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INTRODUCTION 

In 1942 Levin and Evans induced immunity in rats 

to re-infection by Trichinella spiralis by feeding the 

rats infective larvae irradiated at 3250 and 375o·rads 

(roentg en absorbed dose) of x - ray . This amount of radiation 

permitted the larvae to develop to adults although most 

of the adults were sterile . Very few larvae of the second 
I 

generation were recovered from the muscles of the host 

due t o the sterility of the adult worms . Therefore, the study 

concluded the origin of the mechanism of immunity against 

re-infection is located in the intestine . 

Gould et al (1955) infected white rats with 12,000 

non-irradiated encysted larvae of T. spiralis and these 

animals died as a result of the intestinal phase of the 

infection . A quantity of 12,000 encysted larvae of T. spiralis 

exposed to 10,000 rads of cobalt-60 were administered to . 

white rats. It was found that these irradiated larvae 

caused only transient diarrhea in some of the experimental 

animals . The feeding of 12,000 and 24,000 larvae exposed 

to 18 ,000 rads of cobalt-60 generally caused no diarrhea 

and permitted the rats to gain weight. It was found that 

the parasites were lost rapidly from the intestinal tract 

if rats were fed with .larvae of T. spiralis irradiated 

at 10,000 or 18,000 rads . This inferred that if heavily 

trichinosed pork were irradiated with at least 18,000 rads 

of cobalt-60 a person who might eat this meat would suffer 

little or no ill eff ects from irritation of the intestine 



by the larvae and that the parasites would disappear 

rapidly from the intestinal tract . 

Later, Gould et al (1957) exposed encysted larvae 

of T . sriralis to various doses of cobalt-60 and of x-rays . 

These irradiated larvae were then fed to white rats to 

determine the effects of radiation on the development and 

reproduction of these larvae! Morphologic changes were 

noted in female trichinellae at .various intervals from 

24 to 144 hours after infection with irradiated larvae 

that was exposed to cobalt-60 or x-rays . Trichipella 
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larvae irradiated with 6,000 rep (roentgen equivalent physical) 

or more o f cobalt-60 or 2 ,000 rads or more of x-rays 

produced decreases in body length when measured 3 and 6 

days after irradiation . A severe stunting in growth resulted 

from larvae exposed to 18,000 rep of cobalt-60 or 6,000 

rads of x-rays . It was found that 6 days after exposure 

to 2 ,000 rads of x-rays the gonads of bo"th sexes showed 

evidence of degeneration and only a small percentage of 

female s were inseminated . At 3 , 000 rads the damage was 

greater and only an occasional female was inseminated . 

It was also found in this study that the vulvas of some 

female s were obstructed. Practically no females were found 

to be inseminated after 4,000 rads of x-rays . At 4 ,000 

rads the growth of both males and females was severely 

stunted . Recent evidence (Larsh 1967 , 1969 , 1970 , 1974) 

indicates the mechanism resp?nsible for the expulsion of 

adult T. spiralis from the intestine is due to a specific 

delayed hypersensitivity reaction when using either non-



irradiated or irradiated larvae . After the hypersensitivity 

reaction occurs the resultant tissue dama£e then provides 

the stimuli for the initiation of non specific allergic 

inflammation which then affects the expulsion of worm s 

due to an unsuitable biochemical environment . It was also 

found in the se studies that humeral antibodies play a 

minor role in the elimination of adult worms, although 

antibodies are significant in overall immunity in that they 

produce direct damaging effects against the worms such 

as xeproduction potential, growth interference and cellular 

destruction . 

In 1962 , Urquhart et al studied the effects of 

radiation on the larvae of the cattle lungworm, Dictyocaulus 

viviparus . These larvae were exposed to 40,000 rads of x-rays 

and then were administered in quantities of 1 , 000 to calves . 

Nine days post infection one calf was killed and examined. 

In the lung of this calf 65 larvae were obtained. A control 

calf infected with 1 , 000 non-irradiated larvae was sacri­

ficed 9 days post infection and the lung exhibited 181 

larvae . On the 13th day post infection an exper imental 

animal was sacrificed and 23 worms were recovered from 

the lung in comparison to the 608 worms obtained from the 

control calf . A final examination at 35 days post intection 

revealed 231 adult D. viviparus i n the control calf and no 

worms were recovered i n the animal which recieved the 

irradi ated larvae . 

Jennings et al (1963) studied the effects of radiation 

on the third stage larvae of Nippostrongylus braziliensis . 
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The larvae were irradiated at 40,000 , 80 , 000 , 120,000 , 

160 , 000 and 180 , 000 rads which were then administered 

to white rats . Ten days post ' infect i on the animals were 

killed . It was found that as the x-ray dose increased 

the number of worms recovered from the small intestine 

decre&sed although more immature worms were found in the 

lungs indicating an alteration in the life cyc1e· of this 

parasite which prevented migration in mice to the intest i ne . 

Additionally , the effects of radiation on the in­

fective larvae of Ascaris suum were studied by Dappen t1965) . 

It was found that by irradiating A suum larvae , that not 

only was the migration rate from the stomach to the liver 

and then to the lungs lengthened , but also the irradiation 

affected the number of migrating larvae . This study found 

that the num oer of migrating l arvae of A. suum recovered 

was inversely proportional to the level of radiation received . 

With the utilization of irradiated larvae as the immunizing 

agent the amount of injury or tissue damage to the host 

was appreciably less . 

Van Zandt (1961) studied the immunity relationships 

in white mice given. infections with third stage larvae 

of Nematospiroides dubius . This study found that after 

one stimulating infection of N. dubius larvae , white 

mice failed to develop acquired immunity . This was determined 

by measured adult counts 15 days post infection . After 

two stimulating infections given at 21 day intervals, Van 

Zandt found that the animals - failed to exhibit immunity 
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although smaller numbers of worms were recovered . After 

3 s t imulating infections however , the mice demonstrated 

acquired immunity . 

As far as it is known , there is no published work 

on the effects of x-radiation with regard to the altera­

tion of the life cycle of N. dubius and stimulation of 

immunity utilizing irradiated larvae . Thus, this study 

~nvestigated ( 1 ) the effects of varying levels of radi ­

ation to find a dosage that would permit the infective 

larvae of N. dubius to penetrate the intestinal mucosa , 

encyst and proceed no further in the life cycle and (2) 

to determine whether or not irradiated larvae would cause 

active immunization . 

