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S U M , M A R Y  

P'asciol~ ha~at@a utilizes c a rbohyd ra t e  anaerobica l ly  at a high rate.  W h e n  glucose 
is omi t t ed  from the  medium,  tim a m o u n t  of glycogen uti l ized varies f rom 84-97  
t~moles of glucose units/g wet  wt. :6 h. The ra te  of glucose utilization f rom the  outs ide  
medium varies f rom i i o - i 8 o / x m o l e s f g  we t  wt. /6 h. P roduc t ion  of volati le f a t t y  acids 
accounts  for a lmost  all of the ca rbohyd ra t e  uti l ized anaerobical ly.  These  acids were 
identified as propionic and acetic acids in an approx ima te  rat io of 3:x.  Only  4 -9  % 
of the metabol ized ca rbohydra t e  is conver ted  to lactic acid. The .rates of glucose 
util ization, lactic acid and  volati le f a t t y  acid p roduc t ion  are on ly  s l ight ly decreased 
in the presence of a tmospher ic  oxygen.  Oxygen  is uti l ized b y  these organisms when 
available.  The resp i ra tory  quot ient  varies from x.56-2.2. Anaerobic  metabo l i sm of 
flukes with l igatured oral openings is identical  with in tac t  organisms.  This :ad ica tes  
that  nei ther  the  absorpt ion of glucose from outs ide medium,  nor  the excre t ion of 
the  metabol ic  products  are  carr ied ou t  th rough  the gut  of the  organism. 

INTRODUCTION 

Previous  studies indicated tha t  ca rbohydra t e  is the  major ,  if not  the exclusive source 
of energy for m a n y  parasi t ic  helminths  1. a. The  end p roduc t s  of c a r b o h y d r a t e  me t abo -  
lism v a r y  from one species to another .  As ear ly  as 1926, WIt-INLAND AND VON 13RAND 3 

observed  tha t  the  uti l ization of ca rbohydra t e  b y  l:asciola hepatiaa in vitro is associa ted 
with the  product ion  of higher f a t t y  acids and possibly bu ty r i c  acid. Their  experi-  
ments  were carr ied ou t  on the European  var ie ty  of these organisms. The exper iments  
repor ted  in this  paper  were e a n i e d  ou t  on a va r i e ty  of Fasciola hepatica which is 
p redominant  on the Gulf Coast  of this country .  In  these exper iments ,  the  ra te  of 
endogenous ca rbohydra te  uti l ization and of glucose up take  were measured  under  

Relerenaes p. 464. 
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aerobic and anaerobic conditions. Quantitative as well as qualitative determinations 
of the fermentation products of these organisms revealed that propionic a~ld acetic 
acids are the main end products of carbohydrate m&abolism of this parasite. 

M A T E R I A L S  A N D  M E T I t O D S  

Fasaiola hapatiea were obtained from the bile ducts o~ infected cattle at o, local 
slaughter house. They were transferred to the laboratory in saline medium which 
had the same composition as that reported by DAWES t. Metabolic rate of the liver 
fluke was measured in medium which had the following composition per liter: NaCI, 
zzz mmoles; KCI, 4 mmoles; CaCI,, r.5 mmotes; MgSO 4, 1,2 mmoles; NaHPOI buffer 
pH 7-75, 4o.o mmoles. Penicillin (2,oo0 units/ml) and streptomycin (o.x mg;ml) were 
added to the medium when flukes were cultured for periods exceeding 6 h. 
had the same composition as that reported by BI.:N [).~WES'L Metabolic rate of the 
liver fluke was measured in medium which had the following compo.dtion per liter: 
NaCI, xzz mmoles; KCI, 4 mmoles: CaCla, 1. 5 mmoles; MgSOa, LZ mmoles; NaHPO 4 
buffer pH 7.75, 4 ° .0 mmoles. Penicillin (z,o0o units::ml) and streptomycin (o.i  mg/ml) 
were added to the medium when flukes were cultured for periods exceeding 6 h. 

