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Abstract:
This study was undertaken to investigate physiological and nutritional factors affecting the rabbit
stomach worm Obeliscoides cuniculi. This trichostrongylid nematode has been studied for a possible
model system for the gastric nematode of cattle, Ostertagia ostertagi.
Several similarities between these two nematodes have been found, including the phenomenon of
arrested development.
Rabbits infected orally with 14,500 third stage 0. cuniculi (L3) and subsequently bred showed a
significant (P<. 05) increase in egg production after approximately 20 days of lactation as compared to
non-bred female controls. No significant differences in egg counts were recorded during gestation,
parturition or early lactation.
Female rabbits infected with 8,000 0. cuniculi L3 and later found to have patent infections were given
daily injections for 28 days of 0.5, 5.0 or 50 mg of the plant growth hormone, gibberellic acid (GA3).
Egg production seemed to be dose dependent. At the level of 5 mg per day, GA3 increased egg
production, although not by significant amounts. The 50 mg per day level of GA3 tended to inhibit egg
production, while the dose of 0.5 mg per day had no effect. Injections were resumed for 14 days
following an 80 day rest-period. No significant differences were noted at any level of administration
following this second series of injections.
Wheat sprouts, known to affect reproduction in Microtus montanus, were added to the diet of male
rabbits which had prior oral inoculations of 750 0_. cuniculi L3. Sprouts were fed at a rate of 15 grams
per day per each individual for 28 days. Worm egg production prior to feeding or after feeding
commenced showed no significant difference from the controls. The results of these experiments
indicate that certain physiological conditions associated with lactation in rabbits and injections of GA3
at 5 mg daily increase egg production of 0. cuniculi, while at higher and lower doses the effects were
negative or absent.
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ABSTRACT

This study was undertaken to investigate physiological and nutri
tional factors affecting the rabbit stomach worm Obeliscoides cuniculi.
This trichostrongylid nematode has been studied for a possible model
system for the gastric nematode of cattle, Ostertagia ostertagi.
Several similarities between these two nematodes have been found, in- ■
eluding the phenomenon of arrested development.
Rabbits infected orally with 14,500 third stage 0. cuniculi (L^)
and subsequently bred showed a significant (P<. 05) increase in egg
production after approximately 20 days of lactation as compared to
. non-bred female controls. No significant differences in egg counts
were recorded during gestation, parturition or early lactation.
Female rabbits infected with 8,000 0. cuniculi L3 and later found
to have patent infections were given daily injections for 28 days of
- 0.5, 5.0 or 50 mg of the plant growth hormone, gibbereliic acid (GAg).
Egg production seemed to be dose dependent. At the level of 5 mg per
day, GA3 increased egg production, although not by significant amounts.
The 50 mg per day level of GA3 tended to inhibit egg production, while
the dose of 0.5 mg per day had no effect. Injections were resumed
for 14 days following an 80 day rest-period. No significant differ
ences were noted at any level of administration following this second
series of injections.
Wheat sprouts, known to affect reproduction in Microtus montanus,
were added to the diet of male rabbits which had prior oral inocul
ations of 750 0_. cuniculi L3. Sprouts were fed at a rate of 15 grams
per day per each individual for 28 days. Worm egg production prior
to feeding or after feeding commenced showed no significant difference
from the controls. The results of these experiments indicate that
certain physiological conditions associated with lactation in rabbits
and injections of GA3 at 5 mg daily increase egg production of 0.
cuniculi, while at higher and lower doses the effects.were negative
or absent.

INTRODUCTION

Innumerable morphological and physiological adaptations' have
contributed to the survival of existing animal species over ev
olutionary time.

This paper deals with one such adaptation: arrested

development, also referred to as diapause or dormancy.

Arrested de

velopment occurs in many unrelated groups of invertebrates and has
been well studied especially among members of the Arthropoda.

In the

Phylum Nematoda, more than 30 species exhibit this phenomenon (Michel,
1968), and among these helminths, arrested development permits the
survival of many economically important parasites of domestic animals.
Among these is the gastric nematode, Ostertagia ostertagi, of cattle.
Martin et al. (1957) found adults of 0. ostertagi in cattle several
months removed from pasture.

Previously this parasite was thought

to have an uninterrupted direct life cycle requiring approximately
three weeks for completion after the exposure of a susceptible host.
The typical life cycle of these nematodes includes the ingestion of
infective larvae (L3) by the host, where these larvae then enter a
histotropic phase of the life cycle in which they are closely asso
ciated with the gastrointestinal epithelium.

