetles, cysticercoids would
be found adhering to the muscles of the thorax.

Twenty-five beetles were randomly selected from the population
and examined in this fashion. From this the percentage infection of
the entire population was estimated. For example, in one population
of beetles exposed to tapeworm eggs by the aforementioned method, 100%
infection was obtained. The numbers of cysticercoids per beetle

ranged from 2 to 58 with an average of 17.
Transport to Radiation Source

To help maintain environmental conditions as constant as possible
the beetles were transported from the insect rearing room to the
radiation source by placing them in glass dishes with covers. These
dishes were placed in a styrofoam container and placed in the insect
rearing room several hours in order for them to attain the temperature

of the rearing room. The above precautions were taken because other
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workers reported that changes in environmental conditions prior to or

after irradiation may be detrimental.
Radiation Unit

Gamma irradiations were administered in the Gamma-cell~220 in
the Department of Nuclear Engineering at Kansas State University. It
is ideal for radiation studies because it is very easy to work with
and delivers a large amount of radiation in a short time.

An electrically controlled and timed chamber moves in or out of
the radiation field according to the amount of radiation the operator

> Rads/hr. of

desires. The cobalt-60 source was producing 3.27 x 10
gamma-radiation on March 16, 1965. Knowing this and the disintegration
rate of cobalt-60 it was possible to calculate the dose at any given

time. For gamma and X-rays, | Rad equals 1 Roentgen.
Irradiation of the Invertebrate Host

At the radiation soﬁrce the dishes containing the beetles wefe
removed from the styrofoam container and placed in the portable chamber
of the radiation unit. Corrections were made to make sure that the
dishes would Ee in the field of maximum flux, also time for descent
and ascent of the chamber into and out of the flux field was taken
into consideration. It was calculated that it took a total of 7
seconds for the chamber to descend and ascend from the flux so that
corrections in exposure time could be made. Immediately after the

desired dose had been delivered the beetles were returned to the
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styrofoam container and returned to the laboratory where fresh feed
was added to each dish.
Experiment )
Survival of Beetles Subsequent to Irradiation

This experiment used 3 to E-month-old beetles and a radiation dose
rate of 60 R/sec. Cultures of 50 beetles per group were exposed to 0,
4000, 5000, 6000, 7000, 8000, 9000, 10,000, 15,000, 17,000, 19,000,
and 22,000 R of gamma radiation, respectively. Each week for 4 weeks
after the initial exposures the cultures were examined and the number
of surviving beetles determined.

Experiment 2
Effects of Radiation on Parasitized
and Non-parasitized Beetles

The purpose of this experiment was to determine whether beetles
which are parasitized with cysticercoids of R. cesticillus are more
susceptible to gamma radiation than non-parasitized beetles. There
were three replications of the experiment, with only slight differ-
ences existing in dose rate and age of the beetles.

A population of T. confusum of known age was divided into two
groups; one group was fed cysticercoids of R. cesticillus, the other
group received only feed. After 16 days of incubation the infected
group and uninfected group were subdivided. The infected and un-
infected groups were divided into 7 subgroups of 50 beetles each.

Six subgroups from each of the infected and non-infected groups were

irradiated with 4000, 5000, 6000, 7000, 8000, and 9000 R, respectively.
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One subgroup from each of the subcultures was maintained as a control
non-irradiated groups. After irradiation all groups were maintained
under usual conditions in the rearing room. Each week for 5 weeks
the cultures were examined and the percentage of surviving beaetles
determined. The experimental design is given in Table I.
Experiment 3
Development of Raillietina cesticillus after
Exposure of the Cysticercoid in

Tribolium confusum to
Gamma Radiation

This experiment was a continuation of the previous one and
conducted primarily to determine the effects of cobalt-60 gamma
radiation on the development of R. cesticillus after exposure of the
cysticercoids in T. confusum to 4000, 5000, 6000, 7000, 8000, and
9000 R, respectively.

A cﬁlture of infected beetles was examined as described above
and the degree of infection determined. In this culture each beetle
harbored on the average about 4.3 cysticercoids. The beetles were
divided into 7 groups of 9 beetles each, placed in 2-cm round-bottomed
dishes, and exposed to 0, 4000, 5000, 6000, 7000, 8000, and 9000 R,
respectively.

