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I .  INTRODUCTION 

This study was undertaken in an attempt to determine some of the 

morphological effects of gamma-irradiation on the cestode, Hymenolepis 

microstoma (Dujardin, 1 84 5 ) .  The cysticercoids of the cestode in the 

intermediate host, Tribolium confusum, were irradiated with gamma rays. 

Mice were experimentally infected with irradiated cysticercoids by way 

of a stomach tube. After the cestodes had developed to maturity in the 

definitive hosts, the hosts were sacrificed and the cestodes were removed 

by autopsy and prepared for morphological study. 

The adult cestode seems excellent material for radiation study 

both in cytology and morphology. According to Wardle and McLeod ( 1 9 5 2 )  

the general features of a cestode show that several regions should prove 

sensitive to irradiation. The short neck region is a place of rapidly 

dividing cells where new proglottids are constantly being formed; growth 

and maturation of the young proglottids involve further cell division . 

L. B. Russell ( 1 9 54)  pointed out that embryonic tissues are especially 

sensitive to low doses of irradiation since, in them, growth is rapid . 

One might expect that irradiation damage to cestode cells would not 

differ greatly from that in higher forms . Rather high doses of gamma 

irradiation were used since it was pointed out by Bloom and Bloom ( 1 9 54 )  

that going down the scale of animal (and plant) complexities the forms 

become increasingly resistant. Nevertheless, the kinds of cellular 

changes seen in vertebrates also occur in lower forma, although the 

amount of irradiation necessary to elicit these changes in the latter is 

usually much greater. Each proglottid of the cestode may be considered 



as an ind ividual unit and s ince e ach ces tode is compo sed of  a l arge 

number of proglottid s ,  much informat ion may be gathered from a s ingle 

ce stode . 

A survey of the l iterature reve al s that work on irrad i at ion of 
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the he lminths is  rather l imite d and scattere d .  Perhaps the mo st exten­

s ive work has been done on Trich ine l l a  sp iral is . Tyzzer and Hene i j i  

( 1 9 1 6 )  u s e d  rad ium irrad iat ion o n  the surface of  the abdomen o f  rat s 

infected with ful ly deve l oped ! · sp iral is . They found that surface 

radiat ion did not in jure the Trichinel l a .  The worms appe are d well de ­

ve loped and per s i s te d  longer than worms not irrad iate d in contro l an imal s .  

However , s imil ar t re atment from the second day after the inge s t ion of  

cys t s  apparently re sul te d  in a retardat ion of deve lopment , 30  per cent 

of the femal e s  be ing immature . Levin and Evans ( 1 940 ) sub je cted ! ·  

spiral i s  l arvae d ige sted out of rat muscle to various intens it ies of X­

irrad iat ion . Larvae exposed to 20 , 000 r of irrad iat ion deve l oped ,  but 

the embryo s ret a ined in the female s  were ret arded and injure d .  It was 

evident that irrad iat ion had select ive act ion on the germ ce l l s ,  and 

that it affecte d  them in such a way as to interfere with sub sequent de ­

ve lopment . Evan s , Levin and Sulkin ( 1 941 ) demon s trated that a dos age 

of 5 , 000 r inh ibited the deve l opment of ! · sp iral is  l arvae . Levin and 

Evans ( 1 94 2 )  demonstrated that ! · sp iral is  l arvae tre ated " in vitro" 

with 3 , 500 r of X-irrad iat ion woul d  grow to matur ity in the inte s t ine of 

rat s but woul d  produce no off spring . Apparently the deve l op ing embryo s 

were damaged beyond the po int of recovery . 
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Alicata and Burr (1949) subjected trichinous rat meat to gamma 

rays at the rate of 2,000 r per twenty-four hours at 4° c. There were 

increased and variable deleterious effects on the reproductive cells of 

the adult female worms with increased dosage. Meat irradiated for six 

days resulted in the sterility of about 60 to 100 per cent of the females . 

Irradiation produced no lethal effect on the larvae nor did it affect 

their power to develop to the adult stage. These results show that gamma 

irradiation at the dose intensity and temperature applied is not lethal 

to Trichinella larvae encysted in meat, but under proper dosage renders 

the female worms sterile and unable to complete their life cycle. 

Alicata (195 1) exposed infected rat meat to various doses of X-irradiation. 

Larvae exposed to 15,000 r to 20,000 r reached maturity in the intestine 

of the host. No larvae reached maturity following irradiation at 30,000 

r. Some larvae receiving 100,000 r to 600,000 r were found alive in the 

intestinal tract of the host twenty-four hours after infection. The 

power of any trichina larvae to become established and develop in the 

intestine of the host was completely destroyed by exposure to 700,000 r 

of irradiation. Some of the morphological changes evident were: shrink­

age and degeneration of the ovary, inability of egg cells to undergo 

complete cleavage, production of cuticular thickenings in the body wall, 

and stunted growth. Gould, Van Dyke and Gamber (1953) exposed Trichinella 

larvae to X-irradiation ranging from 3, 500 r to 750, 000 r. It was found 

that their results agree with those of previous workers when the irradi­

ated larvae were injected into a suitable host. 
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Cook ( 1 939) demonstrated that Ascaris eggs irradiated with X-rays 

0 would not embryonate if allowed to develop at 25 C .  soon after fertili-

zation, but if these eggs were kept inactive for several weeks by re-

frigeration before being allowed to develop they would embryonate . 

Bachofer and Phal (1 955) irradiated eggs of Ascaris lumbricoides suum 

with X-rays which produced a cleavage delay and interference with normal 

embryogenesis. When the irradiated eggs were refrigerated at 0° C. to 

5° C. for periods up to thirty-five weeks and subsequently incubated at 

30° C. in order to initiate cell division, the cleavage delay remained 

unchanged. Survival (completion of embryogenesis) shows a continuous 

decrease over a period of thirty-five weeks of post irradiation exposure 

at 0° C .  to 5° C. on subsequent incubation at 30° C. This decrease in 

viability becomes evident after the first month of storage at low tempera-

tures. 

Babero (1 95 2) showed that eggs of Ascaridia galli (Schrank, 1 7 88) 

which had received doses of X-rays ranging from 20,000 r to 40,000 r 

were retarded in development an d showed abnormal cleavage. Morphologi-

cal abnormalities were more varied and pronounced in eggs exposed to 

20,000 r to 40,000 r than in those exposed to 5,000 r to 1 0,000 r of ir-

radiation . No size difference was apparent in larvae developed from 

irradiated eggs and from non-irradiated eggs. 

Attempts by Katz ( 1 956) to induce successive free-living genera-

tions of Strongyloides papillosus by irradiation of the sperm and/or ova 

were not successful. The major part of the work was done by the use of 

cobalt60, although X-rays were also used, E xtensive data were accumulated 
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concerning immediate effects of irradiation. As the dosage increased 

there was a decrease in the percentage of hatching and survival of 

larvae. Cleavage rate and development of embryos were delayed. Sperma­

tozoa were still active in the uteri five hours after exposure to 20, 000 

r. Killing effects of 100 per cent occurred in gravid females subjected 

to 20, 000 r and in bisexuals subjected to 40,000 r .  The lethal effects 

increased with increasing dosage. 

Ciordia (1 957 ) studied the effects of X-rays on Trichostrongylus 

axei. Larvae were exposed to X-irradiations ranging from 1 ,000 r to 

20,000 r .  Larvae exposed to 5,000 r showed an increase in infectivity 

rate . A dose of 10,000 r had no obvious effects on the larvae and those 

receiving 20,000 r failed to reach maturity. 

From the literature review it was found that the effect of irradi­

ation on cestodes has been greatly neglected . Palais (1933) studied the 

morphological effects on Hymenolepis diminuta developed from eggs which 

had been subjected to X-ray and ultra violet rays. There were no visible 

changes in the cestodes which could be attributed to effects of irradia­

tion. Schiller (1957 , 1959) used X-irradiation as a mechanism for facili­

tating the study of morphological variation in Hymenolepis � {Von 

Siebold, 1852) . E ggs and cysticercoids which had been subjected to X­

irradiation ranging from 5, 000 r to 40, 000 r were injected�into experi­

mental mice respectively. It was found that, within the errors of the 

experiment, the number of mutations is directly proportional to the dose 

given. These findings agree with the statements of Lea (1955) , Dobzhansky 

(1955) and Hollaender (1955) that ionizing irradiations are known to 



6 

incre ase gre at ly the rate at wh ich known anomal ie s are expre s sed in a 

numbe r of organ i sms. The ce stode s probab ly do not d iffer from other 

organ isms in th is  re spect . K isner ( 1 9 5 7 ) subjected wh ite rat s infected 

with H. aiminuta to who le body gamma irrad iat ion rang ing from 1 20 r to 

720 r .  Th is  was done in an attempt to determine the morpho logical effects 

of  gamma irradiat ion on the adul t  rat ce stode . At the leve l  used the re 

was no s igni f icant d ifference be tween irrad iated and non- irrad iated s pe c i-

mens . 

Dvorak ( 1 9 59 )  stud ied the ce s tode Baer ietta sp . f rom s al amanders . 

Natur al ly  infected s al amande rs  were irrad iated with cob al t60 , the doses 

rang ing from 800 r to 10,000 r. Worms f rom infected irrad iated and non­

irrad iated ho s t s  were prepared for cy tol ogical s tudy . The.re sul t s  were 

e s sent ial ly negat ive ; howeve r ,  mo re expe r imental wo rk should prob ab l y  be 

done before reach ing a def in ite conc lus ion . 

Ch i l d  ( 1 900 , 1 90 3 ) , Kerr (1949)  and Voge ( 1 9 5 2 )  have made-reference 

to many abno rmal itie s  found in non- irrad iated ce s tode s . Many of.the se 

factors wil l be tre ated l ater in this s tudy. 

The pre sent s tudy is  concerned pr imar ily with mo rphological effects  

of gamma irradiat ion on the adu l t  ce stode H.  micro s toma. Effects of ir­

rad iat ion on growth rate were al so s tud ie d .  H igh doses of. irradiat ion 

( 2,0 00 r to 50.00 0  r )  were used s ince it was known that the intermed iate 

ho st cou l d  withstand re l at ive ly h igh do se s of gamma rays ( Cork,  1 9 5 7 )  

and that notab l e  damage to p ar as it ic worms is  produce d only after expo sure 

to relat ively high do ses of irrad iat ion . Al l mice infected w ith cy s t i­

cerco ids wh ich had re ce ived 30 , 000 r or  more were neg at ive for ce stode s  
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upon autopsy . The results of this s tudy were derived f rom adult ce s tode s  

developed f rom eggs and cys t icerco ids rece iving gamma irrad iat ion rang ing 

from 2,000 r to 20t000 r.  In this s tudy the following po int s were to be 

stud ied morpho log ically and analyzed where re asonably po s s ib l e .  

1 .  Normal growth rate and deve lopment of � · micro stoma . 

2 .  Effe cts on growth rate of H .  micro stoma after gamma irrad iat ion 

of the cyst icerco ids . 

3 .  Morpho log ic al abnormal it ie s  occurr ing in adul t non- irrad iated 

ce stodes. 

4 .  Qual itat ive and quant itat ive effects on the morpho l ogy o f  H .  

microstoma after gamma irrad iat ion of the cyst icercoids . 

5 .  Qual itat ive and quant it at ive effects on the morpho l ogy of H .  

micro stoma after gamma irrad iat ion of the e ggs. 

6 .  Effects on l ater generat ions of � · micro stoma after gamma 

irrad iat ion of the cy s t icerco id s .  

7 .  Effe c t s  on l ater generat ions o f  H .  micro s toma after gamma 

irrad iat ion of the eggs . 



II . MATERIALS AND METHODS 

The ce s tode used in the pre sent s tudy was recovered from � 

mu sculus ( L . ) near Chattanooga , Tenne s see, in September, 1 9 5 9 . S tock 

cul ture s of Tribo l ium confusum (Duval ) l arvae e s t ab l ished and maint aine d 

in the l aboratory were used as the intermediate ho s t .  Schil ler's ( 1 9 59) 

me thod of infe c t ing Tribo l ium l arvae was mod if ied s l ightly as fo l l ows : 

D i s c s  of f il ter p aper were p l aced in the bottom of Pe tri d ishe s and 

s l ightly mo is tened with 0 . 8 5 per cent s a l ine . The gravid port ion of the 

ce s tode s  was s pre ad over the mo ist f il ter paper . T .  confusum l arvae were 

p l aced into the d ish cont ain ing the cestode s for a period of twelve to 

f ifteen hours of feed ing t ime . After feeding , the Tribo l ium l arvae were 

removed from the Petri d ish and placed in a jar cont ain ing "enriched" 

f l our . The deve l opment of the cy s t icerco ids of H . •micro stoma in Tr ibo l ium 

l arvae is  undoubted ly very s imil ar to that de scribed by S chil ler ( 1 9 5 9 )  

f o r  H .  nana. The cysticerco ids comp leted the ir deve lopment in the l arvae 

of !· confusum and survived metamorpho s is of this insect . The adul t  T .  

confusum beet l e s  remained infected during the remainder o f  the ir l ife. 

Tr ibol ium larvae were used as the intermediate ho s t  in preference to 

adult beetles  because they are more e as ily infected s ince they are more 

vorac ious e aters and they were e as ier to handle . Mature cy s t icercoids 

were recovered from the hemocoele of the insect l arvae after seventeen 

d ay s  by d i s s e c t ion of the l arvae in 0 . 85 per cent s a l ine with the aid o f  

a d i s se ct ing micro s cope . A polyethylene tube 0 . 0 30 inche s in s ide d iame ter 

attached to a tubercul in syringe was used to tran sfer the cys t icerco ids 

to experimental mice . The mice were s l ightly e ther ized and the de s ired 
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number of cysticercoids was given each mouse via stomach tube. The mice 

used in this study were albino "Rockland all purpose" mice secured from 

Rockland Farms, New City , New York. All mice used in this study were 

maintained on Purina laboratory chow for rats , mice and hamsters. 

The irradiating was done by personnel of the University of Tennessee 

Atomic E nergy Commission Agricultural Research Program , Oak Ridge, 

Tennessee. The source for irradiation during this study was cobalt60• 

In irradiating cysticercoids, !· confusum larvae containing mature cestode 

cysticercoids were placed in small plastic vials 20 to 25 mm. in diameter 

with a little flour added. These vials were placed in a larger irradiat­

ing capsule at Oak Ridge so that the material to be irradiated could be 

placed very close to the source. In all material irradiated the dosage 

was between 560 and 566 roentgens per minute until the desired QQsage 

was attained. A similar vial of material which served as control material 

was prepared but not irradiated. On the day following irradiation experi­

mental mice were separated into groups of five and each mouse was given 

the desired number of cysticercoids . One group of five mice was infected 

with non-irradiated cysticercoids to serve as a control group . 

In irradiating cestode eggs , gravid proglottids were placed in a 

small plastic vial with just enough water to cover them and were.treated 

the same as cysticercoids. After irradiation the proglottids were 

spread on moist filter paper in a Petri dish as described above and 

Tribolium larvae which had been starved for twelve to fifteen hours were 

permitted to feed on these proglottids in the manner previously described. 

A similar vial which served as a control for this part of the study was 
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prepared b ut not irradiated. Seventeen days were allowed for the 

cysticercoids to reach maturity in the Tribolium larvae . The same pro­

cedure was followed to infect mice with cestode cysticercoids from ir­

radiated eggs as was used to infect mice with irradiated cysticercoids. 

After infection the mice were kept in wooden cages and maintained 

on Purina laboratory chow for the desired period of time. For one part 

of this study the experimental mice were sacrificed on the fourteenth 

day; for the rest of the study they were sacrificed on the twent y-first 

day after infection. Much difficulty was encountered in removing intact 

cestodes from the definitive host, due to the cestode's attaching itself 

in the small b ile passages of the host. Therefore the liver and greater 

part of the small intestine of the definitive host were removed at 

autopsy and refrigerated in 0.85 per cent saline from one to two.hours 

at approximately 4° c. This chilling effect seemed to relax the cestodes 

so they could be removed from the b ile passages of the definitive host 

with less difficulty. Upon being freed from the b ile passages and re­

moved from the duodenum the cestodes were placed in a Petri dish contain­

ing 0.85 per cent saline and again refrigerated at 4° c. for about two 

hours to completely relax them before fixing. For the sake of record 

keeping each mouse was given a number in the order in which it was sacri­

ficed and the total number of cestodes recovered was recorded in a table. 

For morphological studies the cestodes were fixed in hot (70° c.) 

