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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- -
cluding the phenomenon of arrested development.

Rabbits  infected orally with 14,500 third stage O. 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 Ly ‘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 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 O. 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 O.

icuniculi, while at higher and lower doses the effects.were negative

or absent.




INTRODUCTION

Innumerable morphological and physioclogical 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 phehomenon (Michel,
1968),.and among these.helminths, arrested development permits the
survival of many economically important parasites of domestié 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. Previodsly this paraéite 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 gas;rointestinal epithelium, Thesé larvae (L3)
migrate into the-gastric mucosa and undergo two molts or ecdyses,
arrested development ensuing after the first, when it occurs. The
4th larval stage is capable of remaining embedded in the host's

gastrointestinal epithelium for a prdlonged period.

Lo T ™ T
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Michel (1968) listed several factors which may lead to the in-
duction of arrested larvae:

A. Environmental effects

B. Diet :

C. ©Size of infective larval dose

D. Presence of adult worms

E. Host age resistance

F. 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 prélonged period of time is truly a beneficial adéptation. This
mechaniém‘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 developﬁent at a time when the environment is more suitable
for sgrvival. Sevefal processes have been proposed buﬁ'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,
;958). In ﬁsing 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. 1In reporting
on post-parturient rises in nematode egg counts of ewes;vCoﬁﬁan
(1267) stated that the genérally éccepted view is that ﬁhe-rise in
egg counts results from maturation of previously dormaﬁt.larvae.
Thié is thé case particularly with Ostertagia spp; which may have
accumulated in the host some months previously'(Naerland,'l949;
Taylor, 1953; Crofton, 1954, 1958; Soulsby, 1957; Field, Brambell
and Campbell, 1960; Dunsmore, 12965). The factors or mechanisms which
'terminatg arrested Qevelopment a;e not entirely clear. Some of these .
are lisped below. |

A. .Ma£uration of adult worms (recruitment)

B. Environmentally conditioned larvae

C. Depression in host resistance

D. Lactation

E. Parturition
F. ' Diet




A. Adult worms

Michel, Lancaster and Hong (1975, 1976) reported that tﬁe re-
sumption of development of O. ostertagi was regulated in some way
by the presence of adu;t worms. If adults were regularly rémoved,
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. Environméntally conditioned larvae

In 1974, Armour and Bruce found that previously conditioned
larvae (exposed to autumn conditions) of 0. ostertagi sponténeously
reéumed develobment 23 weeks after the s£art of the conditioning‘
treatment. It appearéd that no arrested worms had developed up to
that time. They eqﬁated this to an inéect—like diapause, or céssation
of growth for a prolonged period of time. Obviously tﬁese results
were at variance with those of Michel, Lanéaster and-Hong.(l975,
197¢) .
C. Depression in hoét resistance

Taylor and Michél (1953) discussed the significance of ar%ested

larvae. They stated that inhibited lérvae 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 hosﬁ_dqes not stimﬁlate
resumption of development of inhibited O. ostertagi lérvae. The use
of immunosuppressants in ?abbits infected with 9} cuniculi has pro-
duced somewhat conflicting results. Fox (1976) showed that regular
injecﬁions of corticosteroids (9 fluoroprednisolone) from day 0-28
of infection resulted in egg counts and worm populations differing
from controls which receivea no corticosteroidé. In rabbits re-
¢ceiving injections, subétantiélly more adult worms reached the late
5th stage. ' However, the egg count data showed that egg production
was ilmpaired in bofh treated and control animals. In-a similar ex-
peiiment Fox (1976) showed that rabbits injected with cbrticosteroids
on day 20-26 of inféction had significantly more adults than either
the controls (no injections) or rabbits which were injecﬁed on day
0-6 of infection. Rabbits infected on days 20-26 also had egg counts
,similér.to normal infections.
D. Lactation

Connan (1576) reported that duriné lactation/‘and sometimes
‘during late pregnancy, the immune reséonse 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