These larvae (L3)

migrate into the gastric mucosa and undergo two molts or ecdyses,
arrested development ensuing after the first, when it occurs.
4th larval stage is capable of remaining embedded in the host's
gastrointestinal epithelium for a prolonged period.

The
,
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Michel (1968) listed several factors which may lead to the in
duction of arrested larvae:
A.
B.
C.
D.
E.
F.

Environmental effects
Diet
Size of infective larval dose
Presence of adult worms
Host age resistance
Acquired immunity

Other reports have contained similar summaries (Taylor and Michel,
1953; Madsen, 1962; Michel, 1969; Armour, 1970; Jarrett and Urquhart,
1971, and Ogilvie and Jones, 1973).

Certain of these mechanisms will

be discussed in detail in conjunction with post diapause development
of the rabbit stomach worm, Obeliscoides cuniculi.
It was stated in the opening paragraph that physiological adap
tations were required for survival through evolution.

It has become

apparent that the ability of a parasite to stop its development for
a prolonged period of time is truly a beneficial adaptation.

This

mechanism has enabled the parasite to synchronize its life cycle with
that of the host by remaining dormant during a time when existence
outside the protective environment of the host is unfavorable.

Post-diapause Development

If parasites have acquired the ability to cease development
during the winter when environmental conditions for free living
stages are unfavorable, these same parasites must also have a mechanism
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to resume development at a time when the environment is more suitable
for survival.

Several processes have been proposed but thus far none

has adequately described which mechanisms are responsible for re
sumption of development.

The terms usually applied to resumed de

velopment are spring rise or post-parturient rise (Crofton 1954,
1958).

In using these terms it is often assumed that the rise in

fecal egg counts, which is observed in the spring of the year, is
the result of resumed development of dormant larvae.

In reporting

on post-parturient rises in nematode egg counts of ewes, Connan
(1967) stated that the generally accepted view is that the rise in
egg counts results from maturation of previously dormant, larvae.
This is the case particularly with Ostertagia spp. which may have
accumulated in the host some months previously (Naefland,•1949;
Taylor, 1953; Crofton, 1954, 1958; Soulsby, 1957; Field, Brambell
and Campbell, 1960; Dunsmore, 1965).

The factors or mechanisms which

terminate arrested development are not entirely clear.
are listed below.
A. •Maturation of adult worms (recruitment)
B. Environmentally conditioned larvae
C. Depression in host resistance
D. Lactation
E . Parturition
F. 'Diet

\

Some of these
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A.

Adult worms
Michel, Lancaster and Hong (1975, 1976) reported that the re-,

sumption of development of 0. ostertagi was regulated in some way
by the presence of adult worms.

If adults were regularly removed,

larvae were constantly developing to replace these lost adults.
This idea supports the concept of a critical number.

Any larvae,in

gested in excess of this critical number have development stopped
and have it began at a later time when adult numbers drop below a
certain level.

No specific mechanisms were postulated for this

adult population control.
B.

Environmentally conditioned larvae
In 1974, Armour and Bruce found that previously conditioned

larvae (exposed to autumn conditions) of 0. ostertagi spontaneously
resumed development 23 weeks after the start of the conditioning
treatment.

It appeared that no arrested worms had developed up to

that time.

They equated this to an insect-like diapause, or cessation

of growth for a prolonged period of time.

Obviously these results

were at variance with those of Michel, Lancaster and Hong (1975,
1976).
C.

Depression in host resistance
Taylor and Michel (1953) discussed the significance of arrested

larvae.

They stated that inhibited larvae resumed development during
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temporary depressions in the host's resistance.

More recently

Prichard, Donald and Hennessy (1974) showed with the use of cortico-.
steroids that a depressed immune status of the host, does not stimulate
resumption of development of inhibited 0. ostertagi larvae.

The use

of immunosuppressants in rabbits infected with 0. cuniculi has pro
duced somewhat conflicting results.

Fox (1976) showed that regular

injections of corticosteroids (9 fluoroprednisolone) from day 0-28
of infection resulted in egg counts and worm populations differing
from controls which received no corticosteroids.

In rabbits re

ceiving injections, substantially more adult worms reached the late
5th stage.

However, the egg count data showed that egg production

was impaired in both treated and control animals.

In a similar ex

periment Fox (1976) showed that rabbits injected with corticosteroids
on day 20-26 of infection had significantly more adults than either
the controls (no injections) or rabbits which were injected on day
.0-6 of infection.

Rabbits infected on days 20-26 also had egg counts

similar to normal infections.
D.

Lactation
Connan (1976) reported that during lactation, and sometimes

during late pregnancy, the immune response of the host to gastro
intestinal nematodes is partially suppressed.

This phenomenon has

been observed in the ewe, sow, heifer and rabbit.

