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COMPÀRiTIVE CÀBBOHIDRATE METABOLISM OF ADOLT

AND LABVAL MDLTICEPS 3ERIALIS

CHAPTER I  

Latrodttotlen

In v e s tig a tio n  o f oastode metabolism has been ex tensive e sp e c ia lly  

w ith re sp e c t to  adm its. Polysaccharide d ls t r ib n t io n ,  carbohydrate con­

te n t ,  and carbohydrate d ie ta ry  requirem ents have boon in v e s tig a te d  by 

Read (1949), Read and Rothman (1957)t F a irb a im  (195^)t end Read, 

S c h ille r ,  and P h ife r  (1958). As poin ted  ou t in  von B rand 's review 

( i 960) ,  a l l  the  enuymes o f the  Bmbden-Meyerhof sequence have no t been 

demonstrated in  any s ing le  species o f  worm, a lthou f^  i t  i s  assumed th a t  

the co]Q)lete cycle i s  p resen t (Read, 1951# 1952, 1953» 1956; L aurie, 

1957» Read and Rothman, 1958, Ago s in  and Arevena, 1959)# L i t t l e  i s  

known concerning a lte rn a te  carbohydrate m etabolic pathways in  cestodes. 

The work o f  Agosin and Arevena (1959) in d ic a te s  th a t  the  hexose mono­

phosphate pathway i s  opera tive  to  a s ig n if ic a n t  degree in  the  so o lices  

of the hydatid  cy st o f Echinoooceus granulosus. In v e s tig a tio n  o f th i s  

aerobic pathway in  o th e r cestodes has no t been made. Bnsymearof the  

c i t r i c  ac id  cycle in  the  form o f various dehydrogenases have been re ­

ported by Read (1952) and by Goldberg and Nolf (1954). A.ttempts to  

dem onstrate o th er enzymes o f the  TCÀ c y d e  have been unsuccessfu l. Most
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o f the  work c ited  above, except where noted s p e c if ic a lly , has been done 

on a d u lt Hvmenelenis dUmigaW.

Knowledge o f  the physiology o f ad u lt cestodes may o r may n e t be 

suggestive o f la rv a l  m etabolic p a tte rn s . The physio log ica l consequences 

involved in  the  transm ission  o f  a la rv a l  oestode to  the  d e f in i t iv e  host 

w ith subsequent production o f th e  adu lt would seem to  tax  the  m etabolic 

a d a p ta b ility  o f  these  organism s. However, -wm know l i t t l e  about th is  

because s tu d ies  on la rv a l  form s, ooaq>arable to  those noted fo r  ad u lt 

cestodes have been r e la t iv e ly  few.

Heyneman and Voge (1957) demonstrated a polysaccharide (probably 

glycogen) in  oysticeroo id s o f ^  d ig ^ g g t^  Hopkins and Hutchinson 

( i 960) showed th a t  ^yoogen c o n s titu te s  hjf» o f  the  t o t a l  dry  weight 

o f Taenia ta w ig e fg g m ^  la rv a e . P h ife r  (1958) demonstrated th e  presence 

o f a ld o lase  in  the  la rv a  o f Taenia c ra ss ic e n s . Agosin, e t  a l .  (195?)# 

in  the  f i r s t  o f  a s e r ie s  o f papers on granulosus hydatid  c y s t sc o lic e s , 

noted th a t  su lfhydry l in h ib i to r s  were e f fe c tiv e  in  c u ttin g  down oxygen 

consuiq>tion and concluded th a t  c e r ta in  enzymes o f the  Bmbden-Meyerhof 

sequence were p re se n t. They a lso  found th a t  cyanide was an e f fe c tiv e  

in h ib i to r  idiich suggests the  presence o f a cytochrome system. Ago s in  and 

Arevena (1959) demonstrated fo u r  enzymes o f  a pentose pathway in  the  

so o lices  o f the  hydatid  cy st o f  ^  granulosus. Recently, Agosin and 

Repetto (1961) showed th a t  the  Bmbden-Meyerhof sequence accounted fo r  

60$ o f the  metabolism o f g lucose, the pentose pathway fo r  20^,and non­

t r io  se pathways fo r  20̂ 6 in  t h i s  la rv a .

With one exception, in  th e  work undertaken to  d a te , on ly  the 

la rv a  o r the a d u lt has been used in  the s tu d ie s . Ho comparative wexk
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on the  la rv a l  and ad u lt forms o f the same genus has been c a rr ie d  out 

except by von Brand, e t  a^ . ( I 96I ) ,  who performed a s e r ie s  o f  compara,

t iv e  s tu d ies  on the s tro b ile o e rc u s  and a d u lt o f Taenia taen iaefo rm ls.

The r e s u l ts  o f  th a t  study in d ic a te  the  major m etabolic between the  

la rv a  and a d u lt  a re  o f a q u a n tita tiv e  ra th e r  than q u a li ta t iv e  n a tu re .

No wozdc has been done on e i th e r  th e  ad u lt o r  th e  la rv a  o f  l^^tj^oegg 

s e r i a l i s .  This taen ioM  oestode l iv e s  as an a d u lt in  the  small in te s t in e  

o f canines and as a la rv a  in te rm useu larly  and subeutaneously in  lagomorphs. 

I t  would appear th a t  the oxygen ten sion  o f th e  sm all in te s t in e  provides 

a r e la t iv e ly  anaerobic environment fo r  th e  ad u lt as oo^>ared to  th a t  

provided fo r  th e  la rv a  by th e  subcutaneous t is s u e s  and vo lun tary  muscle. 

This apparent environm ental d iffe ren ce  between th e  la rv a  and th e  adu lt 

suggests th e  p o s s ib i l i ty  th a t  th e  m etabolic p a tte rn s  in  th e  two forms 

may be d i f f e r e n t .

This -work i s  based on p .p a r t ia l  a n a ly s is  o f  th e  metabolism o f  the 

la r v a l  and a d u lt  fozvs o f M ulticans s e r i a l s  in  an e f f o r t  to  ccaq>are and 

evaluate  th e i r  carbohydrate metabolism.



CHAPTER n

MATERIALS AMD METHODS

F ar* s lto lo g io « l Methods 

Adult IfoJgUoegs s e r i a l i s  %ere obtained from female dogs which were 

in fec ted  when approxim ately s ix  weeks o f age. Gravid p ro g lo ttid s  which 

were shed continuously  follow ing i n i t i a l  in fe c tio n  were used throughout 

the  experim ental determ inations as th e  a d u lt m a te r ia l.

Coenuri were obtained  in  th e  f i e ld  from f re s h ly  k i l le d  b la c k - ta ile d  

jac k rab b its  (Lepus ea llfa m ic m s) taken near F t .  Cobb, Caddo County, Okla­

homa. They were not com pletely excised from th e  host t is s u e  u n t i l  re­

turned to  th e  lab o ra to ry . Upon removal from th e  ra b b it ,  w hile s t i l l  

surrounded by the  ad v en titio u s t is s u e ,  they  were placed in  0 . 75^ s a lin e . 

A fte r conqplete removal, th e  coenuri were placed in  a phosphate buffered

(pH 7*2), 0.75# sa lin e . They wexs. then s to red  in  an icebox in  covered
JO ofingerbow ls a t  < to  10 C. u n til  used.

An attem pt was made to  e s ta b lis h  a la b o ra to ry -in fe c te d  colony of 

domestic r a b b i ts .  Oral in fe c tio n  was attem pted w ith  both r ip e  p ro g lo ttid s  

and f re e  eggs; w ith hatched oncospheres in je c te d  in to  the abdominal ca­

v i ty ,  in tram uscu larly , subeutaneously, and d i r e c t ly  in to  both the  la rg e  

and small in te s t in e .  AH o f these  attem pts a t  a r t i f i c i a l  in fe c tio n  f a i le d .

4
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GrJtrld p ro g lo tt id s  vare ooU aotad d a ily  in  la rg e  nnmber* from 

excreta  o f the in fec te d  dogs. P ro g lo ttid s  were used the  day o f co llec ­

tio n  whereas the la rv ae  were kept fo r  up to  9o hours before  being used. 

The ad u lts  were co llec ted  in  0.75^ sa lin e , washed severa l tim es and 

then kept in  buffered  sa lin e  a t  room tem perature u n t i l  u t i l j t e d .

Tissue P repara tion

Coenuri were removed from th e  host w ithout breaking th e  cyst w all 

where p o ss ib le . At th e  time of experim entation, the  cy st was ruptured 

and th e  cyst f lu id  saved and u t i l i z e d  fo r  enzyme assays described  l a t e r .  

The -oenurus w all was cut in to  approxim ately equal p o rtio n s  having a 

s im ila r numbers o f sc o lic e s . The p ieces were then u t i l iz e d  fo r  the  

manometric de term inations. The ad u lt cestodes were not cu t o r o th er­

wise harmed p r io r  to  manometric determ ination . T issue was b lo tte d , 

then weighed on a Roller-Sm ith t is s u e  balance . The q u a n tity  o f adu lt 

t is s u e  v aried  from 40 to  100 mg t is s u e  per f la s k  w hile la rv a l  t is s u e  

varied  from 100 to  250 mg t is s u e  per f la s k .

For some enzyme determ inations, the  m a te ria l was homogenized in  a 

Potter-E lvehjem  a l l - g la s s  t is s u e  homogenizer suspended in  icew ater. The 

homogenate was cen trifuged  fo r  te n  minutes a t  approxim ately 2000 g 's .

The supernatant was used fo r  enzyme assays. Enzyme a c t iv i ty  of t is s u e  

i s  based on mg t is s u e  wet weight per ml whole homogenate p r io r  to  cen­

tr ifu g a tio n . The cyst f lu id  was not a lte re d  in  any way p r io r  to th e  

enzymic de te rm ina tions. The enzyme a c t iv i ty  o f cyst f lu id  i s  based on 

ml of f lu id  and not on a weight b a s is . In  some cases, th e  supernatant 

and th e  cyst f lu id  were stored  frozen  up to  30 days w ith no lo s s  of



a c t i r i t y ,

A n a lrtio a l Method a 

Standard manometric techniques u t i l i z in g  Warburg’ s 'D ire c t Method' 

were used (Umbreit ^  a^« 1959)* The oxygen oonsu^>tien was determined 

in  Warburg f la s k s  having a capacity  o f  about 15 ml* The f i n a l  f lu id  

volume was always 2*7 ml* The rea c tio n  medium was phosphate buffered  

0*75^ sa lin e , pH 7*2* Aerobic determ inations were made a t  57*5° C w ith 

a i r  as the  gas phase* Carbon dioxide production  was measured a t  37*5° C 

w ith the  anaerobic gas phase being 959^ 5^ 02* The incubation  f lu id  was 

Erebs-Binger b icarbonate  a t  pH 7*2* Ho c o rre c tio n  was made f o r  the bound 

CO2 f o r  e i th e r  the  la r v a l  o r  a d u lt forms because o f th e  la rg e  and v a ria b le  

q u a n ti t ie s  o f  COg l ib e ra te d  from calcareous co rpuscles. The re le a se  o f 

COg from calcareous o o rp u sd es  seems to  be a ooaason phenomenon assoc ia ted  

w ith ta e n io id  cestodes* U nless otherw ise no ted , the  experim ents were t e r ­

minated a f te r  th ree  hours* A dditions o f  carbohydrate su b s tra te  from the 

sidearms were made a f te r  a one-hour period  o f incubation  had firm ly  es­

tab lish ed  an endogenous r a te  o f  gas exchange* O ther ad d itio n s  are  noted 

where appropriate*

Phosphohexose isom erase a c t iv i ty  was measured c o lo r im e tr ic a lly  by 

the  method o f Bodansky (195^)* where the  amount o f  enzyme a c t iv i ty  i s  re ­

la te d  to  the  amount o f f ru c to  se -6-pho sphate produced by the  enzyme un­

der the  p rescrib ed  cond itions o f  the  assay*

Aldolase was measured by the  method o f  S ib ley  and Lehninger (19^9)* 

This t e s t  u t i l i z e d  hydrazine to  tr«p  the  t r i o se phosphates which are 

then converted by hydro lysis  in to  th e i r  c h a ra c te r is t ic  osa zones*
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The assay  o f l a c t i c  dehydrogenase was c a rr ie d  out o o lo r la e tr ic a l ly  

follow ing the  method o f  Cabaud and WroblewsldL (1958). A fte r the  ad d itio n  

o f  a known q u a n tity  o f  p y ru ra te  followed by a period  o f  incubation  w ith 

the  enzyme, th e  p y ru ra te  rem aining i s  p ro p o rtio n a l to  th e  amount o f 

l a c t i c  dehydrogenase p resen t in  the  t is s u e ,

I s o c i t r i c  dehydrogenase was measured follow ing the  co lo rim e tric  

procedure o f  Wolf son and Williams-Ashman (1957). I t  depends on the  

form ation o f  a c h a r a c te r is t ic a l ly  colored osazone o f a lpha-ketog^uarate 

which can be measured a t  a wavelength o f 400 mp.