T=T=IT
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pafagraph it was mentioned that a éuppreséed immune status had no
.effect upon dormant O. ostertagi larvae. Brunsdon (1967) showed
that the spring rise phenomenon in ewes depended upon the time of
the yéar,lambing occurred, and therefore, was independent of lactation.
E. Parturition
Crofton (1954) concluded that the rxise in egg counté 6ccﬁrring
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.
Brﬁnsdon (1964) reported a similar rise in fecal egg counts six to
eight weeks after lambing. Later, Brunsdon (1967) reported on ex-
périments using two groups of ewes whose rise in fecal egg‘counts
seemed tQ‘depend upon the time of the year in which lambing occurred.
He failed to find a significant rise.in egg counts.in ewes lambéd in
the fall, whereas ewes from the same flock lambed in the spring showed
a typical spring rise. Brundsdn (1967) postulated from these ex-
périments that the physiological mechanism which trigéers the rise
'in_egg counts is ciosély associated with the reproductive cycle in
normal laﬁbing ewes, while in ewes lambing at other timés this
mechanism may not coincide.
F. Diet
* Very little work has been done with effect of diet upon arresfed

larvae. Armour, Jennings and Urquhart (1969), in discussing

T
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environmental 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-
perafures, 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 parasité bur-
dens. When egg counts rise it is assumed that the-parasite numbers
are increasing. This assumption ‘must be qpalified.by stating tﬁat
under certain conditions (lactation) existing adult worms increase
in their fecundity. The concept of inqreased‘worm feéundity is un-
doubtedly imbort&nt 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. The life history was originally described by

Alicata (1932). It has been showﬁ 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-
uleted by Worlef'(1963), and Russell, Baker and Raizes (1966).

The prepatent period for'g, cuniculi varies Qith the size of
larval dose. Worley (1963), using larval dosee between 100 and
10,000 infective larvae, showed an average prepatent éeriod of 19
days. Russell, Baker and Raizes (1966) showed a prolonged prepatent
period of up to 35 days when large larval doses (25,000 L3/Kg'of bedy
weight) were given. Egg production has been shown to be-inversely
related to increasing inocqlatiog 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. Sollod (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 sfered 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. 1In rabbits
inocu;atéd with 2,500 and 25,000 L3/Kg of boéy weight, 6.0% and
70.9% of the total population, respectively, were arrested. Fox
(1976) showed that bbth immunological status and degree of antigenic
stimulatién in rabbits affected the development of O. cuniculi such
that large numﬁers of larvae were inhibited.

In wild rabbit pépulations, Gibbs et al. (1977) and Dorney
(1963) have found thatlgf cuniculi infections vary seasonally.

Spring and summer infections have been found to” consist of pre-
dominately immature worms. This strongly suggests that O. cuniculi
in nature uses arrested development as a mechanism to survive the
winter. Bofh of these studies were conducted in the northern regions
of the United étates where winter conditions are unsuitable for the
survival of free living larvae.

Fox (1978) stated that the éffeéts of host nﬁtr;tion,‘hormohes
and sex have not been studied for ﬁhis_host parasite system. The
seasonal aspects of arrested development lead one to inquire whether
seésonal changes in the host's diet contains specific nutrients which
affect_arrested'larvae. Parturitién by the rabbit alsoc may stimulate

arrested Q. cuniculi larvae to resume development.
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MATERIALS AND METHOS

Helminth Cultures

The strain of Obeliscoides cuniculi used in these experiments

was originaily isolated from a cottontail rabbit (Sylvilagus floridanus

mearnsi) collécfed in Ohio in 1959. This strain has been maintained
in laboratory rabbits by infecting regularly‘with 3,000-5,000 third
stage larvae (ﬁ3). Passage of the strain occﬁrfed évery 3-5 montﬁs.
Feces were collected over wet woéd 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 mixéd in with a wooden spoon
(app?éx. 2/3 peat moss and 1/3 feces). .This material was then stored
Iin covered glass dishes at room temperature (approx. 25 C) forAlO—12
days; Infective larvae were recovered from the culﬁures uéing the
standard Baermann technique (Baermann, 1917). Baermanni;ation was
done through 2 layers of gauze supported.by a 60 mesh screeﬁ‘in an
8-inch polyethylene funnel. The larvae were washed several times and
used within 72 hours. During this short stérage time the larvae were

refrigerated at 4 C.
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Inoculations with Infective Larvae

The infected lar&ae were pooied prior to inoculation. An aliquot
of this pool was taken and numbers qf lérvae ﬁeré céunted.' Voiumes
of the suspension containing the appropriate-number of l;rvae were
then administered to the rabbits by oral inoculation. Intubation was