5 



CLASSIFICATION OF THE GE:i~U S 

NEI·i.ATOSPIROIDES 

Maybelle Chitwood , 1967. 

Kingdom Animal 

Phylum Nematoda 

Class Sercernentea (Phasmidia) 

Order Strongylida 

Suborder Trichostrongylina 

Superfamily Heligmosomatoidea 

Family Heligmosomatidae 

Subfamily Heliguosomatinae 

Genus Nematospiroides 

Species dubius 

DESCRIPTION OF NEi1ATOSPIROIDES DUBIUS 

Baylis (1926) first described N.dubius from the 

wood mouse , Apodemus sylvaticus . Female specimens measure 

18 to 21 millimeters while males measure 8 to 10 milli ­

mete~s . The diameter of the f male body is approximately 

0.12 millimeters and in males the diameter is approx­

imately 0.11 millimeters. The cuticle near the head region 

is slightly expanded in both sexes. The diameter of this 

particular region ranges from 0.036 millimeters in males 

to 0 .043 millimeters in the females . Very fine striations 

which are accentuated at the anterior and vulval regions 

are characteristic of the cutlcle . Throughout the length 

of the body are 30 to 50 lon~itudinal ridges . There exists 
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a very short buccal capsule . The esophagus measures 0.40 

millimeters in length in males and 0.47 millimeters in 

females . A large bursa divided into two unequal lobes i s 

at the caudal end of the male . A bursal membrane enclose s 

a space which is occupied by a balloon- like , cloacal 

swelling located posteriorly . This swelling is spherical 

in shape and contains granul~r material . The male posesse s 

copulatory spicules which are slender and filiform . The 

spicules appear fused but are not. The caudal end of the 

female i s narrowed behind the vulva and from here· the body 

tapers t o a blunt tail posessing a slender, sharp terminal 

spike measuring 0.01 t o 0.013 millimeters in length . The 

genital tube of the femal e is single and extends anteriorly 

from the vulva . 

LIFE CYCLE OP NEMATOSPIROIDES DUBIUS 

The e ggs of Nematospiroides dubius, measuring 70 

to 84 microns long by 37 to 53 microns wide, are expelled 

with the fece s of the host mouse in the 8 to 16 cell stage . 

and become fully embryonated 8 to 10 hours before hatching . 

In an environment of 23 to 28 degrees Centrigrade, hatching 

of the larvae occurs in approximately 26 hours after passing 

from the h ost in moist fecal material . The first stag e larvae 

measure 300 to 600 microns in length and rudimentary lips 

are visible around the buccal orafice. Ecdysi s begins 48 

hours after hatching an~ the ·cuticle can be seen loosening 

from bo~h ends of the first s ta6 e larvae . 
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complete outside the host and the first stage cuticle is 

retained as a sheath of the infective larvae (Ehrenford,1954) . 

The free living larval stages require 4 to 6 days to become 

the third stage infective larvae . At this time they migrate 

to the surface of the fecal mass . The larvae enter the 

host through ingestion . Upon ingestion the larvae lose 

their sheaths and 24 hours l~ter are found in the intestine 

closely associated with the mucosa . At this point they 

measure 376 to 540 microns . The third stage larvae molt 

while in the lumen of the intestine then migrate through 

the mucosa and come to lie in loose cysts in the circular 

and longitudinal muscles of the intestinal wall . Cross 

(1960) stated that the muscle layers of the small intestine 

are thickened at this time due to degeneration of the 

leucocytic infiltration . At this point the larvae are 

grossly visible from the serous surface . The final molt 

occurs between the 6th ana 9th days . This is shortly 

before the worms re-enter the lumen of the intestine . 

Copulation and oviposition occur in the lumen and the eggs 

may be found in the feces of the host for a period of 7 to 

8 months following infection . ~hrenford (1954) stated that 

variations in length of prepatent and patent periods are 

influenced by both host strain and age . 
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MATERIALS Al~D METEODS 

Culturing of ~ernatospiroides dubius larvae 

The mice used throughout the research were of Swiss­

white breed and obtained from Youngstown State University , 

Youngstown , Ohio . The mice were infected with third stage 
I 

larvae obtained by collection of fecal pellets which were 

then mixed with enough distilled water to f orm an emulsion . 

The emulsion was then passed through several layers of 

cheesecloth with the aid of additional distilled water . 

The filtrate was collected. Thi s process enabled the filtra­

tion of Nematospiroides dubius eggs from the fecal pellets. 

The filtrate was then centrifuged. After centrifugation 

the sediment was res~spended and washed three time s with 

decantation of the supernatent after every washing . After 
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the third washing distilled water was added to reform a 

liquid emulsion . This emulsion was then poured into a culture 

dish containing five layers of dampened (Wattman #40) filter 

paper . The covered culture dish was then placed in a 23 

degree Uentrigr ade incubator for five days with daily aeration 

periods of 7 to 8 minutes . Harvesting of the third stage 

infective larvae was accomplished by gently spraying . 

distilled water over the slanted filter paper and collecting 

the larvae through sedimentation. 

Irradiation Procedure 

The harvested larvae were divided into two groups, one which 



was to be irradiated and one which remained unirradiated . 

The larvae to be irradiated were placed in a one inch 

Stentor dish . The dish was filled to an approximate height 

of one centimeter to insure uniform irradiation . Placement 

of the Stentor dish from the focal point of the Picker 

Vanguard X-ray Unit varied with the radiation dosages . 

10 

All calculations were r:-iade P:Gior to irradiation . The dosage 

time was divided into half to permit agitation of the larvae 

to keep the larvae in suspens i on. Transportation to and from 

Saint Elizabeth Hospital , YounGstown, Ohio was accomplished 

by carrying the larvae in glass , conical, centrifuge 

tubes which were placed in beakers containing ice chips . 

Standardization and Infection Procedures 

After each irradiation the larvae were taken back 

to Youngstown State University and standardized. The 

normal and irradiated larval suspensions were diluted with 

distilled water to a suitable predetermined volume . D~lutions 

resulted in the obtainment of 15 consecutive readings 

of 12 to 13 larvae per 0 . 05 cubic centimeters (cc) . Then 

0.2 cc of the larval suspension was g i v en orally to each 

of th~ mice with a blunt , one and one-half inch , 18 guage 

hypodermic needle a:-id syringe . 