In.the previous
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paragraph it was mentioned that a suppressed immune status had no
effect upon dormant 0. ostertagi larvae.

Brunsdon (1967) showed

that the spring rise phenomenon in ewes depended upon the time of
the year lambing occurred, and therefore, was independent of lactation
E.

Parturition
Crofton (1954) concluded that the rise in egg counts occurring

in ewes in the spring was related to the time of lambing.

He found

the egg count rise to occur six to eight weeks after parturition.
Brunsdon (1964) reported a similar rise in fecal egg counts six to
eight weeks after lambing.

Later, Brunsdon (1967) reported on ex

periments using two groups of ewes whose rise in fecal egg counts
seemed to depend upon the time of the year in which lambing occurred.
He failed to find a significant rise in egg counts in ewes lambed in
the fall, whereas ewes from the same flock lambed in the spring showed
a typical spring rise^

Brundson (1967) postulated from these ex

periments that the physiological mechanism which triggers the rise
in egg counts is closely associated with the reproductive cycle in
normal lambing ewes, while in ewes lambing at other times this
mechanism may not coincide.
F.

Diet
■ Very little work has been done with effect of diet upon arrested

larvae.

Armour, Jennings and Urquhart (1969), in discussing

\

-7environmental changes during autumn, postulated that the host might
be affected by alterations in the secretory rates of endocrine glands
in response to various stimuli such as reduced daylight, low tem
peratures, falling plane of nutrition and other stresses.

The host's

diet was the subject of two of the experiments discussed in this paper.

Fecal Egg Counts

The number of eggs counted in a weighed amount of fecal material
has been used routinely as an approximate indication of parasite bur
dens.

When egg counts rise it is assumed that the parasite numbers

are increasing.

This assumption must be qualified by stating that

under certain conditions (lactation) existing adult worms increase
in their fecundity.

The concept of increased worm fecundity is un

doubtedly important at times, although the maturation of dormant
larvae as a source for increased adult numbers and egg counts is con
siderably more important.

Obeliscoides cuniculi

Obeliscoides cuniculi, a trichostrongylid gastric nematode, was
first described by Graybill (1923, 1924) from a natural infection in
a domesticated rabbit.
Alicata (1932).

The life history, was originally described by

It has been shown that the domestic rabbit
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(Oryctolagus), native cottontail and marsh rabbits (Sylvilagus spp.),
the eastern woodchuck (Marmota monax) and guinea pigs can serve as
suitable hosts.

The use of the Obeliscoides rabbit system as a

laboratory model which simulates bovine ostertagiosis has been post
ulated by Worley (1963), and Russell, Baker and Raizes (1966).
The prepatent period for 0. cuniculi varies with the size of
larval dose.

Worley (1963), using larval doses between 100 and

10,000 infective larvae, showed an average prepatent period of 19
days.

Russell, Baker and Raizes (1966) showed a prolonged prepatent

period of up to 35 days when large larval doses (25,000 L3ZKg of body
weight) were given.

Egg production has been shown to be inversely

related to increasing inoculation levels (Russell, Baker and Raizes,
1966).

A similar finding was reported by Michel (1963) in calves in

fected with 0. ostertagi.
Impaired larval development of 0. cuniculi has been postulated
to result from several different factors.

Soiled (1968) showed that

development is arrested at the early 4th stage when the worms have
doubled in length after entering the host.

Obeliscoides cuniculi has

also been shown to suspend development when larvae are stored in a
cold environment for a prolonged period of time (Fernando, Stockdale
and Ashton, 1971; Stockdale, Fernando and Lee, 1970).
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Russell, Baker and Raizes (1966) showed that the number of
arrested larvae depended upon the size of larval dose.

In rabbits

inoculated with 2,500 and 25,000 L^/Kg of body weight, 6.0% and
70.9% of the total population, respectively, were arrested.

Fox

(1976) showed that both immunological status and degree of antigenic
stimulation in rabbits affected the development of 0. cuniculi such
that large numbers of larvae were inhibited.
In wild rabbit populations, Gibbs et al. (1977) and Dorney
(1963) have found that 0. cuniculi infections vary seasonally.
Spring and summer infections have been found to' consist of pre
dominately immature worms.

This strongly suggests that

cuniculi

in nature uses arrested development as a mechanism to survive the
winter.

Both of these studies were conducted in the northern regions

of the United States where winter conditions are unsuitable for the
survival of free living larvae.
Fox (1978) stated that the effects of host nutrition, hormones
and sex have not been studied for this host parasite system.

The

seasonal aspects of arrested development lead one to inquire whetherseasonal changes in the host's diet contains specific nutrients which
affect arrested'larvae.