‘accpmplished with a size 6 Bard catheter ‘(Bard woven venous cannuda,
C.R. Bard Inc., Murray ‘Hill, N.J.) covered with a tiéht fittiﬁg piece -

of Tygon tubing (U.S. Stoneware, Akron, Ohio) as a stomach tube.
Rabbits

Domestic rabbits (OryctolaguS'Cuﬁiculus L.) were purchased from

two local rAbbit producers. Seve;al breedé were used depending upon
.availability; French Lopps were used.ih one trial while cross—bred'
rébbits were used in the remaining experimehtég fhe age of these.
rabbigs fanged.from 8 weeks to 17 weeks dependiné upon the ex-
perimental design. Each rabbit was caged individually in cages with
expanded métal floorsf Raﬁbits were usually allowed 10 days to
acclimate to the laboratory animal room. The anima; room was illu-
minated by overhead fluorescent lights whiéh were controlled by a
timeclock. In'éach 24 hour period the lights were on conséantly for
18 hours. Antibiotics, other than that contained in the feed, weren

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 Ldne
flotation procedure (Dewhirst and Hansen, 1961). Five grams of
feces were macerated iﬁ 150. ml of water using an electric blender.
Duplicate 15 ml'aliquots were coliected in 15 ml calibrgfed test
tubes and sedimented at 1,500 g for 3 min. The supernaté w;s re-
moved and replaced with saturated NaCl solution (specific gravity
1.18). The sediment was resuspenaed by stirring and additional NaCl
solution wés added until é meniscqé wag forﬁed at the toé of the tube.
A coverslip (22 mm sq.; No. 2 thickness) was then plaéed on fop.of
‘each tube aftei which they were centrifuged at 700 g for 2 min. The
coverslips were then reﬁoved and plaéed on a microscoée slide and ex-
amined under low magnification using a coméound‘microscope. All eggs
were counted and a correction factor (2) Qés‘used to arrive at the-

count of eggs per gram of feces (EPG).
Wheat SproutsA

Kernels of wheat were sprouted between layers of moistened paper

towels. The sprouts were kept moist until an overall size of 2-4

T T ™
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inches was attained (approx. 2-3 weeks). After reaching this size
the sprouts were fed t; the rabbits. The sprouts were grown under
fluorescent light which was illuminated céntinually‘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 fSS).
This hormone was administered tO'rabbi£s via subcutaneous injection
just posterior to the ears, and.just ldteral 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. Each pair was

observed to see if mating occurred. Once the females were bred, they-
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were returned to their cage. Breeding of the rabbits required a
total of 7 days. Just brior to parturition cotton was placed into
each expéctant feﬁaiefs cage to aid iﬁ nest bgilding. Newborn
‘rabbits were permittea-to nurse "én demand"~to stimulate lactation.
Litters were caged with their mothers until they were Qeaned 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 spfouts 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 wﬁich undergo the
"spring rise" phenomenon. This expe;iment was modeled somewhat after
the experiments of Negus (1966) and Hinkley (1966). 'Ip 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 depect any stimulatory effect exerted by
'green feed' in the diet of fertility or fgcundity of the gastric
nematdde, O. cuniculi.

In male ﬂ,.méntanus, wheat sprouts placed into the diet stimulated
gonadétropin secretion. It is known that host hormone levels affect
nematoae’p;rasitism (ébnnan, 1966; Dunsmore, 1966; 1971). Wofk done
in Maine with wild hare populations (Gibbs et al., 1977) has’ shown a
seasonal increase in intensity of infection with O. cunicﬁli, tbe

maximum egg counts coinciding exactly with the breeding season.

T=T==1T"
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In thié experiment, 16 male domestic rabbits (avg. age 8 weeks)"
were each infected with 750 3rd stage larvae (L3) of 0. cuniculi.
following a 30-day post-inoculation period, quantitative egg counts
were'started using the Lane flotaﬁion method. Egg counts were re-
corded periodically during the next 15 days. Following this periqd,
two groups were formed consisting of.8 rabbits in each group. These
groups were selected in order to equalize the egg counts between grogps.

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 éprouts were

eaten immediately upon placing them in thé feeding pans. Group II was
fed commercial pellets and water ad libitum. Egg coﬁnts'were recoxrded
periodiéally over the next 28 déys.