Autopsy Procedure 

The infected animals were killed on the 7th and 14th 

days post infection by cervical dislocation. All of the 

small intestine was removed, placed on a glass plate, slit 

apd opened. Another glass plate was placed on top of the 

opened intestine and then compressed. The intestine between 

the glass plates was placed under a dissecting microscope 

and examined for the presence of cys~s and/or adults of 

~ - dubius . 

The mic e used in this study were of the white Swiss 

strain that have been maintained in the Department of 

Biological Sciences for many years . 

1 1 



RESULTS AND DISCUSSION 

Experimental Design 

An experimental design was used throughout the 

research to insure uniformity and consistency. The design 

consisted of 9 experimental units and each unit represented 

the varying amounts of radi_ation employed in this projec·t. · 

Thus, the dosage used for Unit I was 50,000 rads, Unit II 

40,000 rads, Unit III 30,000 rads, Unit IV 20,000 rads, 

Unit V 15,000 rads, for Unit VI 16,000 rads, Unit VII 

17,000 rads, Unit VIII 18,000 rads and for Unit IX 19,000 

rads of x-radiation was used. These dosages are similar 

to those of Staut (1971). Each unit required 28 Swiss white 

mice which were divided into 3 groups. The 4 mice of 

Group I represented the viability co~trols. These mice 

we re infected with third stage infective larvae and 

sacrificed 14 days post infection for adult counts. The 

larvae for infection were considered viable if 80% or more 

of the original infection was recovered as determined 

by adult N. dubius removed and counted from the small 

intestines. Group II consisted of 12 mice and represented 

the non irradiated controls, while the 12 mice of Group 

III represented the irradiated larvae group. In Groups 

II and III various mice were sacrificed at 7 days post 

infection for cyst counts and at 14 days post infection 

for adult counts. Figure I shows the experimental design 

employed . 
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FIGURE I 

The experimental design used for Units I, II, III , IV and V. 

GROUP I 

viability controls 

l4 Mic e) 

14 ays 

adult counts 

GROUP II 

non-irradiated 

(12 Nic e) 

7 days 

cyst counts 

7 day s 

adult counts 

GROUP III 

irradiated 

(12 Mice) 

7 ays 

cyst counts 

7 days 

adult counts 
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UN I T I - 50,000 RADS 

Twenty- e~ght mice were divided into 3 groups as 

previously descri b ed . The mice of Group I (viability 

controls) were infected orally with 50 non- irradiated 

third stage larvae . Fourteen days after the infection 

these mice were killed and examined for adult N. dubius. 

The average number of adults recovered was 48 . 50 and 
I 

represented a 97 . 00% recovery of the initial infection . 

The 12 mi ce of Group II represented the non- irradiated 

group . The aver~ge number of cysts and adults recovered 

at 7 and 14 days respectively was 26 . 25 and 46 . 75 and 

are listed in Table I . The remaining animals i ~ Group III 

empl oyed irradi ated larvae . The 12 mice in this group 

were orally infected with 50 third stage larvae irradiated 

at 50 , 000 rads as described . Seven days post infection 

4 mice were sac r ificed and examined for cysts . No cyst s 

were found inferring that 50 , 000 rads of x-radiation 

either had retarded the life cycle or had killed the 

larvae . At the end of 14 days the remaining mice were killed 

and no adults could be found in the small i n testines in­

dicating that 50 , 000 rads of x-radiation is a lethal 

dosage o f radiation for the infec t ive larvae . 

UNIT ll - 40,000 rt.ADS 

Group I consisted of 4 mice · and represented the 

viability controls . Adult cdunts 14 days post infection for 

14 



TABLE I 

1-·he effec"ts of 50,000 rads of x-radiatio:n on the growth and 
deve.loprnent of the infective larvae of 1'1ematospiroides dubius 

U-.l:W U l' .-!, 

viability controls 

adults 
\14 days; 

49 

4~ 

48 

48 

X:::48.50 

97.00Jo 

ti-RUU.1:' lI 

non-irraciiated 

cysts adults 
\7 days; \14 days) 

28 4~ 

30 51 

16 48 

31 44 

47 

46 

44 

45 

111.EA.HS 

X:::46 .75 

.l:'ERCE1'l'.l.' uli· RECUV_t;n.Y 

52.50jo 

GROUP III 

irradiated 

cysts adults 
\7 days) \14 days; 

0 0 

0 0 

0 0 -

0 0 

0 

0 

0 

0 

15 
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TA.oLE II 

~he effects of 40,000 rads of x-radiation on the erowth and 
development of the infective larvae of Nematospiroides dubius 

GROUP I 

viability controls 

aciults 
l 14 daysJ 

48 

48 

47 

45 

.X:=47 . 00 

94.00~ 

<zROUP II 
non-irradiated 

cysts adults 
{7 days1 {14 daysJ 

I 

31 49 

30 52 

24 49 

20 48 

50 

44 

46 

45 

X=26.25 A=47.85 

PERC.t:1~ T OF }{EC CJVEri. Y 

95. 70'/o 

GROUP Ill 
irradiated 

cysts adults 
t7 days; {14 days) 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

1 

-
X=O X= .125 

0% .25% 



this group averaged 47 . 00 and represented a 94 . 00% recovery 

of t~e original infection . Four mice of Group II(non­

irradiated controls) h ad cyst counts of 31 , 30 , 24 and 

20 (X=26 . 25) at 7 days as seen in Table II . The remaini~g 

8 mice were sacrificed 14 days post infection and had an 

average adult count of 47 . 85 (Tabl e II) . Cyst and adult 

counts in tris group are comparable with what is obtained 
I 

when using non-irradiated larvae . In Group III using 

larvae irradiated at 40,000 rads , the mice were sacrificed 

at 7 days post infection and exhibited no cysts while at 

17 

14 days post infection one adult worm was recovered· from one -

of the 8 remaining ~ice . This count was attributed to the 

infective larvae escaping irradiation . Irradiation of 

the third stage larvae at 40 , 000 rads proved to be a 

lethal amount of radiation to per~i~ rrowth and development . 