Parturition by the rabbit also may stimulate

arrested O', cuniculi larvae to resume development.
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MATERIALS AND METROS

Helminth Cultures

The strain of Obeliscoides cuniculi used in these experiments
was originally isolated from a cottontail rabbit (SyIvilaqus floridanus
mearnsi) collected in Ohio in 1959.

This strain has been maintained

in laboratory rabbits by infecting regularly with 3,000-5,000 third
stage larvae (L^).

Passage of the strain occurred every 3-5 months.

Feces were collected over wet wood shavings covered with cloth towels
to avoid desiccation.

Fecal pellets were softened by soaking in water

for 1-2 hours, after which peat moss was mixed in with a wooden spoon
(approx. 2/3 peat moss and 1/3 feces).

.This material was then stored

in covered glass dishes at room temperature (approx. 25 C) for 10-12
days.

Infective larvae were recovered from the cultures using the

standard Baermann technique (Baermann, 1917).

Baermannization was

done through 2 layers of gauze supported by a 60 mesh screen in an
8-inch polyethylene funnel.
used within 72 hours.
refrigerated at 4 C.

The larvae were washed several times and

During this short storage time the larvae were
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Inoculations with Infective Larvae

The infected larvae were pooled prior to inoculation.
of this pool was taken and numbers of larvae were counted.

An aliquot
Volumes

of the suspension containing the appropriate number of larvae were
then administered to the rabbits by oral inoculation.

Intubation was

accomplished with a size 6 Bard catheter (Bard woven venous cannula/
C.R. Bard Inc., Murray Hill, N.J.) covered with a tight fitting piece ■
of Tygon tubing (U.S. Stoneware/ Akron, Ohio) as a stomach tube.

Rabbits

. Domestic rabbits (Oryctolagus Cuniculus L.) were purchased from
two local rabbit producers.
availability.

Several breeds were used depending upon

French Lopps were used in one trial while cross-bred

rabbits were used in the remaining experiments.

The age of these

rabbits ranged from 8 weeks to 17 weeks depending upon the ex
perimental design.

Each rabbit was caged individually in cages with

expanded metal floors.

Rabbits were usually allowed 10 days to

acclimate to the laboratory animal room.

The animal room was illu

minated by overhead fluorescent lights which were controlled by a
timeclock.
18 hours.

In each 24 hour period the lights were on constantly for
Antibiotics, other than that contained in the feed, were

administered on two occassions for jaw abscesses.

Rabbits were fed
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ad libitum a medicated Peavey pelleted ration containing .02%
furazolidone (Peavey Co., Minneapolis, Minnesota).

Fecal Examinations

Fecal egg counts were determined by using the modified Lane
flotation procedure (Dewhirst and Hansen, 1961).

Five grams of

feces were macerated in 150. ml of water using an electric blender.
Duplicate 15 ml aliquots were collected in 15 ml calibrated test
tubes and sedimented at 1,500 g for 3 min.

The supernate was re

moved and replaced with saturated NaCl solution (specific gravity
1.18).

The sediment was resuspended by stirring and additional NaCl

solution was added until a meniscus was formed at the top of the tube
A coverslip (22 mm sq., No. 2 thickness) was then placed on top of
each tube after which they were centrifuged at 700 g for 2 min.

The

coverslips were then removed and placed on a microscope slide and ex
amined under low magnification using a compound microscope.

All eggs

were counted and a correction factor (2) was used to arrive at the
count of eggs per gram of feces (EPG)^

Wheat Sprouts

Kernels of wheat were sprouted between layers of moistened paper
towels.

The sprouts were kept moist until an overall size of 2-4
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inches was attained (approx. 2-3 weeks).
the sprouts were fed to the rabbits.

After reaching this size

The sprouts were grown under

fluorescent light which was illuminated continually for 18 hours
during each 24 hour period.

The variety of wheat used in this ex

periment was New Gaines, a soft wheat, high in starch and low in
.gluten.

Plant Growth Hormone

A plant growth hormone, gibberellic acid, was purchased as a
lyophilized powder from Sigma Chemical Company, St. Louis, Missouri.
Gibberellic acid was dissolved in 0.8% physiological saline solution
(PSS) at various concentrations.

There were minute particles in sus

pension at the highest concentration level used (50 mg/3 ml PSS).
This hormone was administered to rabbits via subcutaneous injection
just posterior to the ears, and just lateral to the dorsal midline..
No foreign body reaction occurred during this study.

Breeding of Rabbits

Female cross-bred rabbits were inoculated with infective larvae
at approximately 4 months of age.