Flukes with empty guts were selected and washed several times before use. 
Batches of 6 flukes wcrc incubated in 24 ml of salt medium at 37.5 ° in ~ Dt~bonotf 

" f A B L E  ][ 

A ~ A I L R O B I C  C & r ~ B O F I V I ' ) R A T E  l q A L A N C I  r. O F  T H E  L I V E R  F L U K E S  

F l u k e s  w e r e  i n c u b a t e d  f o r  6 h i n  s a l i n e  r n e d i t t m .  T e m p e r a t u r e  3 7 . 5  ° .  A l l  r e s u l t s  a r e  e x p r e s s e d  
i n  j t m o l e s / 6  h / g  w e t  w t .  F ' l u k e s  u s e d  i n  e x p t s ,  x, ±,  3 a n d  4 w e r e  s t a r v e d  o v e r n i g h t .  F l u k e s  u s e d  

i n  e x p t s .  5 ,  0 a n d  7 w e r e  n o t  s t l t r v e d .  

Total 
Glrwo,~¢ Total .llehdmli¢ prc~Ittctx ¢l~bohydTate 

ExpL conctntmtion G ( i t c o s ~  I~'dY'Cae4:hal'Me" &zrboh3/draf¢ ac¢ou;tCtd 
NO, its medium remoP:'d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rffflizcd Lacti¢ acid l~ropianieaeid :tteli¢ acid 

;11 /tY11Ole,~ rt#liO~t'S ir0t|O[(S [|#?|OleS [4|?ir,';t,i.'S t4 D/*I/~'S 

r - - -  - -  i 8  - -  ~ 8  0 .  7 3 4  T1 ~-2.9 

o . o i  I 1 4 3  - -  3 0  i 4 3  2 5 . 8  1 3 0  5 2  [ 3 3 . 9  

2 , - -  - -  1 3  - -  13  0 . 6  2 0  {) i 4 , 8  
O,OI I 1 3 8  - -  3;) t 3 8  27" 7 I [ 7 6 4  1 4 0 . 3  

3 - -  - -  8 . 3  ---- '~.3 0 . 8 7  3 ° 9 2 0 . 0  

O.OtI  1 4 8  ~ 4 4  J 4 8 . o  2 9 . 4  r 3 1  6 0  ~ 5 4 . 2  

4 - - -  - -  3,5 - -  3 5 . 0  r , 6  7 5  z t  4 8 . 8  
o . o i  t z 3 6  . - -  - -  x 3 6 . o  l 2,o  1 9 5  6 3  1 3 5 . o  

5 ~ ~ 8 4  - -  S 4 . o  0 , 7 5  ~ 9 8  6 3  1 3  [ . o  
O.Ol  [ 7 8 0  ~ 2 0  1 8 o . o  2 0 , 5  2 ( i2  9 2  ~ I 2 . O  

6 - -  - -  0 7  - -  9 7 . 0  3 , 9  2 0 9  6 6  t 3 9 - 5  
o , o t  r t¢)5 - 3 0  I " ~  3 3 , 6  2 4 5  8 9  -~T9.8 

7 - -  - -  9 4  - -  0 4  I .  6 1 7 5  4 8  t t 2 . 3  
o . o t  I I l o  - -  - -  ! ~ o  1 5 . o  t 77  55 T 2 3 - °  

* E x p r e s s e d  a s  p m o l e s  g l u c o s e .  

Re]evc ,~ces  p ,  4 6 4 .  
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metabolic shaker. Unless otherwise stated,  an a tmosphere  of ni trogen was used. 
Glucose s, lactic acid ~ and  steam volatile f a t t y  acids 7 were de termined in aliquots of 
tile medium, before and af ter  incubation.  Volatile f a t t y  acids were identified b y  
chromatographic  separation on celite columns according to ]L]UEDING AND ¥ ' A L E  8, 

For  the determinatiort  of polysaccharide,  a t  least 6 flukes were ground in 3 ° % K O H  
(2 ml / ioo  rag) and the mixtore  placed in a boiling waterba th  for ~o min in a centrifuge 
tube covered with a marble.  The polysaccharide was then precipi ta ted according to 
the  method described by GooD, KR.XMER AND SOMOG~rl for glycogen 9. Total  carbo- 
hydra te  was de termined by the anthrone method  of SEIFTER et Lzl. 1°, Q o 2  and Qco~ 
were determined in ~Varburg vessels (total volume - 15 rot). Each flask conta ined  
2 flukes in 3 m] of medium. Incubat ion  was carried out  for 3 h. 