UNIT III - 30,000 RADS 

The 4 viability controls of Group I had a 9~ -75% 

recovery which was calculated on adult counts of 48 , 45, 

48 and 47 with an average of 47 . 00 which was obtained 14 

days post infection . This percent recovery of the original 

infection indicated the third stage larvae of N. dubius 

used for this infection were viable. The 12 exper imental 

ani~l s of Group II were infected with 50 non- irradiated 

third stage larvae of N. dubius . At 7 days post infection 



TABLE IlI 

The effects of 30,000 rads of x-radiation on the growth and 
development of · the infective larvae of Nematospiroides dubius 

GROUF I 
viability controls 

adults 
{ 14 days; 

48 

48 

47 --

Lt-5 

X=47 .00 

94.00/0 

IJ-ROUP II 
~ 

non-irradiated 

cysts 
l7days; 

32 

30 

28 

14 

adults 
{14 days; 

47 

41 

46 

48 

43 

49 

42 

54 

MEANS 

A=26 .00 X=46 .25 

1-'EnCEHT OF RECOVERY 

GROUP IlI 
irradiated 

cysts adults 
{7 days; {14 days) 

0 1 

0 1 

2 0 

1 1 

0 

0 

0 

1 

-X= .75 X=.50 

1. 50'/0 1.00~ 
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the average number of cysts recovered from 4 animals was 

26 . 00 lTab le III) . The remaining 8 mice were killed and 

examined for adults 14 days post infection . An average 

adult count of 46.25 was obtained from this group . ·Each 

of the 12 mice of Group III were orally infected with 50 

infective larvae irradiated at 30 , 000 rads . At 7 days 

post infection 4 mice of this, group exhibited an average 

cyst count of . 75 . The remaining animals were killed and 

examined for the adults of N. dubius 14 days post infection . 

The adult counts averaged . 50 and are shovm in Table III . 

Results from Unit III indicate that 30,000 rads of x­

radiation is a lethal dosage to permit the infective 

larvae of N. dubius to develo,pe . 

, UNIT IV - 20,000 RADS 

The viability controls consisting of 4 mice repre­

sented by Group I exhibited adult counts of 48 , 42 , 46 

and 51 with an average of 46 . 75 at 14 days post infection . 

This results in a 93 . 50% recovery of the initial infection 

of 50,non-irradiated . i?±'ective larvae of N. dubius and 

demonstrates a viable culture . In Group II each of the 

12 experimental animals was administered 50 non-irradiated 

third stage larvae of N. dubius . At 7 days post infection 

4 mice were sacrificed from this group and examined for 

cysts . The avera6 e cyst count was 27 . 00 lTable IV). On 
. 

the other hand, adult counts obtained from t h e remaining 
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TAbLE IV 

The elfects of 20,000 rads of x-radiation on the erowth and 
development of the infective larvae of Hematospiroides dubius 

GROUP I 
viability con trols 

acul ts 
~14 days) 

48 

42 

46 

51 

GROUP Il 
non-irradiated 

cysts adults 
l7 days) t14 daysJ 

I 

28 48 

34 48 

16 47 

30 51 

50 

44 

42 

46 

X=27.00 X=47.00 

P.c;R(;_:;;HT U}' RECUVEHY 

54.0070 94.00,, 

GROUP 111 
irradiated 

cys t s adults 
t7 days) t14 days) 

4 4 

2 2 

4 3 

2 3 

2 

4 

2 

3 

6.00'j'b 
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8 mice of Group II averaged 47.00 . The animals of Group 

III were infected with larvae irradiated at 20 , 000 rads. 

These animals exhibited cyst counts of 4 , 2, 4 and 2 

(X..:::;:}.00) at 7 days post infection while adult counts of 

the remaining animals at 14 days post infection averaged 

a.as (Table IV) . It can be concluded from results obtained 

in Units I through IV that there is an increase in growth 
I 

and development of the infective larvae of N. dubius 

as the amount of radiation decreases although development 

of the third stage larvae is severely affected at 20 , 000 

rads of x-radiation . 

UNIT V - 15,000 RADS 

Twenty- eight mice were divided into 3 groups . The 

·4 mice of Group I (viability controls) had adult counts of 

48 , 45, 51 and 46 (X=47 . 50) . This demonstrates a 95 . 00% 

recovery of t?e initial infection of 50 non-irradiated 

N. dubius larvae and indicates a viable culture . The 12 

animals of Group II were infected with non-irradiated 

infective larvae of N. dubius and exhibited an average . 

cyst count of 27 .• ,50 7 days post infection. At 14 days 

post infection 8 mice were killed and examined for adul t s . 

The average adult worm count was 46 . 62 and were calculated 

on counts listed in Table V. Group III utilized third stage 

larvae irradiated at 15 , 000 rads of x-radiation. Four mice 

were sacrificed and examined "for cysts 7 days post infection . 
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TABLE V 

The effects of 15,000 rads of x-radiation on the growth and 
development of the infective larvae of Nematospiroides dubius 

GROUP I 

viability controls 

adults 
t 14 daysJ 

48 

45 

51 

46 

-
X=47 .50 

95.oo, 

GROUP II 
non-irradiated 

cysts adults 
l7 days) (14 days) 

I 

30 44 

19 48 

33 46 

28 45 

50 

46 

47 

47 

- -
X=27.50 X=46 .62 

PERCBNl Or RECOvERY 

55 .00;;b 93. 2410 

GROUP Ill 
irradiated 

cysts adults 
t7 days) (14 daysJ 

18 38 

19 35 

27 39 

15 40 

37 

38 

41 

36 

-
X=19.75 X=38.00 

3 9 . 5 07o 7 6 • 00% 



Cyst counts obtained were 19, 18, 27 and 15 (X=19 . 75) 

while an average adult count of 38 . 00 was obtained from 

the remaining animals at 14 days· post infection. It can 
. 

be concluded t~at 15,000 rads of x-radiation affected 
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the development of the larvae only slightly since the 

majority of worms completed the life cycle to the lumen 

dwelling s tage . Therefore, a~ 15,000 rads the desired 

encystment and termination of development was not accom­

plished. From data thus gathered the desirable dosage lies 

between 15,000 rads where tne larvae were only slightly 

' 
affected and 20,000 · ra~s . whic~ killed the larvae. 