Once patency was confirmed, each

doe was randomly placed in a cage with a male rabbit.
observed to see if mating occurred.

Each pair was

Once the females were bred, they
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were returned to their cage.
total of 7 days.

Breeding of the rabbits required a

Just prior to parturition cotton was placed into

each expectant female's cage to aid in nest building.

Newborn

rabbits were permitted to nurse "on demand" to stimulate lactation
Litters were caged with their mothers until they were weaned at
6-7 weeks of age.

..
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RESULTS

Wheat Sprouts in Diet of Rabbits Infected
with Obeliscoides cuniculi

The objective of this experiment was to study the effect of
wheat sprouts in the diet of rabbits infected with Obeliscoides
cuniculi.

It was hoped that wheat sprouts introduced in the diet

might, in the simplest of terms, elicit an.early spring diet re
sponse similar to that observed in cattle or sheep which undergo the
"spring rise" phenomenon.

This experiment was modeled somewhat after

the experiments of Negus (1966) and Hinkley (1966).

In their work

they showed that wheat sprouts or ether extracts of wheat sprouts
placed into the diets of Microtus montanus had profound effects upon
reproduction and fertility (Negus and Pinter, 1965).

The current ex

periment was designed to detect any stimulatory effect exerted by
1green feed*
1 in the diet of fertility or fecundity of the gastric
nematode,

cuniculi.

In male M. montanus, wheat sprouts'placed into the diet stimulated
gonadotropin secretion.

It is known that host hormone levels affect

nematode parasitism (Connan, 1966; Dunsmore, 1966; 1971).

Work done

in Maine with wild hare populations (Gibbs et al., 1977) has shown a
seasonal increase in intensity of infection with 0. cuniculi, the
maximum egg counts coinciding exactly with the breeding season.
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In this experiment, 16 male domestic rabbits (avg. age 8 weeks)'
were each infected with 750 3rd stage larvae (Ln) of O. cuniculi.
3
— -------following a 30-day post-inoculation period, quantitative egg counts
were started using the Lane flotation method.

Egg counts were re

corded periodically during the next 15 days.

Following this period,

two groups were formed consisting of 8 rabbits in each group.

These

groups were selected in order to equalize the egg counts between groups
Following the 45-day post-inoculation period, group I began receiving
15 grams of sprouted wheat daily.

This was fed in conjunction with

commercial pellets and water ad libitum.

The wheat sprouts were

eaten immediately upon placing them in the feeding pans.

Group II was

fed commercial pellets and water ad libitum. Egg counts were recorded
periodically over the next 28 days.
Prior to the feeding of wheat sprouts, the egg counts between
groups were very similar (Fig I).

After wheat sprout feeding began

the egg production between groups remained very similar.

Analysis of

variance failed to show any significant difference in fecal egg counts
at any time.

Effect of Gibberellic Acid upon
Obeliscoides cuniculi Infections

The purpose of this experiment was to determine the effects of
daily injections of gibberellic acid (GA3) upon larval and adult 0.

S

440

Treated
Control

Days Post-larval-inoculation
Figure I.

Egg production by Obeliscoides cuniculi following oral inocu
lation of 750 L y
Treated rabbits were fed 15 grams of wheat
sprouts per day.
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cuniculi in rabbits.

There were several reasons for using GA^.

GA. has been shown .to have.no effect when added directly to an in
i
—
vitro culture of fourth stage Nematospiroides dubius (Dennis, 1974).
A significant response was shown using GA^ on iii vitro cultures of a.
protozoan parasite, Opalina sudafricana.

GA^ added directly to the

cultures stimulated no response, while the urine of toads (Bufo
regularis) injected with GA^ and then placed in cultures had an
immediate affect (El Mofty, 1974).

This lends support to the idea

that GA^ must be metabolized to become active.

Additionally, there

have been several reports of the use of GA^ in insect research:
Gaudet and Visscher, 1979 (personal communication).

The present ex

periment was designed to observe the effects of GA^ upon adults and
arrested larvae of 0. cuniculi.
Sixteen female rabbits (avg. age 8 weeks) were each infected
orally with 8,000

on the same day.

Following a 30-day post

inoculation period quantitative egg counts were determined periodically.
Two groups were, formed 37 days post-inoculation on the basis of similar
egg counts.
Group I

Group I had three sub-groups, each having 3 rabbits.

received daily injections of 50 mg of GA^ in 3 ml of

physiological saline solution (PSS).
daily in I ml of PSS.

Group

Group I

received 5 mg of GA^

received .5 mg of GA^ in I ml of PSS.

