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STATErWiT OF PROBLW 

The _purpose of thie problem 

ia to determine the effoct of 

high temperature stress on the 

infeotivity of Hymenolopie dimi

nuta cysticerooids in Albino rats. 



INTRODUCTION 

Research on the effect of temperature on cys

ticercoid development of H:v;menolepia diminuta 

was performed by Voge and Hoyneman (1958). They 

found that infectivity varied uith. the 1ength of 

exposure, sensitivity period, and temporature. 

The rate of infcctivity weo sl.ightly lower for 

cyaticercoids developed at 37°c for long periods 

of time. Approximately 60~ of tho cysticercoids 

exposed for oix days at '57°c developed in the 

final host, while only about 15~ of tho cyati• 

cercoids expoaed for eight days at the oame 

temperature proved to be infective. f..lJ. of the 

exper imenta aith cysticercoids were performed 

with the larvae in31de tho intermediate host, 

Tribolium confusum. 

Heyn.em.an (1958) exposed cysticercoida of 

!!• nana to tom1,era.turea between 10°c and 42°c . 

At 41°c and 42°c, development of tho cystieer

coids was completed in 7 days, but infection 

of the finaJ. host v.ra.e not obtained. Cysticer

coids :matured at the maxi mum rate between 37°c 



and 40°c. At these temperatures• the rate of in-

feoti vi ty is at the greatest level obtajnable and 

required four Bays. A large increa.se 1n develop.

mental time occurred at lo\1er temperatures, vary

ing from ll do.ya at 25°c to more than 50 da.ys at 

15°c. H. nana is \7011 adapted to tho higher te -
peratu.res studied and. poorly adapted to tho 1ower 

range in contrast to the dcvelopmenl of the rat 

tapeworm, !!• diminuta... In !!• na:na., development 
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can occUl' at a temperature as high as 42°c , but 

with _g. diclnuta , completion of deve1opmcnt lo 

inhibited at 38. 5°c. In!!• diminuta, inhibition 

occurs early, but does not becomo apparent until 

th? organ.ism ia further developed,. fuon conditions 

are norm.al, !!• d1r!l1nuta dcvel.opo into an itrl'ective 

cysticercoid in 8 days. 

Studies by Voae and Hoyi1ertan (1958) have 

shov.n tha.t growth under high temperatures ooul.d 

delay d~vol.opment of g. diminuta. Stru.ctu.roJ. 

abnormalitios occur in H. diminuta l.arvae when -
expoaod to supra.optimal tompere.tures at 38. s0c 

and 40°c. Growth is conp1otely inhibited at 

40°c. Tho etruotural. a.bnor.malitiea a.re1 fail-



ure of ocolex withdrawo.J., asym::notry of the cyoti

cercoid with abnorma.1 di3tribution of some co~po

nent parts o.nd extreme fragl:Lity and transparency 

of tho la.rv·a. When cysticercoids develop normaJ.ly, 

the scolex is Tiithdrawn into the cysticercoid cav

ity. They oxhibit bilateral. symmetry and tho bo

dy is transluoent. The outer .o8I:lbrane ia well 

doveloped, and tho distribution of tho component 

parts io normal . However, Voge and Turner (1958) 

found that scolex withdrawal. hae been obsorvod 

in all larvae grown at thio temperature through

out the developmental. period. 

Voge and Turner (1956) reported that cysti

cercoid development of H. diminuts may proceed -
normally a.t temperatures as high as 37°c, but 

the optime.1 tcn_pere.ture ia 30°c. They oboerved 

that acolex withdrawal. ha.a occurod in some de

veloping cyoticerooids grown for an 8 day period 

at 37°0. Soolex wi thdrawaJ. is higheat when ex

posure oocure for a 24 hour period on the third 

,and f'ourth day of an eight day developing period, 

but the infectivity of the larvae is reduced. If 

exposed for 24 hours between the fourth and fifth 

day, larval structures are affected only to a 
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o1ieht degree but infoctivity to tho final host 

is sti11 inhibited. 

Voge (1959) statod that eggs of g. diminuta 

develop into infective cysticercoidG in 8 days 

and th.at the I:lB.jor amJunt of grorrth ond develop

ment of the larva occll.?'s between tho second and 

sixth day. If grot"ting larvae are expo cod for 6 

hours at 40°c at 3AY' state of their dovelopDOnt. 

apparently no deleterious chc.ne;os are produced. 