Prior to the feeding of-wheat sproﬁts, the egg counts between
groups were very similar (Fig 1). After wheat sprout feeding began
the egg production between groups remained very similar. Analysis of
yariance 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.
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Figure 1. Egg production by Obeliscoides cuniculi following oral inocu-

lation of 750 L3. Treated rabbits were fed 15 grams of wheat
sprouts per day?
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cuniculi in rabbits. There were several reasons for using GA3

GA3,has been shown to have.no effect when added directly to an in

vitro culture of fourth stage Nematospiroides dubius (Dennis, 1974).

A significant response was shown using GA3 on in vitro cultures of a.

protozean parasite, Opalina sudafricana. GA3 added directly to the

cultures stimulated no response, while the urine of toads (Bufo

reqularis) injected with GA_ and then placed in cultures had an

3
immediate affect (E1l Mofty, 1974). This lends support to the idea

that GA, must be metabolized to become active. _Additionaliy, there

3

have been several reports of the use of GA3 in insect research:

Gaudet and Visscher, 1979 (personal communication). The present ex-.

periment was designed to observe the effects of GA, upon adults and

3
arrested larvae of 0. cuniculi.
Sixteen female rabbits (avg. age 8 weeks) were each infected

orally with 8,000 L, on the same day. Following a 30-day post-

3
inoculation period quantitative egg counts were determined periodiéally.
Two groups were formed 37 days post-inoculation on the basis of -similar
egg counts. Group I had three sub-groups, each having 3 rabbits.

Group IA received daily injections of 50 mg of GA3 in 3 ml of

3
in 1 ml of PSS.

physiological saline solution (PSS). Group IB received 5 mg of GA
daily in 1 ml of PSS. Group IC received .5 mg of GA3

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

3

been described, no .dose response data were available for rabbits.

The dose used in Groué I_ (5 mg/daily) corresponds with the dose used

B

in the work done with the protozoan parasite Opalina sudafricana.
The weights of the toads were compared to the weigh;s of the rabbits
to calculate tﬁe dose size.

The injections were given consecutively for 28 days. Sub-
sequenﬁly, the rabbits were maintained withqut further injections
for another 80 days. It was felt tha£ during this time period‘any
arrested larvae that originally éxisted would have resumed de-
velopment and become adults. Following this 80 day 'rest' period,
injections were-resumed to see if any' change in parasite egg pro-
duction could be elicited. Theselinjections were given conse-
cutively for 14 days, the original groups receiving the samé dosages
adminisﬁered previously.

The egg éounts of the three subgroups of group I differed drast-
jically. -Coﬁnts'of Group IB rabbité (5 mg/daily) seemed to indicate
.stimulated egg production, (Fig 2). Group IA (50 mg/daily) tended to

show suppressed egg production, (Fig 3). Group I (.5 mg/dailyi.showed

C
little variation in egg production from the egg counts of the controls
(Fig 4). Figure 5 shows all three subgroups plotted against the con-

trols. Analysis of the data from the first injection period using the

square root of the egg counts revealed no significant differences.
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The egg counts of the second injection period (Fig 6) showed
little fluctuation between groups. No significant difference wés
observed.

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

In recent years, investigators have taken'a harder 'look’ at
the temporal relationship between the post-parturient rise in
nematode fecal egg counts and lactation in the host. Dﬁnsmore
(1966) concluded tha£ during the breeding season normal female
rabbits show a much greater magnitude of infection than either mgles

or ovariectomized females infected with‘Trichostroﬁgylus retortae-

formis or Graphidium strigosum. Gibbs (1977), when studying a wild

population of snowshoe hares (Lepus americanus) infected with O.