Alcohol-Formalin-Acetic (A. F .  A . ) fixative (50:10:2:40 of 95 per cent 

ethyl alcohol, commercial formalin, glacial acetic acid, distilled water) . 

Using hot A .  F. A .  prevents shrinkage and contraction of the cestode. 
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The cestodes were stored in the fixative for eighteen to twenty-four hours 

after which they were transferred to 70 per cent ethyl alcohol for permanent 

storage or until needed for further study. For cytological study some 

cestodes were fixed immediately after removal in Carnoy•s fixative (6:3:1 

absolute ethyl alcohol, chloroform, glacial acetic acid). The cestodes 

were carefully placed on the upper inside wall of a small glass vial and 

the fixative was gently added without coming in contact with the cestodes . 

The thumb was placed over the mouth of the vial and the cestodes were shaken 

vigorously in the fixative for about thirty seconds, and then stored in the 

fixative for eighteen to twenty-four hours when they were transferred to 

95 per cent ethyl alcohol until used or in which they could be kept in­

definitely. 

To determine the size of the cestodes a twelve inch .. celluloid ruler 

with a millimeter scale was used . A small camel's hair brush was used to 

moisten the ruler and to extend the cestode out on the ruler. Measure­

ments taken by this method are not entirely accurate because of the ir­

regularities of the cestodes, but the probable error is not believed to 

be significant for the purpose of this study. 

Stained whole mounts of the specimens were prepared for study by 

employing Semichon's acetic carmine (Mackie, Hunter and Worth, 1945). 

The specimens were transferred from 70 per cent alcohol to Semichon's 

and allowed to overstain. This usually took from forty-five minutes to 

one hour, depending on the size of the specimen. They were then trans­

ferred to acid alcohol (1 per cent HCl in 70 per cent alcohol) used for 

destaining . After proper destaining they were passed through a series 
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of alcohols (70, 80, 95 and 100 per cent respectively) for dehydration. 

They were kept ten to fifteen minutes in each of the alcohol series. 

From 100 per cent alcohol they were transferred to carbolxylene (70:30 

xylene, phenol) which was used as a clearing agent and which kept the 

specimens soft and pliable (Gray, 1 952) . At this point the specimens 

were flattened between two standard microscope slides and cleared fur­

ther in xylene for about ten minutes. The xylene also hardened the 

material. All cestodes prepared for whole mount study were mounted in 

permount. Three cestodes were prepared for analysis from each mouse 

sacrificed except in one or two cases where the infection was less than 

this number. As each cestode was prepared and mounted, the slide was 

labelled to correspond with the experiment number, control or irradiation 

dose used, generation of cestodes, mouse number and cestode number (sig­

nified by a letter a, b, or c). 

The microscope used in studying the morphological characteristics 

was a Spencer Binocular scope with 10 x wide angle ocular9 N. A. 1 .25 

condenser and 5, 10, 43 and 97 x objectives. All morphological work shown 

in the data was done with the 10 x objective. The source of light was a 

100 watt Burton microscope lamp with a blue filter. For photomicroscopy 

an Olympus PM-6 photo micrographic camera was used with an Olympus UCE-B 

IV microscope. 

Analysis of variance for samples within samples (Model II, single 

classification; see Snedecor, 1956) was used to determine if the cestodes 

varied significantly from radiation dosage to radiation dosage, from mouse 

to mouse of the same dosage, or from cestode to cestode of the same �ouse. 
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The e s t imate of the percentage of b inomial to total var iation in the 

numbe r of abnormal it ie s  of the ce stode s  was found to be l e s s  than 30 pe r 

cent . The refore equal we ights were emp loyed for the analyses on wh ich 

te sts of s ignif icance we re based ( Cochran , 1 94 3 ) . 



I I I . DESCRIPTION AND LIFE HIS TORY OF HYMENOLE PIS MICROSTOMA 

In Septembe r ,  1 9 5 9 , Minn ick and F i l ler ( 1 9 6 0 )  d i s covered the 

ce stode�· micro s toma (Dujardin , 1 845)  in Mus mus culus ( L . ) ne ar Chatta­

noog a ,  Tenne s see . A l ite rature review ind icate s that th is is a rathe r 

rare cestode , hav ing been reported only once before in North America 

(Harkema , 1 9 46 ) . Ac co rd ing to Joyeux and Koboz ieff ( 1 92 7 ) , �· micro­

s toma was f irst d i scovere d in France by Duj ard in in 1 845 ; h i s  descr ipt ion 

is rathe r shor t ,  but neve rthe l e s s  suf f ic ient for ident if icat ion of the 

ce stode . Seve ral specimens are pre served in the Zoo l o g ical Museum in 

Berl in. Joyeux and Kobo z ie f f  ( 1 9 2 8 )  recognized it in a colony of wh ite 

and b l ack mice and apparent ly were the f i rst to use it in expe r iment al 

re se arch. The se authors have repo rte d its  d i s t r ibut ion and occurrence 

as fo l l ows : 

Loc al ity Author Form 

Renne s (France ) Du j ard in adu l t  

L i l l e  (France )  Mon ie z l arva 

F roye s (France ) Joyeux adu l t  and l arva 

Potsdam ( Germany ) S te in l arva 

Be rl in Jan icki adul t 

C at ane ( S ic i ly) Gras s i  and Rove l l  i l arva 

Ben i-Oun if (N . Afr ic a)  Joyeux adu l t  

In add it ion t o  the above ment ioned local i t ie s  the ce stode has been found 

by Megg itt and Subraman ian ( 1 9 2 7 )  in Rangoon , by B ac ig alupo ( 1 92 8 a) in 

Argen t ina , and by B ayl is ( 1 9 34 )  in Tang any ik a .  Harkema ( 1 946)  re po rte d 

it f rom North Amer i c a .  
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H .  micro s toma (Dujar d in )  has been found over an extens ive geo­

graph ical range and can l ive in a re l at ive ly co l d  c l imate , a subtrop ical 

c l imate or the dry hot cl imate of the S ahara reg ion . Moreove r , its  

cys t ice rco ids can undoubtedly deve lop w ithin more s pe c ie s  of insects  

than have been l is ted by Joyeux and Kobo z ieff ( 1 9 2 7 , 1 9 2 8 ) . The infec­

t ion of  the inte rmed iate as we l l  as the def init ive ho s t  pre sent s no d if­

f icu l t ies . It wou l d  therefo re seem that the percent age of par as it ized 

an imal s in nature would be gre at and the cestode wou l d  thus be common . 

However, s ince this  is not the c ase the d i s t r ibut ion and apparent rare­

ne s s  of �· micros toma in nature appe ar s unexpl a inab l e . With the e ase 

of propagat ion and the h igh infect ivity maintained in the l aboratory, 

it wou l d  seem that the ce s to de wou l d  be f ound frequent ly ; howeve r ,  it 

is very rare . The l ife cyc le of  �· micro stoma has been f airly we l l  de­

scribed by Joyeux and Kobo z ieff ( 1 9 2 8 ) ;  mo reove r ,  it has been re af f irmed 

and the growth pattern in the def in it ive ho st has  been e s t abl ished 

(Dvor ak , Jone s and Kuhlman , 1 9 60 ) . 

HABITAT 

H .  micro s toma is un ique in its l o c at ion in the def in it ive hos t .  

The ce stode inhab it s the b ile duct and duodenum . In al l infected mice 

examine d ,  al l but two ce stode s  we re found att ached in the b i le pas s age s 

of the ho st . The mos t  common p l ace of att achment was the f irst  4 or 5 

mm . of  the b il e  duct ; howeve r ,  a numbe r we re found to have at tache d 

themse lve s  in t he smal ler l ate ral duc t s  w ithin the lobe s of  the l ive r 

and in the cy s t ic duct l e ad ing to the gal l b l adder . From the po int of  



1 6  

att achment the ces todes may extend in two d ifferent d ire ct ions, e ithe r 

further up into the b ile pas s ageways or g a l l  b l adder and l oop ing back 

over themselves and extending toward the duodenum or they may extend 

down the b ile duct d irec t ly into the duodenum . In two instances the 

poste rior proglot t ids of the cestode , and in one ins t ance a complete 

ce stode , occurred in the gal l b l adde r  of the def in it ive host . In infe c­

te d mice it was noted that the b ile duct became gre at ly d i s tended be­

cause of the infe ct ion; in many cases its diameter was found to be as 

l arge as, or l arge r than the duodenum, e spec ial ly in heavy in fections . 

Upon autopsy , in the l atter c ase, the b i le duct was found to be packed 

with ce stode s  to the po int of appe ar ing to be comp l e tely ob s t ructed. 

General ly the gall bl adde r was s l ightly enl arged , the b ile content be ing 

about the s ame as in non- infected mice; howeve r ,  in a few cases there 

was a cre amy subs tance in the bile . In mo st cas e s  the l iver pre sented 

no v is ib l e  man ife station s due to the infe ct ion , but occas ional ly , 

e spec ial ly in infect ions of twenty-one days or  more , smal l wh ite spo t s  

we re found o n  the surf ace of the l ive r .  Whether these were due t o  the 

ce stode inf e ct ion or no t has no t been determined in our l abo ratory . 

Kobo z ieff ( 1 9 3 3 )  referred to the se spo t s  as a cancerous cond it ion and 

sugge sted the infe ct ion as a c ause. However , of 2 9 3  non-cancerous 

"Wal t z ing" mice used in h i s  experiments a l arger proport ion of tumors 

deve loped in 1 46 wh ich were no t infected than in 1 4 3  mice art if ic ial ly 

infected with H .  microstoma . Dob rovo l ska ia-Zavad skaia and Kobo z ieff 

( 1 9 2 7 )  in de s c r ib ing the l iver cond it ion of infe cted mice pointe d out 

that somet ime s the l iver pre sents no vis ible man ife stat ions, wh ile at 
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o the r t ime s it i s  increased somewhat in volume and become s ye l l owish in 

co lor . In s ome s ituat ion s they f ound on its per iphery smal l white spot s ,  

drawn out or confluent . In one mouse the inferior surf ace o f  the left 

lobe conta ined white s inuses which were c aused by ce stode s enc l o sed unde r 

the capsule of the o rgan .  Micro s cop ic examin at ion revealed the pre sence 

of paras ite s  in the substance of the l iver it se l f .  In two c ases  H .  

micro stoma in the b ile pass ageways and Cyst icercus fasc iol ar i s  ( Taen ia 

cras s ico l l i s )  in the l ive r t i s sue were coexistent . Another phenomenon 

wh ich was characte r ized by the appe ar ance of wh ite spots on the surf ace 

of the l iver was necrob io s i s of hepat ic parenchyma . In the p l ace s where 

this proce s s  s t arted , pale nucl e i  were found in the hepat ic ce l l s  and 

somet ime s , in add it ion, smal l vacuo le s .  

DESCR IPTION OF ADULT WORM 

The adu l t  cestode may re ach a length of  280 mm . as was found to 

be the case in one s ingle infe ct ion ; w ith he avy infect ions the ce stode s  

are usual ly much smal ler , rang ing from 115 mm . t o  175 mm . The scolex 

measure s 190 f to 217 f in w idth . It is equ ippe d  with four sucke rs and 

a s ingle row of roste l l ar hooks numbe r ing f rom twenty-three to twenty­

e ight . The ro ste l lar hooks appear to be very s imil ar to tho se of H .  

nana but with a shorter handle. The ne ck is about 600 f to 900? in 

length . The ind iv idual segments are much wider than long . Gravid 

progl ott ids , for examp le , vary from 800 p to 1000 p in width and from 

250 p to 350 f in length . 
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The eggs have a very characte r i s t ic appearance and one who i s  no t 

f amil iar with them can eas ily mistake them f o r � · � eggs, to wh ich 

they are ve ry s im i l ar in every re spect except s ize. H. m icro s toma eggs 

range from 75 f to 90 f in length as comp ared with 40 ? to 50 f for tho se 

of H .  nan a .  The eggs of ce s tode s  deve l op within themse lve s  smal l sphe r i­

cal embryo s char acter ized by the pre sence of three pairs of c l aw�l ike 

hooks . The ful ly deve loped embryo , wh ich grows no more unt il inge sted 

by a suitab l e  ho s t1 is known as the onco sphere . I t  is surrounded by a 

lemon-shape d membrane ( embryophore ) wh ich has a smal l knob on e ach end 

from wh ich arise three to s ix pol ar f il aments. The embryophore is sur­

rounded by the egg she l l  proper wh ich is oval in shape and p r ac t ical ly 

co lorle s s .  

The testes normal ly number three per se gment , one poral and two 

ant iporal . The ant iporal te stes may l ie e ithe r in a s tra ight l ine with 

the poral one , or they may l ie one s l ightly in f ront o f  the o the r depend­

ing on the st ate of contr act ion of the ce stode s. The testes are s l ight ly 

oval in shape and me asure from 70 p to 1 30 f al ong the l ong ax is, 

Al l of the above me asurement s agree qu ite we l l  with those of 

Joyeux and Kobo z ieff ( 1 9 2 8 )  w ith the exce ption o f  the s ize of  the pro­

glott ids wh ich they de s cr ibe as cons ide rab ly smal ler and the te stes s i ze 

wh ich they gave as 1 20 f to 1 7 0  f wh ich is somewhat l arger than the te s te s  

of our spec imens. It is the o p in ion of the wr ite r that the ce stode de­

s c r ibed by Joyeux and Kobo z ieff and the one used in the pre sent work are 

two varie t ie s  o f  the same spe c ie s. 
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LIFE CYCLE 

The l ife cycle of �· micro s toma has been worked out experiment al l y  

u s ing T .  confusum l arvae a s  the intermed iate ho s t .  The Tribo l ium l arvae 

were expe r iment al ly infected as exp l ained e l sewhe re in this p aper . The 

ce stode egg hatche s and the onbh,P,gphore penetrate s the inte s t inal wal l 

of the l arva and can be recovere d from the hemocoele f ifteen to twenty 

hour s after feed ing . In the hemocoele the cy sticerco id re ache s matur ity 

in e ight to seventeen day s  depend ing on the temperature, af ter wh ich no 

e s sential growth occurs unt il �nge sted by the def init ive ho s t. The 

cyst icerco ids survive e cdys e s  and metamorpho s is of the Tr ibo l ium l arvae 

and the adul t  insect remains infe cted fo r the remainder of it s l ife. The 

cys t icerco id s of H. micro s toma re semble tho se of �· � qu ite c l o se ly. 

The ir length range s f rom 1 2 5  f to 1 90 f with a caudal appendage, or 

cercomert 1 6 5  f to 1 500 f in length . Some abno rmally l ong cercomers have 

occas ional ly been found on cys t icerco id s  recovered in s ing le infect ions 

of old Tribo l ium cul ture s.  The cys t icerco ids of t�is ce stode have a 

pe ar-shaped appearance with the embryon ic hooks l o cated in the caudal 

port ion . The anter io r  port ion contain s  the rud iment s  of the four future 

suckers and the rostel lum with the fully developed ro ste l l ar hooks of the 

s colex. The se twq port ions are jo ined by a narrow stalk and in the de­

f init ive ho s t  the caudal port ion is l o s t  and f rom the anterior port ion 

the strob i l a  will develop . The def in i t ive ho s t  be comes infected in nature 

by inge s t ing cyst icerco id s .  Infect ion was produceq exper imental ly by d is­

sect ing mature cyst icerc o ids from the hemocoe le of insect l arvae in 0 . 8 5  

pe r cent s al ine under a d i s secting micro s cope and inject ing them into the 
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def in itive ho st by way o f  a stomach tube . Forty-e ight hours afte r in­

troduc ing the cys t icerco ids into a mouse , young worms were found in the 

uppe r reg ion of the small inte st ine of the mouse. Afte r nine ty - s ix 

hours young ce s to de s  appe ared in the b ile duct of the mou se . Having 

reached th i s  loc at ion the ce stode s grew and developed rap idly and began 

produc ing eggs in about twelve to fourteen d ays. Exper imentally infected 

mice usually pass eggs in the fece s  f ou rteen d ays after they have been 

infected . When exper imental mice cont a in ing mature ce stode s were s ac r i­

f iced ,  small chain s  of gravid proglott ids were found in the lower p art 

of  the small inte s t ine, ind icat ing that !!· micro stoma sheds mature 

proglottids wh ich are expelled in the f e ce s. In n ature the intermediate 

ho st be comes infected by feed ing on egg infected mouse dropp ing s  and the 

mouse become s  infe cted by inge sting infe cted beetle s wh ich serve as an 

inte rme d iate host. 