Immediately after exposure the infected-irradiated beetles were
placed in gelatin capsules (No. 1) and fed to chickens via stomach tube.
Each chicken received approximately 39 cysticercoids. Eleven days after
exposure the chickens were necropsied and the tapeworms recovered.

Relaxation of the worms was accomplished by refrigerating overnight
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TABLE |
'Des?gn of Experiment 2

ORIGINAL CULTURE OF TRIBOLIUM CONFUSUM
(3 months old)

(Divided into two subcultures)

SUBCULTURE A SUBCULTURE B
(Fed proglottids of
R. cesticillus} (Feed only)
INFECTED BEETLES UNINFECTED BEETLES
I [
(Divided into 7 sub- (Divided into 7 sub-
groups of 50 beetles _ groups of 50 beetles
per group and irradiated) per group and irradiated)
Subgroup Subgroup
1 -~0R 1 -0R
2-4000 R 2-4000 R
3-5000 R 3-5000 R
L-6000 R L-6000 R
5-7000 R 5-7000 R
6-8000 R 6-8000 R
7-9000 R 7-9000 R
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in tap water before they were killed in distilled water at 75°¢C. They
were fixed in hot alcohol-formalin-acetic acid (A.F.A.) and stained
with either Harris' haematoxylin or Semichon's acetocarmine.
Experiment 4
Radiographic Techniques for Determanlng
Presence of Cysticercoids

Radiography was used as a possible means for determining the
presence of cysticercoids in beetles. Five groups of beetles studied
were live-infected, live-uninfected, dead-infected, dead-uninfected,
and uninfected-starved. These groups were placed in a specially
constructed X-ray grid and X-ray negatives were made in a General
Electric X-Ray Grain Inspection Unit (rating-25 kv- at 5 ma-continuous;
Line supply 100 to 130 volts, 60 cycle, single phase; line current
2.0 to 2.5 amperes; power consumption 150 watts; power factor 0.6).
Photographic negatives were made on two different types of X-ray film;
Kodak Industrial X-Ray Film, Blue Tinted Type R, and Kodak Type M-14,
both with ultra fine grain, high contrast, for either direct exposure
or use with a lead screen. The negatives were developed in Kodak
Liquid X-ray Developer and Replenisher, washed in water and dried.
The exposure times as well as developing times were variablé and are

discussed later. Enlarged photographs were used to make 35 mm. slides.
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RESULTS

Experiment 1
The Effects of Co-60 Gamma Radiation on
the Survival of Tribolium confusum

This experiment showed the response of Tribolium confusum to

gamma radiation from a cobalt-60 source at a dose rate of 60 R/sec.
(216,000 R/hr.), over a four week period. Beetles were uninfected

and exposed to doses of 4000, 5000, 6000, 7000, 8000, 9000, 10,000,
15,000, 17,000, 19,000, and 22,000 R, respectively. From Table Il it
can be seen that one week after initial exposure of the beetles to
radiation that most of them survived (Figure 1, Graph A). Two weeks
post-irradiation beetles exposed to more than 5000 R began to exhibit
more marked responses (Figure 1, Graph B}. A statistical analysis
revealed that an inverse relationship existed between per cent survival
and dose (r = 0.99). At the end of three and four weeks post-irradiation
doses at 9000 R or more were lethal (Figure 1, Graphs C and D). An
dose determined from the two week post-irradiation data was

LDSO
6340 R (Figure 1, Graph B).

" Experiment 2
Effects of Radiation on the Survival of
Parasitized and Non-parasitized Beetles
The results of exposing infected and uninfected beetles to various

doses of radiation are given in Tables IIl and 1V. There were three

replications of the experiment.