A manometric assay  was u t i l i s e d  fo r  th e  determ ination  o f malic 

dehydrogenase. This procedure was based on th e  work o f  Read (1951).

The presence o f  the  enzyme i s  re f le c te d  in  th e  oxygen oon8aq>tion uzv- 

der the  sp eo ified  oonditions o f  the  assay .

Unless otherw ise no ted , a l l  values a re  expressed as th e  mean 

% 8 ,E ,iI95^ confidence l im i ts .  The number o f de term inations in  

any p a r t ic u la r  s e r ie s  o f  measureaients fo llow s th i s  value in  paren theses.



CHAPTER H I

results

E cologloal O bsTTatlons 

C e rta in  fe a tu re s  o f th e  r e s u l ts  o f  f i e l d  o o lleo tio n s  a re  p resented  

in  t h i s  sec tio n  because o f  t h e i r  im p lica tio n  in  th e  ecology o f  l a r r a l  

M. s e r i a l i s .

The eoenuri u t i l i s e d  were taken from jac k rab b its  k i l le d  in  Hay 

through Ju ly  e f  1962 in  Caddo County, Oklahoma. R esu lts  o f th e  Caddo 

County o o lleo tio n s  as w ell a s  those made in  two o th e r a reas a re  shown 

in  Table 1 . One o f these  was made near th e  U n iv ers ity  o f Oklahoma Bio­

lo g ic a l  S ta tio n , M arshall County, Oklahoma, during the  months e f  June 

and Ju ly , I960. The o th er was from a la rg e  area in  sou theastern  Colorado 

where c o lle c tio n s  were made during January through A p ril o f 1958*

Lyons ^  ( I 96O) rep o rted  the ooenurus in fe c tio n  r a te  fo r  jaok-

ra b b its  in  southwestern Kansas to  be 19{(. This does n o t appear to  be 

s ig n if ic a n t ly  g re a te r  than th a t  reported  h e re in  fo r  ja c k rab b its  taken 

in  sou theaste rn  Colorado (Table l ) .  I t  w i l l  be noted, however, th a t  

both th e  f ig u re s  reported  fo r  Kansas and f o r  Colorado a re  considerably  

lower than those reported  f o r  Oklahoma.

Less than h a lf  th e L. c a lifo rn ie n s  c o llec ted  in  th e  Colorado study

8



TABLE 1

RESULTS OF FIELD COLLECTIONS

T otal no. 
r a b b its

T otal no. $ r a b b its  T otal no . w ith  T otal no. 
in feo ted  im feoted sex reoords males

No. males
in feo ted

# males
in feo ted

T otal no. 
fem ales

No. fem ales
in feo ted

$ fem ales
in feo ted

a
99 12 12 15 9 1 11 6 5 83

b
81 41 51 70 27 10 37 43 23 54

0
180 53 29 85 36 11 31 49 28 57

^Colorado o o lle o tio n s  

^Oklahoma o o lle o tio n s  

9 o ta l o o lle o tio n s

so
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were sexad and as a r e s u l t  have no t been included in  d a ta  regarding the 

per cent in fe c tio n  in  males and fem ales. The seoc records fo r  Oklahoma 

c o lle c tio n s  a re  n ea rly  complete. Table 2 shows the  r e s u l ts  and s ig ­

n if ic a n t  d iffe re n c e s  between the  r a te s  o f in fe c tio n  fo r  the  two sexes.

A two by two oontingency ch i square t e s t  with Yates co rrec tio n  in d ic a te s  

a s ig n if ic a n t ly  h igher in fe c tio n  r a ta  in  famale jac k rab b its  than in  m ales.

A t o t a l  o f 109 coenuri wore taken from 53 in fec ted  ra b b its  in  a l l  

th ree  a reas included in  th is  study . Ninety were obtained  from the pos­

t e r io r  h a lf  o f  th e  body ( th a t  p a r t  o f  the  animal extending p o s te r io r ly  

from th e  th o ra c ic  c av ity  and the  r ib  cage). This i s  a d e f in i te ly  favored 

s i t e  o f in fe c tio n . I t  appears th e re fo re  th a t  th e re  may be a lso  a d e f in i te  

rou te  o f m igration  by the la rv a e  o f ^  s e r i a l i s  in  the  in term ediate  host 

whereby the  la r v a l  w i l l  u su a lly  end tq> in  a p a r t ic u la r  p a r t  o f the  body. 

Although a ro u te  o f  in fe c tio n  by th e  la rvae  has been suggested by Olsen 

(1962) , no v e r i f ic a t io n  can be found in  published in v e s tig a tio n s .



11

TABLE 2

COIfARISON OF MALE AND FE­
MALE INFECTION RATES

Infec ted N on-infected Total

Males 11 25 36
(16,02) (19.99)
1.573 1,261

Females 28 21 49
(22,48) (26,52)
1.097 0,968

T otal 39 46 85

Chi square, w ith T a te 's  o o rrec tio n . 4,899 w ith  1 degree o f freedom, p
03.

MgggmetMjB S tudies 

In  order to  a sc e r ta in  d iffe re n c e s  o r  s im i la r i t i e s  e x is tin g  betveen 

the  gross m etabolic behavior o f the  la rv a  and a d u lt , th e  oxygen consump­

tio n  and carbon dioxide production were measured under varying cond itions. 

The gas evolu tion  and oonsmq>tion were measured w ith no su b s tra te  p resen t 

and then in  the  presence o f glucose, f ru c to se , g a lac to se , sucrose and 

xy lose .

Oxygen oonsuaqption e f  both la rv a e  and a d u lts  was measured as described 

in  the  sec tio n  on m a te ria ls  and methods. A fte r te n  m inutes o f e q u ilib ra tio n , 

followed by a one-hour period  used to  e s ta b lis h  the  normal endogenous metab­

o l ic  r a te ,  su b s tra te  was added from the sidearm . Readings were then  taken 

over the  next two hours to  determ ine the  e f f e c t  o f  the  p a r t ic u la r  su b s tra te
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OXYGEN CONSUMPTION 

Larva*

S u b s tra te  and 
f i n a l  m o la rity

* Before 

ad d itio n

Q A fte r 
ad d itio n

t - t e s t  Qg o f  mean before  
ad d itio n  a g a in s t moan a f t e r  
ad d itio n  o f  su b s tra te

Gluoose 0.02M 0.223  *  0.053 (5) 0.326  ± 0 . 0 6 6 : (5) .01  > p > .005

Fructose O.OZM 0,090  ± 0.020 (6) 0.090  i  0.007 (6) .40 <p

G alactose O.OZM 0.160  ± O.OJfO (6) 0.166  t  0.053 (6) .40 < p

Xylose O.OZM 0.188  i  0.030 (6) 0.178  ± 0.027 (6) .30  >p > .20

Sucrose O.OZM 0 . 131*̂ t  0.025 (6) 0.117  i  0.023 (6) .20 > p > .10

S u b stra te  and 
f i n a l  m o la rity

A dults

«0. t - t # s t  o f mean 'no
su b s tra te f  o o n tro ls  a - 
g a ln s t mean w ith  sub­
s t r a te

'No substra te*  c o n tro ls 0.477  i  0.107  ( 29 )

Glucose O.OZM 0.644 t  0.100 (12) .01  > p > .005

Fructose O.OZM 0.769  ± 0.204 (U ) . 005>p

G alactose 0.02 M 0.502  ± 0.234  (17 ) .40 < p



I/LBLE 3 CON*D.

Xyolooe 0.02 M 0.433 ± 0.060 (? ) .40 > p > .30

Sucraoe 0.02 M 0.344 ± 0.108 (?) .20 > p > .10

@%pr#g»ad as mean oxygan oonsuoptlon in  ;ü./hr/m g t is s u #  v a t  v a ig h t + t  x  8 .E . = 95^ oon- 
u2  fidanoa l l j i i t s .  A ll su b s tra tè  ad d itio n s  mada a f t a r  ona hour t io a  p a rio d  am  axparim ants vara  

tarm inatad  a f t a r  ona hour incubation  v i th  su b s tra ta . t -T a s t  basad on s in g la  t a i l  p r o b a b i l i t ia s .

V j J



t a b l e  if

CARBON DLOXIDE PRODOCTIOH 

Larva#

S ubstra t#  and 
f in a l  m o la rity

* Q 0 Q o B # f o r #
a d a ltio n

t - t e s t  ( ^ 2  o f  mean be­
fo re  a d d itio n  a g a in s t 
mean a f t e r  a d d itio n  o f 
su b s tra te

QQ.UOOS# O.OZM 0.1f98 t  0.040 (IZ) 0.440 ± 0,070  (IZ) .10  > p > .05

Fruotos# O.OZM 0.56Z t  0.159 (6) 0.441 t  0.15Z (6) .10  > p >.05

Oalaotos# O.OZM 0.551 i  O.OSif (6) 0.536  ± 0.061  (6) .40 > p > .30

Xylose O.OZM 0.578 ± 0.085 (t>) 0.546 ± 0.119  (6) .40 > p > .30

Suoros# O.OZM 0.61Z t  0.098 (6) .ZO > p > .10

S u b s tra te  and 
f i n a l  m o la rity

A dults

s
t - t e s t  (L o f  mean 'no
s u b s t r a t ^ o o n tro ls  agaii 
mean wl.th su b s tra te

'Ho s u b s tra t# ' o o n tro ls 1.159 ± 0.113 (24)

Gtluoos# O.OZM 1.524 i  0.46? (9) .0 5 )  p > .0Z5

Fruotos# O.OZM 1.594 i  0.Z17 (10) .005  >p

Galaotos# O.OZM 1.489 ± 0.314 (10) .0Z5 > p > .01

Xylos# O.OZM 1.ZZ8 ± 0.Z19 (16) .30  > p > .ZO



TABLE If CONT*D,

Suoroae O.OZM 1.202 t  0.l6«f (2 l)  .̂ fO > p >.30

eoqprttaaed as >xl gas produotiam/hr/mg t is s a *  v * t w eight t  t  tim es S.E . ■ 95^ ooafldeno* 
l im i t s .  A ll su b s tra te  ad d itio n s  were mad* a f t e r  one hour lAoaoation and aoq>erlm*nts were 

term inated  a f t e r  one hour inoubation  w ith  s u b s tra te . t -T e s t  based on sin g le  t a i l  p ro b a b i l i t ie s .
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on th e  aerobic metabolism. The l a s t  one-honr read ing  a f te r  the  addi­

t io n  o f the su b s tra te  vas then used in  a t - t e s t  to  evaluate  the  ob­

served d iffe ren o es betveen the endogenous oxygen oonsumption and th a t  

reoerded in  the  presence o f su b s tra te . The endogenous ra te  i s  approx­

im ately  l in e a r  over a .th ree -h o u r p e rio d . The 'no substra te*  o on tro ls  

v e re  u t i l i s e d  fo r  oomparative evaluation  in  the  t - t e s t  s .  The a d u lt 

endogenous 0£ consumption was e s s e n t ia l ly  oonstant from eaqperiment to 

eoqperlment, b u t t h i s  vas no t the  case fo r  the  la rv a e . The la rv a e  varied  

in  s iz e , number o f  so o lice s , lo ca tio n  in  in te rm ed ia te  h o s t, e to . Because 

o f  th ese  d if fe re n c e s , the  endogenous oxygen oonsusqptlon o f  each la rv a  

vas f i r s t  determined before su b s tra te  a d d itio n . The gas tçtalce f o r  each 

in d iv id u a l la rv a  vas then used in  the  t - t e s t  along w ith  the  uptake read­

in g s fo r  the  same la rv a  in  the  presence o f  s u b s tra te .

The r e s u l ts  (Table 3 ) show th a t  th e  a d u lts  u t:* llse  both glucose and 

Aruotose as re f le c te d  by the  changes in  oxygen oonsmmtion in  th e  p res­

ence o r  absence o f  these  two su b s tra te s . The la rv a e  on the  o th e r  hand 

appear wgxible o f  using only gluoose. I t  was a lso  found th a t  th e  oxygen 

oonsiuq>tion o f th e  la rv ae  i s  considerably  le s s  than  th a t  o f th e  a d u lt .

Carbon dioxide production o f the  la rv a e  and a d u lts  i s  given in  Table

4 . PoUoving a te n  minute period  o f  gassing by * te n  minute

p eriod  of e q u il ib ra t io n , th e  endogenous gas evo lu tion  under anaerobic 

cond itions was measured. A fte r two hours o f endogenous a c t iv i ty ,  the 

suostirate a d d itio n s  vere  made, followed by another two hours o f  measure­

m ent. The l a s t  hour before su b s tra te  ad d itio n  was then  ooapared w ith  the 

l a s t  hour a f t e r  su b s tra te  ad d itio n  and the  r e s u l ts  o f  th e  two v e re  then
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evaluated by an ap p ro p ria te  t - t e e t .