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, séws, 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 O. cuniculi. Sixteen female rabbits of mixed breeding were




Eggs Per Gram of Feces

350

Dose of GA3 per day
300 .r --== 50 mg
~o0-o0 50 mg
250 ©0000 .5 mg
Control
200 =
150
100 ooooo\\\\\\__\og-O“A\ __._0
___o__Oo .30000—00 T _O__\co"\ s
Qo @ — (o}
e SO
20 'r OOOOOXOOOO
r T 1
140 150 160

Day Post-larval-inoculation

Figure 6. Following an 80 day 'rest' interval, injections of GA, were
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puréhased from a local rabbit producer, (Avg. age. 4 months). Each

rabbit was inoculated orally with 14,500 I Following this, all

3-
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 gtorage of larvae was not desired. After this posf-ihoculation
period quantitétiVe 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 thét
the t&o groups (bred Vs nonbred)-had reasonably similar egg counts.
This plan was not. followed strictlf since some of the females were not
receptive to the male. Thé gfoup of bred females‘was producéd from
the first 8 feméles to breed upon exposﬁre té the male. The remaining
8 females (non-bred).qonstituted the coﬂtfol group. Quantitative egg
.counts were continued dver the next 90-days; The bred females were
allowgd to give birth and raise their.young. One fémale (No. 9) un-
expectantly was found to be pregnant.. The bred females designated as
group I had nine rabbits, while group II (non-bred) hgd 6 rabbits.
Upon parturition, four members of group I failed to accept tﬂeir

youﬁg 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 liétér.
The remaining five raised fheir young. The data wefe analyéedAfor
three chropolégical periods: prior'to breedipg, aftér bréedingxbut_
before.lactation, and during 1actati6n,.(Fig 7).

Analysié of‘vafiance using the square roat of the eég counts
showed no significant différences for the time périods before_breeding
or after breeding but before 1actétion. Approgimately thréé ﬁeéké
. after £helstart of lactation the egy counts were found to be signif—

icantly different (P«.05). This significanp difference waé.of short
.durétién (5 dafs). Thirty-tﬁo days post-parturition diffé%ences wére_

no longer significant.
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DISCUSSION

.Feﬁé;e-f%b5i£s'g;véﬂ é'single'aral dosé.dfzé,000.£hird stage
‘larvae of 9}'cuniéﬁl; Qéfe subsgﬁuéntly_bred~ana>allow;d to ?éise
Eﬁéir young.r:éi;n;ficant éifferencés iﬁ fecal egg counts wefe re-
.;ordéd.bétweén 1éqtatiﬁ§ and éoﬁtfql r;Sbiﬁs ;fte; apbréximétely 20 . -
<_da§é of'laetation. .fhe§e results-sugéest.horﬁonai invdivement in

. this host parésité interaction. Enhaﬁced‘worm burdens have been re-

péftéd.for Tiichbstfonéylué retoftaefofﬁis‘aﬁd Graphiaium‘strigosum
inzreproduéing feméié_rabﬁits (Dunsmbre;-l96§).' In this‘same'study
Wd;m bqrdghé_éf.Qva¥iec£0ﬁized fem;leé aiffeféa sign;ficantly _
-(pk.di) frém the norﬁgilfemalés, Léctétion’was'shown‘té inérease
_feéai egg-céuﬁté_in.sﬁeep,infected with 6gte;t$gia spp; éﬁavTriého—
:étrdnngué_épp. Fﬁfthérﬁoré,'the uséréf"aiefhyl stilbesﬁrdi (DES)
-in ewes not bregﬁént produged egg éounté.very similar to thdsé ewes
iéctating.witﬁ lam£s at their'side.' Sqﬁe‘eweg given DES 1acta£ed
while others did nét, although eqgyg cognts rose régardieés of lactation
in thg DES ggbﬁp;- ﬁwes which gave.piiﬁh énd had their young removed
‘Qitbiﬁ:ié'héu;sfaﬁtéf‘birth'sthea a‘rise in fééal‘égg cdunts‘but
‘thisI;iSé;Héd‘%_véiy shoft duration (74;O‘dé§§);:(Salisbu;y‘gglil.,
'1970). | |

 Dgping'laé£a£i6n,'§nd‘soﬂetiméé_éﬁring;iété pregnancy, thé immqne‘.

‘response, of the host to-iﬁs‘gastrOintéstinal:némétodés“islpaftially,
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suppressed. The increased parasitism whichlresults has beéen 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 pa?asites and immune suppression is
the lactogenic hormone, prolactin. The secretion péttern 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 ﬁhese.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-
V¢1opment in response to host resistance but they do not resume de-
velopment when host immunity declines (Blitz and Gibbé, 1971). This
theory also fails to answer the question of seasonal periodicity.