Autore infection does not o c cur in H.  micro stoma . On two occas ions 

a s ingle mouse was he avily infected with �· micro stoma eggs with a s tomach 

tube . E ach mouse was s ac r if iced e ighteen day s  afte r infect ion and the re 

were no s igns of the mouse's harboring cestode s.  There has been no evi­

dence o f  acc idental auto re infect ion in our laboratory . Dur ing the course 

of th is work all ce stode s  re cove re d  f rom exper imentally infe cted mice 

we re approx imately of  the same s ize and stage of  development in e ach 

mouse with the exception of one he av ily infected mouse in wh ich severe 

crowd ing effe cts were evident. 

One mouse was exper imentally infe cte d with one hundred cyst icer­

coids to demonstrate crowd ing ef fects . This mouse was sacr if iced fourteen 
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days after infe ct ion . The cond it ion of  the b i le duct and duodenum showed 

no greater enl argement than in infect ions of five to ten cestodes. The 

cestodes we re recove red and were found to be much smal ler, me asur ing f rom 

one-tenth to one-fourth the size of those re covered f rom mice harboring 

f ive to ten cestodes.  N inety-three ce stodes whose length var ied f rom 1 0  

mm .  t o  3 0  mm .  were re cove red f rom t h is he avily infe cted mouse . 

It was exper iment al ly demonstrated that H .  m icro stoma and H .  nana 

can exist in the s ame ho st s imul t aneously . Two mice were infected with 

ten cy st icerco ids of  �· � and ten cy st icerco ids of  �· micros toma e ach 

in an attempt t o  determine whether one ho st wou l d  h arbor both cestode s . 

Both mice were s ac r if iced f ifteen day s  after infec t ion with the fo l lowing 

re sul t s : One mou se was negat ive f o r  both ce stode s, the second mouse har­

bored ten H. micro stoma and nine H. nana.  In e ach c ase the ce stode s we re 

found in the ir natural hab it at s  with in the ho st . H .  micro s toma was found 

in the b ile p as s ages and anter ior re g ion of the smal l inte s t ine and H. 

nana in the poster ior reg ion of the smal l inte s t ine . W ith the growth 

reg ion of the two spe c ie s  of cestode s  be ing sep arated by almo st the fu l l  

length of  the smal l inte s t ine ( vary ing from 3 5  em. to  4 5  em . in length) 

it appe ar s that one c an deve lop qu ite independently of the o ther .  

During the present s tudy H .  micro s toma has been e s t ab l ished and 

maintained in two s t rains of l aboratory mice . One strain is the alb ino 

"Rockl and a l l  purpo se" strain se cured from Rockl and f arms, the o ther is 

a brown strain se cured from the B acter io logy Dep artment of  the Un ivers ity 

of Tenne s see . 
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Unsucce s sful attempts have been made t o  e st abl ish an infect ion 

in wh ite rat s , Rattus norveg icus . A total of  ten wh ite rats were expe r i­

ment al ly infected in pairs on f ive different occas ions . The membe rs of 

the f irst pair were g iven ten cyst icerco ids e ach , the second twenty-f ive 

cyst icerco ids e ach , and the other three p airs one hundred cy s t icerco ids 

e ach, by way of  a stomach tube . The r at s  were s acr if iced th irty-s ix, 

twenty-four, twenty , fourteen and twenty-two d ay s  re s pect ive l y  after 

infe ct ion. Al l rat s  we re negat ive ; the l iver ,  gal l b l adder� b ile duc t  

and inte s t ine were normal and showed n o  s igns o f  hav ing been infecte d .  

B ac igalupo ( 1 9 28b) t r ied unsucce s sful ly to infect two wh ite rats with 

eggs by mak ing them swal l ow gravid progl o tt ids. From these ob servat ion s 

it is probably safe to conc lude that alb ino rat s do no t p l ay the p art o f  

a def init ive ho st for H. micro stoma by e ither d irect or ind irect infect ion . 

Dur ing this s tudy two go l den hamsters, Me socr icetus auratus� we re 

exper iment al ly infected w ith H .  micro s toma . Each an imal was g iven twenty­

f ive cy st icerco ids by means of a stomach tube . The an imals were ma in­

tained on the same d ie t  as were the mice. Fourteen d ay s  after infec t ion 

one hamster was sacr if iced and f ound to  h arbo r seven ce stodes. The ce s ­

tode s were in the s ame reg ion a s  tho se in infected mice but were.about 

one-third the length of  those f ound in s imil arly infected mice . At the 

t ime the hamster was s acrif iced it appeared to be in a poor s t ate of  

he al t h .  Autopsy showed that it was badly jaund iced and that the f ir s t  

port ion of  the inte s t ine was f il led with a ye l lowish f lu id and seemed 

to be inf l amed. The other hamster d ied s ixteen day s  after infect i.on; 

it al so was found to be infected w ith H .  microstoma and al so appe ared 
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to have suffered f rom jaund ice . I t  seems that al though the gol den 

hamster , M. auratus , may harbor an infec t ion of �· microstoma , the ces­

tode has an adve r se phy s io l o g ical  effect upon hams ters wh ich is unl ike 

its effect upon mice . 

DURATION OF INFECTION IN DEF INITIVE HOST 

Dur ing the course of this work an expe r iment was c ar r ied out to 

e stab l ish the t ime when the ce stode reache s matur ity and the durat ion o f  

t ime the def init ive ho st may rema in infecte d .  Twe lve mice were infe cted 

with one cyst icerco i d ,  each with a stomach tube . The mice were kept in 

separate c ages and the feces of e ach mouse we re examined d a i ly for ce s­

tode eggs beg inn ing on the tenth d ay after infe ct ion . A l l  twelve mice 

began p as s ing cestode eggs on the fourteenth day .  S ix o f  these mice 

were l ate r p l aced in one c age and we re s acr if iced at thirty d ay inter­

val s  in an attempt t o  estab l i sh the l ongevity of  the cestode in the hos t .  

The two mice s ac r if i ced l as t  were both negat ive . The l as t  po s it ive mou se 

of this group was s ac r if iced f ive and one-hal f months after the init ial 

infect ion . From this observat ion it c an be conc luded that a s ingle �· 

microstoma infect ion may l as t  f rom f ive and one-hal f to s ix and one-hal f 

months in Mu s mus culus . 

The e arly deve lopment of the ce stode s  in Mus mus culus has been 

exper imental ly e s t ab l ished dur ing this s tudy . Twe lve m ice were inf e cted 

with cy s t icerco ids of  �· micro stoma; e ach mouse was g iven one hundred 

cyst icerco ids by means of a stomach tube . The mice we re s ac r if iced in 

pairs at inte rval s o f  twenty-four , fo rty-e ight , seventy-two , ninety-s ix ,  
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one hundred and twenty, an d one hundred and forty-four hours respectively. 

No young worms were recovered from the two mice-sacrificed twenty-four 

hours after infection; in the forty-eight and seventy-two hour period 

young worms were recovered mostly from the area of the duodenum below 

the orifice of the bile duct. In the two mice which were sacrificed 

ninety-six hours after infection a number of small cestodes had found 

their way into the bile duct; however, most of the worms recovered were 

in the region three to six centimeters below the orifice of the bile duct. 

This seems to indicate that the worms move down past the open ing of the 

bile duct and migrate back up into the bile duct where they establish 

themselves . It was noticed that the young worms recovered from the bile 

duct were three to four times as long as those which had not yet reached 

the bile duct . This would lead one to believe that upon reaching the 

bile duct there is a very rapid increase in s i ze. 

INTERMEDIATE HOST 

The intermediate host used throughout the course of this study 

was the larval stage of T. confusum (Duval) . This beetle has never been 

reported as an intermediate host for H. microstoma but is being used 

very successfully by numerous workers studying�· � and H.  diminuta 

at the present time. At the time of the finding of this cestode 

(Minnick and Filler, 1960) a colony of !· confusum was being maintained 

in the laboratory which prompted its use as an interme diate host and has 

proved very successful. T. confusum were infected in the larval stage 

by spreading gravid proglottids on moist filter paper in a Petri dish 



and l e t t ing the l arvae feed on them ove rn ight. The T r ib o l ium l arvae 

2 5  

we re ma intained o n  "enr iched,. fl our. The cyst ice rco ids are able to 

withstand ecdyses and metamo rpho sis of  Tribo l ium. Other beetles  wh ich 

might act as an intermed iate ho s t  for this ce stode we re tested. F if ty 

l arvae of  O�yzaeph ilus sur inamensis (L.),  (saw-tooth grain beetle ) we re 

expo sed to feed on gravid prog l ot tids in the same manner as de scribed 

above f o r T .  confusum. After fee d ing , the se l arvae we re p l aced in a jar 

cont a in ing grits and granule s of  l aboratory chow. Seventeen days after 

expo s ing them to gravid proglottids they were d is sected in 0 .85 per cent 

s al ine under a d is secting micros cope and found to be 94 per cent infecte d .  

However , s ince Tribo l ium l arvae are much l arger than those of  Ory z aephilus 

and show an equal ly h igh infectivity rate they we re used in prefe rence to 

Oryzaeph ilus l arvae . Th irty-five l arvae and th irty-f ive adul t Tenebr io 

mo l itor ( F ab.) were fed on gravid prog lottids  as de scr ibed above . They 

were maint ained on o atmeal and shredde d p aper for a pe r io d  of twenty-one 

days . Ne ithe r the l arvae nor adu l t  beetles  were found t o  be infe cted 

with H .  micro stoma cyst icerco ids when examine d. In the l iterature , it 

appe ars that there are a number of  insects  wh ich reputedly serve as inter­

mediate ho s t s  f o r  H. micro s toma. Contrary to our f in d ings, Joyeux and 

Kobozieff ( 1 9 27 ) reported Tenebr io mol itor ( F ab . )  as an intermediate ho s t  

an d  al s o  that they had been ab le to obse rve expe r iment a l ly the development 

of the cyst icerco id in the beetle Geotropus sylvat icus ( Panze r ) .  Aga in, 

in 1 9 28• they repo rted that the cys ticercoids deve l op in Tenebrio beetle s .  

However1 they were unable t o  e s t ablish them in Tenebr io l arvae . They 

also reported them in Ce ratophy l lus f asc iatust the rat f le a. B ac igalupo 
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( 1 92 8b )  s t ated that the l arval s t age o f  �· mierostoma had been found in 

Argentina in the l arva o f  Tenebrio mo litor ( F ab . )  by Swafford . B acig alupo 

( 1 9 28b ) al s o  reported that he had tried to infect forty-one Tenebrio 

mol it or l arvae, ten o f  which he had examined and f ound to be negative; 

the o ther thirty-one had not been examined at the time of his report . 

A survey of the l iterature as wel l as the pre sent s tudy seem to 

indicate that the ro le of an intermediate hos t  c an be s atisf ie d  by a number 

of the smal ler beetles and the cys ticercoid can be easily maintained in 

them. The prob lem o f  the definitive ho s t  seems more complicated. E ven 

though the ce stode is very easily maintained in � mus culus and apparently 

does not serious ly harm the mouse , it was found to have rather serious 

effe c t s  on the go l den hamster . We have been able to e st ab l ish H .  micro­

stoma in only two definitive hos t s  in the l aboratory . At the pre sent 

time a pro ject is under way in an attempt to e stab lish H .  micros toma in 

a number of sma l l  rodents to see whether they wil l  serve as definitive 

hos t s .  



IV. STUDIES ON GROWTH RATE OF HYMENOLEPIS MICROSTOMA AFTER GAMMA 

IRRADIATION OF CYSTICE RCOIDS AND EGGS 

The following studies of the effect of gamma irradiation on � · 

microstoma were based on specimens resulting from three experiments . 

Experiment I was a pilot experiment conducted in an attempt to establish 

a dosage range best suited for subsequent studies; it consisted of two 

parts. In part one of this experiment three groups of mature cysticer­

coids in infected!· confusum larvae were irradiated at 2 , 000 r,.lO,OOO 

r and 5 0 , 0 00 r respectively . A fourth group of non-irradiated larvae 

was used for control material. Twenty mice were separated into groups 

of five . Five non-irradiated cysticercoids were injected into each 

mouse of one group which served as a control. Each of the remaining 

three groups was infected with cysticercoids which had been exposed to 

a particular dose of gamma irradiation. The mice were sacrificed on the 

fourteenth day after infection and the cestodes were recovered and pre­

pared for morphological study. Part two of this experiment was conducted 

in the same manner as part one , differing only in the dosage of irradia­

tion which ranged in the following dosages: 1 5,000 r, 20 , 00 0  r, 2 5 , 0 0 0  r, 

30 , 000 r and 40 , 000 r. The data for experiment I are shown in Tables I 

and II respectively. Autopsy showed all mice infected with c.ysticercoids 

receiving more than 20 , 00 0  r of irradiation were negative for cestodes; 

therefore, irradiation doses�above 20 , 00 0  r are not shown in the tables. 

In experiments II and III irradiation doses of 1 0 , 0 0 0  r and 1 5 , 00 0  r 

were used. 
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In experiment II mature cysticercoids in infected !· confusum 

larvae were subjected to gamma irradiation doses of 10,000 r and 15,000 

r. From these irradiated cysticercoids the P1, F 1 and F2 generations of 

adult cestodes were produced for this part of the study. In experiment 

III H. microstoma eggs were subjected to gamma irradiation doses of 

10,000 r and 15,000 r. From these irradiated eggs the P1, F 1 and F2 

generations of adult cestodes used for experiment III were produced. 

A separate control group was used for each experiment. Ho�ver, in ex­

periment II a supplementary experiment was conducted separately for each 

part using a dose of 20,000 r and a separate control group. 

The purpose of experiment II was to compare growth rate and mor­

phological effects in the parent CP1) and the F 1 and F2 generations of 

cestodes developed from irradiated cysticercoids. In part one of experi­

ment II infected !• confusum larvae containing mature cysticercoids were 

subjected to gamma irradiation of 101000 r and 15,000 r respectively. 

Fifteen mice were separated into three equal groups and infected with 

five cysticercoids each. The first group of mice received cysticercoids 

irradiated at 10,000 r and the second group received cysticercoids irradi­

ated at 15,000 r. The third group which served as a control group was 

infected with non-irradiated cysticercoids. All mice used in experiment 

II were sacrificed on the twenty-first day after infection. The cestodes 

recovered from mice of part one are the P1 adult cestodes. They were 

fixed in A. F. A. as previously described and representative specimens 

were prepared for morphological study. Free gravid proglottids recovered 

from the intestine of infected mice were used to infect Tribolium larvae 
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for the next generat ion of ce stode s .  In orde r t o  secure enough mater ial 

for study an d a l so to  infect l arvae for succeeding generat ions of ce s ­

tode s , individual mice were infected with ten cy st icerco ids  in p art s two 

and three of exper iment II and al so in experimen t III . 

In part two .of exper iment II g roups o f  Td .b o l  ium l arvae were fed 

on gravid proglott ids obtained f rom the re spe ct ive groups of mice of  part 

one . Th is was done to obtain cyst ice rco ids for the F1 generat ion of  ce s­

todes . Mice separ ated into groups of  f ive we re infected with cys t icerco ids  

from the re spect ive groups of Tribo l ium l arvae . E ach mouse rece ive d  ten 

cyst icerco ids . The mice were s acrif iced twenty-one d ay s  after infect io n .  

The ce stodes recovered were f ixed in A .  F .  A .  and repre sentat ive spe c i­

mens we re prepared f o r  morpho logical s tudy . Gr avid proglott ids recovered 

from the inte st ine of  infected mice we re used to infe ct Tr ibol ium l arvae 

for the next p art of this exper iment . 

In p art three of expe riment II Tribol ium l arvae we re fed on gr avid 

progl ott ids obt a ined f rom ce stode s of the F1 gene rat ion obtained from 

e ach re spect ive group of mice . Af ter the cyst icercoids had matured in 

Tribol ium l arvae they we re removed from the ir ho s t  by d is se ct ion . Mice 

separ ate d int o  group s of  f ive we re infected with cyst icerco ids f rom the 

respect ive groups of l arvae . E ach mouse was g iven ten cyst icerco ids . 

The mice we re s acrif iced twenty-one d ays after infect ion and the cestode s  

recovered were f ixed and prepared f o r  mo rpho l o g ic al study . The ce s tode s 

recovered f rom this part o f  the exper iment are the adu l t  F2 generat ion 

o f  cestode s .  The d at a  on growth r ate for part s one , two and three o f  

expe riment I I  are shown in Tables III , I V  and V .  The data f o r  the 



supplementary experiments to experiment II are shown in Tabl e s  VIt VII 

and VIII. 