The experimental design utilized for the following 

4 Units (VI, 16,000, VII, 17,000, VIII , 18,000, IX, 19,000 

rads) diff ered from the design of earlier experiments in 

t~is study (Figure I) . The new design consisted of 48 

mice which were ra1.,domly divided into 4 groups. As 

described previously, viability controls were included in 

each experimental design for each infection . Aqult coun t s 

from these v ario~s viability controls were within expected 

limits in each case anci proved tl!at the larvae used for 

infection were viable . The remaining groups were handled 

in the following ma~.:.ner . Group I (immune controls) c~n­

sisted of 12 mice which were immunized by the established 

procedure of 3 oral, stimulating infections of 50 infective 

larvae of N. dubius with 14: day intervals. between infect­

ions. Fourteen days post third stimulating infection . 
the animals were administered pyrantel tartarate (60 mg/kg 



of body weight) which removes the adult parasites from 

the intestines . Four days after drug treatment the animals 

were given a challenging oral infection of 50 non-irradiated 

third stage larvae and sacrificed 14 days post challenge 

for adult counts . 

Group II (experimentals: irradi ated-immunized) 

consisted of 12 mice and wer~ handled as Group I above, 

except that these animals recieved 3 stimulating oral 

infection at 7 day intervals with 50 larvae irradiated 

at the appropriate dosage of x-r~diation . Seven days 

was chosen in that it was hoped there would be no adult 

worms in the intestine since a t the proper dosage of ra­

diation the infective larvae would not develop to the 

adult stage freeing the intestine of aault worms. If no 

worms were present , then the drug treatment could be elimi­

nated and the immunization time would be reduced from 14 

to 7 days for each stimulating infection. In any event, 

7 days after the ~hird infection each animal of this 

group _(II} was challenged with an oral infection of 50 

non- irradiated larvae and killed 14 days later and counts 

were made of the adult N. dubius recovered from the small 

intestine . 

The remaining 2 groups (III and IV) of this exper­

imental series served as controls . The 12 mice of Group III 

(irradiated controls) received a single oral infection of 

50 larvae irradiated at th e appropriate dosage of x-radi­

ation . Cyst and adult counts "were made at 7 and 14 days 

respectively as previously described. Thes e counts would 
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FIGlJRX•: II 

The experimental design used f or Units vI, Vll , VIII and IX . 

GROUP I 

immune 
controls 

(12 mice) 

I 
14 days 

1 
1J: 

t 
Drug 

14 days 

Adult 
Count 

GROUP II 

experiment~ls: 
irradiated­
immunized 
(12 mice) 

S1 
I 

+ays 
S2 

7 days 

\l/ 
Challenge 

I . 
14 lays 

Adult 
Count 

GROUP III 

irradiated 
controls 

(12 mi ce) 

50 
irradiated 

larvae 

I 
7 days 

t 
cvst count 

7 jays 
I 

~ ,I 

adult count 

GlWUP IV 

non-immunized 
control s 

(12 mice) 

Challenge_ 

14 ays 

Adult Count 



indicate , therefore how many c ysts containing developing 

larvae could be found in t h e i ntestinal tissue at 7 days 

and how many of these larvae had developed to the adult 

stage as shown by the number of adults recovered from 

the small intestines at 14 days post infection . Finally , 

Group IV (non-immunized controls) consisted of 12 mice 

that received only the challenging infection of 50 non-. . 
irradiated larvae each . Thes e animals were killed 14 days 

after challenee and c o unts were made of the ad11 lt worms 

recovered from the inte stines . Thus , comparisons of the 

ave rage adult worm counts recovered after the challenging 

infection between Groups I and IV · would indicat e whether 

or not t 11 e animals had been immunized , while comparisons 

between Groups II and IV would determine whether or not 

the animals of Group II were immunized with irradiated 

larvae . On the other hand , results from Group III (irradiated 

controls) would indicate the efficacy of the radiation 

dosage . The experimental design employed in Units VI , 

VII , VIII and IX is indicated by Figure II . 

The mice were divided into the various groups described 

previously . The 12 mice of Group I (immu t e controls) were 

given 3 oral infections of 50 non-irradiated N. dubius 

larvae each with 14 day intervals between infections . 

Fourteen days after the t h ird stimulatin~ infection the 
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'l'ARJil~ VJ 

The effects of 16 , 000 rads of x- radiation on the growth and 
development of the infective larvae of Hemato§piroides dubius 

GROUP I GrWU.P II GHOUP III GROUP IV -- -
immune experimentals : irradiated non-immunized 

controls irradiated- controls controls 
immunized 

(adults) (aauitsJ (c.vstsJ (adults) 
1 1 118 24 48 
14 120 22 47 
25 120 21 44 
24 124 29 45 
17 120 X.=24.00 50 

;:,--;;7,--

29 119 70=48. 00_ 41 
10 1 1 1 (adults) 42 
30 107 32 48 
21 1 1 1 26 51 
19 117 30 42 

19 · 118 26 44 
18 106 25 48 

X=19.75 i=115.92 19 X=45.83 
21 

27 
X=25.75 
~6=51.50 

*X=mean 

%=percent recovery of ori~inal infection of 50 u. dubius larvae 



animals were admi11istered pyrantel tartrate to rernove 

t h e adult worin s from the smal l intestines . Four ·days 

later , the animals were 1-.. illed and the averag e aduJ t 

worm cou11t recovered from t he animaJ.s was 19 . 75 which 

is cofilparable to data acquired by others. Group II 

(experimentals : irradiated-immunized) attempted to 

utilize larvae irradiated at 16 , 000 rads to c ause active 
I 

immunization . Tnese anh.als were 6 i ven 3 stimulating 

infections of 50 irradiated infective larvae at 7 day 

intervals . Seven days post 3ra stimulating infection the 

animals were challenged with 50 non- irradiated larvae . 

These mice were sacrificed 14 days later for adult worm 

CO L, nts . :i.1he avera _r e adult worm cou.i:, t was 115 . 92 (Table VI) . 

The 12 mice of Group I J I (irradiated controls) were 

infected with 50 larvae each that had beun irradiated at 

16 , 000 rads . At 7 days post infection , 4 mice were killed 

and exa1ained for cysts. 'l'he ·averar e cyst count was 24 . 00 

and is s hown in Ta11le VI . 2.'l1e rer.iaining mice were killed 

14 days post infection with an avera· e adult count of 

25 . 75 ( Table VI) . Finally , the 12 mice of Group IV (non­

immunized controls) were given only the challengi ng in­

fection. Fourteen days after the c1allenge the animals 

of this t, roup were sacrificed and counts were made of the 

adult worms recover~d from the intestines. The avera ~e 

number of worms recove r ed from this ,'' roup was 45 , e3 

(Table VI) . 