The r e s u l ts  show th a t  gluoose, f ru c to se  and ga lac to se  a l t e r  COg 

production in  ad u lt ^  s e r i a l i s .  No su b s tra te  had any e f f e c t  on gas 

production in  la rv a e . These r e s u l t s ,  ob tained  under anaerobic cond itions, 

do not p a r a l le l  those obtained under aerob ic  cond itions idien use i s  made 

o f the  same su b s tra te s .

Shsvme S tud ies

Pive ensymes were se lec te d  fo r  a n a ly s is  in  t h i s  in v e s tig a tio n . As 

in d ica ted  p rev iously , sev era l enzymes o f  th e  Eabden-Neyerhof sequence 

have been found in  sev e ra l d i f f e r e n t  cestodes though no t a l l  from any 

one sp ec ie s . I t  has a lso  been suggested th a t  the  c i t r i c  acid  cycle i s  

probably inconp lete  in  th a t  the  presence o f sev e ra l enzymes o f th e  cycle 

have no t been dem onstrated, though a ttesq its  have been made to  e s ta b l is h  

th e i r  p resence.

Three enzymes se lec te d  a re  a sso c ia ted  w ith  th e  g ly c o ly tic  pathway 

and two are  in  the  TCA c y d e .  Evidence fo r  the  presence o f  o th e r enzymes 

in  both pathways w i l l  be presented  in  the  sec tio n  on m etabolic in h ib i to r s .

The co lo rim e tric  assays u t i l i z e d  in  t h i s  in v e s tig a tio n  a re  based prim­

a r i ly  on procedures o u tlin e d  by v a rio u s Sigma Chemical Company Techni c a l  

B u lle tin s .

Phosphohexose Isomerase

This enzyme ca ta ly zes the  conversion o f  G-6-P to  F-6-P . The t e s t  fo r  

t h i s  enzyme i s  based on the  f a c t  th a t  F-6-P w i l l  give a c h a ra c te r is t ic a l ly  

colored conqtound a t  a wavelength o f  h90 zqi when t r e a te d  w ith re so rc in o l in
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a h igh ly  acid  maditu* With th# add ition  o f a known q u a n tity  o f su b s tra ta , 

F-6-P fo raad  from G-6-P under th e  in fluence o f phosphohexose isom erase can 

then be c a lcu la ted .

R esu lts  o f th ese  assays shown in  Table 5 provide evidence fo r  the 

presence o f phosphohexose isomerase in  the  gravid  p ro g lo tt id s ,  th e  ooenurus, 

and the  cyst f lu id  o f ^  s e r i a l i s .

Aldolase

Aldolase i s  responsib le  fo r  the  oonversion o f  f ru c to se  diphosphate 

in to  glyceraldehyde-3-phosphate and dihydroxyacetone phosphate. The p re ­

sence o f  the  enzyme i s  determined by change in  the  r a te  o f  format)mn o f 

c h a ra c te r is t ic a l ly  oolored osa zones o f t r io s e  phosphates formed from fru c ­

to se  diphosphate as mediated by th e  enzyme. The d e n s ity  o f  co lo r produced 

by the o sa tones i s  read  a t  a wavelength o f  ^40 mu.

The r e s u l ts  (Table 6) show th e  presence o f  a ld o lase  in  ad u lt gravid  

p ro g lo tt id s , coenuri, and qyst f lu id  o f  M. s e r i a l i s .

L actic  Dehydrogenase

This enzyme ca ta ly zes the  oonversion o f  pyruvate to  l a c ta t e ,  13PHH 

being a necessary  ooenuyme fo r  th e  re a c tio n . Pyruvate re a c ts  w ith 2 ,4 -  

d in itrophenylhydrazine to  give a c h a r a c te r is t ic a l ly  colored  hydra zone which 

i s  measured a t  a wavelength o f A known q u a n tity  o f su b s tra te

(pyruvate) i s  incubated fo r  a d e f in i te  period  o f  time and the  enuyme a c t iv ­

i t y  i s  term inated by the  add ition  o f 2 ,4 -d ino trophenylhydrasine. The 

q u an tity  o f pyruvate remaining a f t e r  th i s  procedure i s  a r e f le c t io n  o f the  

a c t iv i ty  o f l a c t i c  dehydrogenase p resen t in  th e  t is s u e  o r  t is s u e  f lu id .
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TABLE 5

PHOSPHOHEIOSE ISOMERASE ACTIVITT

Ebzyme source *ugm F-6-P/mg t is su e ** U nits a c t iv i ty /  
mg t is s u e

Adult t is s u e 23. 6Î8 .8  (5) 24

Larval t is s u e 7 .9 t  2 .9  (5) 8

Cyst f lu id 102, <± 2 7 .5  (6) 149

*ngB F-& 3/m l oyst f lu id  where oyst f lu id  used as source o f ensyme. ** 
ïïn i ts  a c t iv i ty  eaqpressed as rec ip ro ca l o f  concen tra tion  o f unknown in  
cc p e r  CO o f re a c tio n  m ixture th a t  w i l l  cause the  form ation o f 25 Ugm 

p e r ce o f re a c tio n  m ixture in  yo m inutes. ;agm F .6 .P  in  ta b le  
ob tained  by su b tra c tio n  o f F -6 .f  a t  aero time fzom th a t  ob tained  a f te r
incubation  p e rio d . Esqperimental procedure used in  th e  assay o f  phos- 
phoheacose isom erase i s  o u tlin ed  in  Sigma Technical B u lle tin  Ho. 65O as 
published  by Sigma Chemical Company, S t .  Louis, M issouri. I t  i s  based 
on a procedure o f  Bodansky (195^). AH reagen ts a re  th e  same as those 
c a lle d  fo r  by th e  te c h n ic a l b u l le t in  except th a t  th e  t is s u e  hamogenate 
p rep a ra tio n s  and oyst f lu id s  a re  su b s ti tu te d  fo r  serum when ap p ro p ria te .
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TART£ 6 

ALDOIASE ACTIVITI

&azyme source * u n its  ac tiv ity /m g  t is s u e Ugm ALP/hour/mg t is s u e

Adult t is s u e 12.3*0.5 (7) 3k.4

Larval t is s u e 2 .6 t0 .6  (6) 7 .3

Cyst f lu id I 8 .2 t t .3  (6) 50.9

«U nits a o t iv i ty  expressed as th a t  aaonnt o f  enzyme vfaloh w i l l  s p l i t  one 
cubic m illim e te r o f  fm o to  se-1 , 6-dipho qahate p e r hour a t  37* C under the  
oonditions p rescrib ed  under the  assay  procedure. U nits a c t iv i ty  express­
ed in  term s o f  ml oyst f lu id  when cy st f lu id  used as a source o f  enzyme. 
Un3.ts a c t iv i ty  expressed in  ta b le  were obtained a f t e r  su b tra c tio n  o f  u n i ts  
o f  a ld o lase  a t  zero time from th a t  ob tained  a f t e r  incubation  p e rio d . Bx- 
perim ental procedure used in  assay  o f  a ld o lase  i s  o u tlin e d  in  Sigma Tech­
n ic a l  B u lle tin  Bo. 750 as published by Sigma Chemical Company, S t .  Louis, 
M issouri. I t  i s  based on the  procedure o f S ib ley  and Lehninger, (1 9 ^ )»  
A ll reagen ts a re  the  same except th a t  th e  t is s u e  homogenate p rep a ra tio n s  
and cyst f lu id  were su b s titu te d  fo r  serum where a p p ro p ria te .
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The r e s u l ts  o f th i s  s e r ie s  o f assays (Table 7) in d io a te  th a t  an 

ac tiv e  l a c t i c  dehydrogenase i s  p resen t in  ad u lt gravid  p ro g lo tt id s , the  

ooenurus t is s u e ,  and ooenurus f lu id  o f s e r ia l is e

I s o c i t r i c  Dehydrogenase 

I s o c i t r i c  dehydrogenase idien p resen t w ith IFN causes the  conversion 

o f i s o c i t r a te  in to  a lph a -k e to g lu ta ra te  and OOg, TPN being reduced to  

TPNH in  the  p rocess . When tre a te d  w ith 2 ,h-d in itrophenylhydra*ine in  

a h ig h ly  a lk a lin e  medium, a lp h a -k e to g lu ta ra te  i s  oeuverted to  a hydraaone 

w ith a c h a ra c te r is t ic  co lo r which can be measured a t  a wavelength o f 400 

#1.

R esu lts from t h i s  assay  (Table 8) in d ic a te  the  presence o f the  enzyme 

in  th e  ooenurus f l u id .  A c tiv ity  of the enzyme in  the  t is s u e s ,  as meas­

ured by th i s  technique, i s  questionab le . Although some a c t iv i ty  was 

measurable in  both la r v a l  and a d u lt t is s u e s ,  i t  was q u ite  low. The r e ­

s u l ts  o f  in h ib ito ry  e f fe c ts  o f m onofluoracetie acid  may a id  in  a f i na l  

determ ination  o f th e  enzyme's p resence.

M a lic  D e h y d ro g e n ase  

M a lic  d e h y d ro g e n a s e  c a t a l y z e s  t h e  c o n v e r s io n  o f  m a la te  t o  o x a l a c e -  

t a t e  i n  t h e  p r e s e n c e  o f  IPH w h ic h  i n  t h e  r e a c t i o n  i s  r e d u c e d  t o  IP IH .

The enzyme in  homogenates o f gravid  p ro g lo ttid s  and coenural t is s u e s  

was determined by measuring oxygen consumption under co n tro lled  condi­

tio n s  a f t e r  the  method o f Read (1953)» I t s  presence vas a sce rta in ed  in  

the homogenates a f t e r  the ad d itio n  o f methylene b lue as an e lec tro n  

accep to r, o f  cyanide as a binding agent to keep th e  re a c tio n  from estab -
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TABLE 7

LACTIC DEHIDBOGEMASE ACTIVITI

Enzyme source ♦ u n its  ac tiv ity /m g  t is s u e

Adult t is su e 79 .1"tl.6  (3)

Larvae t is su e 2 6 .8 ± 3 .3  (6)

Cyst f lu id 365.8  ±117.9  (6)

«Units a c t iv i ty  expressed as th a t  amcnnt o f  enzyme th a t  vonld cause a 
decrease in  O.D«3t^  o f  O.OOl/minute in  a  reao tio n  m ixture described  by 
Wroblevsld. (19557* U nits a c t iv i ty  eaqpressed in  term s o f  ml c y s t f lu id  
when oyst f lu id  used as a source of enzyme. U nits a c t iv i ty  p resen ted  
in  ta b le  were co rrec ted  f o r  aero time values in  a U  e ase s . Experimental 
procedure used in  assay  o f  l a # t ic  dehydrogenase i s  o u tlin e d  in  Sigma 
Technical B u lle tin  No. $00 a s  published by the  Sigma Chemical Company,
S t .  Louis, M issouri. A1 reagen ts a re  th e  same except th a t  t is s u e  homo- 
genate p rep a ra tio n s  and oyst f lu id  a re  su b s titu te d  f o r  serum idiere 
ap p ro p ria te . The l a c t i c  dehydrogenase a c t iv i ty  i s  based on the  procedure 
o f Cabaud and Wroblewski (1958).
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TABLE 8

ISOCITRIC DEHIDaOŒNASE ACTIVITT

Enzyme source *u n its  a c t iv i ty /  mg t is s u e

Adult t is su e 1.99+ 1 .0 5  (7)

Larval t is s u e 1 .8 6 t 0.40 (6)

Cyst f lu id 23. 25-^10 .22  (4)

*Units a o t l r l t j  expressed as th a t  amount o f  enzyme which causes the  
form ation o f  one m illim i oromole o f  alpha-ke to  ̂ u t a r a t e  p e r hour r t  
25^ C when th e  t e s t  i s  performed as described  in  Sigma Technical 
B u lle tin  No. 175. U nits o f  a c t iv i ty  expressed in  term s o f  m l. oyst 
f lu id  when used as a source o f enzyme. Experimental t e s t s  co rrected  
by su b tra c tio n  o f  a lp h ak eto g lu ta ra te  p resen t a t  zero tim e. Experimental 
procedure used in  the  assay  o f i s o c i t r i c  dehydrogenase i s  o u tlin ed  in  
Sigma Technical B u lle tin  No. 175 as published by Sigma Chemical Coiqpany,
S t. Louis, M issouri. I t  i s  based on the  procedure o f  Wolf son and W illi am s -  
A'ausan (1957). A ll reag en ts  are the  same except th a t  th e  t is s u e  pre­
p a ra tio n s  and cyst f lu id  a re  su b s titu ted  fo r  serum idiere ap p ro p ria te .
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TABLE 9

MALIC DEHÎDBOGSNASE ACTIVITY

System Larvae Adult
02

Complete 0.222 (3) 0.574 (6)

Minus m alate 0.163 (3) 0.451 (6)

Minus LPN 0.107 (3) 0.302  (6)

Minus methylene blue 0.062 (3) 0.133 (2)

Coiqplete reao tio n  sax tu re  fo r  mallo dehydrogenase system as follow s:
1 00 0»1H phosphate b u ffe r  (pH 7*5) • 0 ,3  co 0,5M m allo ao id ; 0 .3  co
0,8H KCN: 1 mg methylene b lue; 1 mg IPN in  0 .3  oo 0.154H KCl added
from sidearm a f te r  10 m inutes e q u ilib ra tio n ; 0*3 oo 20^ t is s u e  homo­
genate prepared in  0.154M SCI. A ll readings a re  e a leo la ted  a f te r  e q u il­
ib ra t io n  period  and rep re se n t p i  0^ iq)take/mg t is s u e  v e t  v e ig h t/h o u r. 
S u b s titu tio n s  made w ith  0.154M KCl.



l i s h l n g  e q u i l i b r i u m  i n  th e  w rong  d i r e r  t i o n ,  and o f  DPN a s  t h e  i n t e r m e d i a t e  

e l e c t r o n  a c c e p to r *

The r e s u l t s  ( T a b le  9 ) show t h a t  t h i s  enzym e i s  p r e s e n t  i n  hom ogen­

a t e s  o f  b o th  a d u l t  a n d  l a r v a l  t i a s d e i *

M e ta b o l ic  I n h i b i t i o n  

M e ta b o l ic  i n h i b i t o r s  p r o v id e  e v id e n c e  r e l a t i v e  t o  t h e  p r e s e n c e  o f  

p a r t i c u l a r  enzym es a n d  enzym e s y s tm a s  a s s o c i a t e d  w i t h  b o th  t h e  £U bden- 

M e y erh o f s e q u e n c e  a n d  t h e  K re b s  c y c l e .