In experiment III , as ha s al ready been mentioned , �· microstoma 

"egg su  instead of cyst icercoid s were subjected to gamma irradiation . 

The purpo se of experiment III was to compare the growth rates and mor­

phol ogica l effects in the parent (PI) , F 1 and F2 generations of � · 

microstoma reared from eggs  which had been subjected to 10,000 r and 

15 , 000 r of gamma irradiation respective ly for the initial infect ion . 

30 

Experiment III consisted of three parts . In part one Tribol ium 

l arvae were separated in groups and were fed on eggs wh ich had been sub­

jected to gamma irrad iation of 10 , 000 r and 15,000 r respect ively . One 

group of l arvae which served as a control was fed on non- irrad iated egg s .  

Mice separated in groups of five were infected with mature cysticercoids 

deve loped from irradiated eggs of the re spective dose s .  One group of 

m ice was infected with cysticercoids from non-irradiated egg s .  Thi s  

group of mice served a s  a control group . Each mous e  was given ten cyst­

icerco ids .  The mice were s acrificed twenty-one days after infection . 

The ce stodes recovered from th i s  infect ion are the P 1  generation for 

experiment III . They were fixed and prepared for morpholog ical study in 

the same manner as the cestodes in exper iment II . For part two gravid 

progl ottids were recovered from the inte st ine of infected mice and were 

placed in respective Petr i d ishes and prepared for Tribolium l arvae in­

fection . Mature cysticerco ids were recove red from infected Tribolium 

l arvae seventeen days after infect ion , Mice separated in respective 

groups of five were infected w ith mature cysticerco ids . Each mouse was 
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g iven ten cyst icerco ids . The mice we re sacrif iced twenty-one days .afte.J; 

infect ion and the ce stode s recovered f rom the se groups of mice were 

f ixed and prepared for morpho logical study in the usual manne r .  The 

ce stodes recove red f rom this part of exper iment III  repre sent the F 1 

generat ion o f  ce stodes . For part three of exper iment III gravid pro­

glott ids were re cove red f rom the inte s t ine of mice harboring F 1 cestode s .  

The g r avid prog lott ids we re pl aced in re spect ive Pet ri d ishe s prepared 

for Tr ibo l ium l arvae infect ion . Mature cys t icerco ids  re cove red from the s e  

Tribol ium l arvae were in jected into re spect ive mice in group s of f ive . 

E ach mou se rece ived the usual number of ten cyst icerco ids . The mice we re 

s acrif iced , as usual , twenty-one days af ter infe ct ion . The ce st odes re ­

covered from this infect ion we re f ixed and prep are d for morpho log ical 

study . The ce stode s recove red f rom this infe ct ion repre sent the F2 gene r a­

t ion of this exper iment . The d ata on growth rate for parts one , two and 

three of exper iment I I I  are shown in Tab les IX,  X and XI . 

Upon statist ical analys is , some exper imental re sults were s ign if i­

cant , othe rs we re no t .  

For s t at i s t ical anal ys is , T ables  I and I I  were comb ined into one 

t able as ind icated in Tab le XII . It seemed permi s s ible to do this since 

these two t ables  are the re sul t of growth rate f o r  exper iment I which 

was done in two parts as al ready exp l a ine d .  From Tab le XI I one c an 

re ad ily see thar there is a decrease in ce stode length as the do sage of  

irradiat ion increase s .  It woul d ,  therefore ,  seem s afe to conclude that 

the mean length of the ce stodes de.creased as the irradiat ion do se in­

crease d ,  An an alys is of var iance test conf irmed that the me an length of 
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ce stode s  rece iving d if fe rent dos age s of  irrad iat ion var ied s ignif ic ant ly 

at the 1 per cent leve l .  This , however , was not found t o  be the c ase 

in exper iment s I I  and I I I . 

The s tat i s t ical re su l t s  are not quite so cons i s tent in exper i-

ments II  and I I I . In expe r iments I I  and I I I  the mice we re s ac r if iced 

twenty-one days after infec t ion and s ome of the mature proglott ids o f  

the c e s tode s  had a l re ady become det ached f rom the ce s t o de s  and e l imin-

ated by the mou se . The comp arat ive average length o f  ce stode s  deve l oped 

from cy s t ice rc o id s  wh�ch had been sub je c ted to dos e s  of  1 0 , 00 0  r and 

1 5 , 00 0  r res pe c t ive l y ,  is shown in Tab le XIII . An analys is of var iance 

te s t  was run on exper iment II with the f o l l owing re sul t s .  The P 1 gene r a-

t ion showed no s ignif ic ant change in ce stode length as  the irradi at ion 

dose incre ased. In the F 1 generat ion a change s ignif icant t o  the 1 per 

cent leve l  was observed. Aga in in the F2 generat ion there was no s ig-

n if i c ant change . I t  shoul d  be no ted that in the P 1 generat ion e ach 

• 

mouse rece ived f ive cy st icerco ids , whereas in the F1 and F2 generat ions 

e ach mouse rece ived ten cyst icerco ids. This incre ase in infect ion was 

nece s s ary to secure material  f o r  the s ub sequent generat ion.  It is a l -

together pos s ible that bec ause o f  a l ighter infec t ion i n  the P1 genera-

t ion the cestode s  might have matured more rap idly and thus h ave shed 

mature pro glott ids sooner than in the F1 generat ion , t he reby incre as ing 

the var i ab il ity in length of  the worms recove re d ,  a s ituat ion which 

could in p ar t  account for our non-s ign if icant resu l t s . 

In the F 1 generat ion where e ach mouse re ce ived ten cy s t icerco ids 

the ce stode s cou l d  have pos s ibly deve loped a bit s l ower and not h ave 
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re ached matur ity qu ite s o  e ar l y a s  the P 1  ce s to d e s  d i d  and thus a more 

ac curate me a s urement o f  e ac h  c e s to de might h ave been att a ined .  I n  o b ­

s e r v ing T ab l e  X I I I  f o r  t h e  F2 gene r at ion o f  this exper iment , it i s  noted 

that one o f  the c on t ro l mice d ie d . One of the mice inf e cted with cy s t ­

ice r c o ids i r r ad iated a t  1 5 , 00 0  r a l s o d ie d  and one w a s  neg at ive . The s e  

f ac t o r s  cou l d  e a s i l y  ac count f o r  a d i s c rep ancy i n  the F2 gene r at ion . 

In expe r iment I II no s ign i f i c an t  re s u l t s  we re ob t a ined on growth 

r ate where eggs of �· mi cro s toma we re i r r ad i ate d at 1 0 , 0 0 0  r and 1 5 , 0 0 0  r 

re s pect ive l y .  I n  t he P 1 gener at ion only enough mice we re inf e c t e d  t o  g e t  

mate r i a l  f o r  t h e  F 1 gene r at ion . An analy s i s  o f  var i ance t e s t  whi c h  w a s  

run o n  the F 1 gene r at ion prove d t h at the v ar iat ion in growth r ate wa s no t 

s ign i f i c an t . In the F2 gene rat ion t hree o f  t he contro l mice and two o f  

the mice inf e c te d  with cy s t ice rco id s expo sed t o  1 0 , 00 0  r o f  i r r ad iat ion 

d ie d .  Be c au s e  o f  the death o f  t he m i ce t he re wa s insuf f i c ient in forma­

t ion ; cons e quent l y  no s t at i s t ic a l  ana ly s is was done on t h i s  p art of ex­

pe r iment I I I . The c au s e  o f  the de ath of the mice was n o t  dete rmine d . 

I t  was no te d ,  howeve r , that the m i ce which d ie d  dur ing this p ar t  of the 

exper iment s eeme d t o  h ave deve l oped d i a rrhoe i c  s to o l s  a few d ay s  p r i o r  

to de ath . Th i s  phenomenon was a l s o not iced in mice an d r at s  kep t  in the 

embry o l ogy and phy s io l o gy l ab o r at o r ie s  at the Un ive r s ity of Tenne s see . 



V .  MORPHOLOGICAL STUDIES OF HYMENOLEPIS MICROSTOMA AFTER GAMMA 

IRRADIATION OF CYSTICERCOIDS AND EGGS 

In this p art of the s tudy a se r ie s  of inve s t igat ions was under­

taken in an attempt to show . s omething of  the nature , extent and d irec­

t ional trends of  morpho l og ical var iat ions in the ce stode H .  microstoma 

due to g amma irradiat ion . There is no record in the l ite rature that any 

morpho log ic a l  work of  any sort has been carried on with t h i s  p art icul ar 

spe c ie s  of ce stode . Howeve r ,  it is  known that a cer tain amount of mor­

pho logical var iat ion is normal f o r  the genus Hymeno lep is. In the ir work 

with H. d iminut a P a l ais  ( 1 9 3 3) , Voge ( 1 9 5 2 )  and K isner ( 1 9 5 7 )  found that 

there were a numbe r of morpho log ical  var iat ions normal f o r  this spe c ie s . 

In work ing with !i· � : :say l is ,  (1 924) reported- Jhat this cestode 

also showe d a numbe r of  var iat ions . A numbe r of  other spe c ies of the 

genus Hymeno lepis ( Voge , 1 9 5 2 )  norma l ly show mo rpho log ical var iat ions 

wh ich are normal to  the genus . From these reports  in the l iterature , 

it was conc luded that H .  micro stoma woul d  not deviate from the pattern 

of morpho l o g ical var iat ions normal to cestode s. Contro l s  for the exper i­

ment s  were examined to dete rmine the extent of  var iat ion for th is spe c ie s .  

Some o f  the known var iat ions cou l d  not be observed f rom a s tudy of the 

gravid reg ion of the cestode . The se inc lude such f actors a s  the number 

and po s it ion of  the teste s and cirrus pouch. S ince morpho l o g ical var i­

at ion repre sent s an abnormal growth of cel l s, it was concl uded that an 

injur ious agent such as irrad iat ion might change the frequency of such 

occurrence s ;  therefore, any abnormal ity con s i stent ly appe ar ing more f re­

quent ly in the irrad iated ce stode s  than in the control s  wou l d  se rve as  
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an ind icat ion that an irradiat ion-induced change has  o c curred. Acco rd­

ing to the l iterature on rad iat ion biol ogy (Le a ,  1 947 ; Dob zhansky , 1 9 5 5 ; 

Ho l l aende r ,  1 9 5 5 ) , ion iz ing rad iat ions are known t o  increase the rate 

at wh ich u sual var iant character s are expre s sed in a number of d ifferent 

organisms . X-rays and u l tra vio let rad iat ion (Dobzhansky , 1 9 5 7 )  induce 

mutat ions in organi sms rang ing from p l ant viruses  and bacte ria to h ighe r 

p l ant s , and from protozoans to mammal s .  S tudies with � · � (S chil ler , 

1 9 5 7 )  ind i cated that ce s tode s  probab ly do not d iffer from o ther organisms 

in this re spect . 

A s amp l e  dat a  sheet of  the var iat ions observe d is  shown in Table 

XIV .  I t  can be seen from Tab l e  XIV that the var iat ion s studied were 

grouped under f our main catego r ie s ,  namely , abno rmal testes deve l opment , 

abnormal c irrus pouch , s te r i l ity , and abno rmal segmentat ion. In experi­

ment I two ce s tode s  from each infected mouse were prepared for mo rpho­

logical study and the dat a recorded on a data sheet. In exper iment s II 

and III three ce stodes we re prepared for morpho logical  s tudy in every 

case where the infect ion con s i s ted of three or more cestode s  pe r mouse . 

From these dat a  sheets tab l e s  were prepared for al l three expe r iments 

for an analy s i s  of var iance te s t .  

The resul ts for exper iment I are shown in Tab l e s  XV , XVI , XVII 

and XVI I I .  In studying Tab l e  XV one c an read ily see that there is a 

gr adual incre ase in the inc idence of abnormal te s te s  deve l o pment as the 

irrad iat ion do se increase s ,  except at the 2 0 , 000 r dose l eve l. At this 

do se l eve l there was a decrease in inc idence in the deve l opment of ab­

normal teste s . Howeve r ,  there was al so a sudden de cre a se in ce s tode 
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length wh ich may he l p  to account for this de crease , An analysis  of  var i­

ance te st shows that these re sults  are s ign ificant at t he 5 per cent leve l .  

Table XVI shows the inc idence of  the appe arance of abnormal c irrus 

pouche s in the control worms is gre ater than that of  those deve l oped from 

cy st icerco ids wh ich rece ived 2 , 000 r of irrad iat ion . Ce stodes deve l ope d 

from cy st icerco ids which rece ived 1 0 , 00 0  r ,  1 5 , 000 r and 20 , 00 0  r of ir­

rad iat ion showed a marked incre ase in the inc idence of abnormal c irrus 

pouche s .  An analy s is of var iance test appl ied to the data on Table XVI 

shows that the re sults are statist ical ly s ign if ic ant. 

Table XVI I  shows that the inc idence of steril ity inc reased as the 

irrad iat ion do se increased except at the 20 , 000 r l eve l. At the 20 , 00 0  r 

leve l there was a decre ase in ste r i l ity ; an analy s i s of  var i ance te st 

shows that the se f igure s are s ign if icant at the 1 pe r cent l eve l . Tab l e  

XVI I I  shows that the rate of abnormal se gmentat ion increased a s  the ir­

rad iat ion dose incre ase d .  An analys is of var iance te st ind icated that 

the f igure s are s ign if icant at the 5 per cent l eve l . 

In exper iment I I  which invo lved the inher it ance of radiat ion 

effect s , three ce stode s  from e ach mouse were prepare d for morpho l o g ical 

study . The data for e ach ce stode examined we re recorded on a data sheet , 

from wh ich Tables XIX , XX and XXI we re prepared for analys is. The only 

s ign if icant re su l t s  obt ained in exper iment I I  were in abnormal te stes 

deve l opment in the F2 generat ion . An analys is of var iance test showed 

that abno rmal teste s deve l opment in the F2 generat ion was s ign if icant at 

the 1 per cent level . 
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Exper iment III was to study morpho logical effects of �- micro stoma 

af ter gamma irr adiat ion of the eggs . The cestode s  re covere d  from the 

infe cted mice were prepared for morpho logical study in the s ame manner 

as for expe r iments I and II . The data for each ce stode examine d were 

re corded on a data sheet as de scribed f o r  expe riment s I and II . From 

the data sheet s Tables XXI I , XXIII  and XXIV were prepared for stat i s t i c a l  

analys is . In the p arent gene rat ion only two mice we re infecte d .  Th is 

was done because the mouse col ony was runn ing · l ow and only enough mater ial 

was des ired to get an F1 gene rat ion of  cestode s deve l oped f rom irrad iated 

eggs . An analy s is of var iance te st was run on the d at a  obt ained f rom the 

F1 generat ion of ce stode s , The only data in wh ich the re sults we re s ig­

nif icant in the F1 generat ion we re tho se concerned w ith abnormal te ste s  

deve l opment . The se dat a we re s ign ificant at both the 5 and 1 per cent 

leve l s .  The data from the F2 generat ion of ce stode s devel oped from gamma 

irrad iated eggs were tabu l ated but not stat i st ical ly analyzed . One of 

the F 2 generat ion contro l  mice was negat ive , and two d ied befo re the 

cestode s matured .  Two of the mice infected with 1 0 , 000 r mater ial also  

d ied . There was , therefore , not  enough mater ial avail ab l e  to  do  an 

analysis  of var iance te st . From the t abul ated dat a ,  howeve r , one can 

see that the re su l t s  of  the F 2 generat ion woul d  probably not prove s ig­

n if icant . 

TYPES OF VARIATIONS 

Al l type s of var iat ions re co rded in the data sheet s and tables  

are illus trated in Pl ate s I to V.  Al l var iat ions recorded and shown 



we re f ound t o  be pre sent in normal c ontrol s  as wel l  as  in ir rad iated 

ce stode s .  There are var iat ions o f  e ach part icu l ar abnormal ity shown . 

It is not pos s ible t o  g ive a s ing l e  de script ion wh ich wou l d  f it each 

abnormal ity . E ach abno rmal pro g l ot t id was reco rded under that type 

wh ich it mo st c lo sely re semb le d .  The f o l l owing are s ome observat ions 

of the types of  prog lott ids and the ir var iat ion s .  Voge ( 1 9 52)  found 

that the se abnormal itie s  occur in a number of ce stode s o f  the genus 

Hymeno lep i s .  
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Normal proglott ids  are usual ly much wider than long . Immature 

proglottids ( F ig . 1 ,  P l ate I )  appear to be about e ight t imes as wide as 

long . Gravid prog lottid s  (F ig . 1 ,  P late IV) appear to be about three 

t imes as wide as l ong . In gre atly expanded cestodes the gravid prog lot­

tid s  may be nearly as l ong as wide or becoming nearly square in form. 