From these results it can be seen that al thoue:h the 

28 
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animals of Grnup I were immu1ii z ed (aver.a: e adult count=19 . 75) 

the animals of Group II had too many pers i stin~ adult 

worms lX=115 . 92) from the 3 stimulating infections to 

determine whether or not immunization had occured as based 

on the parameter s of the experimental design . 1-.i:owever , it 

ca1_;_ ue seen that adult worms did d evelop as i ndicated 

by the average number of worms l25 . 75) reco ve r ed from 

Group III (i~radiated controls) . ~bus , it can be concluded 

from aata of Unit VI that 16 , 000 rads of x-radiation will 

not inhibit the d evelopment of t he major ity of H. QU~iu~ 

larifae t o the adQlt stag e . 

UiiJ IT VII - 17,000 Rl,DS 

'.L'his experimental desi1-::n was similar to t hat of 

Unit VI l16 , 000 rads) except that the irradia ted larvae 

used in thi u Unit were exposed to 17 , 000 rads of x-radia­

t ion . 1'hvs , the average adult worm count recovered from 

the animals of Gr0up I ( ilimm..ne con trols) was 20 . 50 , those 

of Group II (experimentals : irr adiated- irnr.mnized) 85 . 83 

and those of Group IV (non- i ,.1munized) 45 . 91 . On the other 

hand , the ave r a ,;e cyst and adult counts of ti ie animals of 

G:cnup III (irradiated contro'ls) was 23 . 50 and 15 . 38 re­

spectively (Table VII) . It can be concluded the r efore 

that at 17 , 000 rads of x - radiation the number of 

larvae developing to adults tad decreased in comparison 
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11' Al3LE VII 

The eft ects 0 1' 17,000 rads of x- radiation on the growth and 
development of the infective larvae of JJematospiroides dubius 

Grl.<JUP I GROUP II GrtOtJ:P III GrWUP IV 

immune experimentals : irradiated non-immunized 
controls irradiated- controls controls 

imr.rnni zed 
{auults) (adults) (cysts) (adults) 

19 88 26 45 
19 90 28 45 
32 88 20 48 

30 84 20 40 
29 80 X=23.50 48 
21 80 ~u=4 7. oo 47 
14 89 (adults) 47 
n 92 11 47 
10 81 12 50 
21 86 19 51 

20 87 14 40 
20 85 15 43 

x=85.83 
-

X=20.50 15 X=45.91 
19 
18 

i=15.38 
%=30.76 

*X=mean 

%=percent of recovery of original infection of 50 N. dubius 
larvae 



to counts l.'rum .s.J..milar t,ruuyu l11 Uni vs v ai1d V l . Al tHough 

a trend is indic.:ated , tl11J nurnuer o.f larvae developing to 

the adulv otabe is still too high f or comparative pur­

poses , to co nsiu.er 1'( , 000 rads tbe dosage o l' radiaLion 

needed to immuni :u e mice under t11e experime11tal comii tions 

repo1:ted .tiere 

UNIT VIII - 1U , OOO HADS 

'.l1he expei·imental desi6n ol' this Unit was slmilar 

to t11at oi Uni ts VI and VII with t11e exception that ti1e 

irradiated larvae used in this experiment were exposed to 

1 8 , 000 raus or.· .x- rauiation . In tul.s study , the average 

adult worm counts obtained fro111 animals o.l· Group I (im1nune 

co11trols) was 19 . 42 , tHose 0 .1 Group II (experimentals : 

irradiated- immunized) was 16 . 17 indicating this group had 

been inununil,:'.,ed wuile those oi G-roup IV (no11-immunized 

con Lrols) had an avera6 e 01· 45 . 83 \'.'Ol.'i11..., . The average cyst 

a11u. adult counts obtained from the a11imals 01' Group III 

( irradiated co1nrolG) was 2'/ . 25 and 1 . 25 respectiv ely 

(Taule VIII , (A)) . In addition to t.u e 6 roups uoted above , one 

othe £ eontrol group wau included in this study . The 12 

mic.;e oJ this Group V ( '.!.'able VIIlb) we.re J1a.Lidled as those 

al' G~ou.p II of t.1;, s Unit , except that 7 days al'ter the 3rd 

stimulating inl.'t::action t11e a11irnali:; of tuls group ( V) were 

treated \vl t.l:l py:r:a11tel tartrate to rernov-e persis tinb 

adulL worms that lilight remaln in t11e intestinal lumen 

from previous stimula ting iniectio 11 s . }'our days post drug 



TA:13LE VIII ( A) 

r1 1he effects of 18 ,000 rans of x- radiation on the growth and 
development of the infective larvae of Nernatospiroides dubius 

GtlOUP I GHOUP II GROUP III GHOUP· IV ----
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immune experimentals: irradiated non-immunized 
controls irradiated- cont rols control s 

immuniz.ed 
(adults) (adults) (cystsr- (adults) 

21 10 24 45 
20 11 23 48 
27 30 28 47 
10 25 34 44 
16 12 X=27.25 44 
19 16 %=54.50 48 
18 14 (adults) 49 
21 17 1 46 
29 10 1. 46 
27 24 0 46 
1 1 12 1 46 
14 13 1 41 

X=19.42 I:::16 . 17 4 X=45.83 
2 
0 

.,\=1 • 25 
%=2. 50 

-
*X=mean 

%=percent of recovery of the original infect i on of 50 N. dubius 
larvae 



~ABL:h: Vl ll ( B) 

The ef fects of 1u , UOU rads · of x-radia tion on the growth and 
development of the iniective larvae· oI Nemato8kiroides duuius 

*X=rnean 

GROUP V 

expe.rimeutals: irradiated-immunized; 
I 

drug treated 

(adults) 

10 

14 
26 

25 
9 

14 

17 
16 
21 

19 
18 

1 1 

* X=16.67 
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treatment, all animals of thi G ,. roup were g iven a challenging 

infection of 50 non-irradiated £•• dubius larvae each. 