The post diapaﬁsé development of inhibited larvae segms to be
controlled more closely by seasonal influences than host endoctrine

functions. In Ostertagia ostertagi infections, development resumes

spontaneously without endocrinal stimuli (Armour and Bruce, 1974).
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‘lWheh_haturatloﬁ.of'larvae coihcides,plth hostllactatidh; the.accoﬁ-;

‘panylhg 1mmdhosuppre551en prOV1des an- enhanced epportunlty for the

development of the worms and also- alds 1n‘synchron1z1hg the llfe
‘cycle of the para51te to the host - and season.. The parasrtevls
'beneflted by hav1ng 1ts life cycle closely paralleled to that of-

'-the host and season:

:The'questien“of how diapause'larvae are,trlggered'to resume de-
velopheht still remains. :Although host’lactation hay play a role, it
. is ﬁd; the_sole factor'invelved;. The efrects that:seasonai ehanges
: haveiupoh‘parasites have 'yet.to be determinedj This phenomenon ls
Aknopn.toube'a-sprlhgtime event. At thls time; the.host is generally
'iundergelng a change-in diet. lhe ejfect of a host!s diet upon arrested
larvae has hbt beeh‘examihed. ‘Thefe'is, howeper, groWihQ evidence
that plahts and.their'produets can affect endoerine seeretions_in
mdmmals; fThere“have.alsoibeen experiments ihdicatihg plant products
.are capable ef affeetinélparasite’reprbddction.._With this'evidence
the-féllowihg idea was postulated;' can the sprinétlﬁe-diet of the
'_-hdst'atfect a parasitehrdirectly'er Indirectly?’ Direet effect on the

’ parasitezwould be by contact in ‘the gut hetween parasite and ingesta.
'lndlrect_affect'bh the:parasite_Would_be bp the metabollzed:products'
‘df-the,lngesta.er‘pdssibly_diet induced changes the host's body

tak

f:,éhemistry. Thishidea is directed towards the unresolved problem of
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ééaéoné;itimiﬁé 6fvé§st;diapauéé dé&elépménﬁ.an&_t#éhspripg—;ise'in
.egélcéuﬁts. | | | | |
"i-}The expériﬁent,:uéiné ﬁhéat_spfoﬁté'aé a supplgﬁent in the host's
diét} was‘dgéigﬁ;d.to offér a émall amoﬁnt of blant ﬁateriél which
1migﬁt,reseﬁbie én‘early.spriﬁéflike diet. - ﬁébbits were inéculétea
‘érgily Qi?h 75@ pé:énd fed lS:gms of’whegt‘sprouts daiiy. No dif; .
férence in egg eoﬁnté Wash;ecorded betWéén gontrﬁis énd rabbits.beiﬂg
_fedAsproﬁté; ?He:ﬁéé oflﬁhéat sprdqts haé several disad;aﬂtéges.
.Sinegzﬁhg sprqﬁté;Weie-keptAmoisﬁ at all times, the 15‘gmé.reflécts
a'certain'peﬁcéntaée of.régidual water on thélrooté at thé time-of
‘fgeding. 'If»é_éiffereﬁce in e§g céunts‘haa:beeﬁ feébrded, the active
_'§ﬁbs£anée wbuld~ﬂave been difficult to isolaée. Since several plant
.subStanées'(ﬂormones) aferavéilaple in pure form, £heir uselwqufd
) produéé.a ﬁéée éaféfully:controlléd.experimenf.
The plapt'g%o;th horméne,'gibpereliic acid (GA3), was uéed so tﬂat'
iéeVe;ai;differépé‘levéls of concentration could be checked for effects

upon O. cuniculi. The effects of GA,

injections’ in rabbits previously

inoculated With,l4,500vL3, varied ffom~inhibition_t6 stimulation of:

_ parasite ovulation. Although the differences observed between groups .
Wefe:nof statistically:significant,'fhe resultant egg counts tended to

vafy with. the level .of GA3 administered. The high level of GA, (50 mg/

3
“‘day)-agpeareﬁ to inhibit egg production while the level of 5 mg/day
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ﬂ‘tendeé:tofincreaseﬁfecal edgg counts. The low level of 0.5 mg/day had
Ano’apparent effect.upon:qu counts. No Significant differences were
found between.any treated‘groub or controls.:‘Each treated-group had'
__only three rabbits and egg‘counts between individual rabbits.w1thin
a'group varied greatly, Wthh reduced the 1ihelihood that significant
differences woulu be demonstrable. Hence, this experiment,did not
produce any condélusive evidence supporting the idea of sbringtime

{ dietary affects uéon 0. cuniculi. The fact that at the level of

5 mo/day e99 counts differed substantially was encouraglng but in-
zidicated more, worh 1s required to obtain meaningful results.