I~ during the firot end second day of an e~ght 

da.y dcvolopI!lentaJ. poriod, tho J.e.rvue o.ro ex:poaod 

to 38.5°c or 40°c for o 24 hour pcr~oa., infoctW

ity is not appreciab1y o.ffected. Voge al.so dete?'-i

mi.ned the eff'cct of high tem»erature on full.y de

veloped normal. c1oticcrcoida by first oxpoo1ng 

beetles containing larvae d~volopod at tho opt1-

r.l2.1. tempGrature of 30°c f'or an eight da.y pGr.iod, 

and then reexpos1nB them to 40°c for a four day 

period. The cysticorooids wore then dissected out 

in the usual manner, examined mioroaoopically 

o.nd fed to rats. Not onls wGre all of the larvae 

structurally normAl, but as oeen from an autopsy 

of rate 20 days 1atcr, they 1ere alao a.a infectivo 

4 



as the untreated controls. Thia clearly demon

strates that the influence of high temperature 

which is deleterious du.ring certain critical 

stagos of development may be ha.rmleas :for the 

fuJ.ly devoloped orean1am. 

Research has eJ..ao beon conducted on the effect 

of temperature on invertebrate insto.ra. Precht, 

et. al., (1955), summarized the general effects - -
of high temperature on the devclo,imont of aomo 

insects and stated tbat adverae offects a.re great

est when exposure occurs during pariodo of exten

sive development and grot?th. It was also strcsood 

that the magnitude of effects differs at different 

stages during the life of the orea,nism. 

Henkle, et. al., (1941) obs~rved 1n tho~r - -

5 

studieo with Drosonhila that total. timo of develop

ment io inoroescd by exposure to high temperature. 

Henke also established the presence of senoitive 

pariode and. the effect that increased. temperature 

has on the d9velopment of the fruit fly whon ap,

pliod during thio timo. 

A thorough search of tho literature revealed 

that uork he.a not been done on dir~ct exposure of 
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H. dirolnuta cyaticercoide to high tompcratures. - ' 



N.ATERLJ\LS MID IIBTHODS 

Tcnebrio mo11tor, infected with cysticorcoids 

of Hx,menolopis diminuta, waa necurcd from Carolina 

Biological Company. The head, logs and. \'lings of 

the beotJ.es wcro removed and discarded. The re

~aindor of the orga.niom was placed in 0.9~ saline 

solution and tho thin dorsal integwn.ont rcnoved. 

The entire contonts of the body cavity wore then 

scraped L,ito a petri dioh ana examined :for J.arvo.e 

with a dioeecting I!l.i.croecopc. 

The cyoticcrcoids were di~tidod into oxper1-

mcntaJ. and control groups. Group 1 w~a exposed 

to o. ter.,perature of 37°c; eroup 2, 39°0; group 3, 
41°c; group 4, 43°c; groap 5, 45°c; a.nu group 6, 

the controls, 30°c which we.a room tompcra.ture. 

The cycticercoids ~ere kopt at the abovo tcmpere

tures in incubatoro £or a 24 hour period. 

Thirty albino Vl.inta.r rats 'l7or~ obtained from 

Tema Agricu11:ural and :mechanical University. 

The rats were 1eighed, sexed and grouped accord

ing to tho rospectivo cyoticerc~ids they received. 
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The a.n1me.1.s were distributed a.ocording to oex as 

evenly as po~cible .in experimental and control 

groups. Each group consis ted of 5 rats, and oach 

rat was inoou1ated uith 10 cyaticercoida. Ex

perimental and. control a.nir.l!lla wore mainta::Lned 

on ,1ater and Purina laboratory chow throughout 

tho oxporiI:lental period. At the end of throe 

weeks, the rato Vlcro sa.orificed and autopsied. 

The intoetincs of tho rats W1.;1ro removed ana ex

amined for H. diminuta. The worms were counted, -
measured, observed for abnorm~litios and then 

preoervod in 10~ forLlalin oolut1on. 
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P.ESULTS 

Rats inoculated with cyoticercoido of Byme

nolcpis diminuta yielded a small percentage of 

:1:nfectivity. Group l received larvae kept at a 

temperature of 37°c. Of tho five inocu1e.tcd rats, 

four \vorms wore recovered from three of them. One 

of the rats '\18.S negative and another one died 

(Table I). The average percentage of infection 

for group l was 10~ (Table II}. Group 2 received 

larvae kept at a tGf!l.peraturo of 39°c and yielded 

three a.duJ..t worms (Tablo I), Two of the rats 
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were nogative and one died (Table I)e Thia re

presented an averaee perco11tage of ittfection of 

7-5~ (Table II). Groupa 3,4, and 5 wore nega,

tivo. 

Tho control raceived larvae J!l0.i..~tai11ed at :,o0c 
which was room te~porature (Table I). Four adult 

won!ls were recovered from two of them, two 'flerc 

negative, and ono died. The average pcrconta.ge 

of infection was 10%. Statistical analyaia ro

v~a.lod no sie;nificant difference in the number of 

tapeworms recovered from the experimental. end con-



trol groups. 