*295/Y Q9 = 91BJ BSOpP UOIJBIpEYs

22

0 0 € 001 000°2Z 09 zZl
0 0 £ 001 000°61 05 Ll
0 0 S 0ol 000°L1 09 ol
0 0 L 001 000°G1 0S§ 6
0 0 H 0ol 000‘0l 0 8
0 0 9 86 0006 08 L
91 8l 0¢ 00l 0008 0% 9
0z A4 r43 00l 000/ . 05 S
[AA L 8L A 0009 09 Uj
46 96 96 001 0009 05 €
96 96 001 001 0004 05 Z
001 001 001 001 0 08 {
Ul ¢ Z l
uorjeipeda] -3sod s>aam ) (4) $9[3198%q 24n31 (N9
$@1199q buiaiAans jo abejusdasy _s9soq 40 Jagqunp

-

WNSNJUO0D WN| [Oql4] JO |[BAIAJNS
SY} uo uolle)pey euwey (9-3|BqO) JO $399343 YL

11 378vl



23



a ydeay

il

uojjejped-isod syooMm 4
uorjlejpea-1saod sysam ¢ 3 ydeay
uclielped-3sod syeom 7 = ¢ ydeay

uolleiped-3sod yoam | = vy ydeun

Il

|

*| juswiladx] fpoiaad
}@8M-1No) B 10AC WNSNJUOD WA [Oqld] JO [RALAINS
2yl uo sobesop uolieiped SNOJJRA JO $32944]

1 *914 40 NOILYNYIdX3



,nlﬂ

arpae

GRAPH B

P

(6340 R)
t.,,‘_l_“,_,....--—--""""'"""v--......,,..............

o

] L

s

LD

I

'

i

1

]

saysat!
wynsnset et

et
L

16 18 20 22

T
14

]
12
DOSE IN ROENTGENS X 1000

L]
10

8

=0

i

=N

'| 00 - ‘.._-"m.-.-lq"‘..

GRAPH A

L] L L§

R 8 &

L]
R <
TVAIAYNS INID ¥3d

204

(3]

T
14

12
DOSE IN ROENTGENS X 1000

T
10

8

=0

-t

= CN

100 gm0 a0

0=

=<

TVAIAENS 1N3D ¥3d

24

GRAPH D

i i

f“““ e

L} L] L] L L] L)
10 12 14 16 18 20 22
DOSE IN ROENTGENS X 1000

8

-~

= N

100 = "-'"""--n..

TVAIAYNS 1N3ID ¥3d

GRAPH C

L
Qﬂnu--t“lnunuluu-uu-lnn o
st
o
santer
’\W

L 1 T
18 20 22

- L L]
12 14 16
DOSE IN ROENTGENS X 1000

T
10

- o

=~

= N

<

TVAIAENS LN3D ¥3d

100+



25

0 0 0 0o o 0 9 £ 86 96 0006
8 o h 8 ki 6 i L1 9 66 96 0008
i g (44 9z 14 9¢ L€ 9 66 86 0004
A 99 1L L9 1L L9 9L 0L 66 L6 0009
6 68 96 06 926 16 96 , 96 66 001 0005
96 L6 56 L6 96 L6 66 66 ool 001 000%
86 86 L6 66 86 ool 66 001 001 001 0
J8uun 29jU| a9luluf J94U] J94uiUN 294U sa4uun 294U | 23U lUn 294U | (d)
5 i £ Z 1 uoilelpey
uotyelpeddi-3sod s>aoM 1o @s0q

sjusw)ladxa oMl u| s2[3123q DbujAlAINS jo sbejusodad sbeasay

PO syjuow ¢ s3[399q “29s/Y '[9 d3ed 8s0(
$9)199q pozl3iseded-uou pue pazillseded uo uojle|ped JO S129)43

11 3iavl



26

0 0 0 0 0 0 S z L6 €6 0006
6 L 6 | 6 4 1 3 96 6 0008
71 £ 1 ¢ 1 9 1 ol 001 L6 000.
=74 £9 sl 79 74 9 LL 99 00l L6 0009
86 98 86 (8 86 06 86 €6 001 001 0005
86 L6 L6 001 86 001 66 00l 001 001 0004
86 L6 86 L6 66 66 001 001 001 001 0
221U iun 29]1u| S94Uuf EEFI J9]uluf FETIT o9jUIuf J9]uU| EEITET 29JU| ()
s 1 ¢ 4 L uoiieipey
uorleipedt)-3sod sMaom o @sog

