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CERTAIN FACTORS WHICH INFLUENCE ACTIVATION
OF THE HEXACANTH EMBRYO OF THE FOWL
TAPEWORM RAILLIETINA CESTICILLUS"

W. MALCOLM REID, SHIRLEY JEAN NICE, axp RHODA COOPER McINTYRE
Monmouth College, Monmouth

‘While carrying out life history
studies on the fowl tapeworm, Rail-
lietina cesticillus, great variability
was noted in the number of active
six-hooked embryos found in differ-
ent gravid proglottids collected from
the feces of infected fowls. Proglot-
tids, which are shed from the term-
inal portion of adult tapeworms,
contain from 150 to 300 of these on-
chospheres or hexacanth embryos.
In some preparations, made by teas-
ing apart proglottids, all embryos
remained quiescent, but in other
preparations most of the embryos
showed the remarkable breast-stroke-
like activity which is typical of em-
bryos in this stage of tapeworm life
history.

Although the movements of the
Lexacanth embryos have been indue-
ed frequently in other species, (Tae-
nie taeniaeformis by Bullock, Dun-
ning, and Curtis 1934, Taenia sagi-
nata by Penfold, Penfold and Phil-
lips 1937, Dipylidium canium by
Venard 1938, and Bertiella studeri
by Stunkard 1940) spontaneous
hatehing does mot normally occur
unless these larvae are first acted
upon by enzymes or pressure. In
Raillietina  cesticillus the violent

! Portions of this study were carried out at the
Marine Biological Laboratory, Woods Hole, Mas-
sachusetts, aided by funds made available through
an American Association for the Advancement of

Science grant awarded by the Illinois State Academy
of Seience,

swinging action of the six hooks may
result in rupture of both the embryo-
phore and the outer uterine shell,
thus freeing the embryo from sur-
rounding membranes. The freed em-
bryo normally works its way through
the gut wall of a suitable species of
beetle (Reid, Ackert, and Case,
1938). Within two to three weeks
the onchosphere metamorphoses into
a eysticercoid. If the beetle contain-
ing fully developed cysticercoids is
eaten by a chicken, the freed larvae
attach to the gut wall and grow to
adult tapeworms.

A study of the factors inducing
motility of the embryos was carried
out for two reasons. First, an un-
derstanding of factors inducing mo-
tility would contribute to the knowl-
edge of the life history of this or-
ganism and might help to explain
the irregular infectivity of beetles
under laboratory conditions. Dur-
ing attempts to produce cysticer-
coids for studies of the pathology or
for treatment of this species, a low
percentage of infestation has some-
times been encountered. A second
reason for this study was to further
enhance the use of these embryos for
teaching purposes. Due to their
large size and the transparent cov-
ering membranes, they make excel-
lent demonstrations of this larval
stage. However, inability to induce
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movement of the larvae has at times " those maintained in distilled water

made them less effective.

A systematie study of the effects
of (1) osmotie pressure changes, (2)
pH coneentration, and (3) tempera-
ture changes is reported upon in the
present study.

MATERIALS AND METHODS

Fowls were infected and proglot-
tids were collected, according to
methods deseribed by Reid (1942).
The freshly passed gravid proglot-
tids were stored in fluids or kept
moist on filter paper in covered
Stender dishes before the count was
made. To count the active or inac-
tive onchospheres the proglottid was
teased apart, placed in fluid on a
glass slide, and covered with a cover
glass. The slide was then sealed with
Vaseline to prevent evaporation. The
first 100 embryos were counted with
the aid of a mechanical stage and
classified according to the three cate-
gories: (1) living and motile; (2)
living and non-motile; and (3) dead.
If an embryo showed either active
movements which might result in
hateching or only slow lazy move-
ments, it was classified as motile.
Dead embryos could be distinguish-
ed by clouding of the normal hyaline
protoplasm and disorientation of the
hooks. Since considerable variabil-
ity was found in the amount of mo-
tility, in later studies each proglot-
tid was eut in half with one half
serving as a control while the other
half received the experimental treat-
ment.