The group average length for ' tapeworms ro

covered in group 1 waa 28.4 om. (Table III). 

The range 1n length uWJ 24. 3 co. to 33. l Clllc 

Group 2 exli-ibited a group avera~e length of 28.16 

cm., resultinw from a range of 25. 3 cm. to 30c 2 

cm. Tho group average length of the contro1 was 

34. 6 cm. The range in length was 32. 5 cin. to 

36.6 cm. (Table III). Statistical anw..yaio rc

veo.J.od that this variance in length of the v,orLJ.O 

in the ex ri ·nt~.l end. control group::1 was of 110 

significant .iffor nee. 

The rats ·mre weighed. before and after the 

expor!:montal period. :t:he control shoi;,·ed a 

10 

mn.rkcdly incroascd ev x·age net gain ov r the ex

perimcntf:l.l M:I m lo. In tho exp rimenta.l re.ta, 

group 1 hed an aver go net ~might gs.in of 55. 7 3 g.; 

group 2t 57~33 g.; group 3, 48.14 g.; group 4, 

44. 40 g.; gr.:>up 5, 19.56 g.; and the control, 

76.81 g. (Table IV). 

The tapeworms rocovurcd showed no morpho

logical abnormelities . 



DISCUSSION 

~111.le numerous otudies have been conducted 

on the inf1uence of high tGOl}Dreturo upon cy:3ti

cercoids of H;vmenolcpis diminuta inoide tho in

tormedia.to host, no expcrinonto nave dealt n11ill. 

the effect of high temperatures on cyoticcrcoido 

on the outoide of the intcrncdiato host. 

In this investigation, there l'l8.B o. 7. 5~ os

·tablishmcnt of i:nfcctivity at 39°c, 10% oate.b

liEbment ot n°c, and no infectivity at 41°0. 

The contro1 yielded a 10~ tapeworm recovery. It 

o.ppears th.at fi.u.ly dovelopea cystioorcoida 'fJ!3..Y 

rems.in infective up to a temporaturo of 40°c. 
Since there we.a no oignificant difference in 

tho number of tapoworma recovered from cxperi

monto::L and control groups, thio study aupporte 

the £act th£Lt nor~al development may proccod 

u.p to 39°c. The results obteinod in this in

veetigation coincide ,d th the fin<iingo of Voge 

(1959) in that ful1y developed normru cyeti

ccrcoido arc not aft'ectcd by temperature ao 

11 



high as 40%. 

In thio investigation there was no recovery 

of tapeworms from rato who received cysticcrcoido 

exposed to temperat~es of 41°0, 43°c and 45°c. 

12 

It therefore ~eems that tho subsequent infoctivity 

in the final host is completely inhibited a.t those 

temperatures. Hoyneman (19581 observed that the 

de~elopm.bnt of H. diminuta is not woll o.do.pted to -
high tet1pora:tureo. 

The avorage length of the worms in the con

trol waa greater than that of the experimental 

groups~ However, atatiatical. analysio revealed 

that this disparity in average length lYas not of 

significant difference~ 

This study showed that the not weight ga.1n 

of the exporimenta1 groupa was less than that of 

the control. In the experimental rats, group l 

had an average net ,eight gain of 55.73g.; group 

2, 57.33 g.; group 3, 48.14 g.; group 4, 44.40 g.; 

group 5, 19.56 g.; and tho control 76 .• 81 g, A 

through search of the 11terature revealed no 

comparison of tho gain in weight of rato with 



reference to developing cyaticercoida. This 

therefore warrants further study and investiga. 

tion to determine if there is any relation be

tween the gain in weight of rate and the degree 

of parasite infectivity. 

In this investigation, cysticercoid·a wore 

directly exposed to high temperatures, while those 

reviewed in the literature ware subjected totem

peratures within the intermediate host. Voge 

(1959) reported that adul:t helminths wore re

covered at 40°c, but di.d not indicate the number. 

Therefore it is impossible to compare tho re

su1ts. 

13 



SUMMARY 

Experimental cyatlcerooid.B of Hymenolcpis 

,diminuta ware directly exposed to teopera.tu.ree 

of 37°c, 39°c , 41. 0c , 43°c and 45°c. The control 

was directly exposed to 30°c which was room tem

po:ra.tu.re. Each experimental. grou..P and the con

trol consisted of five rate. Tv1enty..four hours 

o.:f'ter tcmpora:ture exposures, ton cyot~cercoid.s 

of H. diminuta were fed to each ro.t. Tho inoi--
denco of infcct1on and worm size iorc determined. 

Temperatures abovo 39°c prevented the es

tabliehment of tapeworms. 37°c and 39°c appa

.ront1y did not a.ff ect the est.abliohmont of cyeti

cercoida since there waa no d1f£erence 1n the 

number of rocovered worms in the control and ox-

perimenta.J. groups . 