Sjusuw;Jadxe oM] ul se|}eag BujAlAINS Jo obejuadaad abedsAy

PO Syjuow § s$9)399q ‘29s/Y €°/9 ®1ed aso(
so|3199q pez|3}isesed-uou pue pozlijseded uo uolle|ped JO SI1De9443

Al 3dvl



27

Examination of the tables indicates that there was a delayed
response to radiation. The most pronounced reduction in the percentage
of surviving beetles was between the lst and 2nd weeks and then stabilized
at three, four and five weeks post-irradiation (Fig. 3). In most cases,
particularly at the higher dosage levels, the infected b;eties were more
susceptible as indicated by their lower percentage of survival (Tables
Ill and 1V). As in experiment 1, at the end of three weeks post-irradiation
doses of 9000 R or more were lethal.

Results of statistical analysis of the combined data from this experi-
ment (Tables |1l and IV) at each week of the five-week experimentation
period are shown in the analysis of variance Tables V-IX. Examination
of the statistical data in Tables V and VI for the first and second week
post-irradiation indicates that survival of the infected beeties was
significantly less than the survival of the uninfected beetles. The
level of irradiation had significantly conditiéned the survival of the
beetles in that as dosage increased survival rate decreased. At three,
four and five weeks post-irradiation the survival of the infected beetles
was still significantly less than that among the uninfected beetles.

Again the dosage of irradiation conditioned the survival rate in that
there was a inverse linear relationship between survival and dosage.

The percentage of surviving beetles in the infected-irradiated
cultures was usually less than that of the uninfected-irradiated
cultures (Fig. 2). Whereas the infected beetles were shown to be
more susceptible to radiation than the uninfected, the statistical
analysis showed a parallel decline in percentage survival between the

two groups (Tables V-1X, Fig. 2).
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EXPLANATION OF FIGURE 3

Effects of time post-irradiation on
survival of infected beetles.
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_ . Experiment 3 _
Development of Raillietina cesticillus after
Exposure of their Cysticercoids in
Tribolium confusum to
Gamma Radiation

Exposure of cysticercoids of R. cesticillus in T. confusum to
gamma radiation at doses of from 4000 to 9000 R produced variable
results with reference to the development_of adult worms (Table X).
Statistical examination of the data from Table X indicated that no
correlation existed between radiation dose and number of cysticercoids
developing to adults (r = 0.15). By means of staining techniques an
unsuccessful attempt was made to study morphological changes.

Experiment 4

Radiographic Techniques for Determining
Presence of Cysticercoids

It became evident from experiments 1-3 that in future studies of

irradiating cysticercoids in vivo, a method for determining the degree

of infection other than dissection of beetles would be necessary. The
potential of radiography for assessing the degree of cysticercosis in
beetles was investigated. A specially constructed grid made of 1.4 cm
wire mesh taped on a layer of Saran Wrap was used in making X-ray
negatives. Photographs were then made from the negatives (Fig. 4).

To test this technique as a tool in determining whether T. confusum
was infected with cysticercoids of R. cesticillus the following experi~
ment was conducted. Twenty beetles were selected at random from an

infected culture and X-rayed as described above. The negative was
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TABLE X

Development of Irradiated Cysticercoids in Chickens
Experiment 3

Number of '
Bird irradiated Dose of Adult tapeworms
number cysticercoids radiation " recovered
fed* (R) (No.)
440 39 0 10
308 _ 39 Looo 1
772 39 5000 5
801 39 6000 10
784 39 7000 3
1048 39 8000 13
Le3 39 9000 2

%
Probable number of cysticercoids fed
r=0.15

immediately developed and each beetle on the negative was studied under
a zoom binocular dissecting microscope for the presence of cysticercoids.
If the X-ray showed cystiéercoids to be present they were counted for
each individual beetle and the results tabulated. Next the individual
beetles corresponding to the X-ray negative were dissected, and the
exact number of cysticercoids counted and tabulated to see how these

results compared with those obtained from the X-ray negative.
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Table XI shows that radiography can only be used as a qualitative
measure and is not quantitative for the degree of infection of beetles.
Careful observation of Plate 1, Figs. 5-8, shows the presence of oval
dark bodies (see arrows) in the abdominal region of these beetles which
are not present in the beetles from Figs. 1-4 (Plate 1). These dark