J!'ourteen days after challenF,e , the animals were ki J. led 

and counts were made of the adult worms recovered from 

the small intes t ines . Drup; treatment of ti1is group would 

remove adult Q. du1?ius .from the intestines that mir-:ht 

persist from thn previous stimulating infections since 
I 

it is possible that x- ray t!'eatment did not prevent adult 

development of 100;6 of the irradiated larvae . Thns, 

comparisons of the average number of viorrns recovered at 

challenge between Groups II Rnd V would indicat e whether 

or not persisting adult worms in Group II ctffected the 

results from the experimental animals .l Gr0up II) . Thus , 

the averaf:e number of worms recovered from the chalJ e11ginR 

infection in Group V was 16 . 67 ( Ta.hle_ vIII (B)) and the 

diff erence be Lween the means of Group II (16 . 17) and Group 

V (16 . 67) is not statistically si~nificant lTable X) . Thus, 

it can be concluded from results of Unit VIII that larvae 

irradiated at 18 , 000 rads of x-radiation penetrate the 

intestinal muc osa and remain at least 7 days as demon­

strated by cyst counts (X=27 . 25: Group III, Table VIII (A)) , 

most larvae proceed no further in growth and development 

as dernoi.strated by aJult counts (X=1 . 25 : Group 111 , Table 

VIII (A)) and these few larvae that are able to develo-p 

to the aaul t stage do not affect the rtu1 1ber of adults · 

recovered at challen6e nor contribute in large measure , 



to the immunity developed in mi ce uy th o~e infective larvae 

irradiated at H3,000 rars tX=1 G. 6'/ : rrroup Il, 'l'ahles 

VIII (A) and X) . In short , the o-ptirnum x-radiation used 

in this experiment is 18 , 000 rans and the majority of 

larvae ti.us treated are capable of stimulating immunity 

in mic e wi t·h r ut fur Lhe r growth and development t o the 

adult s l,ap; e . 

Ui.H T IX - 19,000 _R]l lJ~_ 

This experimental design was similar ' to those of 

Units vI (16,0uO rans) and VII (17 , 000 rads) except that 

the irrauiated larvae used in this study were eXJiOSed to 

19 , 000 rads of x-radiation . The results obtained in this 

Unit i ndicate the average adult worm counts recovered 

from the animals of Group I ( in11:1une controls) was 17 . 08 , 

those of Group II ( experir!entals: irradia ted- im1..unized) 

44 . 50 and those of Group IV · (no11- ~mmuui zed controls) 

44 . 75 . Finally , the average cyst ancl adult c ounts of the 

animals of Group III (irradi a ted controls) was 6 . 25 and 

1 . 62 respectively tTabl e lX) . In this experiment the 

results from cyst counts of Grnup III (X= 6 . 25) is 

lower than those of Units Vl , VII and Vlil indica tinr; 

fewer irradiated larvae penetrated the intes t innl 
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mucosa or continued development once . penetr ation had 

occured . Secondly , the larr;e averaf'.e number of worms l 44 . 50) 

recovered 14 days after chall en~e from the exper ime11tals 

lGroup II) indicates the irradiated larvae did not 



TABLE IX 

The effects of 19,000 rc1d.s of x- radi::i.tion on the p;rowth and 
development of the infective lnrvc1e of liematospiroides dubius 

GROUP I GROUP I I GROUP III GROUP IV 

im.mune experimentals: irradiated non-immuni7,ed 
controls irradiated- controls controls 

imllluriized 
(adults) (adults) (cysts) (adults) 

24 44 5 44 
1 1 41 5 41 
19 43 8 43 
18 43 8 43 
11 47 X=6.25 47 
10 45 %=12.50 45 
19 44 ladults) 44 
18 41 1 41 
21 40 1- 40 
20 52 2 52 
21 48 2 48 
13 46 1 46 

X=17.08 x-.44.50 4 X=44.50 
1 
1 

X=1.62 ~--10=3. 25 

*X=mean 
%=percent of recovery of original infection of 50 N. du~ius 

larvae 
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A t t1:1st at th 0 51., Ri::;nific,.n<"'"' levPl w:-rn Trt'Pforr,P.o het;w0en 
the c .. RtA ~n<l :ionl ts of trn r.r, ,, t.r ol Rnd P..qier.i n1c nirn.l ;:ro,1ps 
in un.i ts 1- V and hp1.ween the i••qri nn" ~nnt.rolR Bnn irrr'ldintPd ­
i111in 1.rnized co111,roJ A in Uni ts VI - TX: . An extra t test ,,ms Rn0°n 
in unit VIII between the irra.tiiated- i r:-1 muni~ed 8nrt irradiated­
i 111111m1 i :-3e d ldru 0 tre 8. tedJ .:.,roup . 

UriuUP 

:>0,0UU r 

cysts 

aaults 

4Q,_O~U_.£ 
cysts 

aciults 

30,0UO r 
cysts 

a ,1 ul ts 

20 2000 r 

cyAts 

aclul ts 

152000 r 

C j' S ts 

adults 

.!.§.,_ouo ..E 
imm . cont . 
irr-imm 

17,000 r 
imm . COllt . 

irr-i1J1m 

18,000 r 

imm , co:iit . 
ii:r-imm 

Dl'.:G-1•.i ;t:S 
.t'ltJ 1,.C:DUM 

--------

6 
14 

6 
14 

6 
14 

6 
14 

6 
14 

- --

22 

22 

22 

irr.-imm 
i r r- irnm l liruc;) 22 

1~,000 r 
i1i1m . cont . 
irr-i o!m t:'.'.2 

OF 
Lh'.;:_; l lHJ I 

TBST Ciu I lC,\L EVALt!ATiON 
~'.I: l ~l:::i'.l.'I :; V,lLUE 

7 . 56 ±2 . 447 Sig. 

5 3 . 12 2 . 145 Sie . 

17 . 74 2 . 447 Si f; . 

49 . 73 2. 145 Si«Z . 

6 .1 4 2 . 447 sic; . 

49.73 2 . 145 Sic . 

15 . 09 2 . ~,n ~Hr;. 

40 . 85 2 .145 !:He . 

1 . 96 2 . 447 1rnt Sir; , 

8,99 2 .145 Sig • 
.iJESlGN 11 

3d . 62 

2d , 15 2 , O'{ 4 

1 . 25 2 ,074 

c:. . 0 t 4 

16 . 52 2 . 0 ·14 



immunize this {·roup of anirna1s. :B.,urthermore , comparisons 

between the means of Group II (44 . 50) and Gro up I V (44 . 75) 

are obviously not statistically sifmificant . This is 
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evun more apparent when comparisons of the adults obtained 

from the animals of Group II and the small averap;e number of 

cysts l6 . 2 ~) that developed in Group III are made . Thus , 

these results indicate there was an insuff icient anti.·enic 
I 

stimulus to immu1iize the experimental ani als of Gr'"'HP II . 