RESULT~ 

Anaerobic carbohydrale ~tlilizatio$~ 
Anaerobic incubat ion of the worms in medium containing no glucose resulted in 

a marked decrease in the total  ca rbohydra te  content  (Table I, cxpts. 5, 6, 7). Ill these 
experiments,  the initial total  carbohydra te  content  varied from 22o- i8o/zmoles /g  
wet wt. Anaerobic util ization of polysaccharide varied from 84-97/zmo]es]g wet wt. /6 h. 
Flukes used in expts, i ,  2 3 and 4 (Table I) were s tarved overnight  and  conse- 
quent ly  contained approximate ly  5o o;, of the original polysaccharide concentrat ion.  
Carbohydra te  uti l ization of tile s tarved flukes wa_~ marked ly  low. 

Incubat ion of worms, which had been s tarved overnight  in a medium conta ining 
glucose and  3 ° % bovine serum, resulted in an increase in the to ta l  ca rbohydra te  
which reached approximate ly  the same level as t h a t  of the  initial, Table II .  These 
experinaents indicate tha t  the liver fluke polysaccharide can be synthesized from 
glucose approximate ly  at  the same rate  as it is utilized during s tarvat ion ,  

T A B L E  II  

POLY.~,ACCIIARII)E UTILIZATION" A N D  S'~'NTI,rE~IS B'~" F a s c i o l a  h e p a t i c a  

F l u k e s  were  m c t t b a t e d  ( , ~ e r n i g h t  a t  37.52 in m e d i a  c o n t a i n i n g  n o  g h l c o s e ,  T h e  n e x t  d a y ,  h a l f  o f  
t h e  f l ukes  were  t r a n s f e r r e d  to  m e d i a  c o n t a i n i n g  a n t i b i o t i c s ,  dII1COSl~ a n d  30 % s e r u m  a n d  c u l t u r e d  
:[or a n ~ t h e r  24 h. T h e  o t h e r  ba l i  of  ~be ~t{trved f l uke s  w a s  u s e d  for g l y c o g e n  ( l e t e r m i n L t i o n .  All 

r cs t t l t s  a r e  cx t ) r e s sod  a s  t~molcs  g l u c o s e / g  w e t  wt .  

E x ~ .  ln~tial G l~ogo t  colitcnt GtFc~e~ conte~t 
No, etvco~en c*,nh'nt after starz~t mn al~r l*~ting 

] 273 1 3 5  2 3 8  
2 zS~ 5I 187 
3 204 ]23  204  
4 16o 7 6 ~6 5 

2 1 2  ~ 8  I53 

The carbohydra te  stored by these organisms is a polysaccharide which was 
completely hydro lysed  to  glucose af ter  boiling in i N HCI for 3 h. The na tu re  of 
the  product  af ter  hydrolysis  was confirmed by the  glucose oxidase reaction tl. This 
indicates t h a t  the carbohydra te  stored in Fasciola hepgtlaa is glycogen. 

Anaerobic glucose uti l ization by  both  the s tarved and  the non-s tarved fluk0s 
was very high. Non-starved flukes utilized in 6 h, H 0 - r 9 5  heracles of glucose/g of 

Re[ere~tces p .  464  . 
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wet  wt.  Flukes which had  been s t a rved  removed  from the medium,  136-148 :tmoles 
of glucose/g wet  wt. in 6 h. The  difference between the glucose up take  by  the  s t a rved  
and non-s ta rved  flukes is not  sigoificant. Therefore ,  the c a rbohyd ra t e  level in these 
organisms does not  interfere with the rate  of glucose up take  under  anaerobic  con- 
dit ions.  