bodies represent éysticercoids of R. cesticillus.
DISCUSSION

As was reported by Jefferies and Banham (1966) radiation dose rate
is one of the most important parameters in determining the response of
T. confusum to radiation. The present study showed the response or
susceptibility of T. confusum to gamma radiation from a cobal t-60
source at a dose rate of 60 R/sec, about 60 times the dose rate
employéd by Jefferies and Banham (ibid.), required 6340 and 9000 R to
kill 50% and 100% of the beetles, respectively. Whereas, at a lower
dose rate of 1 Rad/sec, Jefferies and Banham (ibid.) used approximately
8810 and 11,250 R to kill 50% and 100% of the beetles, respectively.
Banham and Crook (1961) found that at a dose rate of 1.11 Rads/sec it
required 9400 and 12,800 Rads to kill 50% and 99.9% of the adults,
respectively.‘

| The results of the second experiment indicated that beetles
infected with cysticercoids of R. cesticillus were more susceptible
to radiation than the uninfected beetles. Since all other parameters
‘were held constant between the infected and uninfected beetles, it

holds that the only reason the infected beetles had a lower survival rate
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EXPLANATION OF PLATE |
Enlargement of beetles in Fig. 4 Arrows point to
cysticercoids.
1. Beetle 6 from group US, uninfected-starved.
2. Beetle 1 from group UD, uninfected-dead.
3. Beetle 6 from group UA, uninfected-alive.
L. Beetle 2 from group US, uninfected-starved. -

(Note the absence of cysticercoids in the
abdominal region in the beetles I-i4.)

5. Beetle 14, from group A (5th row from top),
infected-alive.

6. Beetle 11, from group IA (5th row from top),
infected-alive.

7. Beetle 11, from group ID, infected-dead.

8. Beetle 15, from group lA, infected-alive.
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than the uninfected beetles was related to parasitism. What change
parasitism induced in the infected beetles to render them more sus-
ceptible to radiation is unknown. The infected beetles always had a
lower percentage of survival. But as was stated previously the overall
change in per cent survival at each radiation dose level was the same
for the infected and uninfected cultures. For example, at one week
post-irradiation 90% of the infected beetles exposed to 5000 R were
still alive and 95% of the uninfected beetles exposed to this dose
were still alive and at two weeks post-irradiation, 80% of the infected
and 85% of the uninfected were still alive. This indicates that there
is an initial but not a recurring response to radiation associated with
the parasitized host.

Banham and Crook (1966) observed that T. confusum exhibited a
delayed response to radiation. This same phenomenon occurred in the
present study. No marked reduction in the percentage of surviving-
beetles occurred at any of the dose levels until two weeks post-
irradiation. Then the response was marked and after this time only
slight changes in the survival rate were evident.

It was not possible to perform detailed morphological examination
of the various regions of adult worms which developed from cysticercoids
exposed in T. confusum to radiation. The major problems in examining
for morpholotical radiation induced abnormalities was in staining the
adult worms. The chromophilic affinity of the cuticle was so marked
that it made it impossible to examine the internal organs for morpho-
logical variations. Also the size of the proglottids made removal of

the cuticle impractical.
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The reason for such a high degree of variation in the number of
worms developing in chickens which received irradiated cysticercoids
is unknown. Theoretically each chicken received 39 irradiated
cysticercoids. One would expect that there would be an inverse
relationship between degree of radiation and ability to mature. One
explanation for the discrepancy may be that all the chickens did not
receive 39 cysticercoids by the method used. Brannon (1961) had 90%
development to adult tapeworms from irradiated cysticercoids in T.
confusum. However, he dissected out the cysticercoids and fed them
to chickens via stomach tube.