A l l  v a lu e s  f o r  d e te r m in in g  t h e  p e r c e n ta g e  i n h i b i t i o n  f o r  a n y  p a r ­

t i c u l a r  i n h i b i t o r  a r e  b a s e d  o n  t h e  c h a n g e  i n  o x y g e n  c o n s u m p tio n  or. i n  

c a rb o n  d i o x id e  p r o d u c t io n *  The ch an g e  i n  a c t i v i t y  i s  e x p r e s s e d  a s  a  

ch an g e  i n  g a s  u p ta k e  o r  o u t p u t  d u r in g  t h e  l a s t  30 m in u te  p e r i o d  o f  e n ­

d o g e n o u s  a c t i v i t y  v e r s u s  t h e  g a s  u p ta k e  o r  o u t p u t  d u r in g  t h e  l a s t  30 

m in u te s  f o l l o w in g  t h e  a d d i t i o n  o f  t h e  i n h i b i t o r *  The l a s t  30 m in u te  

p e r i o d  o f  e n d o g e n o u s  a c t i v i t y  w as  s e l e c t e d  f o r  c o z ç a r i s o n  s in c e  i t  r e ­

p r e s e n t s  t h e  o B é ro f  minimum a c t i v i t y  f o r  t h e  t i s s u e *  The l a s t  30 m in u te  

p e r i o d  o f  a c t i v i t y  f o l l o w in g  a d d i t i o n  o f  t h e  i n h i b i t o r  w as u s e d  f o r  

c o B ç a r is o n  w i th  t h e  en d o g e n o u s  r a t e  b e c a u s e  i t  r e p r e s e n t s  t h e  h i g h e s t  

l e v e l  o f  e f f e c t i v e n e s s  o f  t h e  i n h i b i t o r *  The t r e a t m e n t  o f  o o n t r o l  f l a s k s  

w as i d e n t i c a l  w i t h  t h a t  o f  t h e  e x p é r im e n ta i s  e x c e p t  t h a t  b u f f e r e d  pH 7*2 

p h y s i o l o g i c a l  s a l i n e  o r  K r e b s -R in g e r  b i c a r b o n a t e  pH 7 * 2  w as  a d d e d  i n s t e a d  

o f  t h e  i n h i b i t o r *

The d a t a  i n  T a b le  10  r e p r e s e n t  t h e  r e s u l t s  o f  t h e  e f f e c t s  o f  m e ta ­

b o l i c  i n h i b i t o r s  o n  t h e  o x y g e n  o o n s u a ç t io n  o f  t h e  g r a v i d  p r o g l o t t i d s  an d  

o o e n u r i*
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TABLE 10 

AEROBIC INHIBITION 

L a rv a e

In h ib ito r  and 
f in a l  m o larity

♦OgConsumption dur­
ing l a s t  30 minutes 
befo re  add ition  of 
in h ib i to r

♦Og consumption dur­
ing l a s t  30 minutes 
a f te r  add ition  of 
in h ib i to r

$
change

M a lo n a te
O.OIM 0 .0 8 0 ± 0 .0 2 2 (6 ) 0 . 07910.019 -0 .9 ÎÈ

M a lo n a te
0.05M 0 .0 9 7 iO .033( 9 ) 0 . 038+0.017 - 6O .85É

M o n o f lu o r o a c e ta te
0.005M 0 . 068+0 . 023( 12 ) 0 . 050+0.013 - 27 . 55̂

d l - G ly c e r a ld e h y d e  
O.OIM 0 . 065+0 . 013( 6 ) 0 . 069+0.022 +  5 . 8$

Sodium  F lu o r id e  
0.02M 0 . 0 8 ^ . 0 2 8 ( 6 ) 0 . 055+0^027 + 3^ . 5^

Sodium  F l u o r i d e  
O.IM 0 . 070+ 0 . 020( 12 ) 0.044io.017 -37.1ÎÉ

l o d o a c e t a t e
O.OOIM 0 .0 8 0 + 0 .0 1 7 (6 ) O .O l^JdO .007 -82.59^

para-HMBRA
O.OIM 0 .0 5 2 ± o .O l8 (6 ) 0 . 0154p . 0 0 4 - 71 . 2^

l o d e  ac  e t am ide 
O.OIM 0 .0 6 0 + 0 .0 1 5 (6 ) 0 .0 2 9 t0 .0 0 8

C o n t r o l  (no  i n h i b i t o r ) 0 .0 7 1 + 0 .0 1 9 (8 ? ) 0 . 07810 . 005( 18 ) + 9 .1 ^

* 0 £  c o n s u m p tio n  e x p r e s s e d  a s  g a s  u p ta k e / 30 m in u te s /m g  t i s s u e  w e t 
w e i g h t t  , ^ 5  X S.E.=955^ c o n f id e n c e  l i m i t s .  L a r v a l  p e r  c e n t  c h a n g e  b a s e d  
o n  m ean g f  l a s t  30 m in u te  r e a d i n g  b e f o r e  a d d i t i o n  o f  i n h i b i t o r  v e r s u s
m ean o f  l a s t  30 m in u te  r e a d in g  p r i o r  t o  t e r m i n a t i o n  o f  e - ^ e r im e n t  a f t e r  
a d d i t i o n  o f  i n h i b i t o r .  T h i s i i s  b a s e d  on  f a c t  t h a t  i n d i v i d u a l  c o e n u r i  
v a r i e d  fro m  o n e  a n o th e r  i n  r e g a r d  t o  s i z e ,  num ber o f  s c o l i c e s ,  l o c a t i o n  
i n  i n t e r m e d i a t e  h o s t , e t c .  E x c e p t id ie r e  s p e c i f i c a l l y  n o te d  i n  t e x t ,  a l l  
i n h i b i t o r s  em ployed  i n  t h e  e x p e r im e n ts  w e re  s i g n i f i c a n t  a t  t h e  5 ^  l e v e l  
o f  s i g n i f i c a n c e  when e v a lu a t e d  b y  a  t - t e s t .
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TABLE 10 (CONT'D.) 

AEROBIC INHIBITION 

Adults

In h ib ito r  and 
f in a l  m o larity

*0g consumption dur­
ing l a s t  30 minutes 
before add ition  of 
in h ib ito r

*0£ consumption du r- $ 
ing l a s t  30 minutes change 
a f te r  ad d itio n  of 
in h ib i to r

0.2SU O ,.!A 2(U ) 0.284+0.049 +5 . 6$

Malonate
0.05M 0.229*0.044(6) 0.0884+0.035 - 67.256

M onofluoroacetate
0.005M 0.245^ .024 (14 ) 0 .1 7 4 ^ .0 4 4 -35.1ÎÉ

dl-Glyc eraldehyde 
O.OIM 0.249+0.028(18) 0.31010.039 +13 . ^

Sodium Fluoride 
0.02M 0 . 235+0 .032(12 ) 0 . 158+0.047 -41.0$

Sodium Fluoride 
O.IM 0.33>tp.060(6) 0 .13610.047 - 49 . 3$

lodoacetate
O.OOIM 0 .3 3 5 to .027( 7 ) 0 . 109+0 .0 6 5 - 59. 3$

para-HMBA
O.OIM 0 . 309+0 . 045( 7) 0 .055+0 .0 3 7 - 79. 5$

lodoacetamide
O.OIM ° '^ % .Z 1 ( 4 ) 0.05010.042 -81.3$

Control (No in h ib ito r )  0.268+ 0,025(18) 0.284-10.027 +5 . 6$

* 0 -  c o n s u m p tio n  e x p r e s s e d  a s  tfL g a s  u p t a k e / 30 m in u te s /m g  t i s s u e  w e t 
w e ig h t  + t .9 7 5  z  S .E ,= 95 /^  c o n f id e n c e  l i m i t s .  A d u l t  p e r  c e n t  c h a n g e  b a s e d  
on  m ean ,025  o f  l a s t  30 m in u te  r e a d i n g  b e f o r e  a d d i t i o n  o f  i n h i b i t o r  v e r s u s  
m ean o f  l a s t  30 m in u te  r s a d i n g  p r i o r  t o  t e r m i n a t i o n  o f  eocperim en t a f t a r  a d d i ­
t i o n  o f  i n h i b i t o r .  T h is  i s  b a s e d  o n  c o n ç a r i s o n  o f  r e a d i n g s  w i t h  i n h i b i t o r  
an d  r e a d i n g s  o f  c o n t r o l  e x p e r im e n t s .  E x c e p t w h e re  s p e c i f i c a l l y  n o te d  i n  
t e x t ,  a l l  i n h i b i t o r s  em ployed  w e re  t e s t e d  w i th  t h e  c o n t r o l  r e a d i n g s  p r i o r  
t o  a d d i t i o n  fro m  s id e a rm  an d  w e re  fo u n d  s i g n i f i c a n t  a t  t h e  55̂  l e v e l  trtien  
e v a lu a te d  b y  a  t - t e s t .
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Since no ettem pta fe re  made to  evaluate  any ensyme in  terms o f 

exact k in e tic  va lues, i t  i s  no t p o ss ib le  to  draw conclusions regard­

ing th e  comparative e ffec tiv en ess  e f  the  in h ib i to rs  on la rv a l  o r  ad u lt 

gas exchanges. In h ib ito rs  were u t i l i s e d ,  th e re fo re , on ly  to  provide 

evidence fo r  the  presence o r absence o f p a r t ic u la r  ensymes through the 

determ ination  o f  change in  re s p ira to ry  a c t iv i ty  fo llow ing the ad d itio n  

o f th e  in h ib i to r .

Following the  ad d itio n  o f the  sidearm con ten ts , read ings were made 

a t  30-m inute in te rv a ls  fo r  a period  o f two hour#: In  some cases, a repro­

ducib le  f lu c tu a tio n  in  gas exbhamge was observed during  the 30"^"inute 

time p e rio d s , a l l  o f  which appeared to  be coiçlem ental w ith re sp ec t to  

one ano ther. C ontrol readings d id  not coincide and in  f a c t  iqf^eared to  

be q u ite  steady over the  two-hour period  follow ing sidearm a d d itio n . No 

saq>lanation can be given fo r  such f lu c tu a tio n s . D if fe re n tia l  perm eab ility  

o f the  t is s u e  to  th e  in h ib i to r  o r  ensyme mechanics in  response to  sp e c if ic  

in h ib i to r s  may p o ss ib ly  in fluence  these  f lu c tu a t io n s . No atterqpt was made 

to  determ ine the cause o f th e  f lu c tu a tio n s  since t h i s  would req u ire  a 

ooiqplete an a ly sis  o f the  k in e tic s  o f each ensyme and t h i s  i s  not an ob­

je c tiv e  o f th is  th e s is .