Anaerobio carbohydrate balances o/the liver/luke 

Flukes  which had been s ta rved  overn ight  showed a ve ry  low endogenoas  recta-  
boric ra te  when t h e y  were incuba ted  under  anaerobic  c~mditions in media  containing 
no glucose. The  metabol ic  p roduc t s  of these flukes accounted  for a lmost  all the  
c a r b o h y d r a t e  u t i l ized:  Represen ta t ive  anaerobic  c a rbohyd ra t e  balances of s t a rved  as 
well as non-s t a rved  flukes are summar ized  in Table  I. Synthes is  of polysacchar ide  
in some exper imcn t s  accoun ted  for app r ox ima te ly  z8 % of the  glucose r emoved  from 
the  medium.  Volatile f a t t y  acids accoun ted  for 81-95 %, and lactic acid accounted  
for  4 - z 4  % of the  glucose r emoved  and  no t  c o a v e r t c d  to glycogen. 

On the o the r  hand,  flukes which had no t  been :~tarved, showed a high endogenous  
metabol ic  rate .  The  metabol ic  products  in these exper iments  accoun ted  for more tlxan 
the  endogenous  c a r b o h y d r a t e  utilized. This might  be a t t r i b u t e d  to  the  metabol ism 
of endogenous  subs t ra tes  by  non-s t a rved  organisms. Volatile f a t ty  acids were also 
the  ma jo r  end produc ts  when non-s ta rved  flukes were cu l tu red  in the presence of 
in the  absence of glucose. 

In ai." these exper iments ,  it was noticed tha t  the pre~cnce of glucose in the medium 
caused xo--i 3 lold increase in the  lactic acid produc t ion  while the fo rmat ion  of volati le 
f a t t y  acids was increased by  on ly  2o %. This indicates tha t  the ut i l izat ion of glucose 
s t imula tes  lactic acid fe rmenta t ion  more  than  the p roduc t ion  of volatile fa t t  g acids. 

Since WE1NLANI) AND VON BRAND a have r epor t ed  the  productiort  of lipids and  
non-vola t i le  f a t t y  acids by the European  s t ra in  of Fasciola hepaliva, a t t e m p t s  were 
made  to de te rmine  these subs tances  in the  cul ture  medium.  Aliquots  of the  medium 
were e x t r a c t e d  overn igh t  wi th  e ther  at  p H  2.o in a eontin-tous ex t rac t ion  appara tus .  
The  e the r  e x t r a c t  was dr ied with anhyd rous  N a e S O  t and the  residue he ~ted gen t ly  
on a sand ba th  to  evapo r a t e  the  volatile f a t t y  acids. The to ta l  weight of the e ther  

T A B L H  I l l  

A N A K R O B I C  P R O D U C T I O N  O F  CARI~ON D I O X I D e -  HY TI[PS LIVI~I~ F L U K ~  l"Qlsgt'o[a /l,~]9(ttg~tT(* 

I n  e a c h  e x p e r i n t e n t  t w o  f l ukes  in  3 m l  o f  m e d i u m  w e r e  i r~cuba ted  fo r  3 h in XVarburg  f l a sks  w i t h  
a c a p a c i t y  o f  15 ml .  A t  t h e  e n d  o f  t h a t  t i m e  0.2 m l  of  5 N H.,SO. t w a s  t i p p e d  lnt¢) t h e  m a i n  c o m -  
p a r t m e n t  to  r e l e a s e  all t h e  b o u n d  C O  z f r o m  t h e  m e d i a .  F i g u r e s  r e p r e s e n t  t h e  CO t p r o d u c e d  in  
/ , m o l e s / g  w e t  ~ t : / 3  h.  F l u k e s  u s e d  i n  e x p t s .  [, -' a n d  3 w e r e  n o n = s t a r v e d ,  ".vhii~- in c x p t s .  4, 3 

;LII(.| 0 f l u k e s  w e r e  s t a r v e d  o v e r n i g h t .  

CaFbon dioJcide ( ~,motes g u'¢l wI. 3 h) 
Ebpt .  N,.. 