In the immature p roglot t ids  the reproduct ive org an s  are d ist inct and 

qu ite e as i ly recognized in we l l  staine d spec imen s . In gravid proglot­

t ids  the reproduct ive organs are in a s t ate o f  d is inte grat ion . The 

ute ru s is packe d  with mature embryos and occupie s a l l avail able � pace in 

the proglottid.  As  the progl o tt ids mature and become packed with embryo s 

the terminal port ion of the ce stode bre ak s  f ree and the gravid proglot­

t ids  are expe l led by the host . 

T� ste s  abnorma l i t ie s  are var iat ions f rom the normal pos it ion of  

the testes in this  s pe c ies which is  two te stes on one s ide and one test i s  

on the o the r s ide . The s ide w ith one testis  normal ly has the c irrus 

pouch located on that s ide . One of the most common o c currence s of  testes 

abnormal ity was that of testes reversal (F ig . 2,  P l ate I and F ig .  1 ,  
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Pl ate II) . The que s t ion c ame up dur ing the course of  this study as to 

whethe r  th is was reversal of  te ste s  or invers ion of  the who le proglot­

t id .  As the proglottids  we re examined for te ste s po s it ion , it was noted 

in a few c ase s where the c i rrus pouch as we l l  as the te ste s  we re v i s ib l e , 

that the c ir rus pouch was a l s o  reve rsed . Th i.s  wou l d  ind icate an invers ion 

of the who le proglotti.d . However, in mo st c ases where the teste s  were 

reve rsed the c irrus pouch was in its normal pos it ion . A number of  pro­

glott ids showed one extra te st is  (Figs . 1, 3 and 4, P l ate I )  l o c ated in 

every case on the s ide with two te ste s . In a numbe r of cases it was found 

that al l three te stes were on one s ide ( F i g .  2 ,  P l ate I ) .  In a l l  c ase s 

whe re this type of  abnormal ity was pre sent the three te s te s  we re l o c ated 

on the s ide opp o s ite the c irrus pouch. Other abno rmal it ie s  of te ste s 

arrangement were two te ste s on one s ide (Fig . 3 ,  P l ate I )  and one te s t i s  

per s ide (F ig.  2 ,  P l ate I ) . Whenever one te s t is was mis s ing le aving two 

te ste s ,  the l atter were oppo s ite the s ide on wh ich the c irrus pouch was 

located . In one instance a doub le set of te ste s  was observed (F ig . 2 ,  

P l ate I I ) .  The re is a que s t ion as to whether this is re a l ly a doub le 

set of  te ste s in one proglott id , or whether two proglott ids are c l o se ly 

fused le aving no crosswal l between them. The l at te r  could very l ike ly 

be the case s ince the proglott id wh ich contain s  the doub le set o f  teste s 

is s l ight ly l onge r than the ad jo in ing proglott ids . 

Cirrus pouch abn o rmal f. t ie s  such as the appe arance of a doub l e  

c irrus pouch (F igs . 3 and 4 ,  P l ate I I )  were not very common ; howeve r ,  

they d id o ccur frequently enough to warrant study. In many cases there 

we re two d i s t inct c irrus pouche s i.n the proglott id with the ad jo ining 
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proglottids  having a s ingle c irrus pouch . In a numbe r of c ase s ,  howeve r , 

the c irrus pouch branched ove r f rom an adjo ining proglott id into a common 

open ing . In one case , not p ictured , one proglott id was found to contain 

two d is t inct c irrus pouche s within the proglot t id w ith the one f rom the 

proglottid next to  it jo ining these to  f o rm a common open ing �o r  the 

three . There were a l s o  noted a numbe r of  c ases in which the c irrus pouch 

was reve rsed and in one out s t and ing case about half of  the progl ott ids  

were inve rted , thus making it appear as if  the c irrus pouch we re reversed . 

Cirrus pouch reversal  was a l s o  noted by Voge ( 1 9 5 2 )  in H .  d iminut a .  The 

pro g lott ids with the se abnormal it ie s  appeared to be normal in other re­

spect s .  

S ter i l ity was observed qu ite f requently in both cont ro l s  and ir­

rad iated ce stode s .  Prog lott ids  exh ib it ing ste r i. l ity we re e ithe r com­

pletely s te r i l e  (F igs . 2 and 4, P l ate III) , or p artly ste r i l e  (F igs . 3 

and 4 ,  P l ate I I ,  and F igs . 2 and 3 ,  P l ate III) . I t  was observed that 

ste r i l ity ranged f rom a s ingle pro g lott id to an ent ire group of proglot­

t ids . Some of  the pro glottids  were comp lete ly empty with no ind icat ion 

that reproduct ive organ s  had eve r deve lo�ed . In other s , the c irrus 

pouch (Fig . 3 ,  P l ate I I )  was vis ib l e  a l ong w ith some othe r  structure s 

which appeared qu ite d i s integrate d o  In �os t  cases where the pro g lott id 

was termed as part ly ste r ile (F ig o 3 ,  P l ate I I )  one s ide of the proglot­

t id was completely empty with no s ign of  reproduct ive o rgans having de ­

ve l oped .  I n  the o ther s ide i t  was observed that there had deve l oped a 

cluste r  of  embryo s .  In many c ase s where ste r il e  pr.oglott ids we re ob­

se rved it was noted that the ad j acent proglottids contained fewer 
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embryos than the more d istant progl o t t ids  (F ig . 4 ,  P l ate I I ) .  Th is seemed 

to be true more in the irrad iated ce stodes than in the control s. Comp l e te 

and p artial steril ity was noted in incomplete ly deve l oped proglott ids 

(F ig . 4 ,  P l ate I I I )  as we l l  as in ful ly deve l ope d progl ott ids . 

Proglott ids with few and l arge embryo s  o c curred in a number o f  

case s .  Certain gravid proglott id s  conta ined fewer and l arger embryo s 

(Fig . 2 ,  P l ate IV) than in normal segments . Prog l ot t id s  with few and 

l arge embryos were noted by Voge ( 1 9 5 2 )  in Hymeno lep i s  c ite l l i  and by 

Jone s ( 1 9 5 1 ) in Hymeno l ep is  p itymi. Jones sugge sted that this s ize d if ­

ference might b e  due t o  cro s s  fert il izat ion with o ther spec ie s  of  cestode s .  

Reve rsal  of p roglott ids (F ig . 3 ,  P l ate V) i s  a type o f  abnormal ity 

qu ite rare in this mate r ial , appearing only f if ty-two t ime s in the total 

number of proglott ids observed in both control and irrad iated cestode s . 

Kerr ( 1 94 9 )  ob served one strob il a wh ich exh ib ited a compl ete doub le re­

ve rsal  of twe lve prdglott ids . At the s ite of the p r imary reve r s al there 

was a r ing of t is sue g iving the general impre s s ion of a gre atly compre s sed 

proglott id . Where the progl ott id ag a in reve r se d  to  it s normal po s it ion 

the proglott id was bulbou s and gave the appearance of  having been in jure d .  

The inte rna l  o rgans o f  the reve rsed prog lott ids observed in the pre sent 

study seemed qu ite d isorgan ized .  The cross wal l s  o f  the proglott ids 

invo lve d  we re very irregul ar .  I n  the reversed pro g l o t t ids  i t  i s  not 

pos s ible to dete rmine the exact po s it ion of the internal organs due to 

the ir irregul ar ity . Ne ither is it p o s s ible to determine f rom the af fected 

are a al one wh ich is  the s colex end of the cestode , as c an be seen in F ig .  

3 . In the spec imens examined the reve rsed reg ions invo lved only three 



or four progl o t t ids . In no ins t ance was the re more than one c ase o f  

p ro g l ot t id reve r s a l  pe r ce s to de . 
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Incomp lete separ at ion of prog l o t t id s  ( F ig .  3 ,  P l ate I and F ig .  1 ,  

P l ate V) was qu ite a common occurrence . There was no evidence that in­

comp lete separ at ion of p ro g l ot t ids was more c ommon on one s i de than on 

the o the r . The degree of non- separat ion var ie d great l y . In some cases 

on ly two or three prog l o t t id s  f a i l e d  to separ ate , and in some c ases as 

many as f i fty progl ott ids . In p r act ic a l ly al l c as e s ,  whe re this abnor­

mal ity was observe d , the inte rnal o r g ans appe ared normal . Voge ( 1 952 ) 

and Ki sne r ( 1 9 57)  ob se rve d the s ame type o f  abno rmal deve l o pment in R .  

diminu t a .  

Incompl e te and irregul ar deve l opment o f  p rog l o t t id s  was obse rve d  

frequently in al l mate r ial examine d . In many case s an incomplete ly 

deve l oped p roglott id was wedge d  in between a gravid and a ster i l e  p ro­

glott id (F ig . 4,  P l ate I I I ) . Ki sner ( 1 9 57 ) f ound this type of abno r ­

mal ity in � · d iminut a. I n  o the r c ase s the abnormal proglot t id was 

we dge d between two gravid prog l o t t ids (F igs . 3 and 4 ,  P l ate IV) . Many 

of the incomp lete l y  deve loped prog l ot t id s  were gravid and many were 

eit he r  s te r i l e  or p art l y  ste r i l e .  Vo ge ( 1 952 ) ob s e rved the se abnormal ­

it ie s in �· c ite l l i  and R .  d iminuta . P e rhaps the mo s t  unusual abnormal ­

ity obse rved wa s i rregu l ar deve l o pment ( F i g .  4 ,  P l ate V) . This abnormal 

st ructu re was obse rved in only four spec imens . In e ach case the sco lex 

and neck reg ion of the cestode were normal , but t he re s t  of the s t rob i l a  

was s o  d is to rted that i t  cou l d  not b e  analyze d .  I t  c an e a s i l y  b e  seen 

f rom F i g .  4 that where this abnormal i ty was p re sent one cou l d  no t make a 



study of the ind ividual prog lot t ids  nor of the organs with in the pro ­

glott id .  Th is  extreme type o f  abnormal ity has not been reported pre­

vious ly. 
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F a ilure of  the l ateral wal l to segment on one s ide was  observe d  

in a numbe r o f  c ases . The l ateral wal l s  o f  two o r  three proglott id s 

f a iled t o  show a separat ion on one s ide. Howeve r , one case was obse rve d  

where the l ateral wal l s  on one s ide f a iled (F ig . 2 ,  P l ate V )  t o  sep arate 

in more than th irty prog lott ids. A very def in ite l ine of  fus ion was 

ob served , with the external segmentat ion furrow completely m iss ing . 

Nearly one -f ourth of the width of  the proglott ids had al so f ailed to 

sep ar ate so they appe ared as a so l id mas s .  The oppo s ite s ide s of the 

prog l ot t ids  seemed normal in every re spect . 

An irre gul ar l ateral segmentat ion wal l was anothe r variat ion of 

the l ateral wal l of the prog lott ids (F ig . 1 ,  P l ate IV) . The l ateral 

segmentat ion furrow was ve ry irregul ar .  In some cases i t  appeared as 

if two proglott id s were fuse d ,  and in some cases it appe ared as if three 

or four proglott ids were fused into one proglott id. In many case s it was 

d iff icu l t  to co rre l ate the internal s t ruc ture with the external f o rm .  

Th is f orm o f  irre gul ar ity was found in control a s  we l l  a s  in irrad iated 

ce stode s .  

Al l o f  the forms of abnormal i t ie s  l i sted here we re separated into 

group s on the bas is of the ir probable re l at ions h ips. The data obt a ined 

from the prep ared cestode s were re corded and prep ared for analys is . The 

re sul t s  of the analy s i s  te sts  are re co rded earl ier in this sect ion . 



VI . DISCUSS ION 

Al l  ce stode s  re cove re d from infe cted mice for this s tudy were 

careful ly me asured and the lengths recorded for comparat ive studie s. 

Each type of abnormal ity ob serve d was recorded without re gard to the 

pos s ib i l ity that some k inds woul d  probably not be changed by radiat ion . 

It was as sumed that the analys is of var iance te s t  woul d  indi cate whe the r 

the ce s tode length and wh ich abnormal it ies had been af fe cted by radia­

t ion . The analy s is showed that in experiment I whe re the infected mice 

were sacrif iced and the ce stode s re covered be fore they shed mature pro­

glott ids , the diffe rence in mean ce stode length be tween the irrad iate d 

and non-irradiated ce stode s  was s ign ificant to the 1 per cent leve l . I t  

i s  f e l t  that the non-s ign if icant re sul t s  in me an ces tode length obtaine d 

in experiment s II and III are due in p art to the f act that many of the 

ce s tode s  had alre ady shed some te rminal progl o t t ids at the t ime they 

were recove red from the mice . It was impo s s ible to inc lude the shed 

proglott ids in the dat a .  

With the l imited amount of mate r ial avail able f o r  study i t  was 

diff icu l t  to dete rmine the exact c ause of the d if fe rence between the P 1 

irrad iated and the F 1 and F2 worms . The s ign if icant re sul t s  ob t a ined in 

the P 1 generat ion are prob ably due to effects of irradiat ion , wh ile the 

non- s ign if icant resul t s  in the F 1 and F2 generat ions are prob ably due to 

inher itance , s ince they were not directly irradiated .  I f  one were to 

f ind quant itat ive effects in the F1 and F2 generat ions , the re sul t s  

wou l d  p robably show up in the F 1 and F 2 popu l at ion a s  increased var ia­

bil ity bec ause of irradiat ion-caused var iat ion in the cel l s  of the germ 
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line from which these generations are derived . Dvorak ' s  ( 1 96 1 ) incomplete 

results on H .  dtminuta which has been given cumulative doses of gamma 

radiation up to 60 , 000 r show an increased variability in strains descended 

from irradiated ancestors. However,  in his work each succeeding genera­

tion of cysticercoids received an additional 1 5 , 000 r of g amma irradia­

tion whereas in the above study only the parent generation of cysticercoids 

was irradiated. The analysis of the morphological abnormalities in general 

showed that in some cases the difference between irrad iated and non­

irradiated forms was significant to the 5 per cent level.  In some cases 

the difference was signifidant to the 1 per cent level. In most case s ,  

however ,  there was no significant difference between irradiated and non­

irradiated forms. 

Even though some of the morphological differences between irradi­

ated and control forms are not statistically significant , there does , how­

ever, exist the problem of normal variations. Morphological abnormalities 

in cestodes are by no means rare , as Clapham ( 1 9 39) , in making a thorough 

study of the subject , found . Voge ( 19 5 2 )  made a study on abnormalities 

found in � · citelli , �· d tminuta and � · horrida. She found that abnor­

malities occur frequently in these three cestodes .  Kisner ( 19 5 7 )  studied 

a number of abnormalities in H. diminuta which had also been described 

by Voge ( 1 9 52 ) . Child ( 1 900 , 1 9 0 3) made an extensive study of the abnor­

malities of Monie zia expansa and found them to be quite numerous . Schiller 

( 1 9 5 7 , 1 9 5 9 )  observed a number of morphological abnormalities in � · � · 

Many of the abnormalities mentioned and described in the above mentioned 

studies were also observed in the present study on H .  m lcrostoma . It is 
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inte re s t ing to no te that even though the re is an extens ive amount of  

l ite rature on the morpho logical abnormal i t ie s  of ce stode s ,  few attempts 

have been made to offer an exp l anat ion of the po s s ible c ause or o r igin 

of the se abnormal it ie s .  

Perhap s one o f  the e ar l iest attempts to offer an expl anat ion of 

ce stode abno rmal ities was that of Ch i l d  ( 1 900 , 1 90 3) in his study of the 

abno rmal it ies of M. exp an s a  in wh ich he conclude d that the abno rmal itie s  

in the adu l t  ce stode s  re sul ted f rom irregu l ar it ie s  i n  the embryo l o g ical 

deve l opment rathe r  than mod if icat ion of structures after they had f o rme d .  