From the r e s u l ts  in  Table 10, c e r ta in  evaluations may be made. I t  

appears th a t  su lfhydry l group in h ib ito rs  such as lo d o ace ta te , io d aee t- 

amide, and par ahydroxymer curiben so a te  are  e sp e c ia lly  e f fe c tiv e  under aero­

b ic  cond itions, in  both la r v a l  and ad u lt t i s s u e s .  Sodium f lu o rid e  which 

i s  in h ib ito ry  of the  enzyme enolase a lso  has a d e f in i te  e f fe c t  both on 

ad u lt gravid p r o ^ o t t i d s  and on ooenuri.
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d l - G ly c e r a l d e h y d e . w h ic h  i s  e f f e c t i v e  a g a i n s t  g lu c o k in a s e ,  d o e s  

n o t  a p p e a r  t o  ch a n g e  r e s p i r a t o r y  a c t i v i t y  i n  l a r v a l  t i s s u e s .  H ow ever, 

i n  s e v e r a l  e x p e r im e n ts  u t i l i z i n g  g r a v id  p r o g l o t t i d s ,  d l - g l y c e r a ld e h y d e  

ev o k ed  a  s i g n i f i c a n t  i n c r e a s e  i n  o x y g en  c o n s u m p tio n . I t  i s  p o s s i b l e  

t h a t  t h e  i n h i b i t o r  i n  t h i s  c a s e  w as a c t u a l l y  o x id iz e d  b y  t h e  t i s s u e s  

an d  th u s  w as u s e d  a s  a  s u b s t r a t e  f o r  c e r t a i n  m e ta b o l i c  a c t i v i t y .

M a lo n a te  d id  n o t  i n h i b i t  s u c c i n i c  d e n y d ro g e n a s e  i n  e i t h e r  a d u l t  

o r  l a r v a l  t i s s u e s  w hen u s e d  i n  lo w  c o n c e n t r a t i o n s .  H ow ever, w hen t h e  

c o n c e n t r a t i o n  w as i n c r e a s e d  f i v e f o l d ,  i n h i b i t i o n  w as d e f i n i t e .

M o n o f lu o r o a c e ta te  i s  a n  e f f e c t i v e  i n h i b i t o r  o f  c i t r a t e  m e ta b o lis m . 

S in c e  c i t r a t e  m e ta b o lis m  i s  i n e x t r i c a b l y  c o u p le d  w i t h  t h e  enzyme i s o c i ­

t r i c  d e h y d ro g e n a s e ,  i t  w as th o u g h t  t h a t  t h e  u s e  o f  m o n o f lu o r a c e ta t e  w ou ld  

p r o v id e  f u r t h e r  i n f o r m a t io n  r e g a r d in g  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  enzym e 

i n  t h e  t i s s u e s  o f  t h i s  c e s t o d e .  D a ta  i n  T a b le  1 0  show t h a t  o x y g en  con ­

s u m p tio n  i n  t h e  a d u l t  t i s s u e s  i s  d e c r e a s e d  i n  t h e  p r e s e n c e  o f  m o n o f lu o r ­

a c e t a t e .  The g a s  i n t a k e  i n  t h e  l a r v a e  b e f o r e  and  a f t e r  a d d i t i o n  o f  t h i s  

i n h i b i t o r  i s  b e lo w  t h e  f i v e  p e r  c e n t  l e v e l  o f  s i g n i f i c a n c e ,  t h u s  i n d i c a t ­

i n g  a  l a c k  o f  i n h i b i t i o n .  I t  m u st b e  n o t e d ,  h o w e v e r , t h a t  t h e r e  i s  a 

s i g n i f i c a n t  d e c r e a s e  i n  t h e  o x y g en  c o n su n q )tio n  w hen t h e  l e v e l  o f  i n h i b i ­

t i o n  i s  com pared  t o  t h e  o v e r a l l  m ean o f  87 c o n t r o l  v e s s e l s .  T h is  d e c r e a s e  

i s  s i g n i f i c a n t  when s u b je c t e d  to  a  t - t e s t ,  a t  m ore t h a n  t h e  5$  l e v e l .

T h e re  i s  t h e r e f o r e ,  p o s i t i v e  e v id e n c e  f o r  c i t r a t e  m e ta b o lis m  i n  a d u l t  

worm s b u t  no p o s i t i v e  e v id e n c e  f o r  i t  i n  l a r v a l  t i s s u e s  i n  l i g h t  o f  e v id e n c e  

p r e s e n t e d  h e r e .

I n h i b i t i o n  o f  c a rb o n  d io x id e  p r o d u c t i o n  w as s t u d i e d  i n  t h e  sam e m an-
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n a r  a s  d e s c r i b e d  f o r  t h e  e x p e r im e n ts  u s in g  c a r b o h y d r a te  s u b s t r a t e s ,  

t h e  t im e  d u r a t i o n  b e in g  t h e  same a s  t h a t  em ployed  i n  t h e  s tu d y  o f  th e  

e f f e c t s  o f  m e ta b o l i c  i n h i b i t o r s  o n  o x y g en  c o n s u m p tio n .

D a ta  i n  T a b le  11  p r e s e n t  d e f i n i t e  i n d i c a t i o n  o f  i n h i b i t i o n  o f  00^ 

p r o d u c t io n  b y  io d o a c e ta m id e  i n  b o th  l a r v a e  and  a d u l t s .  d l - G ly c e r a ld e h y d e  

d o e s  n o t  a p p e a r  t o  i n h i b i t  CO2 p r o d u c t i o n  i n  e i t h e r  a d u l t  o r  c o e n u r a l  

t i s s u e .  Sodium  f l u o r i d e  had  no n o t i c e a b l e  e f f e c t  o n  g a s  p r o d u c t io n  i n  

t h e  a d u l t s  b u t  d i d  e v o k e  a  d e f i n i t e  i n h i b i t i o n  i n  l a r v a l  t i s s u e s .
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TABLE 11 

ANAHIOBIC IN H IB inO H  

L a rv a e

I n h i b i t o r  and  
f i n a l  m o l a r i t y

♦CO p r o d u c t i o n  l a s t  
30 M in u te s  b e f o r e  
a d d i t i o n

♦CO- p r o d u c t i o n  l a s t  
30 m in u te s  a f t e r  
a d d i t i o n

ch an g e

Sodium  F l u o r i d e  
0 . 02M O.25I J - 0.033  (12) 0.212±0.028 - I 5 . 65É

d l - G ly c e r a ly d e h y d e
O.OIM

!
0 . 171 t  0.029  (10 ) 0.158± 0.027 - i M

lo d o a c e ta m id e
O.OIM 0.198  ± 0.077  (6)

A d u l t s

O ,032t).040 - 84.056

Sodium  f l u o r i d e  
0.02M

0.572±0.167(5) 0.557± 0.089 - 2.856

d l - G ly c e r a ld e h y d e  
O.OIM 0 . 503^0 . 057(15 ) 0 .5 0 4 Î 0.057 +0.256

lo d o a c e ta m id e
O.OIM 0.463^0.093(6) o .03i t  0.031 - 94.656

A U  v a l u e s  e x p r e s s e d  a s  p l  CO2 p r o d u c t i o n /3 0  m in u te s /m g  t i s s u e  w e t w e ig h t  
t  t . 9 7 5  t im e s  S .E , =  955^ c o n f id e n c e  l i m i t s .  P e r  c e n t  c h a n g e  b a s e d  on  mean 
o f  l a s t  30 m in u te  r e a d i n g  b e f o r e  a d d i t i o n  o f  i n h i b i t o r  v e r s u s  m ean o f
l a s t  30 m in u te s  a f t e r  a d d i t i o n  o f  i n h i b i t o r  p r i o r  t o  t e r m i n a t i o n  o f  e x p e r i ­
m e n t.



CHAPTER 4 

DISCUSSION

R e s u l t s  o f  f i e l d  i n v e s t i g a t i o n s  i n  t h i s  s tu d y  p r o v id e  a  b a s i s  f o r  

s e v e r a l  i n q ) l i c a t i o n s  r e g a r d in g  t h e  ho s t - p a r a  s i t  e r e l a t i o n s h i p  e x i s t i n g  

b e tw e e n  L ep u s  e a l i f o m i c u s  and  t h e  l a r v a e  o f  M, s e r i a l i s .

I n i t i a l l y  i t  w as in te n d e d  t h a t  e x p e r im e n ta l  w ork  o n  c o e n u r i  w ou ld  

b e  c a r r i e d  o u t  o n  l a r v a e  grow n i n  d o m e s t ic  r a b b i t s .  A f t e r  a  s e r i e s  o f  

a t t e m p t s  f a i l e d  i n  e x p e r im e n ta l  i n f e c t i o n  ( d e s c r ib e d  p r e v i o u s l y ) ,  l a r v a e  

w e re  c o l l e c t e d  fro m  w i ld  h o s t s .

W h ile  I ^ n s  e t  ( i9 6 0 )  fo u n d  t h a t  195^ o f  a  b l a c k - t a i l e d  j a c k -

r a b b i t  p o p u l a t i o n  i n  s o u th w e s te r n  K a n sa s  w as i n f e c t e d  b y  c o e n u r i ,  I  fo u n d  

t h a t  o n l y  12$  w e re  i n f e c t e d  i n  C o lo ra d o . D u r in g  1 9 6 2 , t h e  i n f e c t i o n  r a t e  

i n  O klahom a w as m ore t h a n  tw ic e  t h a t  o f  e i t h e r  K a n sa s  o r  C o lo ra d o . Such 

a  d i f f e r e n c e  i n  i n f e c t i o n  r a t e s  may b e  a  r e f l e c t i o n  o f  n o rm a l y e a r - t o - y e a r  

f l u c t u a t i o n s .  H ow ever, d i f f e r e n c e s  a s  l a r g e  a s  t h o s e  r e p o r t e d  i n  t h e  t h r e e  

c o l l e c t i n g  a r e a s  o f  O klahom a, K a n s a s , an d  C o lo ra d o  a p p e a r  t o  r e q u i r e  f u r t h e r

f i e l d  i n v e s t i g a t i o n  b e f o r e  a  s u i t a b l e  e x p la n a t i o n  c a n  b e  g iv e n .

I n  p e r f o r m in g  a u t o p s i e s  o n  e a c h  a n im a l ,  i t  w as fo u n d  t h a t  85$ o f  a l l  

t h e  l a r v a e  i n  t h e  r a b b i t s  w e re  i n  t h e  p o s t e r i o r  p o r t i o n  o f  t h e  b o d y . T h is  

s u g g e s t s  t h e  p o s s i b i l i t y  o f  a  d e f i n i t e  r o u t e  o f  m i g r a t i o n  b y  t h e  o n c h o s p h e re  

o r  t h a t  t h e r e  i s  some k in d  o f  p h y s i o l o g i c a l  a t t r a c t a n t  f o r  t h e  o n c h o s p h e re
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i n  t h e  p o s t e r i o r  h a l f  o f  t h e  b o d y .

W ith  t h e  p o s t e r i o r  h a l f  o f  t h e  b o d y  a p p e a r in g  to  b e  t h e  p r e f e r e n t i a l  

s i t e  o f  i n f e c t i o n  f o r  c o e n u r i  o n e  w o n d e rs  i f  t h e r e  i s  a  s u r v i v a l  v a lu e  t o  

t h e  l a r v a e  f i n d i n g  t h e i r  w ay t o  t h i s  p o r t i o n  o f  t h e  a n im a l .  The i n i t i a l  

r e s u l t  o f  su c h  s u r v i v a l  v a lu e  w ould  b e  t h e  s u c c e s s f u l  c o m p le t io n  o f  t h e  

l i f e  c y c le  a n d , a s  a  f i n a l  c o n s e q u e n c e , t h e  p r o p a g a t io n  o f  t h i s  p a r t i c u l a r  

ty p e  o f  o o e n u ru s .

S in c e  t h e r e  i s  a  d e f i n i t e  s i t e  o f  i n f e c t i o n  i n  t h e  i n t e r m e d i a t e  

h o s t  b y  c o e n u i l  a  d e f i n i t e  r o u t e  o f  i n f e c t i o n  seem s u n d o u b te d ly  t o  o c c u r .  

C o n t r a r y  t o  w h a t O ls e n  (1 9 6 2 )  i n d i c a t e s ,  h o w e v e r , no p u b l i s h e d  w ork  c a n  

b e  fo u n d  t o  s u b s t a n t i a t e  a  r o u t e  o f  i n f e c t i o n .  T h e r e f o r e ,  a  d e f i n i t e  

m ig r a t i o n  r o u t e  r e m a in s  t o  b e  d e te r m in e d .  The p a th o lo g y  o f  c o e n u r i a s i s ,  

t h e  n a t u r e  o f  a  p h y s i o l o g i c a l  a t t r a c t a n t  ( i f  o n e  e x i s t s ) ,  t h e  p r o c e s s  o f  

d e v e lo p m e n t a f t e r  r e a c h in g  t h e  f i n a l  s i t e  o f  i n f e c t i o n  re m a in  u n e x p la in e d .  