No* glucose o . ,~  ~ ;n;;fc$ glnco~;e 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l 70.0 G2.5 
z (~4.o 04.0 
3 77.0 o2, .o 
4 50 .0  5~ .o  
5 6r  .o 49 .0  
~ 3~,5 56 ,o  

Re/erences p.  4,54. 
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ext rac t  af ter  neutral izat ion ranged from 2. 7 to 4.0 mg/g wet wt. Acids in this  fract ion 
amounted  to an average of 0- 9 pmoles/g wet wt,/6 h, These results indicate t ha t  the  
anaount of higher f a t t y  acids produced by  the liver fluke is negligible and could not  
account for any  significant amount  of ca rbohydra te  utiJized. 

I t  was observed tha t  flukes produced large quanti t ies  of carbon dioxide under  
anaerobic conditions (I54-~oo ~moles/g wet wt./6 h). The presence of glucose in the 
medium did not significantly change the Qcoa (Table III) .  Because of the high rate  
of propionic acid fermentat ion,  it is possible tha t  this acid is formed by  a decarboxy-  
]ation mechanism. 

ldentiflcatio~ 6/volatil~/ally acfils /rom ~ulture media 

Volatile f a t t y  P.cids which have been isola.tod from media  were ch romatographed  
on celite columns ~. I t  was found t h a t  these acids were propionic and  acetic acids. 
The ratio "~f propionic to acetic was approx imate ly  3:z- Fig, x i l lustrates repre- 
sentat ive experiments for the  chromatographic  separat ion of these acids. When the  
buffe.r of the non-mobile phase had  a p H  of 6. 5, no acids were e luted wi th  pure 
chloroform. Under  similar conditions, bu tyr ic  acid was e lu ted from a known mix tu re  
of acids. Propionic acid was eluted wi th  chloroform containing 5 % butanol  and  acetic 

O/ acid with 20 .o butanol .  Another  column which was used. to  give a faster separat ion 
of the two acids had  the buffer of the non-mobile phase a t  a pH of 3,5 (Fig. 2). 
Propior.ic acid was eluted from this column with  pure chloroform while acetic acid 
was eluted with  5 % butanol  in chloroform. Quant i t a t ive  recoveries were obtained 
from both columns. 

The iden t i ty  of volatile acids excreted by the  fluke~ was fur ther  confirmed by  

pH 6..~ 

40 Known Acids 

] c, 
30 5'>/. Bular~ol lit.- 20*/. Butarml 

|otme CH, C~] m C~EI3] "%_ in CHCB 3 

N =!1 7 \  b 

20 (~O I ~  140 tl~,O 2 2 0  P.60 :~I[X) ~K)  

ml of SoDent Eluted fn~rn the Column 

Fluke Acids 
4 0 .  C3 

]'O / 5% Butan0l ~IL 2CP/~ iB utarn~, 
~Dur~ Cl"~l~ in CHCt~ ~ in CHCI~ 

20  80  ;oo 140 I ~  22o 2 r ~  3oo 3,1o 

nat of  SoDent Eluled from the Column 

F ig .  ~,. S e p a r a t i o n  of vo l a t i l e  f a t t y  ac ids  by 
mean.q of ae l i te  c o l u m n s ,  2 ;~1 p h o s p h a t e  Imffer, 

p H  b.5. 
l ~ e / e : ' e ~ c e . s  it,. 4 6 4  . 

aH 3 5  

~k 

!5o. 

qo. 

3o. 

20.  

IO. 

r ~  Known Acids 

2"o *b 6o go cbo iP.o #,o ~o 
m~ of Solvent Ehted from the  Colunm 

Fluke Acids 

401 C3 

'-- I pu~ Ct'ICLs / \ m C'~;CI 3 

, I I I  . . . .  I 

20 4 o  6 0  ~0  ioo I~O 140 160 
ml of ~olvent Etuted from the Column 

Fig.  2. SopS.rat ion ot v o l a t i l e  fettty "c ids  b y  
m e a n s  of ce l i t e  c o l u m n s ;  z 31 p h o s p h a t e  buffer ,  

p H  3.5. 
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de t e rmina t ion  of the  mel t ing  point  nf their  derivat ives.  Frac t ions  of propiouic and 
acetic acids isolated from the  columns were purified fur ther  and concen t ra t ed  ac- 
cording to the  procedure  of B~:I-zDI,~ ,tN~ Y.XLV. s, and  the  p -b romophenacy l  esters 
of these f ract ions  were p repa red  zz, The  melt ing point  of the  propionic ac.:d der iva t ive  
f rom the  fluke med ium was 57o-58°,  and did not  change when mixed wi th  an aufl~entic 
sample  of p - b r o m o p h e n a c y l  p rop iona te  (57'-~-58°). The  melt ing point  of acetic acid 
der iva t ive  isolated from fluke media  was 81°-82 '. rh.o, mixed melt ing point  with 
p-bromclphenacyl  ace ta te  (8i °-82 °) was 8o °--8 [ ° 