High temperatureo b.avo no influenco on the 

length of the worms recovorod since statistical 

analyaia revea.led no eignifiooo:it difference in 

the longth of wormo for the experimental. and 

control. Rats infected tli.th cysticcrcoida ex~ 

hibited a m..arkedly ~creasod ueight . 
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TABLE I 

Number of IDzE9nole~1.s diminu.ta Fonnd in Al b1no Ra.ts 

Infected with Lm-va.e Subjected t o Hi gh Temperat ure Streaa1t 

Rat Number of Wonns Recovered Per Rat 
Claosli'ication 

Number ExnerimentaJ. Grot na Control 

:1 2 3 4 ,5_ 

l 1 l. G 0 0 -
2 ]. 2 0 0 0 0 

3 2 - 0 0 0 3 

4 0 0 0 0 0 0 

-

5 - 0 0 G - 1. 

TOTAL 4 3 0 0 0 4 

(- ) rato died 



TA:BLE I I 

Percent of HymenoJ_epis d1m1nuta Found 1n Albino Rats 

Infected m.th Larvae Subjected to HiBh Temperature Stress 

Rat Percent of Worms Recoverea Por Rat 
Clasaification 

Number Exnorimenta: Gr01.~ns Control 

1 2 1 4 ''5 

1 lO 0 0 0 0 
: 

' -
2 10 JO 0 0 0 0 

.. 

. -

3 20 - 0 0 0 30 

4 0 0 0 0 0 0 

5 - 10 0 0 - 10 

Average 
Percentage 10 7. 5 0 0 0 10 

(-) r ats died 
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T...<\BLE III 

Average Length of Parasites in Albino Rats Infected With 
£IY:~eno1epio uiminuta Cyaticcrcoids Subjected to High 

Temperature Stress 

.·. Length. Average Range 
of Each Length in 

Group 'Jorm Per Length 
(cm. ) Grou~ (cm. ) 

(Cl:l • 
. " 

.·• ' 

l 
30. 0 
28. 2 28.40 24. 30-33.10 
33. 1 
24. 3 

.. . 
- .. 

2 29. 0 
30. 2 28. J.6 25 . 30-30,. 20 
25 . 3 

35 . 8 
Controj 32. 5 34.65 32. 50-36. 60 36 .6 

33.7 
. 



IA."BLE IV 

Weight of Albino Rate Betore and /~ter Inooul.ation 
of H;ymenolepis a1ro1nuk 

Group Sex 

Rat 
Classi
tica.tion 
!lumber 

Wcif;ht 
O:f 
Rats 
Before 
Inocu
lation 

Wei ght 
Of 
Rate 3 
weeks 
Later 
(g) 

Not 
,eight 
Gain 
(g) 

II. I ,-4'5 ,,.( JO 11~ •• 1 ;, 

:fl. ' l .. H'i .... , 0 I 12. ·~ 

1 I .. "(ij j • u II "'• j II 

• j l '..:i ~ h-li( •. Q-611 

" ~ ·• I )0 - -j , .. I .o f\ 7 • \.j ")., 24 .. 4.lij 
,, I lj ... C is; l.."/YaU..1.. 1-21 .. 06 

2 ~ ~ j .( ,_ ' 11 - -!.1 i ~ ·• I .~ ~~4 .bl i !Ci. .. C • 
M ' I 

I ;a I I l , •• '' ll I I ,_ t I , 

M: ' I~ ,, 
• n IU i ·- ·1 t 

~ : I ·~••A •I <I i2 • '2. ' , .. 1 t 

3 I 
t ,. ,, ' ·1,5.1 1'> ' .2 

' ·• '' I~ ~~ .•. •'' I ' " ,. ,c > 
I ).. ,I 46. I ,II•'! 

1 .. .( JUe M ) ' 
_, 

I • I 
. _, 

5.51 t '• C 

4 .: .. ,1 .1 • ,lij ' , .. :I 

• • • 'I .2: • i ~ 4 1., .t I 

I ,, •' . l'i I • lj, • L -

-~ • ·· " lj • r1 I ••• 

I 14.• h
1 ,! '• .HO , i II,. II ~' ,~ : ... J 

~ l ... u .l .c 14 .!It- q1 
I ~ ►i • I .I - -,, .. , 11 I, - -' ,a 1 ' I •• , ,~,. 5'j. W ' Contro1 I • • r1 _I§, ,_, ,tij 1Q1 __ I 

4 I I I .? IO 77 ... ,. .. 
! I 

•• • I '~• l ~ ,H2 .!. . 

(-) Bat Ue4 

20 

Av erage 
Net 
Weisht 
Gain Per 

~~ 

55.73 

57.33 

48.14 

44.40 

l.9.56 

76.81 
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