All injections were subcutaneous along the dorsal midline just posterior
to the ears.
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Since the effects of GA^ with nematode parasites in vivo has not
been described, no dose response data were available for rabbits.
The dose used in Group I

(5 mg/daily) corresponds with the dose used

in the work done with the protozoan parasite Opalina sudafricana.
The weights of the toads were compared to the weights of the rabbits
to calculate the dose size.
The injections were given consecutively for 28 days.

Sub

sequently, the rabbits were maintained without further injections
for another 80 days.

It was felt that during this time period any

arrested larvae that originally existed would have resumed de
velopment and become adults.

Following this 80 day 1rest1 period,

injections were resumed to see if any change in parasite egg pro
duction could be elicited.

These injections were given conse

cutively for 14 days, the original groups receiving the same dosages
administered previously.
The egg counts of the three subgroups of group I differed drast
ically.

■Counts-of Group I

stimulated egg production,

rabbits (5 mg/daily) seemed to indicate
(Fig 2).

Group I

show suppressed egg production, (Fig 3).

(50 mg/daily) tended to

Group

(.5 mg/daily) showed

little variation in egg production from the egg counts of the controls
(Fig 4).
trols.

Figure 5 shows all three subgroups plotted against the con
Analysis of the data from the first injection period using the

square root of the egg counts revealed no significant differences.

Eggs Per Gram of Feces

o

Dose of GA3 per day
Control

Days Post-larval-inoculation
Figure 2.

Egg production by Obeliscoides cuniculi following oral in
oculation of 8,000 L .
The treated rabbits received 5.0 mg
of gibberelIic acid per day.

Eggs Per Gram of Feces

Dose of GA3 per day
- o - o 50 mg
------- Control

Days Post-larval-inoculation
Figure 3.

Egg production by Obeliscoides cuniculi following oral inocula
tion of 8,000 Lg. The treated rabbits received 50 mg of gibberel lie acid per Qay.
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Egg production by Obeliscoides cuniculi following oral in
oculation of 8,000 I-= The treated rabbits received .5 mg
of gibberellic acid per day.

NJ
NJ

Eggs Per Gram of Feces

I

rv

to
I

Figure 5.

Egg production by Obeliscoides cuniculi previously inocu
lated with 8,000 Ln while infected rabbits were injected
with different levels of gibberelIic acid.
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The egg counts of the second injection period (Fig 6) showed
little fluctuation between groups.

No significant difference was

observed.

Effects of Gestation, Parturition and Lactation
upon Obeliscoides cuniculi Infections in the Rabbit

In recent years, investigators have taken a harder 1look1 at
the temporal relationship between the post-parturient rise in
nematode fecal egg counts and lactation in the host.

Dunsmore

(1966) concluded that during the breeding season normal female
rabbits show a much greater magnitude of infection than either males
or ovariectomized females infected with Trichostrongylus retortaeformis or Graphidium strigosum.

Gibbs (1977), when studying a wild

population of snowshoe hares (Lepus americanus) infected with 0.
cuniculi, found the intensities of infection significantly higher
in females than males during the breeding season.

It has been

stated that during lactation and sometimes during late pregnancy the
immune response of the host to its gastrointestinal nematodes is
partially depressed.

This increased parasitism has been observed in

ewes, sows, heifers and rabbits (Connan, 1967).
With this evidence in mind, an experiment was designed to ob
serve the effects of gestation, parturition and lactation in rabbits
with 0. cuniculi.

Sixteen female rabbits of mixed breeding were

Eggs Per Gram of Feces

Dose of GA3 per day

Control

Day Post-larval-inoculation
Figure 6.

Following an 80 day 'rest' interval, injections of GA, were
resumed at the sam level previously administered= The rabbits
were previously inoculated with 8,000 L y

—
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“

purchased from a local rabbit producer, (Avg. age 4 months).
rabbit was inoculated orally with 14,500 L3.

Each

Following this, all

rabbits were caged individually in a room receiving 18 hours of
fluorescent light every 24 hours.

Forty-five days post-inoculation

quantitative egg counts were begun.

This relatively long post

inoculation period was needed to allow these rabbits to attain breed
ing age.

At the time of purchase the larvae were freshly cultured

and storage of larvae was not desired.

After this post-inoculation

period quantitative egg counts were recorded twice during the next 5
days.

At this time breeding of certain rabbits was initiated.

Rabbits to be bred were selected On the basis of egg counts so that
the two groups (bred vs nonbred) had reasonably similar egg counts.
This plan was not.followed strictly since some of the females were not
receptive to the male.

The group of bred females was produced from

the first 8 females to breed upon exposure to the male.
8 females (non-bred) constituted the control group.

The remaining

Quantitative egg

counts were continued over the next 90 days.