Barke r ( 1 9 1 6 )  conc luded that abnormal it ie s  are pos s ibly due to part ial 

or incomp lete separation of the b l as tome re s  of the ce stode embryo. Jone s 

( 1 946 ) de scr ibed a degene rate ce stode sucke r and ind icated that it cou l d  

pos s ibly b e  due to f ailure of deve lopment of  structure s rathe r than to 

an embryon ic d i s turbance. The op in ions exp re s sed as to po s s ible c auses 

of ces tode abnormal i t ie s  seem to agree that the l at te r  are due to s ome 

disturbance in the growth reg ion of the deve l o p ing ce s tode. 

In attempt ing to unde r s t and the bas is for the effect s of r ad i a­

t ion on cestode s  it seems log ical to g ive a brief summary of  the bas ic 

ideas re l at ive to the effects of radiation on othe r  an imal s ,  s ince prac­

t ic al ly al l of  the avail able l ite rature on the effects of r ad iat ion on 

an imal s refers to the l atte r. A rev iew of the l iterature indicate s that 

the nuc leus of the ce l l  is mo re sen s it ive to irrad iat ion than the cyto­

pl asm ( Pe rthe s ,  1 90 3 ;  Mitche l l , 1 943 ; Puck,  1 96 0 ) . S ince the act ion of  

irrad i at ion is p r imar ily exe rted on the nucleus of  the ce l l  one wou l d  

expe ct chromo somal d amage re su l t ing in mutat ions and inh ib it ion of  
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mito s i s .  Mu l ler ( 1 9 2 7 )  d is covere d  that the number o f  mut at ions in 

Dro soph i l a  c an be incre ased by the use of X-ray s .  A number of repo rts 

in the l ite r ature (Lea,  1 947 ; Dobzhansky , 1 9 5 5 ; Ho l l aender , 1 9 5 5 ; S ch i l ­

ler , 1 9 5 9 )  have indi cated that the numbe r of mut at ions produced by r ad i­

at ion is  d irec t ly proport ional t o  the amount o f  irr ad i at ion to which the 

ind ividu al is expo se d .  The f ind ing s of several inve st igators (Car l son,  

1 9 38 ; Hen shaw and Cohen , 1 940 ; Le a ,  1 9 5 5 ; E r re r a ,  1960)  support the v iew 

that irrad iation may al ter the chromosomes at any stage in the mito t ic 

cycle . 

Among the e ar l iest known effects o f  r adiat ions on l iving organ isms 

were the ir c apac it ie s  to pro duce change s in ce l l  morpho l o gy (Car l son , 1 9 54) 

which were frequently f o l l owed by de ath o f  the ce l l .  There seems to be 

a d irec t re l at ionship between ce l l  damage and the anomal ies re sul t ing 

after exposure to rad iat ion . It is  a l s o  reported in the l iterature 

(C arl son , 1 9 54) that the b io logic al effects of r ad iat ion do not become 

observable immed i ate ly on the ce s s at ion of treatment , but that they may 

be come detect able f rom with in a few minute s to ye ar s af ter the t re atment .  

From the repo rts on rad iat ion damage refe rred to in this study 

one can conc lude that the pr imary s ite of damage is in the genetic 

apparatus , and that the damage cons ists of the de struct ion o f  the �ap ac­

ity to reproduce in some ce l l s  and the induct ion of mut at ions in other 

ce l l s .  D amage to the chromosomal and mitot ic f igure s woul d  bring about 

s imil ar re sults . 

Insof ar as the wr iter is aware , the l i terature cont a ins only three 

repor t s  (Pal ai s , 1 9 3 3 ;  Kisner , 1957 ; S ch i l ler,  1 9 5 9 )  in which an attempt 
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has been made to determine the effects of  rad iat ion on cestode s . 

Pal ais ( 1 9 3 3 )  comp ared the f requencie s  of  abnormal it ie s  in X­

irrad iated and non- irrad iated progl ott ids in �· d iminuta and conc luded 

that rad iat ion had no effect in incre as ing the f requency of abnormal 

proglot t id s .  Unf ortunate ly it has not been po s s ible t o  comp are the 

amounts of rad iat ion used in the pre sent study with tho se of Pal ais be­

cause the informat ion on do s age in her report is me aning l e s s  without a 

knowle dge of the o r iginal source of energy. 

Kisne r ( 1 9 5 7 )  sub je cted al l po s s ible stage s  of embryonic deve l op­

ment of the proglott ids of  �· d iminut a to gamma irrad iat ion . H i s  report 

ind icate d that irrad iated ce stode s were sho rter than the contro l s ;  but 

the morpho logical ef fect s upon the irrad iated wo rms comp ared with con­

tro l s  were non-s ignif ic ant. The negat ive re sul ts  obt ained by h im were 

undoubtedly due to the low do ses of rad iat ion. The do s age he emp l oyed 

ranged from 1 20 r to 750 r. If the do se is too l ow,  the change may no t 

be de te ctable on the bas is of  mo rpho log ical c r iter ia. Therefore , insuf ­

f ic ient radiat ion may account f o r  the f a ilure of  any morphological d if­

ference s to be observed between the irrad iated and contro l ce stode s in 

his study. 

S ch i l ler ( 1 9 5 9 )  repo rted that the frequency with which cert ain 

var iants o c cur in �· � c an be incre ased by expo s ing e ither eggs or 

cy st icerco ids to X-irrad iat ion and that the rate of incre ase is propor­

t ional to the amount of rad i at ion emp l oyed. Rad iat ion dose s rang ing 

from 5 , 000 r to 30 , 000 r we re used in h is study . He is of the o p in ion 

that the effe ct s may be attributed to some d i sturbance of the embryonic 
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organizat ion . The embryonic deve l opment of  ce stodes d iffers from that 

of othe r an imal s in that a mature ce stode is not a s ingle ind iv idual , 

but a group of ind ividual s ,  one behind the other , forming a chain of  

proglot t id s .  E ach prog l ottid is a reproduct ive ind ividual w ith in it se l f .  

The embryonic growth reg ion o f  the cestode i s  in the sho rt ne ck reg ion 

jus t beh ind the scolex.  From this embryonic reg ion new proglottid s  are 

forme d ,  push ing b ack the segments previously formed and produc ing a 

chain of prog lott ids cal led a strob i l a .  If the cau se of  abnormal it ie s  

i n  normal ly deve l oping ce stodes i s  due to some d isturb ance in the growth 

reg ion , it wou ld seem log ical to as sume that abnormal itie s  influenced by 

rad iat ion would  also  be due to some di sturbance in the growth reg ion . 

If th is as sumpt ion i s  corre ct , then it would  perhap s be s afe to conc lude 

that prog lott ids wh ich l ack a def in ite form before rad i at ion would have 

a gre ate r numbe r of abnormal it ie s  than proglottid s  wh ich are fo rmed 

before rad iat ion . In Kisner ' s  ( 1 9 5 7 )  study no ment ion was made that 

gr avid or mature proglo tt id s  showed a gre ater numbe r o f  abnormal it ies 

than were found in the young reg ion s .  

I n  the pre sent study o n  �·  micros toma cys t icercoids were expo sed 

to rad iat ion doses rang ing from 2 , 000 r to 50 , 00 0  r .  Total lethal 

effects we re produced with do ses gre ate r than 30 , 000 r .  Ce stode eggs 

used in the pre sent study were expo sed to rad iat ion do ses of 1 0 , 00 0  r 

and 1 5 , 00 0  r .  The re sults o f  the pre sent study are comparab l e  with 

those of Schil ler ( 1 959) even though they are not as consi stent as his . 

The dif ference in mean l ength of irrad iated worms compared with contro l s  

i s  pos s ibly due t o  a quant itat ive effect upon ce l l  popul at ion . whe re the 
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growth reg ion was af fe cted by rad iat ion re sul t ing in the f a i lure of  

some ce l l s to deve lop , thus account ing for the shorter length of ce s­

tode s in irrad iated mate rial. It seems po s s ible that ce rtain of the 

abnormal it ie s  wh ich have been obse rve d in H .  micro stoma , p art icul ar ly 

tho se which are characte r ized by the absence of one or mo re of the 

reproduct ive organs and consequent s teril ity , might also  be attr ibuted 

to a change in the growth apparatus and that rad iat ion only serve s  to 

incre ase the f requency of the se d i sturbance s .  

Further work on the embryo logy, gene t ic s  and cytol ogy of ce stode s  

i s  h ighly re commended .  Al though some cytologic al s tudie s  have been re­

po rted in a few spe cies ( Ch i l d ,  1 9 1 1 ,  in Monie z i a ;  H arman , 1 9 1 3 ,  in 

Taenia ; Young , 1 9 1 9 , in Taen i idae ; Jone s ,  1 945 , in Hymeno lep id idae ; 

Jone s and Ciord ia , 1 9 56 , in Taen ia ; and Jone s and Wyant , 1 9 5 7 , in Taenia) , 

compar at ive ly l it t l e  is known about the here d ity of  these organ i sms. 

W ith the pre sent s t ate of knowledge in regard to ce s tode cyt o logy , gene t ic s  

and embryo logy , it is not pos s ib l e  to know whethe r such events as chromo­

some or gene mut ations occur and how import ant a contr ibut ion they make 

to the var iat ions ob serve d .  The se stud ie s wou ld certainly be a tremendous 

unde rtak ing but , neverthe l e s s , one to st imul ate the s c ient ist. 
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! ·  confusum l arvae conta in ing mature cy s t icercoids of  �· micro­

� were irrad iated with gamma ray s  with dose s r an g ing from 2 , 000 r 

to 50 , 0 00 r .  H .  microstoma eggs were irrad iated with do se s  of 1 0 , 00 0  

r and 1 5 , 000 r .  A l l  mate r ial s we re in p l as t ic via l s  wh ich were p l aced 

ins ide the r adiat ion capsule during irrad iat ion . The dose r ate ranged 

from 560 r to 566 r per minute . Twenty-four hours after irr ad iat ing 

the cyst icerco ids ,  mice were infected with a g iven number of  cy st icer­

coid s .  T .  confusum l arvae were infected with irrad iated egg s and seven­

teen days l ater the cyst ice rco ids  deve l o p ing from these eggs were removed 

from the l arvae and injected into m ice. 

Upon recovery of the ce stode s  from the mice a number of abnormal ­

it ie s invo lving prog lot t id f orm, ste r il ity , te ste s ,  c irrus pouch reve r s al , 

and segment at ion were noted in both control and irr ad iated . f o rms . A l l  

abnormal it ie s  were recorde d  o n  data sheet s .  An analy s i s  o f  var iance 

te st was appl ied to the f requenc ie s of the abnormal it ie s .  This test in­

dicated that , where the worms were re covered bef ore they had shed terminal 

progl ott ids , there was a s ignif icant d if ference to the 1 per cent or 5 

per cent l eve l s  in the occurrence of  abnormal it ie s  in irrad iated ce stode s 

as compared with contro l s .  The var iat ions in me an cestode l ength we re 

s ign if icant to the 1 per cent leve l . The irrad iated forms showed a s ig­

nif icant decre ase in length . In mo st re spects where the ce s tode s  had 

shed te rminal p roglott ids before they were recovered from the mice , there 

was not a s ign if icant d ifference in the occurrence of abnormal it ie s  o r  

me an cestode length in irr ad iated ce stode s  as  compared with contro l s .  
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S tudies of growth r ate and abno rmal it ies  in the F1 and F2 progeny 

of irradiated e gg s  and cyst icerco id s revealed l it t l e  s ign if icant var ia­

t ion from contro l s. Apparently the inher ited effe c t s  of irr ad i at ion in 

the se t apeworms are too smal l to measure by the me thods used in this 

study. 

From the l iterature on effects of rad i at ion on mammal s ,  inse ct s , 

and othe r organisms , it appe ars that rad iat ion produce s abno rmal ities 

chie f ly by de stroy ing or inh ib it ing growing ce l l s  and t is sue s. The 

effects �n l ength of the worms may be due to reduct ion in ce l l  popul a­

t ion re spons ib l e  for growth . The pre sence of certain morpho logical ab­

no rmal it ie s which have been obse rved, p art icu l arly tho se wh ich have been 

characte r i zed by the ab sence of one or mo re reproduct ive organs , might 

al so be att r ibuted to a change in the growth or embryo logical  app aratus 

and that rad iat ion only se rve s to incre ase the f requency of the se d is­

turbance s. 

Fo r furthe r  s im i l ar s tud ie s invo lving this spe c ie s ,  it is re com­

mended that a l l  ce stode s used for analy s is be re covered f rom mice just 

before the ce stode s be g in expe l l ing eggs , wh ich is thirteen to fourteen 

days af te r infe ct ing the mice with mature cy st icerco ids. 
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TABLE I 

Expe r iment I .  P art one 

EFFECTS ON LENGTH ATTAINED BY HYMENOLEPIS MICROSTOMA AFTER SUBJECTING 
CYSTICERCOIDS TO 2 , 000 r AND 1 0 , 000 r OF GAMMA IRRAD IATION 

Cont rol 2 000  r 1 0 , 00 0  r 
Number Aver age Numbe r Ave rage Number Average 

Mouse of Length of Length of  Length 
Number Worms in mm . Worms in mm . Worms in mm . 

1 5 7 1 . 0  5 8 2 . 0  5 5 7 . 0  

2 5 1 1 0 . 0  5 74 . 2 5 5 7 4 . 0 

3 5 80 . 0  4 5 1 . 0  5 5 2 . 0  

4 5 6 9 . 0  3 7 3 . 66 5 7 5 . 0  

5 5 6 1 . 0  4 7 0 . 3 3 4 8 1 . 0  

Mean Length 7 8 . 2  7 0 . 8 3  6 7 . 3 
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TABLE I I  

Expe r iment I .  Part two 

EFFECTS ON LENGTH ATTAINED BY HYMENOLEP IS MICROSTOMA AFTER SUBJECTING 
CYSTICERCOIDS TO 1 5 , 000 r AND 20 , 000 r OF GAMMA IRRADIATION 

Control 1 5 , 0 00 r 20 , 000 r 
Numbe r Aver age Number Aver age Number Aver age 

Mouse of Length of Length o f  Length 
Numbe r Worms in mm. Worms in mm .  Worms in mm .  

1 4 88 . 0  4 38 . 7 5  0 

2 4 7 3 . 5 5 64 . 2 5 0 

3 5 7 9 . 4  4 5 9 . 66 3 1 3 . 2 

4 5 7 9 . 4  3 5 4 . 64 3 37 . 0  

5 5 79 . 4  5 56 . 20 2 38 . 0  

Me an Length 7 9 . 8 7 5 5 . 43 28 . 3 2 
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TABLE III 

Exper iment I I . Part one 

EFFECTS ON LENGTH OF THE P 1 GENERATION OF HYMENOLEPIS MICROSTOMA AFTER 
SUBJECTING CYSTICERCOIDS TO 1 0 , 000 r AND 1 5 , 000 r OF 

GAMMA IRRAD IATION 

Cont ro l 1 0 , 000 r 1 5 , 000 r 
Numbe r Ave rage Number Average Number Ave rage 

Mouse of  Length of  Length o f  Length 
Numbe r Worms in mm . Worms in mm . Worms in mm . 

1 5 1 54 . 0  4 145 . 0  5 1 49 . 0  

2 3 1 8 3 . 0  4 145 . 0  4 1 6 1 . 0  

3 4 1 9 0 . 0  4 140 . 0  5 1 2 3 . 0  

4 5 1 6 3 . 0  4 1 7 5 . 0  3 1 2 3 . 0  

5 5 1 52. 0 4 1 48 . 0  0 

Me an Length 166 . 0  1 50 . 6  1 3 9. 6 
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TABLE IV 

Exper iment I I . Part two 

EFFECTS ON LENGTH OF THE F1 GENERATION OF ADULT HYMENOLEPIS MICROSTOMA 

Contro l 10 1000 r 1 5 , 000 r 
Number Ave rage Number Average Number Average 

Mouse of Length of Length o f  Length 
Number Wo rms in mm . Worms in mm . Worms in mm . 

1 1 0  1 1 5 . 1  9 1 0 9 . 0  1 0  7 6 . 0  

2 0 9 1 0 9 . 3  1 0  94 . 1  

3 8 1 14 . 0  8 1 04 . 5 1 0  1 06 . 3  

4 1 0  1 2 3 . 6  9 1 1 0 . 2  9 9 5 . 8  

5 1 0  1 1 5 . 3  1 0  1 0 9 . 4  4 87 . 7 5  

Me an Length 1 1 7 . 1 3 1 0 8 . 6 2  9 2 . 5  
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TABLE V 

Experiment II. Part three 

EFFECts ON LENGTH OF THE F2 GENERATION OF ADULT HYMENOLEPIS MICROSTOMA 

Control 101000 r 1 5,000 r 
Number Average Number Average Number Average 

Mouse of Length of Length of Length 
Number Worms in mm., Worms in mm .  Worms in mm·. 