7: The host's diet-and its capabilities to affect the 1ife,cycles'

. of parasites:offers certain advantaces. The timing involved with
this:event_could:be finely tuned‘to:trigger.the'parasite:to break
-the uiapauSe—state and reach sexual maturity at a time when the
1environment is beSt suitedlfor'free-liviné larval'survival. If these
internal parasites,‘capable of producing-diabause larvae, are trig—-
gered by aietary 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.

_Bbscisic acid, which acts antagonistically with GA,, could possibly

3



;jﬁ‘
‘. reverse tﬁg&affects, if-any, Qf'953j°ﬁ parasiﬁés; Abécisig acid
levelé in natur; EOincidé-ﬁéil'with.séééqnél ggpéc;é of‘gr;estéd'A
'déyélépmenti ‘ |
| 'éhéfexbéfiﬁeﬁf'uging ;p}outé-and éAB_h;d péséﬁbly one méjor
inﬁefegt-deficignéy, }Whéﬁ:stﬁdyihg,dié;ary effécts,.the‘tptal é;egh
1sﬁbuld“be'c;ﬁ£r9iiéa fo‘thé Qreéﬁeéé extent‘éossiblé._”fhe:rébbit
‘.ééllets féd‘ég_iipitumvtd_éll rqbbits iﬁ‘thesg studies contained a.
' 1argé'péfcéﬁtaéé'of'grain products. Gfain$'§r¢ knan to contain
- high émoﬁnté.of abséisic-acid;-.Abéciéic acid has been shown to act
;nﬁééonis’tiéally .wj‘.th GA, (Mi_liér., 1972) . |

The experigént involving.gA3 may héve required'S mg/day to pro-
duce a positive résponse bécause of-the ;resence of abscisic écid in
£he diet &f.theéé.rabbits; In an exéériment ﬁsing‘a diet_wh;re the

required

ievel-of-abscisic acid is extremely low, the amount of GA3

td produce a positige.respoﬁsé'in egg‘coﬁnﬁs might be much lower
thén thé 5 mé/day level found in the presen£ experiment.

The, originaifquestion of possible plant‘invélyémént in the.
phenomenbn of arré;ted development'is”still unanswefed and the ré—
sulté presented here orily indicate that moré stﬁdies should be done

" to inves%igée this éossibiiity. Future s£udiés shouid control the
diet of the hoét ﬁore closely Which in turn will produce more con-

clusive results. Since plant material has been.shown to affect
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<

éndéprine'fuﬁc#iéhé in some animéls, futu£e~$tﬁdies.§hpuldlmbnitér:
.é#décrihé“seérefions_of thg host.

ih sﬁmméry, the‘reproduétioﬁ stuay hés érodu;éd é new tool for
" studying réiaéiohéhipé be£ﬁeen,the;physiélogical status of the host
‘and-its par;site§.;"The:piant and-plant_hérmpne prk_producéd ﬂo
coﬁéiusi#é.efidepqe of plant—pérasife intefgction;  Tﬁe subéfaqtialh

'egg count fise-nqtgd‘with*the'use of GA 'indicqteS‘this idea should

3

-bé exaﬁihed in mbfe detail under mofe highly controlied‘éonditioﬁs.
‘ Thé'risé:in egg.cdpnts'noted with.lactépinglrébbits‘shdﬁld.be |
followed wifhvégﬁér;meﬁtéAde;igpéd to fihd thef;peéific inﬁélvémeﬁt .
of ﬁdrﬁoné%f

"When'éii‘thé mechénisms ihVoiVed with tbis parasite diépause
_'ﬁﬁenoménpn:aré.féﬁnd,'thése:sgmé mééhaniéﬁsvﬁill £ﬁen ﬂave to be
:yerified.using‘sevérél host parasite sysfehs, in.naturéi What héépens

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