The bred females were

allowed to give birth and raise their young.

One female (No. 9) un-

expectantly was found to be pregnant.

The bred females designated as

group I had nine rabbits, while group II (non-bred) had 6 rabbits.
Upon parturition, four members of group. I failed to accept their
young and all young born to these four rabbits died shortly after
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birth.

Rabbit No. 5 died one week prior to the termination of this

experiment.

This rabbit was bred but failed to raise its litter.

The remaining five raised their young.

The data were analyzed for

three chronological periods: prior to breeding, after breeding.but.
before lactation, and during lactation,

(Fig 7).

Analysis of variance using the square root of the egg counts
showed no significant differences for the time periods before breeding
or after breeding but before lactation.

Approximately three weeks

after the start of lactation the egg counts were found to be signif
icantly different (P<.05).
duration (5 days).

This significant difference was of short

Thirty-two days post-parturition differences were

no longer significant.
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Figure 7.

95

105

Lactation

Mean egg production by Obeliscoides cuniculi following oral
inoculation of 14,500 Lg. These rabbits were bred and
allowed to raise young.
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DISCUSSION

Female'' rabbits given a single oral dose of 8,000 third stage
larvae of 0^. cuniculi were subsequently hred and allowed to raise
their young.

Significant differences in fecal egg counts were re

corded between lactating and control rabbits after approximately 20
days of lactation. •These results suggest, hormonal involvement in
this host parasite interaction.

Enhanced worm burdens have been re

ported for Tfichostrongylus retortaeformis and Graphidium strigosum
in reproducing female rabbits (Dunsmore, 1966).

In this same study

worm burdens of .ovariectomized females differed significantly
(p<. 01) from the normal females.

Lactation was shown to increase

fecal egg counts in sheep infected with Ostertagia spp. and TrichoStrdngyIus,spp.

Furthermore, the use of diethyl stilbestrol (DES)

in ewes not pregnant produced egg counts very similar to those ewes
lactating with lamb’
s at their side.

Some ewes given DES lactated

while others did not, although egg counts rose regardless of lactation
in the DES group.-

Ewes which gave birth and had their young removed

within 12 hours after birth showed a rise in fecal egg counts but
this rise, had a very short duration (7-10 days) , (Salisbury .et al.,
1970).
During lactation, and sometimes during, late pregnancy, the immune
response, of the host to its gastrointestinal nematodes' is partially.
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suppressed.

The increased parasitism which results has been doc

umented in several host species.

There is good evidence that this

increased parasitism is due to endocrine changes associated with re
production within the host (Connan, 1976).

The hormone most often

discussed in connection with parasites and immune suppression is
the lactogenic hormone, prolactin.

The secretion pattern of prolactin

generally fits the way in which lactation interferes with the host re
sponse to gastrointestinal nematodes.

Lactation and associated

hormones are specifically known to alter the parasite expulsion
mechanism of the host;

When this mechanism is impaired, adult worm

numbers increase, and thus an increase in fecal egg counts occurs.
With these findings, it is tempting to speculate that larval in
hibition and later stimulation are merely controlled by the host's
immune status, which varies according to the reproductive status of
the host.

Problems with this theory are that larvae can arrest de

velopment "in response to host resistance but they do not resume de
velopment when host immunity declines (Blitz and Gibbs, 1971).

This

theory also fails to answer the question of seasonal periodicity.
The post diapause development of inhibited larvae seems to be
controlled more closely by seasonal influences than
functions.

host endoctrine

In Ostertagia ostertagi infections, development resumes

spontaneously without endocrinal stimuli (Armour and Bruce, 1974).

When, maturation- of larvae coincides with host- lactation, the a.ccom- ■
pariying immunosuppression' provides an enhanced, opportunity for the
development, of the worms and also aids in synchronizing the life
cycle of the.patasite to the host and season.

The parasite -is

benefited by having its life cycle closely paralleled to that of
the host and season.
The question" of how diapause larvae are triggered to resume de
velopment still remains.

Although host lactation may play a role, it

is not the sole factor involved/

The effects that seasonal changes

have upon parasites have yet.to be determined.
known to be a- springtime event.
undergoing a change -in diet.
larvae has not been examined.

This phenomenon is

At this time,, the host is generally

The effect of a host •s diet upon arrested
There is, however, growing evidence

that plants and. their products can affect endocrine secretions in
mammals.

There have also.been experiments indicating plant products

are capable of affecting parasite reproduction.
the following idea was postulated.

With this evidence .

Can the springtime diet of the

host affect a parasite,., directly or indirectly?