The radiographic technique described earlier was originally
developed by M. F. Hansen and R. B. Mills, Division of Biology and
Department of Entomology, respectively, Kansas State University. The
work Here was a continuation of their initial development with the
original idea being to replace the tedious time~consuming dissection
formerly used to determine the degree of infection of T. confusum
with cysticercoids of R. cesticillus. Also, it was intended to
elaborate on certain aspects of the technique in order to ascertain
what radiographic methods produce the best results. The technique has
many possibil%ties. Not only could it be used as a major tool in the
tybe of research described here but it could be used in other aspects
of parasitology, particularly in fields of life cycle studies. Arthropods
are suspected as intermediate hosts in the life cycies of several verte-
brate parasites and this technique would be an invaluable tool in helping

researchers examine many kinds and large numbers of them for cystic stages



Ly

of parasites. The property of the cysticercoids which made it possible
for them to be X-rayed is probably related to the chemical nature of
the corpuscles because they contain calcium, magnesium, phosphorus and
carbon dioxide. Which compounds are present depends on the species of
cestode being investigated (von Brand et al. 1965). The more common of
these corpuscular compounds are calcite (CaC03), dolomite((CaMg)CO3), and
hydroxyapatite (CaIO(POh)6(0H)2). The technique did not prove to be
advantageous from a quantitative standpoint inasmuch as it was not
possible to determine the exact number of cysticercoids in a beetle.

If a beetle contains more than one cysticercoid there is a chance that
the cysticercoids will be superimposed, thus on the X-ray film multiple

cysticercoids may appear as one.
SUMMARY

At a radiation dose rate of 60 R/sec doses less than 4000 R had

no noticeable effect on the survival of Tribolium confusum, while

doses beyond 9000 R were lethal. The LD50 was 6340 R.

The effects of cobalt~60 gamma radiation on infected and un-
infected cultures of T. confusum exposed to doses of from 4000 to
9000 R indicated that infected beetles were most susceptible to
radfation.

There was no correlation between the number of tapeworms develop-
ing into adults from irradiated cysticercoids and the amount of radiation

given the cysticercoids. However, possible errors in technique used to
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infect chickens preclude any definite conclusions. Studies of possible
morphological changes in adult tapeworms developing from irradiated
cysticercoids were unsuccessful.

A qualitative radiographic technique for displaying the presence

of cysticercoids of Raillietina cesticillus in T. confusum was developed.

3




50

ACKNOWLEDGMENTS

The author wishes to express appreciation to Dr. M. F. Hansen,
major professor, for his assistance, advice, patience and under-
standing in experimental work and in preparation of this thesis.

Appreciation is also expressed to his fellow graduatevstudents,
and to Drs. Guhl, Mills, Gier and Professor Wilbur for use of experi-
menta{ facilities.

| also thank my wonderful wife, Beverly, for her help and

understanding.



51

LITERATURE CITED

Ackert, J. E. 1918. On the life cycle of the fowl cestode, Davainea
cesticillus (Molin). Journal of Parasitology 5, 41-43.

Banham, E. J., and L. J. Crook. 1966. Susceptibility of the confused
flour beetle, Tribolium confusum Duv., and the rust-red flour beetle,
Tribolium castaneum Herbst., to gamma radiation. The Entomology of
Radiation Disinfestation of Grain. 236 pp. Pergamon Press. 1966.
Oxford, London, Edinburgh, New York, Paris, andFrankfurt.

Brannon, M. H. 1961. The effects of gamma irradiation on the excystment
and survival of Hymenolepis microstoma in artificial media. Un-
published Master's thesis. University of Tennessee, Knoxville, Tenn.

Brindley, T. A. 1930. The growth and development of Ephestia kuehniella
Zeller and Tribolium confusum Duval under controlled conditions of
temperature and relative humidity. Annals of the Entomological Society
of America 23, 741-757.

Chapman, R. N. 1918. The confused flour beetle (Tribolium confﬁéﬁm Duval).
Minnesota State Entomology Report 17, 73-94.

Duval, P. N. C. J. 1868. Genera des Coleopteres d'Europe, Catalogue.
Tome 3, 181, nota (I). .

Enigk, K. and E. Sticinsky. 1959. Zur Biologie and Bekampfung der
haufigsten Huhnerbandwurmer. Archiv fur Geflugelkunde 23, 247-256.

Fairbairn, D., G. Wertheim, R. Harpur, and E. Schiller. 1961.
Biochemistry of normal and irradiated strains of Hymenolepis diminuta.
Experimental Parasitology 11, 24B-263.