Oxygen uptake an/_l rasping/cry q~t,:tic~t.ts o.i F. ht.patica 

Al though  it was found  tha t  aer .b ios is  has no significant Effect on the metabol i sm 
of  F. hepatica, the  parasi tes consume oxygen  available in the a tmospher ic  air. In  the  
absence  of glucose from the  medium,  the oxygen  uptake  var ied from 35.0 to  42.6 
tzmoles/g wet wt. /3 h. The resp i ra to ry  quot ien t s  var ied from 2.2 to 1.65. The presence 
of glucose in the  meui tun d id  n o t  change the  resp i ra tory  quofient.~ nor  the Q(.)~ 
significantly.  These  exper iments  are summar ized  in Table lV. The  unusual ly  high 
r e sp i r a to ry  quot ien t s  of the liver fluke suggests t ha t  these org~mism~ do not  depend 
on  a tmospher ic  oxygen  for their  metabol ism.  I t  is wor th  ment ion ing  here tha t  the 
a m o u n t  of CO~ produced  aerobical ly  is app rox ima te ly  equivalent  to t lmt produced 
anaerobica l ly .  

R E S P I R A T O R Y  Q U O T I E N T  OF -JL"aSaiL~[C~ ]?~'lOfltiCa IN  "FILE AB-GENCE A N D  I N  " r i t e  P R E S E N C F 2 0 t :  GLtYCO.q.I~. 

In (~gch experiment batches ,,f two thtkes in 3 mlot  medium were incubated in Warburg fla.~kg 
with a ¢ap0.city of 15 ml for 3 h. Qc,a and Qco~_ were calculated as/,moles/g wet wt./3 Ix, Flukes 

used in e×pts. _ to 4 w e r e  n o u - s t a r v c d  while flukes used in expts..5 and 6 were starved. 

E tpt ,  A'o. -, 
Oo z 0 ( o , :  /':~,~ ' ) o  , ~ i6"O . t,:Q 

I 3 0 , ~  ~ 2 . ( t  2 , 2  4 [ .3  '%7 2.  I 

2 4 2 d ,  7t~ .o l .~  7 -I [ . o  ~h, t .O I , .3h 

3 .IO,(~ t~O. 5 I .  73  3 t~.o 0(~.o t .'~3 
4 3 . 5 . 0  (~4 .r~ I .'~3 3 *~-'~ 5 ~.¢) i J~o 

5 4 , ) .5  ~ 7 . o  i .l':, 5 3 s . ,  7 0 . 5  ~ .'q4 
(* 3S.¢~ O 7 . o  I .  7~  3f~.8 58.¢~ i A)o 

Effea o/aerobiosis o~ -'hwoso z~tilizatio~ a~M production o~ volatile fatty acids co~d lactic 
acid 

C a r b o h y d r a t e  balances of ba tches  of l iver flukes were de te rmined  both  aerobical ly  
and  anaerobica l ly  (Table V). Glucose up take  was only  sl ightly decreased to the ex t en t  
of 6-27  % under  aerobic condit ions.  Fur the rmore ,  in the  presence of a tmospher ic  
oxygen,  lactic acid and  volat i le  f a t t y  acid p roduc t ion  were decreased only  siightly. 
These  results  indicate  the absence of a marked  Pas teur  effect. 