Errect oF Osmoric CONCENTRATION
Urox THE EMBRYO

Numerous comparisons were made
between the motility of onchospheres
in one percent saline solution and

or two percent saline solution. No
marked increase in motility was in-
duced by any of these solutions.
However, numerous embryos died
after 30 minutes of exposure to dis-
tilled water. In a representative
case, 90 percent of the embryos were
living but non-motile after five min-
utes exposure and ten percent were
dead. After 30 minutes, 47 percent
of these same embryos were living
but non-motile and 53 percent were
dead. Two perceent saline also had a
deleterious effect upon the embryos,
but it was not as rapid. In a typieal
trial, eight percent of the embryos
were dead after five minutes, nine
pereent after 30 minutes, and 62
percent were dead after one hour.
Embryos maintained in one percent
sodium chloride were affected little,
if at all, by the treatment. In a
count, two percent of the onchos-
pheres were dead after five minutes
exposure and three percent after 30
minutes. This study showed that
of the solutions tested, one percent
saline is the optimum osmotie con-
centration in which to store the em-
bryos, but that osmotie changes do
not induce motility.

ErrecTs oF PH UPON THE
EMBYRO

Sinece embryos are subjected to
pH changes in the gut of the host,
the sensitivity of embryos to three
different solutions was tested. Using
a one percent sodium chloride solu-
tion buffered to a pH of 3.6 by means
of a 0.2M acetate buffer, no motility
was induced in the embryos, but 64
percent were dead after five minutes
exposure. All were dead at the end
of seventeen minutes. One percent
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saline solution buffered to a pH of
8.0 or to a pI of 6.0 by means of
phosphate buffer induced no motil-
ity, but exposure for 30 minutes did
not kill the embryos. It is con-
cluded that a change in pH is not
the factor which results in embryo
activation,

ErrecTs oF TEMPERATURE UPON TIIE
ONCHOSPHERE

Preliminary tests indicated that
an inerease from room temperature
(21£3°C) to 37°C did not induce
motility, but possibly inereased the
mortality rate on embryos exposed
for two hours. However, a decrease
from room temperature to 6-7°C for
a few hours not only induced marked
inerease in motility, but fewer em-
bryos died. A more thorough study
of the effects of lowered temperature
carried out by omne of us (Nice,
1949) definitely established the ef-
fects of exposure to cold in inducing
motility. By counting 100 embryos
from each of ten half-proglottids
which had been stored at 1°C for
eighteen hours, an average of 78.7
(range 56-91) embryos were found
active in each half-proglottid. 1In
the other half-proglottids which were
used as controls and stored at
21£3°C for eighteen hours, only
0.1 percent of the embryos were
motile, while 96 percent were living
but non-motile. None of the em-
bryos stored in the cold were dead,
but 3.9 percent of those kept at room
temperature died.

Discussion

The cold-induced activity of these
onchospheres may have adaptive sig-
nificance in the life history of the
parasite. Successful infection of the
secondary host depends upon pene-
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tration of the gut wall of the beetle
through activity of the embryo. On-
chospheres in this species seldom live
more than a day unless the tem-
perature is cool. It has been shown
by Wetzel (1934) and confirmed by
Reid, Ackert, and Case (1938) that
the proglottids of Raillietina cesticil-
lus are shed in larger numbers late
in the afternoon. Many of the beetle
hosts are nocturnal in their feeding
habits so that proglottids shed late
in the day are eaten during the fol-
lowing night when a natural tem-
perature drop occurs. For natural
infections the noeturnal temperature
could not drop as low as the 1 C°
used in the experimental study, since
the beetles themselves would be in-
active at that temperature. How-
ever, the greatest numbers of oncho-
spheres are consnmed during that
period when the temperature is low-
est., Lack of temperature control
after collecting proglottids for lab-
oratory infections may account for
some of the variability in infestation
which has been encountered by vari-
ous workers.

SUMMARY

1. Decrease from room tempera-
ture (21+=3 C°) to 1 C° induced
activity in 78.7 percent of 1,000 em-
bryos as compared to 0.1 percent
motility found in 1,000 controls
maintained at room temperature.

2. No other factors studied in-
duced motility. A pH concentration
of 3.6, distilled water, 2 percent sod-
ium chloride solutions, and main-
taining the embryos at room tem-
perature or above increased the mor-
tality rate of embryos, but pH ranges
of 6.0 and 8.0 and one percent saline
did not hasten death of the embryos.
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