Direct effect on the

parasite would be by contact in the gut between parasite and ingesta.
Indirect affect on the parasite would be by the metabolized products
of the ingesta or possibly diet induced changes the host's body
chemistry.

This'idea is directed towards the unresolved problem of
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seasonal timing of post-diapause development and.the spring-rise in
egg counts.
'The experiment, using wheat sprouts as a supplement in the host's
diet, was designed to offer a small amount of plant material which
might resemble an early spring-like diet. ' Rabbits were inoculated
orally with 75,0 L3 and fed 15 gms of wheat sprouts daily.

No dif

ference in egg counts was.recorded between controls and rabbits being
fed sprouts.

The use of wheat sprouts had several disadvantages.

Since the sprouts were kept moist at all times, the 15 gms reflects
a certain percentage of residual water on the roots at the time of
feeding.

If- a difference in egg counts had been recorded, the active

substance would- have been difficult to isolate.

Since several plant

substances (hormones) are available in pure form, their use would
produce.a more carefully.controlled.experiment.
The plant growth hormone, gibberellic acid (GA ), was used so that
several.different levels of concentration could be checked for effects
upon 0. cunlculi.

The effects of GA3 injections' in rabbits previously

inoculated with,14,500 L3 , varied from inhibition to stimulation ofparasite ovulation.

Although the differences observed between groups .

were not statistically significant, the resultant egg counts tended to
vary with, the level.of GA

administered.

The high level of GA

(50 mg/

day) appeared to inhibit egg production while the level of 5 mg/day

■ -33tefided

tO'

increase,Eecal egg counts.

no apparent effect upon egg counts.

The- low level of 0.5 mg/day had
No significant differences were

found between any treated group or controls.

Each treated group had

only three rabbits and egg counts between individual rabbits within
a group varied greatly, which reduced the likelihood that significant
differences would be demonstrable.

Hence, this experiment.did not

produce any conclusive evidence supporting the idea of springtimedietary affects upon p. cuniculi.

The fact that at the level of

5 nig/day egg counts differed substantially was encouraging but in
dicated more, work is.required to obtain meaningful results.
The .host's diet■and its capabilities to affect the life cycles
.

of parasites offers certain advantages-.

The timing involved with

this event could be finely tuned to trigger the parasite to break
the diapause-state and reach sexual maturity at a time when the
environment is best suited for free-living larval survival.

If these

internal parasites, capable of producing diapause larvae, are trig
gered by dietary changes, it seems probable that this mechanism is
controlled by more than just one plant hormone.

If this overall

.concept is found to be correct, the possibility of a plant hormone acting to inhibit larvae in the fall exists.

Abscisic acid, an in

hibitory plant hormone, should be examined for this possible role.
Absci'sic

acid, which acts antagonistically with GA^, could possibly

- 3'4reverse the .affects , if ■any., of GA3 on parasites.

Abscisic acid

levels in nature coincide well with seasonal aspects of arrested
development.
The experiment using sprouts and GA3 ,had possibly- one major,
inherent deficiency.

When, studying dietary effects, the total diet

should be controlled to the greatest extent possible.

The rabbit

pellets fed ad libitum to, all rabbits in these studies contained a
large percentage of grain products.

Grains are known to contain

high amounts, of abscisic-acid. ■ Abscisic acid has been shown to act
antagonistically with GA3 (Miller., 1972).
The experiment involving GA3 may have required 5 mg/day to pro
duce a positive response because of the presence of abscisic acid in
the diet of these rabbits.

In an experiment using a diet where the

level of abscisic acid is extremely low, the amount of GA3 required
to produce a positive response in egg counts might be much lower
than- the 5 mg/day level found in the present experiment.
The. original question of possible plant involvement in the
phenomenon of arrested development is.still unanswered and the re
sults presented here only indicate that more studies should be done
'to investiage this possibility.

Future studies should control the

diet of the host more closely which in turn will produce more con
clusive results.

Since plant material has been shown to affect

-35- ■

endocrine functions in some animals, future studies should monitor;
endocrine secretions.of the host.
In summary, the reproduction study has produced a new tool for
studying relationships between the physiological status of the host
and its parasites.. The plant and plant hormone work produced no
conclusive evidence of plant-parasite interaction., The substantial
egg count rise noted with the use of GA_ indicates this idea should
be examined in more detail under more highly controlled conditions.
The rise in egg counts noted with lactating rabbits should be
followed with experiments designed to find the> specific involvement ■
of hormones. .
When all the mechanisms involved with this parasite diapause
phenomenon'are. found, these same mechanisms will then have to be
■verified using several host parasite systems, in nature.

What happens

in nature often times is very difficult to duplicate in the laboratory
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