The r e s p i r a t o r y  c h a r a c t e r i s t i c s  w e re  s t u d i e d  i n  a n  e f f o r t  t o  d e t e r ­

m in e  w h a t d i f f e r e n c e s ,  i f  a n y , o c c u r  b e tw e e n  t h e  l a r v a e  and  a d u l t s  o f  M. 

s e r i a l i s .  N um erous s t u d i e s  on  b o th  l a r v a e  an d  a d u l t s  o f  o t h e r  o e s to d e s  

h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .  H ow ever, o n ly  o n e  o t h e r  s tu d y  r e l a t ­

in g  l a r v a l  a n d  a d u l t  c e s to d e s  o f  t h e  same s p e c i e s  h a s  b e e n  r e p o r t e d  t o  d a t e .  

I n  t h i s  i n v e s t i g a t i o n  b y  v o n  B ran d  an d  Bowman ( I 96I ) ,  t h e y  d e te r m in e d  t h e  

r e s p i r a t o r y  c h a r a c t e r i s t i c s  and  t h e  c h e m ic a l  c o n s t i t u e n t s  o f  t h e  s t r o b i l -  

c e r c u s  an d  a d u l t  o f  T a e n ia  t a e n i a e f o r m i s , T hey  fo u n d  t h a t  t h e  two fo rm s  

v a r i e d  o n ly  s l i g h t l y  q u a l i t a t i v e l y  w h i le  t h e  q u a n t i t a t i v e  v a r i a t i o n s  w e re  

q u i t e  s i g n i f i c a n t l y  d i f f e r e n t .  T h ese  a u th o r s  fo u n d  t h a t  t h e  r a t e s  o f  

a e r o b i c  an d  a n a e r o b ic  g a s  e x h a n g e s  o c c u re d  a t  a  much lo w e r  l e v e l  i n  l a r v a e



as compared to a d u lts . Both u t i l iz e d  glucose. I t  was a lso  determined 

th a t both forms excrete  some type of carbohydrate in to  th e  incubation 

medium a t  the  same time th a t  glucose i s  having i t s  e f f e c t  on the oxygen 

consumption.

Read (1 9 5 9 )  has summarized the  data  a v a ila b le  on carbohydrate meta­

bolism o f ad u lt cestodes. He s ta te s  th a t  o f nine species rep resen ting  

th ree  o rders of cestodes, none was reported  as being capable o f u t i l l t -  

ing fru c to se  as a su b s tra te . I t  i s  fu r th e r  s ta te d  th a t  glucose and 

ga lac tose  a re  the  sugars o f favor in  carbohydrate metabolism o f cestodes. 

Ago s in , e t  a l .  ( 1 9 5 7 ) ,  rep o rt th a t  oxygen consumption by ^  granulosus 

hydatid  c y s t sco lices  does not appear to  be a lte re d  by g lucose.

The r e s u l t s  fro m  my i n v e s t i g a t i o n  i n d i c a t e  t h a t  b o th  t h e  a d u l t s  a n d  

l a r v a e  o f  M. s e r i a l i s  a r e  c a p a b le  o f  u t i l i z i n g  g lu c o s e  u n d e r  a e r o b i c  co n ­

d i t i o n s .  O xygen c o n s u m p tio n  b y  t h e  a d u l t  i s  a l s o  a l t e r e d  b y  f r u c t o s e .  

T h a t t h e  a d u l t  i s  c a p a b le  o f  u t i l i z i n g  f r u c t o s e  d o e s  n o t  seem  s u r p r i s i n g  

id ien  t h e  d i e t  and  e x p o s u re  t o  s u b s t r a t e  o f  t h e  a d u l t  a n d  l a r v a l  fo rm s  a r e  

a n a ly z e d .  F r u c to s e  i s  p r e s e n t  i n  a  l a r g e  p a r t  o f  t h e  d i e t  o f  c o y o te s  

d u r in g  t h e  summer m o n th s  (K a rs c h g e n , 1 9 5 7 )#  The c o e n u r i  l o c a t e d  i n t e r -  

m u s c u la r ly  a r e  e x p o se d  o n l y  t o  t h a t  q u a n t i t y  o f  f r u c t o s e  c i r c u l a t i n g  i n  

t h e  b lo o d  s tr e a m  w h ic h  w o u ld , u n d e r  n o rm a l c i r c u m s t a n c e s ,  b e  n e g l i g i b l e .

Herein i s  the p o ssib le  answer to  the  question  of which su b s tra te  

any p a r t ic u la r  cestode i s  capable o f u t i l i z in g  fo r  energy purposes. I t  

would appear th a t  those su b s tra te s  to  idiich the  cestode i s  continously  

exposed would be those u t i l iz e d  in  m aintaining m etabolic requirem ents.

In  th e  case of T^ ta e n ia e f  orm is. the  major d iffe re n c e s  in  aerobic
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metabolism between the  la rv a  and ad u lt a re  o f a q u a n tita tiv e  ra th e r  than 

q u a li ta t iv e  n a tu re . This seems a lso  to  be th e  case fo r  M. ser<  ̂s . The 

mean oxygen oonsmq)tion o f the ad u lt f a r  exceeds th a t o f  the  la rv a . The 

same r e la t iv e  oozqiarison can be made fo r  carbon dioxide production o f the 

adu lt and la rv a  under anaerobic cond itions.

These find ings do no t confirm the  p re d ic tio n  made in  the intmedmo- 

tio n  th a t  th e re  should be a g re a te r  r a te  o f  oxygen oonsuaption in  la rv ae  

in  response to  the  r e la t iv e ly  h igher oxygen ten sion  in  vo lun tary  m uscle.

I t  must be pointed ou t th a t  some in v e s tig a to rs  (Read, 1950} consider th a t

the paramuoosa o f the  small in te s t in e  o f fe r s  an environment s im ila r  in

oxygen ten sion  to  th a t  o f in te r c e l lu la r  spaces. I f  t h i s  be t ru e , then i t

i s  q u ite  possib le  th a t  the  la rv a e  and a d u lts  o f M. s e r i a l i s  e x is t  in  a

very s im ila r  environment.

S tud ies on su b s tra te  u t i l i s a t i o n  by th e  la rv ae  and a d u lts  under anaero­

b ic  conditions produced q u a li ta t iv e ly  d i f f e r e n t  r e s u l ts  to  those obtained 

a e ro b ic a lly . A dults appear capable o f  u t i l i s i n g  g a lac to se  as v e U  as ^ t u  

oose and fru c to se  an e ro b ica lly . This apparent d ev ia tio n  from the  estab ­

lish e d  aerobic  p a tte rn  i s  no t re a d ily  exp lained .

No su b s tra te  stud ied  in  t h i s  in v e s tig a tio n  a lte re d  the  COg production 

by the  la rv ae  of M. s e r i a l i s . This f in d in g  may be re la te d  to  th e  f a c t  th a t  

carbon dioxide and o th er gases a re  c o n tin u a lly  re leased  from the calcareous 

corpuscles o f th i s  and severa l o th er ta e n io id  cestodes (von Brand and Bowman, 

1961 ; Ago s in , ^  a^ , 1957)* I t  has been p o stu la ted  th a t  the calcareous 

corpuscles function  as a b u ffe rin g  mechanism fo r  the b e n e f i t  o f the  tape­

worm w hile  completing i t s  l i f e  cycle. Through a cursory  examination of the
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l& rv a e  and  a d u l t s  I t  h a s  b e e n  d e te rm in e d  t h a t  c a lc a r e o u s  o c r p u s c l e s  a r e  

m o s t a b u n d a n t  i n  t h e  l a r v a l  fo rm  w h ic h  m ay a c c o u n t  f o r  t h e  d i s c r e p a n c y  

b e tw e e n  t h e  s u b s t r a t e  e f f e c t s  o b s e rv e d  a e r o b i c a l l y  and  a n a e r o b i c a l l y .

Ensym es o f  t h e  B ab d en -M ey erh o f p a th w a y  h a v e  b e e n  d e m o n s t r a te d  i n  

s e v e r a l  d i f f e r e n t  c e s t o d e s ,  th o u g h  th e  e n t i r e  p a th w ay  i s  n o t  known to  

o c c u r  i n  a n y  s i n g l e  s p e c i e s .  R ead (1951) fo u n d  p h o s p h o r y la s e ,  p h o sp h o -  

h e x o s e  i s o m e r a s e ,  a l d o l a s e ,  t r i o s e  p h o s p h a te  d e h y d ro g e n a s e ,  and  l a c t i c  

d e h y d ro g e n a s e  i n  a d u l t s  o f  H . d im in u ta .  Ago s i n  and  A re v e n a  (1959) i n  a  

som ew hat s i m i l a r  s tu d y ,  fo u n d  t h e  same ensym es i n  h y d a t i d  c y s t  s o o l i c e s  

o f  E . g r a n u l o s u s .  T h u s , tw o d i f f e r e n t  i n v e s t i g a t i o n s  h a v e  d e m o n s t r a te d  

t h e  p r e s e n c e  ? f  g l y c o l y t i c  en sym es i n  a n  a d u l t ^ a n d  a  l a r v a l  c e s to d e  o f  

d i f f e r e n t  s p e c i e s .  E x c e p t f o r  t h e s e  two i n v e s t i g a t i o n s ,  l i t t l e  o t h e r  

a d d i t i o n a l  i n f o r m a t io n  on  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  c l a s s i c a l  

E n b d en -M o y erh o f enzym es i s  a v a i l a b l e  fro m  w o rk  w i th  c e s t o d e s .

My d a t a  show t h a t  t h e  o o e n u ru s  t i s s u e  and  t h e  g r a v id  p r o g l o t t i d s  

o f  M. s e r i a l i s  d e f i n i t e l y  c o n t a i n  p h o s p h o h e x o se  i s o m e r a s e ,  a l d o l a s e ,  and 

l a c t i c  d e h y d ro g e n a s e .

I n  t h e  a s s a y s  p e r fo rm e d  f o r  t h e s e  t h r e e  enzym es, «-TT c o n d i t i o n s  

w ere  t h e  same e x c e p t  f o r  t h e  t i s s u e  h o m o g e n a te s . As a  r e s u l t ,  c e r t a i n  

c o n c lu s i o n s  r e g a r d in g  t h e  r e l a t i v e  a c t i v i t y  o f  t h e  enzym es i n  b o th  t i s s u e s  

c a n  b e  m ade. S in c e  o n ly  t h e  s o u rc e  and  p re s u m a b ly  t h e r e f o r e  o n ly  t h e  

q u a n t i t y  o f  enzym e p r e s e n t  w as c h a n g e d , t h e  r e l a t i v e  a c t i v i t y  o f  t h e  en ­

zyme i n  a d u l t s  and  l a r v a e  c a n  b e  d e d u ced  an d  com pared  on  t h e  same l e v e l .

I f  t h e s e  a s s u m p tio n s  a r e  t r u e ,  t h e n  th e  a c t i v i t y  o f  p h o s p h o h e x o se  i s o m e ra s e ,  

a l d o l a s e  and  l a c t i c  d e h y d ro g e n a s e  i s  g r e a t e r  i n  a d u l t  t i s s u e s  t h a n  i n  l a r v a l
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t is s u e s .

This find ing  fu r th e r  su b s ta n tia te s  the  r e s u l t  obtained in  the  study 

o f endogenous re s p ira to ry  le v e ls  o f a c t iv i ty .  In  both oxygen consump­

tio n  and carbon dioxide production, th e  le v e l  o f a c t iv i ty  in  the  adult 

t is s u e s  i s  s u b s ta n tia l ly  h igher than th a t  fo r  la rv a l  t i s s u e s .  Herein 

l i e s  a d d itio n a l evidence th a t  th e re  i s  a g re a te r  m etabolic a c t iv i ty  in  

ad u lt t is s u e s  than in  la rv a l  ones. This fu r th e r  negates the  premise made 

a t  the  beginning th a t  th e  la rv ae  might be expected to  opera te  a t  a higher 

arab le  m etabolic r a te  than  the  a d u lts  because of th e i r  aerob ic  environment.

The c o n t e n t s  o f  h y d a t i d  c y s t  f l u i d  h a s  l o n g  b e e n  u n d e r  s c r u t i n y  w i th  

r e g a r d  t o  i t s  o r i g i n ,  f u n c t i o n ,  and  c h e m ic a l  c o n te n t  (L e m a ire  an d  R ib e r e ,  

1935) .  R e c e n t  s t u d i e s  h a v e  d e a l t  w i th  t h e  a n a l y s i s  o f  p r o t e i n  c o n s t i t u e n t s  

o f  t h e  c y s t  f l u i d  i n  c o m p a r is o n  w i th  t h o s e  o f  t h e  h o s t  se ru m  (G o o d c h ild  an d  

K agan , I 96I ) .  T h e se  s t u d i e s  i n d i c a t e  t h a t  t h e  f l u i d  o f  h y d a t i d  c y s t s  i s  a  

t r a n s u d a t e  o f  t h e  h o s t  s e ru m . S in c e  t h e r e  a r e  m any h o s t  se ru m  p r o t e i n s  

i n  t h e  c y s t  f l u i d  i t  seem s r e a s o n a b le  t o  assum e t h a t  t h e  f l u i d  a l s o  s h o u ld  

c o n ta i n  t h o s e  g l y c o l y t i c  enzym es comm only fo u n d  c i r c u l a t i n g  f r e e  i n  t h e  b lo o d .  