Tha i.nflz,o~co o/ the alimeJ~h, rv cared oi Fasciola hepat ica  0~ its carbohydrate metabolism 

The  liver fluke ingests i ced  t h r ough  the  oral  opening which leads to  the  gu t  of 
the  paras i te  and  is su r rounded  b 3- the  oral  sucker. Since the  glucose u p t a k e  of these 

R C . t e r e n e e s  P .  4 6 4 .  
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T A B L H  V 

C A R n O H ' t ' I ) R A T I ~  MF;'I 'ABCtLIS~I O F  T I I F  L I V E R  FLUI '~NS U N D E R  A N A E R O B I C  ANI? AI~ROBIC C O N I ) I T I O N ~ ,  

F l u k e s  w e r e  i n c u b a t e d  h~r v a r y i n g  l e n g t h  of  t i m e  in  t h e  s t a n d a r d  s a l i n e  m e d i u m .  All  r e s u l t s  a r e  
e x p r e s s e d  a s  i m m l e s / g  w e t  w t .  

.4 ¢ COb iC .~ Jtlter¢ ~l t 
A'.t pt, 7m rd,ati~;~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No .  time Gh*¢osc Lactic acid I ' rdatz'tc Gtucas¢ I.actlc acid F'olutite 

tatt_l' acid Itptakf ],rodur'~'d ~at~J, a rm ;tOtl v$ upta k f ptodRcgtl p votluctd pn:dn cell 

[ 5 15 t  z g . o  360 t 05 t o . 0  378 
2 .5 I '4 N 1 5 . 0  29 ( )  201  2 0 .  4 4 2 6  

3 .5 t 5 o 16.0 43.5 I ~m ] 7.0 356  
4 3 04 S.6 I 5 7  ,No I3.  3 tTd 
5 3 6 5 1 3.0 I4  ° S~ 7,5 18 3 

organisms was relatively high, the question arose whether  glucose has to reach the ali- 
mentary'  canal before it is absorbed, or whether  it can be absorbed through the cuticle. 
To test this, e::periments were designed to measure the metabol ism of intact  flukes 
as weU as flukes with closed oral openings. The oral openings were closed by  l igatur ing 
the worms between the anter ior  and  the  posterior suckers. Anaerobic ca rbohydra te  
balances of t igatured batches of flukes, as weLl as control  batches,  are recorded in 
Table VI. I t  is no ted  tha t  the glucose up take  of l igatured flukes is ahnos t  identical  
with t!:at of the controls. Fur thermore ,  both  lactic acid and  volatile f a t t y  acids 
product ion of l igatured flukes were not  significantly different from those of the  
control.  It  is concluded t h a t  nei ther  the absorption of glucose from the outs ide  
medium, nor the excret ion of these metabolic products  are carried out  th rough  the  gut ,  

TAI~ILE V l  

A N A E R O B I C  M E T A B O L I S M  O F  T H E  LIVt~R FLUKE- ' ;  ",~VITH LIGATUt~I.-.;I) O R A L  O P E N I N G S  

P ' lukes  w e r e  l i g a t u r c d  w i t h  c o t t o n  t h r e a d s  b e t w e e n  t i le  o r a l  a , l d  t i le  v e n t r a l  s t i cke r  t o  p r e v e n t  
i n g e s t i o n  ,a~ ~,nv m e d i u m  b y  t h e  ~ra l  ~rif ice.  H~ttches o I  c o n t r o l  a s  wel t  a s  l i g a t u r e d  f l ukes  w e r e  

i n c u b a t e d  f o r  3 h .  All r e s u l t s  a r e  e x p r e s s e d  a s  t t r no l e s  g h t c o s e / g  w e t  w t ,  

! ",da ~ fie 
l:.xpt. T y p e  o[ l fukes Glucose t,pCakr Lactic  acid /t~tty ,tcitt.~" 
.~,'o. " HPlr°h's Mm°l¢~ /o~loh" 