Finally , when the averar:e m.:.rnber of cysts recovered from 

U11i.ts VI , VII and VIII (24 . 00 , 23 . 50 , and 27 . 25 respectively) 

are viewed in t r. is lit;ht it becomes even more apparent that 

the expe rimental animals of Group II were not immunized 

since the average worm count 14 d.·.ys after challenrrn WAS 

44 . 50 is comparable to the avera~e worm count of 44 . 75 

from the non-immunized controls (Group IV'J Table IX) . 

11.' ilus , the results of this expe riH:ent indicate that 19 , 000 

rads of x-radiation approaches the lethal dosar e range 

for the thlrd stage larvae of N. dubius . 



UOHCLUSI OiiS 

This study obtained results similar to t lwse oi' 

Jennint>s il al (19b3) , Dappen (1965) aild Staut (1971) 

in that i~ was concluded that the nwniJer of migrating 

l·arvae is inversely proportioual to the level of radi-

ation rece ived. . This reseu.rcu i.J.1ve.;;tigated tiie dosage of 

radiation tha~ coulu be administered tu the infective larvae 
I 

of N. dubius anu. tue e1·1·ects that could be studied under 

t1ie 1'ollowing cunui tions : 

1 . larval penetration of tae intestinal 
mucosa 

2 . encystment for at least 7 days after 
intestinal tissue penetration 

3. no further development 01' the li1.e 
cycle after encystment 

Nine Units involving radiation levels ·of 50 , 000 , 40 , 000, 

30 , ooo , ~w , ouo , ·i 9 , ooo, 18 , ooo , 17 , ooo, 1 6 , ooo , and 

15 , 000 rads were used . Do oage lGvels of 50 , 000 , 40 , 000 , 

30 , 000 and 20 , 000 rads were lethal to the third stage 

larvae as der11onstrated by results o u Lained f ro111 the 

irradiated groups of Units I through IV (Tables I - IV) . 

These high dosages killed the majority of the infective 

la1·vae and permitted little intestinal penetrat.io11 or 

encyst1aent . At 1 :> , 000 rads tue r~uul ts indica ted that 

the u.evelupment ol' tlie infective larvae was only slightly 

affected . 1'his was found whe11 t11e adult counts in Group 

lII ( '.rabl u V, Uni 1, V) were cu,,,yara ble to t.lJ e cuntrols 

(Group lI , Table V) w1iich utili~ed non-irradiated larvae . 

Therel'ore , the desirable dosage to rn eet tl1e above condi­

tions wau expected to be between 15 , 000 and 20,000 rads . 
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Thus , tJ1e final phase 01 t.uis ::; Ludy inves tit_;a Leu do..; age 

levelB ol' 1b,OOO , 1'i , UUO , 18 , UUL) and 1 ':;J , oou racts . 

At 16,UuO and 1 '/ , ouo rads tlle dosa~e had some effe ct 

on penetration aud e11cyst111en t o i ' the larvae buL di u. not 

prevent tue es tablis:irn-ant O.L adult, J.'l • dul>ius in tue lume!l 

o f the si .. all intet."Lines of tile experi111e1Hal animals ( Groups 

II aHd lII , Tables VI and vII) . At 18 , 0UO raus uowever , 

"th~ irrad.iu. ., ed la1vae penetrated tHe intestinal muco:.;a , 

encysted \d thout 111a1.1\.ed de velopmen t to the adult stage 

and stimulc1.l,ed a striking degree O.L immunity as indicated 

by tue averag e number (1b . 17) o.L' adult worms recover~d 

from thu expe~im entals 14 daJs arte ~ challenge (Group II , 

Taule vilI (A)) . Un the othe t.: hand , w:u.en l~ . duuius in:r.'ective 

larvae are ex~ooed to 19 , 000 rads , the level of x-radiat,iou 

approac.ne ~ tue .lethal lillli i, . :.L'nis is eviu..eHc ed by two 

ouservaLions . J. iL·st , tlle srnall llll.miJeJ.'S of cysts that devel -

op in t.c.i.e i11te&tlnal tissue ( Group lII , Table IX) and sec­

O!~uly , t.i1e hibh average num oer of adult wo rms ( 44 . 50) 

recovered. 14 days after chaJ.le116 e ln the experiment.al 

animals l Gro 1,,.p I I , Table IX) . This latter o oservati.on 

indicates t11ere were smaller numbers o l la1. vae establish ed 

in t1.1e intestinal tissue and he11ce there was insufi'icient 

antigenic s Lirnulc.1.Lion to im1,1unl:ue t.tw aninw.l:..; o i" Liiiu group 

against a cha.Lltn1blng infection . '.J:hus thu uoe of larvae irra­

diated at 15 , UUO rat.is can save 2, days or a 41 . 66% reduction 

in co111pa~ison to tne standard i.mmunizatio11 pJ.uceuure used by 

Vau ~anu.t (1961) , Urquhart (1962) , L:y_pess and Van Zandt (1973) , 

Cypes et al ( 1 ':37 j) and Si - Kuang Lie et al ( 19 '/ 4) . 



SUGG1•:0 1l1 I01J S .F'OH Jt'Ui{'l'h .BH HB:,tA1Wil 

The major purpose of t . is s t uuy was t o investigate 

and i den tify specific levels of rauiation which wouJ d 

lead to encystment of the larvr e wi tl1 no furth eT' devel ­

opment to tl, e auul t stag e . 'l'he findi 11r;s of thi s study 

inuicated that larvae irradiated at 18 , 000 rads penetrate 

the intestinaJ mucosa , remain f or a period of' ti.me and fo:r 
I 

the most part do not develop to the adult st& e . nowever , 

this study did not attempt to identify the biochemical 

eff ects of i rradiation on t his biolo~ical s ystem . A 

bri ef review of related literature ( ry_'hornburn , 1972) in­

dica tes that one or more factor s i;1ay be responsible f or 

the results f ound in the present study . Theref ore, it seems 

reasonabl e to sw,·gest the importance of furthe r works 

dire vted toward the biochemical ef f ects of irra<li " tton of 

the larvae of N. dubius along the following lines of 

investigc1 tion : 

1 . enzyme denaturation 
2 . protein denaturation 
3 . blocka:~e of metaboli c pathways 
4 . bond -oreakag e in :r;_ucleic ac ids 
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