My w ork  h a s  shown t h i s  t o  b e  t h e  c a s e .  The r e l a t i v e  a c t i v i t y  o f  t h e s e  t h r e e  

enzym es c a n n o t  b e  com pared  t o  t h a t  o f  t h e  t i s s u e  h o m o g e n a te s  s i n e s  t h e r e  i s  

no common g ro u n d  f o r  co n q > ariso n . T h a t t h e  enzym es a r e  p r e s e n t  i n  t h e  f l u i d  

i s  n o t  s u r p r i s i n g  i f  i n  f a c t  t h e  f l u i d  w i t h i n  t h e  c o e n u ru s  i s  a  t r a n s u d a t e  

o f  h o s t  se ru m . I t  i s  r e a s o n a b le  t o  assum e t h a t  i f  p r o t e i n s  o f  r e l a t i v e l y  

h ig h  m o le c u la r  w e ig h t  su c h  a s  a lb u m in  and  serum  g l o b u l i n  c a n  m ake t h e i r  

way i n t o  h y d a t i d  c y s t  f l u i d  fro m  t h e  h o s t  b lo o d ,  t h e n  p r o t e i n s  o f  t h e  s i z e  

o f  c i r c u l a t i n g  g l y c o l y t i c  enzym es m ig h t  a l s o  b e  fo u n d  i n  t h e  c o e n u r i .  The
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o n ly  o t h e r  p o s s i b l e  s o u rc e  o f  t h e  c y s t  f l u i d  enzym es w o u ld  b e  fro m  t h e  

t i s s u e s  o f  t h e  p a r a s i t e  i t s e l f .  T h is  i s  b e l i e v e d  n o t  t o  b e  t h e  c a s e  

s in c e  o n l y  t h o s e  c o e n u r i  ^ rtiich  w e re  w h o le  p r i o r  t o  c o n t r o l l e d  r u p tu r e  

w ere  u t i l i z e d  a s  a  s o u r c e  o f  f l u i d .

Two enzym es a s s o c i a t e d  w i th  t h e  TCA c y c l e  w ere  a l s o  i n v e s t i g a t e d .

Read (1 9 5 2 , 1 9 5 3 ) d e m o n s t r a te d  t h e  p r e s e n c e  o f  m a l ic  d e h y d ro g e n a s e ,  

s u c c i n i c  d e h y d ro g e n a s e ,  and  c y to c h ro m e  o x i d a s e  i n  H. d i m i n u ta . He f u r ­

t h e r  i n d i c a t e d  t h a t  i s o c i t r i c  and  c i t r i c  d e h y d ro g e n a s e s  a r e  p r o b a b ly  

n o t  p r e s e n t  i n  t h i s  w orm . G o ld b e rg  and N o l f  (1 9 5 ^ )  fo u n d  a n  a c t i v e  su c ­

c i n i c  d e h y d ro g e n a s e  i n  H. n a n a .  The u s e  o f  s p e c i f i c  m e ta b o l i c  i n h i b i t o r s  

and s p e c i f i c  TCA c y c l e  i n t e r m e d i a t e s  i n  t h e  s tu d y  o f  m e ta b o l i c  p a th w a y s  

i n  c e s t o d e s  h a s  a l s o  b e e n  e x t e n s i v e .

E v id e n c e  p r e s e n t e d  i n  T a b lo  9  i n d i c a t e s  t h e  p r e s e n c e  o f  m a l ic  d e ­

h y d ro g e n a s e  i n  M. s e r i a l i s .  T h is  f i n d i n g  i s  b a s e d  o n  m a n o m e tr ic  a s s a y  

t e c h n iq u e s  f o l lo w in g  t h e  m e th o d s  o f  Read ( 1 9 5 3 ) » who fo u n d  t h e  same 

enzyme i n  f o r t i f i e d  h o m o g e n a te s  o f  H. d i m i n u t a .

R ead  ( l o c .  c i t . ) ,  a l s o  i n v e s t i g a t e d  t h e  p r e s e n c e  o f  s e v e r a l  o t h e r  

d e h y d ro g e n a s e s  i n  H, d i m i n u ta . He was u n a b le  t o  d e m o n s t r a te  i s o c i t r i c  

d e h y d ro g e n a s e  v r tiile  my i n v e s t i g a t i o n s  ( T a b le  8 )  s u g g e s t  i t s  p r e s e n c e  i n  

t h e  c y s t  f l u i d  o f  c o e n u r i .  I t  i s  i n t e r e s t i n g  t h a t  t h e  l e v e l  o f  a c t i v i t y  

i n  b o th  a d u l t  and  l a r v a l  fo rm s  w as fo u n d  t o  b e  i d e n t i c a l  an d  q u i t e  lo w .

The same d e g r e e  o f  a c t i v i t y  o f  i s o c i t r i c  d e h y d ro g e n a s e  i n  l a r v a e  and  a d u l t s  

i s  q u i t e  d i f f e r e n t  f ro m  t h e  p a t t e r n  e s t a b l i s h e d  f o r  o t h e r  enzym es o f  t h e  

g l y c o l y t i c  an d  a e r o b ic  p a th w a y s  i n  a d u l t s  a n d  l a r v a e  o f  M. s e r i a l i s . Be­

c a u s e  o f  t h e  d i f f e r e n c e s  fo u n d  i n  t h i s  i n s t a n c e ,  t h e  r e l i a b i l i t y  o f  t h e  

c o l o r i m e t r i c  i s o c i t r i c  d e h y d ro g e n a s e  a s s a y  em p loyed  w as t e s t e d  o n  m am m alian
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l i v e r  h o m o g e n a te s . E x c e l l e n t  i c p r o d u c i b i l i t y  w as o b t a i n e d  t h e r e b y  

i n d i c a t i n g  r e l i a b i l i t y  o f  t h e  p r o c e d u r e .  O th e r  t e s t s  w e re  a l s o  p e r ­

fo rm ed  on  t h e  t i s s u e  h o m o g en a te s  o f  M. s e r i a l i s  i n  w h ic h  t h e  c o n c e n t r a ­

t i o n  o f  s u b s t r a t e ,  t h e  coenzym e, and t h e  t i s s u e  h o m o g en a te  i t s e l f  w ere  

a l t e r e d .  I n  e a c h  c a s e ,  t h e  p r e s e n c e  o f  t h e  enzym e w as i n d i c a t e d  a s  

e v id e n c e d  b y  v a r i a t i o n s  o f  a c t i v i t y  r e f l e c t i n g  t h e s e  a l t e r a t i o n s .

I  a l s o  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  a l p h a - k e t o g l u t a r a t e  w as 

b e in g  p ro d u c e d  th r o u g h  c o n v e r s io n  o f  g lu ta m ic  a c id  b y  a c t i o n  o f  g lu ta m ic  

d e h y d ro g e n a s e .  H ow ever, s i n c e  t h e r e  w as a  c h a n g e  i n  t h e  q u a n t i t y  o f  

a l p h a - k e t o g l u t a r a t e  p ro d u c e d  e v e n  when i s o c i t r a t e  c o n c e n t r a t i o n  w as 

a l t e r e d ,  i t  m u st b e  assum ed  t h a t  g lu ta m ic  d e h y d ro g e n a s e  i s  n o t  r e s p o n ­

s i b l e  f o r  m o s t o f  t h e  a l p h a - k e t o ^ u t a r a t e  p r o d u c e d .  A l l  o f  t h e s e  t e s t s  

c o n v in c e  one  o f  t h e  r e l i a b i l i t y  o f  t h e  a s s a y  p r o c e d u r e  and  i t  m u s t be  

assum ed  t h a t  t h e  enzym e i s o c i t r i c  d e h y d ro g e n a s e  i s  p r e s e n t  i n  b o th  l a r v a l  

and  a d u l t  t i s s u e s .

W ith  s t r o n g  e v id e n c e  f o r  t h e  p r e s e n c e  o f  i s o c i t r i c  d e h y d ro g e n a s e ,  

t h e r e  a r i s e  c e r t a i n  q u e s t i o n s  r e g a r d in g  i t s  r e l a t i v e  a c t i v i t y  i n  b o th  

l a r v a l  an d  a d u l t  m e ta b o l i c  p a th w a y s . The l e v e l  o f  a c t i v i t y  a s s o c i a t e d  

w i th  l a r v a l  and  a d u l t  t i s s u e s  i s  q u i t e  lo w  b u t  i s  s i m i l a r  i n  g r a d e .  Be­

c a u s e  t h e  d i f f e r e n c e  i n  a c t i v i t y  o f  t h i s  enzym e b e tw e e n  l a r v a e  an d  a d u l t s  

i s  n e g l i g i b l e ,  t h e r e  i s  a  d i s t i n c t  p o s s i b i l i t y  t h a t  i t  may n o t  p l a y  a  

m a jo r  r e l e  i n  t h e  m e ta b o lis m  o f  M. s e r i a l i s .  The d e m o n s t r a t io n  o f  t h i s  

enzym e, r e g a r d l e s s  o f  i t s  p re su m e d  low  l e v e l  o f  a c t i v i t y ,  m akes a  r e -  

e v a l u a t i o n  o f  t h e  e n t i r e  TCA c y c l e  and i t s  r o l e  i n  t h e  m e ta b o lis m  o f  

c e s t-o d e s  i n  g e n e r a l  a  d e f i n i t e  n e c e s s i t y .



40

Although Bead (1953) w p o rted  th a t he vas unable to  dem onstrate the 

presence of i s o c i t r i c  and o th e r  dehydrogenases, he l a t e r  s ta te s  (1961) 

th a t the  f a i lu re  to  demonstrate the presence of these enzymes can not 

be taken as c le a r  evidence f o r  th e i r  absence. I t  appears from my esqper- 

iments th a t  i s o c i t r i c  dehydrogenase d e f in i te ly  i s  p resen t in  M. s e r i a l i s  

and th i s  i s  fu r th e r  su b stan tia ted  by enzyme in h ib itio n  s tu d ie s .

W h ile  t h e  r e s u l t s  o f  enzym e i n h i b i t o r  s t u d i e s  a r e  n o t  q u a n t i t a t i v e ,  

i t  v a s  fo u n d  t h a t  s u l f h y d r y l  b in d in g  i n h i b i t o r s  su c h  a s  p a r a - h y d r o x y m e r c u r i -  

b e n z o a te ,  i o d o a c e t a t e ,  and  io d o a c e ta m id e  a r e  e f f e c t i v e  u n d e r  b o th  a e r o b ic  

and  a n a e r o b ic  c o n d i t i o n s .  Sodium  f l u o r i d e  i n h i b i t i o n  i n d i c a t e s  t h e  p r e s ­

e n c e  o f  e n o la s e  i n  b o th  a d u l t  and  l a r v a l  f o rm s .  Why f l u o r i d e  w as w i th o u t  

e f f e c t  a n a e r o b i c a l l y  on  a d u l t  t i s s u e s  w h i le  t h e  l a r v a e  u n d e r  t h e  same c o n d i­

t i o n s  a p p e a re d  t o  b e  i n h i b i t e d  i s  n o t  r e a d i l y  e x p l a i n a b l e .  T h e se  r e s u l t s  

a lo n g  w i th  t h o s e  o b t a in e d  th r o u g h  s p e c i f i c  enzyme a s s a y s  p r o v id e  s t r o n g  

e v id e n c e  f o r  a n  a c t i v e  g l y c o l y t i c  p a th w ay  i n  M, s e r i a l i s .

A e ro b ic  r e s p i r a t i o n  w as n o t  a l t e r e d  b y  t h e  p r e s e n c e  o f  d l - g ly c e r a d e h y d e  

a  g lu c o k in a s e  i n h i b i t o r .  G ra v id  p r o g l o t t i d s  r e a c t e d  t o  i t  b y  i n c r e a s i n g  

o x y g en  c o n s u m p tio n . A n a e r o b ic a l ly ,  d l - g l y c e r a ld e h y d e  h ad  no e f f e c t  on  

e i t h e r  l a r v a e  o r  a d u l t s .  The l a c k  o f  i n h i b i t i o n  b y  d l - g l y c e r a ld e h y d e  

i s  e x p e c te d  s in c e  t h e  i n h i b i t o r  n o rm a l ly  w o u ld  h a v e  i t s  e f f e c t  on  

g lu c o k in a s e ,  w h ic h  i s  r e s p o n s i b l e  f o r  t h e  i n i t i a l  p h o s p h o r y l a t i o n  o f  

g lu c o s e  upon  i t s  re m o v a l f ro m  t h e  i n c u b a t io n  medium b y  t h e  c e s t o d e .  S in c e  

h o w e v e r , t h e r e  i s  no g lu c o s e  p r e s e n t  i n  t h e  i n c u b a t io n  medium an d  s in c e  

i t  i s  assum ed  t h a t  g ly c o g e n  i s  u t i l i z e d  a s  an  e n e rg y  s o u r c e ,  d l - g l y c e r a ld e h y d e  

w ou ld  h a v e  jao o p p o r t u n i t y  t o  o p e r a t e  on  g lu c o k in a s e  i n  t h e s e  e x p e r im e n ts .
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Eîven i f  i t  w e re  to  a c t i v e l y  b lo c k  t h e  enzym e, no  m e a s u ra b le  e f f e c t  o f  

su c h  i n h i b i t i o n  w ou ld  b e  d e t e c t a b l e  u n l e s s  a n  ejpogenous s o u r c e  o f  g lu ­

c o s e  w e re  a v a i l a b l e  i n  t h e  i n c u b a t io n  m edium .