Good, N. €. 1933. Biology of the flour beetles, Tribolium confusum Duv.,
and T. ferrugineum Fab. Journal of Agricultural Research 46, 327-334.

Guberlet, J. E. 1916a. Morphology of adult and larval cestodes from
poultry. Transactions of the American Microscopical Society 35,
~23-4k4.

1916b. Studies of the transmission and prevention of
cestode infection in chickens. Journal of the American Veterinary
Medical Association 2, 218-237.

Holdaway, F. G. 1932. An experimental study of the growth of
populations of the flour beetle Tribolium confusum Duval, as
affected by atmospheric moisture. Ecological Monographs 2, 261-304,




52

Job, 0. S., A. W. Jones, J. A. Dvorak and R. L. Kisner. 1963.
Decreased variability in the cestode Hymenolepis diminuta
following irradiation of successive generations. Evolution 17,

163~169.

Jones, A. W. and J. A. Dvorak. 1963a. Chromosomal variation among
mutant strains of a heavily irradiated cestode (abstract). Journal
of the Tennessee Academy of Science 38, 68.

1963b. A radiation induced variant of the cestode,
Hymenolepis diminuta, with two-hooked oncospheres. Journal of the
Tennessee Acadeny of Science 38, 26-31.

Jones, D. E. D. 1963. The morphological effects of radiation on
the eggs of Hymenolepis diminuta (abstract). Journal of the
Tennessee Academy of Science 38, 68.

Jefferies, D. J. and E. J. Banham. 1966. The effect of dose rate
on the responses of Tribolium confusum Duv., Oryzaephilus
surinamensis (L.) and Sitophilus granarius (L.) to ©UCo Gamma
Radiation. The Entomology of Radiation Disinfestation of Grain.
236 pp. 1966. Pergamon Press. Oxford, London, Edinburgh,

New York, Paris, and Frankfurt.

Joyeux, D. E. 1920. Cycle evolutif de quelques cestodes.
Recherches experimentales. Bulletin Biologique De La France et

Belgique, Suppl. 2, 1-219.

Kisner, R. L. 1957. Preliminary study of the effects of gamma
rays on the cestode, Hymenolepis diminuta. Unpublished Master's
thesis. University of Tennessee. Knoxville, Tenn.

1961. Meiosis, mitosis and the induction of chromosomal
abnormalities in Hymenolepis diminuta by gamma rays. Unpublished
Ph.D. thesis. University of Tennessee. Knoxville, Tenn.

Kuhiman, H. H. 1961. Studies on the morphology and growth rate of
the cestode Hymenolepis microstoma after gamma irradiation of the
cysticercoids and eggs. Unpublished Ph.D. thesis. University of
Tennessee. Knoxville, Tenn.

Molin, R. 1858. Prospectus helminthum, quae in prodromo faunae
helminthologicae Venetiae continentur. Sitzungsberichte Akadimie
der Wissenschaften Wien, der Mathematisch-naturwissenschaftlichen

30 (14), 127-158.

Ogren, R. E. 1955. Development and morphology of glandular regions in
onchospheres of Hymenolepis nana. Proceedings of the Pennsylvania
Academy of Science 29, 258-264.




53

Palais, M. 1933. Les anomalies des cestodes; Recherches experimentales
sur Hymenolepis diminuta (Rud.). Annales Faculte Sciences de
1'Universite Marseille 6, 109-163.

Park, T. 1934, Observations on the general biology of the flour
beetle, Tribolium confusum. The Quarterly Review of Biology 9(1),

Raychaudhuri, A. and A. Butz. 1965. Aging. 1. Effects of parental
age on the life cycle of Tribolium confusum (Coleoptera, .
Tenebrionidae), Annals of the Entomological Society of America 58,
535-542.

Reid, W. M., J. E. Ackert and A. A. Case. 1938. Studies on the life
history and biology of the fow! tapeworm Raillietina cesticillus
(Molin). Transactions of the American Microscopical Society 57,
65-76. A

Reid, W. M. 1962. Chicken and turkey tapeworms. Handbook to aid in
identification and control of tapeworms found in the United States
of America. Poultry Department and Poultry Disease Research Center,
College Experiment Station, Athens, Georgia. 71 pp.