1 7 1 94 . 8  9 1 39. 9 9 1 32. 8 

2 1 0  147 . 9  8 1 5 3 . 8  0 

3 9 129.8 1 0  149 . 7  4 1 6 6  . •  5 

4 9 145 . 7  6 1 68 . 3 1 0  141. 9 

5 Died 7 1 20. 7 D ied 

Mean Length 1 52 . 0  145 . 9  142 . 6  
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TABLE VI 

Exper iment I I . P art one ( Supp . 1 )  

EFFECTS ON LENGTH OF THE P1 GENERATION OF HYMENOLE PIS MICROSTOMA AFTER 
SUBJECTING CYSTICERCOIDS TO 20 , 0 00 r OF GAMMA IRRADIATION 

Control 20 , 000 r 
Numbe r Ave rage Number Average 

Mouse of Length of Length 
Number Worms in mm . Worms in mm . 

1 4 1 7 5 . 0  9 1 1 8 . 7  

2 8 1 46 . 0  7 1 28 . 4  

3 8 1 6 8 . 0  1 0  1 38 . 0  

4 1 280 . 0  8 1 39 . 0  

5 8 1 5 3 . 0  3 1 9 8 . 0 

Me an Length 1 6 1 . 9  1 36 . 6  
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TABLE V I I  

E xper iment II . P ar t  two ( Supp . 2 ) 

EFFECTS ON LENGTH OF THE F 1 GENERATION OF ADULT HYMENOLEPIS MICROSTOMA 

Contro l 20 , 000 r 
Numbe r Ave r age Number Ave rage 

Mouse of Length of Length 
Number Worms in mm . Worms in mm . 

1 9 1 2 8 . 3 9 1 2 5 . 7  

2 9 1 1 7  . o  1 0  1 1 1 . 5  

3 D ied 2 7 0 . 5  

4 D ied D ie d  

5 D ied D ied 

Mean Length 1 2 2 . 7  1 1 3 . 7  
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TABLE VIII 

Exper iment I I .  Part three ( Supp .  3) 

EFFECTS ON LENGTH OF THE F2 GENERATION OF ADULT HYMENOLE PIS MICROSTOMA 

Control 2o . oo o  r 
Number Ave rage Number Ave rage 

Mouse of Length of  Length 
Numbe r Worms in mm .  Worms in mm .  

1 6 1 3 1 . 7  5 1 0 1 . 4  

2 4 1 1 0 . 0  8 9 2 . 4  

3 0 9 8 7 . 3  

4 7 1 30 . 4  8 1 27 . 3  

5 7 1 1 8 . 4  6 102 . 3  

Me an Length 1 2 3 . 8  101 . 8  
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TABLE IX 

Exper iment I I I . Part one a 

EFFECTS ON LENGTH ATTAINED BY HYMENOLE PIS MICROSTOMA AFTER SUBJECTING 
EGGS TO 1 0 , 00 0  r AND 1 5 , 000 r OF GAMMA IRRADIATION 

Contro l 10 !000 r 1 5 , 00 0  r 
Number Average Number Aver age Number Ave r age 

Mouse o f  Length of Length o f  Length 
Number Worms in mm .  Worms in mm .  Worms in mm .  

1 9 1 2 1 . 0  1 1 1 5 . 0  1 8 5 . 0  

2 3 1 52 . 0  1 1 8 5 . 0  

Mean Length 1 2 1 . 0  142 . 7 5 1 35 . 0  

aBec ause of the mouse popu lat ion runn ing l ow ,  only enough mice were 
infected to obtain mate rial for the F1 generat ion . The inf o rmat ion p art icu­
l arly des ire d  in th is  exper im2nt was that secured from F 1 and F2 infec t ion s . 
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TABLE X 

Exper iment III . Part two 

EFFECTS ON LENGTH OF THE F1 GENERATION OF ADULT HYMENOLEPIS MICROSTOMA 

Control 10 !000 r 1 5 , 000 r 
Number Average Number Average Number Average 

Mouse of Length of Length of Length 
Number Worms in mm . Wo rms in mm . Worms in mm. 

1 8 1 7 1 . 37 9 1 29 . 90 8 1 0 5 . 7 5 

2 9 1 5 3 . 50 6 1 20 . 00 1 0  1 1 3 . 50 

3 6 1 34 . 50 5 143 . 00 9 1 5 6 . 1 0 

4 1 0  1 54 . 00 9 141 . 44 1 0  1 64 . 00 

5 8 142 . 00 10 1 1 5 . 60 0 

:Me an Length 1 52 . 10 1 2 9 . 00 1 36 . 1 0 
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TABLE XI 

Experiment I I I .  Part three 

EFFE CTS ON LEN GTH OF THE F2 GENERATION OF ADULT HYMENOLEPIS MICROSTOMA 

Control 10 , 000 r 1 5 , 000 r 
Number Average Number Average Number Average 

Mouse of Length of Length of Length 
Number Worms in rom .  Worms in rom, Wo rms in rom. 

1 10 147 . 8  6b 65 . 3  9 116 . 6 

2 9 154 . 1 8C 88. 6  10 140 . 1 

3 Died a 8 151 . 2 7 115. 4  

4 D ied a 9 151 . 1  9 118 . 8 

5 Died a 10 17 2 . 0  10 113 . 1 

Mean Length 150. 8 131 . 5 119 . 9 

8Died seven and e ight days after infect ion . 

bD ied fourteen days after infect ion , but cestodes were recovered and 
prepared for study. 

cDied sixt een days after infect ion , but cestodes were recovered and 
prepared for study. 
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TABLE XII 

Exper iment I.  Part 9ne and two comb ined 

EFFECTS ON LENGTH ATTAINED BY HYMENOLEPIS MICROSTOMA AFTER SUBJECTING 
CYSTICERCOIDS TO 2 , 000 r TO 50 , 0 00 r OF GAMMA IRRADIATIONa 

Mouse Aver age Lengths of Worms in mm . 

Number Contro l s  2 , 000 r 10 , 00 0  r 1 5 , 0 00 r 20 , 000 r 

1 7 8 . 50 82 . 00 57 . 00 38 . 7 5 Neg .  

2 9 3 . 75  74 . 2 5 74 . 00 64 . 2 5 Neg .  

3 7 9 . 70 5 1 . 00 5 2 . 00 5 9 . 66 1 3 . 20 

4 74. 20 7 3 .  66 7 5 . 00 54 . 64 37 . 0 0 

5 70 . 20 70 . 3 3 81 . 0 0 56 . 20 38 . 00 

Me an Length 7 9 . 00 70 . 8 3 6 7 . 30 55 . 4 3  2 8 . 32 

aA l l  mice infected with cys t icerco id s re ce iving 2 5 , 00 0  r ,  30 , 000  
r ,  40 , 000 r and 50 , 000 r of irr ad iat ion were negat ive . The s e  f igure s 
are not shown in this t able . 
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TABLE XIII 

AVERAGE LENGTH OP HYMENOLEPIS MICROSTO"MA APTER SUBJECTING 
CYSTICERCOIDS TO 1 0 , 00 0  r AND 1 5 , 00 0  r OP GAMMA 

IRRADIATION (Length is expres sed in mm. ) 

PARENT GENERATION 
Mouse Number Contro i ICi ,riOo r I 5 , ooo r 

1 1 54 . 0  145 . 0  149 . 0  
2 1 8 3 . 0  145 . 0  1 0 1 . 0  
3 1 90 . 0  140 . 0  1 2 3 . 0 
4 1 6 3 . 0  1 7 5 . 0  1 2 3 . 0  
5 1 52 . 0  148 . 0  Neg at ive 

Me an Length 1 6 6 . 0  1 50 . 6  1 3 9 . 6  
% Dev iat ion 0 - 1 0% - 1 6% 
f rom Contro l 

P1 GENERATION 

Mou se Number Contro l 1 0 , 00 0  r 1 5 , 000 r 

1 1 1 5 . 1  1 0 9 . 0  7 6 . 0  
2 Negat ive 1 09 . 3 94 . 1  
3 1 14 . 0 1 04 . 5 1 06 . 3  
4 1 2 3 . 6  1 10 . 2  9 5 . 8  
5 1 1 5 . 3  1 0 9 . 4  87 . 7 5 

Mean Length 1 1 7 .. 1 3  108. 6 2  9 2 . 50 
% Deviat ion 0 -8% -22% 
f rom Contro l  

P2 GENERATION 

Mouse Number Contro l 1 0 , 000 r 1 5 , 000 r 

1 1 94 . 8  1 39 . 9  1 32 . 8  
2 1 47 . 9  1 5 3 . 8  Negat ive 
3 1 29 . 8  149 . 7  1 66 . 5  
4 1 45 . 7  1 6 8 . 3  141 . 9  
5 D ied 1 20 . 7  D ied 

Mean Length 1 50 . 0  145 . 0  142 . 0  
% Dev iat ion 0 -3 . 4% -5 . 4% 
from Control 
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TABLE XIV 

(SAMPLE ) EXPERIMENT NO . 3 F 2 RADIATION DOSE 10 � 000 r 

Abnormal Te stes Abnormal 
Developmen t  C irrus Pouch 

"'Cr 
...... J:: "0 4) 

� <II "" 0 "" 4) {I} 
{I} <I) 4) .f-1 "" 

tg "" p.. {I} !ll p.. J:: � .c 
4) 4) 4) ::;l () 

::I > {I} .f-1 .f-1 cc 0 � ::I 

� � ...-1 cc Cl.l 4) 0 0 
.f-1 4) Q) 4) .f-1 Il-l 
!ll E-l "0 E-; Cl.l Cl.l !ll 

Cl.l Cl.l � .... 4) Q) 11 <I) 

� Q) Q) !ll <II E-; .c ...... 
.f-1 4) Q) "" 4) () () .g Cl.l Cl.l Q) "' S... <l) .f-1  

� �  
::I ::I 

� � J:: .... .c � � 0 0 0 
O CI.l f-; 0 �  , P.., Il-l 0 

5 8 2  3 0 6 1 5 6 8  
460. - - 4. - - 0 2 0 4 1 6  
201 6 0 4 0 20 2 

646 5 0 1 0 7 6 3 1 
5 5 6  4 1 6 2 6 2 7  
485 4 0 0 0 2 5 34 1 2 

6 1 3  2 1 1 0 7 5 2  
6 5 7 5 0 0 0 827 1 
7 04 6 0 9 0 1 856 1 

6 8 7  2 0 6 1 857 7 1  9 
6 32 1 0  0 2 6 7 2  1 5  5 
7 7 9  4 0 1 9 0 3  1 

644 1 0 2 7 0 2  1 
5 1 7 2 0 0 704 2 
6 7 9  5 0 1 9 0 3  1 

S t e r il ity 

...... 
4) ...... 
'oO <II 
"" 
Cll 

;3: 
:>. ,...:1 (1-l 

.f-1 0 
.... "0 {I} 
...... J:: 0 J:: ...-1 <II t':' 0 
"" .... 
4) � '@  Cl.l 
.f-1 ::I 
{./) fit �  fit 

1 
3 1 
8 

1 
3 4 
4 2 9 

2 1 
1 

1 2  4 
1 1  4 
1 6  1 

2 2 
1 
1 1 3  2 

Abnormal Segmentat ion 

>::: 
0 .f-1 !ll 

4) ...-1 4) � "0 
.f-l .f-1  .f-1 Q) "0 ...-1 
Q) <II 4) s 4) {I} .f-1 "0 

r-l .f-l  ...... p.. "" .f-1 .f-1 Q) 
� �  � 0  Q) �  0 00  

4) ...... .f-1 Q) ...... "" 
0 �  0 4)  Cl.l J3  'oO Q)  
() <J :> ...-I oo o >  
J;I Q)  � � r-I Q)  S... Q) 

H OO H I=Q {I)  Il-l �  

1 1 2 0  
3 1 7 2  
1 1 2 2  

6 4 
3 1 
4 

3 1 7 8  
4 2 
6 2 4 3  

7 7 1 1  
5 6 
5 1 

5 6 
1 4  1 45 
10 34 

I 
{I} 
{I} 
0 I 
"" .f-1 

t:l ::;l 
0 

.f-1 
() .... 
J:: <II 

...-1 ...... 
.f-1 ::I 
Cl.l 'oO 

.... ...... t! :! "' r-1  
� <II .... .... 
H ;J  H r-4  

1 5 5  1 5 5  

1 2  1 2  
4 5  4 5  

.f-1 
§ 
0 

t:l 
...... 
Ill 
.f-1 
0 

E-; 

7 6 6  
6 4 3  
384 

1 048 
8 2 3  
6 77 

6 2 8  
1 0 9 1  
1 0 5 2  

1 1 27 
8 7 8  

1 0 7 1  

1 1 38 
844 

1 1 32 

'-I 
w 
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TABLE XV 

FRE QUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING ABNORMAL TES TES DEVELOPMENT 
IN CESTODES OBTAINED BY DIRECT INFECTION , IN ALBINO MICE , WITH GAMMA 

IRRADIATED CYSTICERCOIDS OF HYMENOLEPIS MICROSTOMA 

Numb e r  of Abnormal Te ste s per 1 0 0  Te s te s  Counted in e ach Worm 

I r r ad iat ion 
Do se 

Con t ro l  g roup 
Tot a l  Numbe r 

of 
Pro g l o t t ids 
examined-4 1 9 3  

2 , 000 r group 
Total Number 

of 
Prog l o t t ids 
examined-3838 

10 , 0 00 r group 
To tal Numbe r 

of 
Prog l o tt id s 
examine d-40 27 

1 5 , 000 r group 
Tot al Number 

of 
Prog l o t t ids 
examined-3502 

20 , 000 r group 
To t a l  Numbe r 

of 
Prog lott i.ds 
exami.ned- 1 1 06 

Mouse 
Number 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 Neg .  
2 Neg . 

3a 

4 
5 

Worm 
Numb e r  1 

2 . 2 8 
1 . 0 5  
1 .  7 8  
1 . 54 
1 . 1 3 

2 . 33 
2 . 5 7 
1 . 5 8 
3 . 88 
2 . 2 8 

3 . 45 
3 . 7 7 
1 . 6 9  
1 . 4 1  
1 . 66 

1 2 . 28 
2 8 . 50 

1 . 3 9 
3 . 24 
1 . 94 

o . oo 
o . oo 
4 . 2 7 
4 . 54 
4 . 3 5 

Worm 
Numb e r  2 

1 . 2 9 
1 . 1 2 
0 . 6 5  
1 . 0 9  
1 . 04 

2 . 3 7 
2 . 7 5 
4 . 58 
2 . 7 0 
3 . 08 

3 . 02 
2 . 7 1 
2 . 7 1 
4 . 34 
1 . 45 

5 . 9 1 
2 . 7 1 
5 . 6 5 
5 . 48 
2 . 22 

o . oo 
o . oo 
o . oo 

1 . 5 5 
6 . 25 

Tot a l  f o r  
Two Wo rms 

3 . 59 
2 . 1 7  
2 . 4 3 
2 . 6 3  
2 . 1 7 

4 . 70 
5 . 3 2 
6 . 1 6 
6 . 5 8 
5 . 36 

6 . 47 
6 . 48 
4 . 40 
5 . 75 
3 . 1 1  

1 8 . 1 9 
3 1 . 2 1 

7 . 04 
8 . 7 2 
4 . 1 6  

o . o o  
o . oo 
4 . 27 
6 . 0 9  

1 0 . 6 0 

Av . No . of 
Abnorma l it ie s  

Per Worm 

1 . 30 

2 . 8 1 

2 . 6 2 

6 . 9 3 

4 . 1 9  

ain mou s e  No . 3 only one who l e  worm was recovere d .  The o ther two 
worms were acc identa l ly cut too b adly to be analyze d .  
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TABLE XVI 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING ABNORMAL CIRRUS POUCH 
DEVE LOPMENT IN CESTODES OBTAINED BY DIRECT INFECTION , IN ALBINO MICE , 

WITH GAMMA IRRADIATED CYSTICERCOIDS OF HYMENOLEPIS MICROSTOMA 

Number o f  Abnormal C irrus Pouche s per 100 Segment s Counted in E ach Worm 

Irrad iat ion 
Dose 

Contro l group 
To tal Number 

of 
Progl o tt ids 
examined-3575 

2 , 000 r g roup 
Total Number 

of 
Proglott ids 
examined- 3 5 1 9  
10 ,000 r group 
To tal Number 

of 
Prog lott ids 
examined-3357  
1 5 , 000 r group 
Total Number 

of 
Proglott ids  
examined- 3041 
20 , 00 0  r group 
Total  Number 

of 
Progl ott ids 
examined-695 

Mouse 
Number 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

1 Ne g .  
2 Ne g .  

3a 

4 
5 

Worm 
Number 1 

0 . 16 
0 . 1 3 
0 . 33 
4 . 5 1  
6 . 7 8 

0 . 32 
0 . 45 
6 . 35 
0 . 2 9 
o . oo 

o . oo 

1 . 1 3 
o . oo 

o . oo 

0 . 66 
0 , 66 
2 . 26 
6 . 2 1 
6 . 32 
0 . 32 
o . oo 

o . oo 
2 . 52 

1 4 . 7 6  
3 . 6 5  

Woiin 
Number 2 

1 . 16 
2 . 99 
0 . 2 5  
0 . 70 
3 . 49 

0 . 8 3 
0 . 00 
o . oo 

0 . 29 
o . oo 

3 , 0 3 
o . oo 
o .  32 

24 . 70 
0 . 30 
l . l l 
o .  56 
5 , 0 7 

28 .20  
0 . 54 
o . oo 

o . o o  
o . oo 
2 . 33 
8 . 74 

Total for 
Two Worms 

1 . 32 
3 . 1 2 
o . ss 

5 . 2 1  
10 . 2 7  

1 . 1 5 
0 . 45 
6 . 35 
0 . 58 
o . oo 

3 . 0 3  
1 . 1 3 
0 . 32 

24 . 70 
0 . 96 
1 . 7 7 
2 .• 82 

1 1 . 2 8 
34 . 52 

0 . 86 
o . oo 

o . oo 
2 . 5 2 

1 7 . 0 9 
1 2 . 39 

Av . No . o f  
Abnormal it ie s  

Per Worm 

2 . 0 5  

0 . 85 

3 . 0 1 

5 . 1 2  

6 . 40 

aln mouse No . 3 only one who le worm was recove re d .  The o ther two 
worms were acc identally cut too b adly to be analyzed . 