A g o s in , e t  a l .  ( 1 9 5 7 ) ,  r e p o r t e d  t h a t  m a lo n a te  i s  i n e f f e c t i v e  

a g a i n s t  o x y g e n  c o n s u n ç t io n  b y  h y d a t id  c y s t  s c o l i c e s .  I t  w as s u g g e s te d  

t h a t  t h i s  l a c k  o f  i n h i b i t i o n  m ig h t b e  d u e  t o  t h e  a b s e n c e  o f  s u c c i n i c  

d e h y d ro g e n a s e .  I n  my w o rk , m a lo n a te  d i d  n o t  e f f e c t  t h e  o x y g e n  c o n -  

su sq p tio n  a t  t h e  same c o n c e n t r a t i o n  a s  t h a t  u s e d  b y  A g o f in ,  e t  a l .  ( l o c .  

c i t . ) .  H ow ever, a  f i v e f o l d  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  m a lo n a te  

h a d  a n  a p p r e c i a b l e  e f f e c t .  B o th  l a r v a e  and  a d u l t s  w e re  m o t io n le s s  

f o l l o w in g  t h e i r  e x p o s u re  t o  t h e  i n h i b i t o r ,  a n  e f f e c t  c o m p a ra b le  t o  t h a t  

o b s e rv e d  u n d e r  s u l f h y d r y l  i n h i b i t i o n .

Since a d e f in i te  in h ib it io n  by malonate was observed, i t  i s  con­

cluded th a t  an a c tiv e  succin ic  dehydrogenase i s  p resen t in  both adu lt 

and la rv a l  t is s u e s .  With the  dem onstration o f the  presence of malic 

dehydrogenase in  th i s  cestode, I  f e e l  ju s t i f i e d  in  assuming the  p res­

ence o f a t  l e a s t  a p o rtio n  o f the  term inal sequence of the  TCA cycle.

W h ile  A g o s in ,  e t  a l .  ( 1 9 5 7 ) ,  w ere  u n a b le  t o  show an  i n h i b i t o r y  

e f f e c t  f o r  h y d a t i d  c y s t  s c o l i c e s  b y  m a lo n a te ,  t h e y  d i d  d e m o n s t r a te  a  

d e f i n i t e  i n h i b i t i o n  o f  c i t r a t e  m e ta b o lis m  b y  m o n o f l u o r a c e t a t e .  U s in g  

t h i s  i n h i b i t o r  a t  t h e  same c o n c e n t r a t i o n ,  I  w as a b l e  t o  d e m o n s t r a te  

i n h i b i t i o n  o f  o x y g en  c o n s u m p tio n  i n  a d u l t s .  L a r v a l  t i s s u e s  a l s o  a p p e a r  

t o  b e  i n h i b i t e d  b y  m o n o f lu o r o a c e ta t e , b u t  t h e  d e c r e a s e  i n  o x y g en  consunqa- 

t i o n  m u s t b e  e v a lu a te d  c a r e f u l l y  i n  l i g h t  o f  t h e  r e s u l t s  o b t a in e d  th ro u g h  

s t a t i s t i c a l  a n a l y s i s .  M o n o f lu o r o a c e ta te  h a s  a n  i n h i b i t o r y  e f f e c t  on
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c i t r a t e  m e ta b o lla m  w h ic h  I s  c o u p le d  w i th  t h e  enzym e I s o c i t r i c  d e h y d ro g e n a s e . 

B e c a u se  o f  t h i s  a s s o c i a t i o n  b e tw e e n  c i t r a t e  m e ta b o lis m  and  I s o c i t r i c  d e ­

h y d ro g e n a s e  and  s in c e  m o n o f lu o r o a c e ta te  a p p e a r s  t o  h a v e  a n  I n h i b i t o r y  

e f f e c t  on  b o th  l a r v a l  a n d  a d u l t  t i s s u e s ,  f u r t h e r  e v id e n c e  f o r  t h e  p r e s ­

e n c e  o f  i s o c i t r i c  d e h y d o rg e n a s e  I s  i n d i c a t e d .

S e v e r a l  c o n c lu s io n s  r e g a r d i n g  i n te r m e d ia r y  c a r b o h y d r a te  m e ta b o lis m  

o f  M. s e r i a l i s  seem  j u s t i f i a b l e .  T h e re  i s  s i g n i f i c a n t  e v id e n c e  t h a t  t h e  

D nbden-M eyerhof se q u e n c e  I s  o p e r a t i v e  I n  b o th  l a r v a e  a n d  a d u l t s .  W h e th e r  

t h e  p a th w a y  I s  c o m p le te  i n  t h e  c l a s s i c a l  s e n s e  h a s  n o t  b e e n  d e te r m in e d  

e v e n  th o u g h  I t s  e f f e c t i v e n e s s  a s  a n  i n t e g r a l  p a r t  o f  t h e  i n t e r m e d ia r y  

m e ta b o lis m  o f  t h i s  c e s to d e  h a s  b e e n  c l e a r l y  e s t a b l i s h e d .  T h e re  I s  a l s o  

s t r o n g  e v id e n c e  t h a t  t h e  t e r m i n a l  p o r t i o n  o f  t h e  TCA c y c l e  I s  p r e s e n t  an d  

t h a t  o t h e r  p o r t i o n s  o f  t h e  c y c l e  a r e  p r o b a b ly  p r e s e n t .  I f  t h e  c y c l e  a s  

r e v e a l e d  h e r e  I s  e s s e n t i a l l y  c o r r e c t  f o r  M. s e r i a l i s .  i t  w o u ld  b e  b a s i c a l l y  

c o m p a ra b le  t o  t h a t  o p e r a t i n g  I n  m o s t v e r t e b r a t e s .  T h is  a l t e r s  som ew hat 

t h e  p r i o r  c o n c e p t  t h a t  o n ly  a  p a r t i a l  c y c le  i s  o p e r a t i v e  I n  m o s t c e s t o d e s .



CHAPTER 5 

SUMMARY

1 ,  F i e l d  c o l l e c t i o n s  o f  M n l t i c e p s  s e r i a l i s  i n  t h e  b l a c k - t a i l e d  

j a c k r a b b i t  (L e g o s  e a l i f o m i c u s ) .  r e v e a l e d  t h a t  t h e  i n f e c t i o n  r a t e  i n  

O klahom a w as s u b s t a n t i a l l y  h i g h e r  t h a n  i n  L . e a l i f o m i c u s  c o l l e c t e d  i n  

e i t h e r  C o lo ra d o  o r  K a n s a s . I t  v a s  f u r t h e r  d e te r m in e d  t h a t  t h e  i n f e c t i o n  

r a t e  i n  f e m a le s  w as s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  i n  m a le s .  A p p ro x i­

m a te ly  90$  o f  a l l  t h e  l a r v a e  r e c o v e r e d  w e re  t a k e n  f ro m  t h e  p o s t e r i o r  

h a l f  o f  t h e  b o d y  s u g g e s t in g  a  d e f i n i t e  r o u t e  o f  i n f e c t i o n  t o  t h a t  a r e a  

f o r  m i g r a t i n g  l a r v a e .

2 ,  M a n o m e tric  s t u d i e s  o n  t h e  r e s p i r a t i o n  M, s e r i a l i s  show a  s u b -  

s t a r t i a l l y  h i g h e r  r a t e  o f  g a s  e x c h a n g e  o c c u r r i n g  i n  t h e  a d u l t  a s  c c a ç a re d  

w i th  t h e  l a r v a l  f o r m s ,

3 ,  The a d u l t s  a p p e a r  c a p a b le  o f  u t i l i z i n g  g lu c o s e  and  f m c t o s e  

a e r o b i c a l l y  and  g a l a c t o s e  a s  w e l l  a s  g lu c o s e  an d  f m c t o s e  a n a e r o b i c a l l y .

4 ,  C o e n u r i  w e re  shown t o  u t i l i z e  o n l y  g lu c o s e  a e r o b i c a l l y  a n d  no 

s u b s t r a t e  u t H i z a t i c n  a t  a l l  c o u ld  b e  d e m o n s t r a te d  a n a e r o b i c a l l y ,

5 ,  P h o sp h o h e x o se  i s o m e r a s e .  a l d o l a s e ,  an d  l a c t i c  d e h y d ro g e n a s e

w e re  d o a o n s t r a t e d  i n  h o m o g e n a te s  o f  a d u l t  an d  l a r v a l  t i s s u e s  w i t h  a c t i v i t y  

b e in g  h i ^ e r  i n  a d u l t  t i s s u e s ,

4 3
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6 .  The same enzym es w e re  fo u n d  t o  o c c u r  I n  t h e  f l u i d  o f  c o e n u r i .

Thus t h e r e  i s  a  s u g g e s t io n  t h a t  t h e  c y s t  f l u i d  i s  a  t r a n s u d a t e  o f  t h e  

h o s t  se ru m .

7 .  M a lic  d e h y d ro g e n a s e  w as fo u n d  t o  b e  p r e s e n t  i n  b o th  a d u l t  and  

l a r v a l  t i s s u e s ,  I s o c i t r i c  d e h y d ro g e n a s e  w as d e m o n s t r a te d  i n  t h e  c y s t  

f l u i d  an d  a  lo w  l e v e l  o f  a c t i v i t y  o f  t h e  enzym e w as fo u n d  i n  a d u l t  and  

l a r v a l  t i s s u e  h o m o g e n a te s .

8 .  M e ta b o l ic  i n h i b i t o r s  w e re  u s e d  i n  a n  e f f o r t  t o  f u r t h e r  e v a l u a t e  

t h e  p r e s e n c e  o f  c e r t a i n  e n zy m es. S u l f h y d r y l  i n h i b i t o r s  w e re  e s p e c i a l l y  

e f f e c t i v e  a g a i n s t  r e s p i r a t o r y  a c t i v i t i e s  o f  b o t h  a d u l t s  an d  l a r v a e .  T h is  

f u r t h e r  s u b s t a n t i a t e s  t h e  p r e s e n c e  o f  a  ^ y c o l y t i c  p a th w a y  i n  M. s e r i a l i s .  

Sodium  f l u o r i d e  i n h i b i t e d  r e s p i r a t o r y  a c t i v i t y  s u g g e s t in g  t h e  p r e s e n c e  o f  

e n o la s e .

9 .  M a lo n a te  w as e f f e c t i v e  a g a i n s t  b o th  l a r v a l  a n d  a d u l t  o x y g e n  ooxw 

s u m p tio n . T h u s , s u c c i n i c  d e h y d ro g e n a s e  i s  p r o b a b ly  p r e s e n t  i n  M. s e r i a l i s  .  

M o n o f lu o r a a c e ta te  i n h i b i t i o n  o f f e r s  f u r t h e r  s iq ) p o r t  f o r  t h e  p r e s e n c e  o f  

i s o c i t r i c  d e h y d ro g e n a s e .

1 0 .  E v id e n c e  i s  s t r o n g  f o r  a  f u n c t i o n a l  E m bden-M eyerhof p a th w a y  i n  

p a r t  an d  f o r  t h e  t e r m i n a l  p o r t i o n  o f  t h e  TCA c y c l e .  E v id e n c e  f o r  c i t r a t e  

m e ta b o lis m  w as fo u n d  th ro u g h  s t u d i e s  o f  m o n o f lu o r o a c e ta t e  i n h i b i t i o n ,

1 1 .  The r e s p i r a t o r y  d i f f e r e n c e s  b e tw e e n  a d u l t  an d  l a r v a  a r e  c o n ­

s i d e r e d  l a r g e l y  a s  q u a n t i t a t i v e  i n  n a t u r e .  I t  a p p e a r s  t h a t  t h e  r o l e  o f  

t h e  e n v iro n m e n t d o e s  n o t  p l a y  a s  g r e a t  a  p a r t  i n  t h e  d e t e r m i n a t i o n  o f  

r e s p i r a t o r y  a c t i v i t y  i n  M. s e r i a l i s  a s  w as th o u g h t  p r i o r  t o  t h e  i n i t i a ­

t i o n  o f  t h i s  i n v e s t i g a t i o n .
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