. 1946. Penetration glands in tapeworm onchospheres.
Biological Bulletin 91, 232.

. 1948. Penetration glands in cyclophyllidean
onchospheres. Transactions of the American Microscopical Society

67, 177-182.

Schiller, E .L. 1957. Investigations on the use of X-irradiation as
a mechanism for facilitating the study of morphological variations
in Hymenolepis nana. Journal of Parasitology 43(supplement), 5

. 1959. Experimental studies on morphological variation
in the cestode genus Hymenolepis. |ll. X=irradiation as a
mechanism for facilitating analysis of H. nana. Experimental
Parasitology 8, 427-470.

1961. Personal communication with D. Fairbairn.
Fairbairn et al. 1961. Biochemistry of normal and irradiated

strains of Hymenolepis diminuta. Experimental Parasitology 11,

Silvermann, P. H., and R. B. Maneely. 1955. Studies on the biology
of some tapeworms of the genus Taenia I!l. The role of the
secreting gland of the hexacanth embryo in the penetration of
the intestinal mucosa of the intermediate host, and some of its
histochemical reactions. Annals of Tropical Medicine and
Parasitology 49, 326-330.




54

Tan, B. D., and A. W. Jones. 1966. X-ray induced abnormalities
and recovery in Hymenolepis microstoma. Experimental
Parasitology 18, 355-373.

. 1967. Autcelimination by means of X-rays:
Distinguishing the crowding factor from others in premunition
caused by the mouse bile duct cestode Hymenolepis microstoma.
Experimental Parasitology 20, 147-155.

. 1968. Resistance of mice to reinfection with the ..
bile-duct cestode, Hymenolepis microstoma. Experimental Parasitology
22, 250-255.

Villella, J. B., S. E. Gould, and H. J. Gomberg. 1960. Effect of
cobalt 60 and X-ray on infectivity of cysticercoids of Hymenolepis
diminuta. Journal of Parasitology 46(2), 165-169.

von Brand, T., T. |. Mercado, M. U. Nylen and D. B. Scott. 1960.
Observations on function, composition, and structure of cestode
calcareous corpuscles. Experimental Parasitology 9, 205-21k4.

Wetzel, R. 1933. Zur Kenntnis des Entwicklungskreises des . =
Huhnerbandwurmes Raillietina cesticillus. Deutsche Tierarztliche

Wochenschrift 41, 465-467.

Zimmermann, H. R. 1930. An experimental study of the intermediate
hosts of Raillietina cesticillus. Unpublished thesis. 25 p.
Purdue University, Indiana.




EFFECTS OF COBALT-60 RADIATION ON THE
SURVIVAL OF TRIBOL UM CONFUSUM DUVAL
INFECTED WITH CYSTICERCOIDS OF
RAILLIETINA CESTICILLUS MOLIN

by

SAMUEL JOHN ZEAKES

B. S., The College of Emporia, Emporia, Kansas, 1966

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Parasitology

Division of Biology

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1970



Studies were conducted to determine whether parasitized Tribolium
confusum Duval, infected with cysticercoids of the fowl cestode

Raillietina cesticillus Molin were more susceptible to gamma-radiation

from a cobalt-60 source than non-parasitized beetles. Initial studies
conducted to determine the effects of radiation on uninfected cultures
of T. éonfusum at a dose rate of 60 R/sec indicated that 4000 R had no
noticeable effect on survival, while doses beyond 9000 R were lethal.
The LD50 was 6340 R.

The effects of cobalt-60 gamma-radiation on infected and uninfected
cultures of T. confusum to doses of from LOOO to 9000 R indicated that
infected beetles were most susceptible to radiation. There was an
initial but not a recurring response to radiation associated with the
parasitized host.

There was no correlation between the number of tapeworms developing
into adults from irradiated cysticercoids and the amount of radiation
given the cysticercoids. However, possible errors in technique used to
infect chickens preclude any definite conclusions. Studie§ of possible
morphological changes in adult tapeworms developing from irradiated
cysticercoids were unsuccessful.

A qualitative radiographic technique for displaying the presence

of cysticercoids of Raillietina cesticillus in Tribolium confusum was

developed and may possibly find application in other fields of

parasitology.