TABLE XVI I 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING STE RILE SEGMENTS IN 
CESTODES OBTAINED BY DIRECT INFE CTION , IN ALB INO MICE , WITH GAMMA 

IRRADIATED CYSTICERCOIDS OF HYMENOLEPIS MICROSTOMA 

Numbe r of  S ter ile Segments pe r 100  S egments Counted in E ach Worm 

Av . No . 

7 6  

o f  
I rrad iat ion Mouse Worm Worm Total for Abnormal it ie s  

Dose Numbe r Numbe r 1 Number 2 Two Worms Per Worm 

Contr o l  group 1 o . oo 0 . 14 0 . 14 
Total Number 2 0 . 20 0 . 2 3 0 . 43 

of 3 0 . 31 0 . 1 3 0 . 44 
P roglott ids 4 0 . 1 5 0 . 4 5 0 . 60 
checked-6857  5 0 . 0 8 0 . 4 1  0 . 49 0 . 2 1 
2 , 00 0  r g roup 1 0 . 6 9 0 . 40 1 . 0 9 
Total Number 2 0 . 2 7 0 , 48 0 . 7 5 

of  3 0 . 42 0 . 00 0 . 42 
Prog l o t t ids  4 0 . 9 5 0 . 80 1 .  7 5  
che cked-6 7 1 5  5 0 . 6 1 0 . 1 2 0 . 7 3  0 . 47 
1 0 , 00 0  r group 1 1 . 90 0 . 5 7 2 . 4 7 
Total Numbe r 2 0 . 5 1 0 . 35 0 . 86 

of 3 0 . 8 3 0 . 32 1 . 1 5 
Proglott ids 4 0 . 32 0 , 5 8 0 . 90 
chec ked -6 8 3 1  5 0 . 7 3  0 . 6 9  1 . 42 0 , 6 8 

1 5 , 000 r group 1 2 . 74 4 . 66 7 . 40 
Total Numbe r 2 1 . 1 8 1 . 1 2 2 . 30 

of 3 0 . 90 3 . 5 2 4 . 42 
Proglott ids 4 0 . 3 3 1 1 . 42 1 1 . 7 6 
checked-60 6 1  5 1 .  74 3 . 5 3 5 , 2 7 3 . 1 1  

20 , 000 r g roup 1 Neg . 0 . 00 o . oo o . oo 
Total Numbe r 2 Neg . o . oo o . oo o . oo 

of 3a 2 . 6 8 o . oo 2 . 6 8  
Prog lott ids 4 4 . 52 1 . 5 9 6 . 1 1 
che c ked-1896 5 1 . 0 1 0 . 37 1 .  38 2 . 0 3 

ain mou se No . 3 on ly one whole worm was recove red.  The o the r  two 
wo rms we re acc ident ally cut too badly to be analyze d .  
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TABLE XVIII  

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING ABNORMAL DEVELOPMENT OF 
SEGMENTS IN CESTODES OBTAINED BY DIRECT INFECTION 1 IN ALB INO MICE , WITH 

GAMMA IRRADIATED CYSTICERCO IDS OF HYMENOLE PIS MICROSTOMA 

Number of  Abnormal Segments pe r 100 Counted in E ach Wo rm 

Av . No . of 
Irradiat ion Mouse Worm Wo rm To t a l  for Abnormal itie s  

Do se Number Number 1 Number 2 Two Wo rms Pe r Worm 

Control group 1 1 . 3 3 1 . 0 2 2 . 35 
Total  Number 2 0 , 9 7 1 , 37 2 . 34 

of 3 0 , 86 1 . 9 1 2 . 7 7  
Pro g lott ids 4 1 , 6 3  1 .  37 3 , 0 0 
che cked-6857  5 1 . 48 1 . 1 9 2 . 6 7 1 , 3 1 

2 , 000 r group 1 0 . 87 2 . 0 2 2 , 89 
Tot a l  Number 2 2 , 57 0 , 98 3 . 5 5 

of 3 3 , 39 0 , 88 4 . 2 7 
Proglo t t ids 4 3 . 9 6 2 . 58 6 . 54 
checked-6 7 1 5  5 0 , 6 1 2 . 9 3 3 . 54 2 . 0 8 

10 , 00 0  r group 1 3 . 0 2 1 . 58 4 . 6 0 
Tot a l  Number 2 0 , 5 2 1 . 7 8 2 . 30 

of 3 4 . 04 1 . 7 8 5 . 82 
Pro g lott id s  4 1 . 46 4 , 0 9 5 . 5 5 
che cked-6831  5 1 . 6 0 1 , 6 7 3 . 2 7 2 , 1 5 

1 5 , 000 r group 1 5 . 24 9 . 96 1 5 . 20 
Total  Number 2 3 . 40 2 . 2 5 4 , 6 5  

of  3 2 . 34 2 . 0 1 4 . 3 5 
Proglott ids  4 1 , 49 36 . 35 37 . 84 
che cked-6 0 6 1  5 5 . 9 5 7 . 2 3 1 3 . 1 8 7 , 5 2 

20 , 00 0  r group 1 Neg .  0 , 00 o . oo o . oo 
Tot al Number 2 Neg .  o . oo o . oo 0 . 00 

of  3 a 4 . 5 7 o . oo 4 , 5 7 
Pro g l ot t ids  4 3 . 5 7 3 . 20 6 .  7 7  
checked- 1 8 9 6  5 3 3 . 84 4 . 0 7 3 7 . 9 1 9 . 85 

a In mouse No . 3 only one who le worm was recove red . The o the r two 
worms were acc ident a l ly cut too badly to be :analyzed . 



TABLE XIX 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING ABNORMAL TESTES 
DEVELOPMENT IN CES TODES OBTAINED BY INFECTION , IN ALBINO MICE , 

W ITH GAMMA IRRADIATED CYSTICERCOIDS OF HYMENOLEPIS 
MICROSTOMA CARRIED TO F2 GENERATION 

7 8  

Init ial 
Irrad i at ion 

Do se 

Tot a l  Number 
of P rogl ott ids 

Examined 

Number of Pro g l ot t ids 
w ith Abnormal Te stes 

per 1 , 500 Segment s  

Control  
10 , 00 0  r 
1 5 , 00 0  r 

a 
Contro l 
10 , 00 0  r 
1 5 , 00 0  r 

Gontrolb 

10 , 00 0  r 
1 5 , 00 0  ra , b  

aOne mouse negat ive . 

b
Mouse d ie d .  

PARENT GENERATION 

9438 
9 2 1 7  
7 8 5 1  

F 1 GENERATION 

7 2 34 
8369  
8224 

F2 GENERATION 

842 9  
9 3 5 1  
5600 

20 . 2 1  
1 7 . 1 5 
1 8 . 6 4 

1 2 . 0 6 
32 . 7 3 
2 6 . 6 3 

1 2 . 45 
2 2 . 74 

9 . 0 9 



TABLE XX 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING CIRRUS POUCH 
ABNORMALITIES IN CESTODES OBTAINED BY INFE CTION , IN ALBINO 

MICE t Win£ GA..'1MA IRRADIATED CYSTICERCOIDS OF HYMENOLEPIS 
MICROSTOMA CARRIED TO THE F 2 GENERATION 

79 

Init ial Tot al Number Number of Prog1ott ids 
Irradi at ion of Proglott ids with Abno rmal C irrus Pouch 

,D_o_s_e 
_________ 

E_x,_am_
in

_
e
_

d 
_______ �r 1 , 500 Segments 

Control 
10 , 000 r 
15,000 r a 

a 
Control 
10 , 000 r 
15 , 000 r 

Controlb 

10 ,000 r 
15 000 ra , b  

t 

aOne mouse negat ive . 

bone mouse d ied . 

PARENT GENERATION 

l l  , 540 
l l  , 4 9 1  

8 , 70 1  

F1 GENERATION 

. "1 , 774 
9 , 042 
8 , 102 

F2 GENERATION 

8 , 76 7  
10 , 60 1  

7 , 392 

1 3 . 95 
1 9. 08 
25 . 59 

48 . 1 9 
37. 73 
60 . 34 

2. 4  
1 . 5  
2. 0  
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TABLE XXI 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING STERILITY AND ABNORMAL 
SE GMENTATION OF SEGMENTS IN CESTODES OBTAINED BY INFECTION , IN 

ALBINO MICE , WITH GAMMA IRRADIATED CYSTICEROO..IDS. !lF 
HYMENOLEPIS MICROSTOMA CARRIED TO THE F2· .GENERATION 

Tot al Nuinber Number of Number of 
In it ial of S te r ile Pro g l ot t id s  with 

Irrad iat ion Proglott ids Progl o t t tds Abnormal 
Dose Examined per 1 , 50 0  Se�ntat ion per 1 , 5 0 0  

PARENT GENERATION 

Contro l 1 6 , 20 5  3 . 9 24. 99 
10 , 00 0  r 1 5 , 98 3  1 0 . 3  2 5 . 89 
1 5 , 00 0  r8 1 1 , 8 7 8  1 0 . 8  2 7 . 0 5  

F 1 GENERATION 

Control 8 1 1 , 0 35 1 2 . 7 2 2 2 . 50 
1 0 , 00 0  r 1 2 , 40 6  5 . 67 2 3 . 1 3  
1 5 , 0 0 0  r 1 2 , 0 50 2 . 9 3  4 1 . 00 

F2 GENERATION 

Cont ro1b 1 2 , 2 7 6  3 . 04 2 0 . 88 
1 0 , 0 0 0  r 14, 2 9 2  3 . 7 8 1 1 . 30 
1 5  0 0 0  r a , b 9 , 450 1 .  72 8 , 8 7 , 

80ne mouse negat ive. . 

bone mouse d ied. 



TABLE XXII 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING ABNORMAL TESTES 
DEVELOPMENT IN CESTODES OBTAINED BY INFECTION , IN ALBINO MICE , 

WITH CYSTICERCOIDS DEVELOPED FROM GAMMA IRRADIATED EGGS OF 
HYMENOLEPIS �ICROSTO� CARRIED TO THE F2 GENERATION 

8 1  

In it ial 
Irrad iat ion 

Dose 

Tot al Numbe r 
of Prog lott ids  

Examined 

Numbe r of Proglott 1.ds 
with Abnormal Te stes 

pe r 1 , 500 Segment s 

Control 
10 , 00 0  r 
1 5 ,000  r 

Control 
10 , 00 0  r 
1 5 , 00 0  r a 

a b Contro l ' 
10 , 000  rb 

1 5 , 00 0  r 

PARENT GENERATION 

9 6 1  
1 , 1 14 
1 , 22 1  

F1 GENERATION 

10 , 944 
1 0 , 0 36 

7 , 20 3  

F 2 GENERATION 

3 , 6 1 5  
8 , 842 
7 , 6 1 2  

80 
33 
73 

2 3 . 14 
24. 24 
40 . 1 8 

1 7 . 0  
1 9 . 0  
35 . 0  

---:================================:=========== 

aCne mouse negat ive . 

bTwo mice d ie d .  
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TABLE XXIII 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING CIRRUS POUCH ABNORMALITIES 
IN CESTODES OBTAINED BY INFECTION , IN ALBINO MICE , WITH 

CYSTICERCOIDS DEVELOPED FROM GAMMA IRRADIATED EGGS OF 
HYMENOLE� MICROSTOMA CARRIED TO THE F2 GENERATION 

============================================== 
Initial Total Number Numbe r  of Prog l o t t ids 

Irrad iat ion 
Dose 

Control 
1 0 , 000 r 

1 5 , 000 r 

Contro l 
10 , 000 r 
15 1 000 r8 

of Proglott ids with Abnormal C irrus Pouch 

___ E_x_am_i_n_e d __________ f,er 1 , 500 Segment s  

PARENT GENERATION 

F 1 GENERATION 

1 1 , 47 0  
10 , 1 5 5  

7 , 6 59 

2 1  
1 . 4 
7 . o  

2 . 31 
1 . 02 
0 . 96 

----------------------·------------------------------------------

Contro l a ,
b 

1 0 , 00 0  rb 

1 5 , 000 r 

8
0ne mouse negative . 

b
Two mice d ied. 

F 2 GENERATION 

4 , 1 8 3  
10 , 286 

9 , 006 

3 . 7  
1 6 . 0  
20 . 0  
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TABLE XXIV 

FREQUENCY OF OCCURRENCE OF PROGLOTTIDS SHOWING STERILITY AND ABNORMAL 
SEGMENTATION OF SEGMENTS IN CESTODES OBTAINED BY INFE CTION , IN ALBINO 

MICE , WITH CYSTICERCO IDS DEVELOPED FROM GAMMA IRRADIATED EGGS OF' 
HYMENOLEPI� MICROSTOMA CARRIED TO 1�E F2 GENERATION 

Total Number Number o f  Number o f  
Initial of S terile Prog lott ids with 

Irrad iat ion Prog lott ids Prog l ott ids  Abnormal 
Do se Examined ____£e r  1 , 500 Segmentat ion pe r 1 , 5 00 

PARENT GENERATION 

Cont ro l 1 , 45 8  0 1 0  
10 , 000 r 1 , 948 . 2 1 7  
15 , 000 r l t 8 39 1 5 . 3  

F l GENERATION 

Contro l 16 , 6 8 8  1 . 8 1 1 6 . 2 3 
10 , 000 r 14 , 45 9  4 . 1 3  1 7 . 3 3  
15 , 00 0  ra 1 1 , 1 1 6  7 . 6 9 1 3 . 7 5 

F 2 GENERATION 

a b 5 , 5 6 3  . 7  2 1  Contro l ' 
10 , 000  rb 1 2 , 7 0 2  7 . 1  6 5  
1 5 , 000 r 1 2 , 1 8 0  4 . 0  6 1  

aone mou se negat ive . 

bTwo mice d ied . 
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F ig .  1 Fig . 2 

F ig .  3 F ig .  4 

PLATE I 

Anomal ie s  of te ste s  
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F i g .  1 F ig .  2 

F ig .  3 F ig .  4 

PLATE I I  

Anomal ies of organs 
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F ig .  1 F ig .  2 

F ig .  3 F ig .  4 

PLATE III  
' 

Part ial and complete ster i l ity 
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F ig .  1 F ig .  2 

F ig .  3 F ig .  4 
PLATE IV 

Anoma l ie s  of strob i l a  and embryo s 
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F ig .  1 F ig .  2 

F ig .  3 F ig .  4 

PLATE V 

Anomal ie s of segment at ion 
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