z C o n t r o l  56 r 5 15z 
l A g a t u r e d  56 T t I q i 

2 ( ' o n t r t f l  68 ,%0 16,~ 
1. igat  u r e d  64 6, 7 1.5.5 

3 C o n t r o l  5 I, 2 7.25  t G3 
L i g a t u r e d  48 .o  t~.-5~ ! 28 

DISCUSSION 

Anaerobic uti l izat ion of glucose and of glycogen among m a n y  parasit ic helmJnths  
results in the  format ion  of volatile f a t t y  acids ~. Such incomplete  ut i l izat ion of carbo- 
h y d ra t e  is ma in ly  due to the  inaccessabil i ty of oxygen  to these organisms. The liver 
fluke, Fasciola hepatica, is a metazoan  parasi te  which lives in the  bile duct ,  a pre- 
dominan t ly  anaerebic environment .  I t  is not  surprising, therefore,  to observe t h a t  
ICe~erectors p .  4 6 4 .  
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these erganisms canno t  metabol ize  c a r b o h y d r a t e  more  efficiently th rough  oxidat ive  
processes with the  end produc ts  of CO z and  water.  The fact  t ha t ,  in the presence 
of a tmospher ic  oxygen,  the ut i l izat ion of glucose and  the p roduc t ion  of volati le f a t t y  
acids were only  reduced slightly,  s t rongly  suggests an anaerobic  t y p e  of metabol ism.  
i f  ox ida t ive  metabol ism did con t r ibu te  a large amoun t  of energy  to this  organism, 
f e rmen ta t i on  should be decreased to  ~ g rea te r  ex t en t  when respira t ion occurs. I t  mus t  
be noted ,  however ,  tiLat in the  presence of a tmospher ic  oxygen,  ,-L slight sparing effect 
on glucose ut i l izat ion and on the  productior ,  of volati le f a t t y  acids did occur. I t  is, 
therefore ,  more  justifiable to  s ta te  tha t  Fasciola he.paticcc m a y  require a small por t ion  
of its ox ida t ive  metabol ism.  

The  concen t ra t ion  of glycogen in the liver fluke var ied  from one ha tch  to the  
other .  ] 'his p robab ly  depends  on the nu t r i t iona l  condi t ion of the  paras i te  and  of the  
host.  Glycogen in the worms was utilized ,at a high rate  when the flukes were cul tured 
in a med ium conta in ing  no sugar. When  glucose wa2~ present  in the media,  glycogen 
was conserved.  In fact ,  in those  cul tures  whi.ch had  a low initial concen t ra t ion  of 
polysacchar ide ,  synthes is  of glycogen was demons t r a t ed  at  app rox ima te ly  the same 
ra te  a t  which it was ut i l ized (luring s ta rva t ion .  YON BR.XXD 1 observed  tha t  the  high 
glycogen con ten t  of paras i t ic  worms is re la ted  to an oxygen-poor  hab i ta t .  Such 
corre la t ion  is sa t i s Iac to ry  also in the case ¢>[ the  liver fluke. The high polysacchar ide  
reserve in these organisms might  be essential  for  the existence of Fasciola in the bile 
duc t ,  which has a ve ry  low glucose content .  

I t  has been shown tha t  glucose is uti l ized at  a high ra te  by  s ta rved  as well as 
r, ou - s t a~ , ed  flukes. The  average  glucose up t ake  per  six hours  var ied from 1 Io - I95  
#moles /g  wet wt. This is lower t han  tlm.t repor ted  on ano the r  t rematode ,  Schislosoma 
mac)sent (600/zmoles/g./6 hla). 

Metabolic balance experiment.~ have shown that the production of propionic ~tnd 
acetic acids accounted for almost all the carbohydrate utilized anaerobically. Only' 
4-8 % of the metabolized carbohydrate was converted to lactic acid. Fatty acids are 
fo rmed  by  Fasciola hepatica at  a much  higher ra te  than  b y  Asvaris lumhricoides. 
Volati le f a t t y  acids account  for ~t least 9 ° °0 of the metabol ic  p toduc ts  of the la t ter  
organism. The  to ta l  volat i le  f a t t y  acids produced  by  Fasciola hepatic,~ in 6 b ,.;'as 
a p p r o x i m a t e l y  o. 3 mmoles /g  wet wt., while Ascaris lt,mbrlcoidas produces  in 2. 4 it, 
only  o .o25-o .o4  mmoles  of volat i le  f a t t y  acids/g wet wt. 8, The  higher  metabol ic  ra te  
of  Faseiola s t rong ly  suggests higher requ i rements  of avai lable  ~nelgy ill these organ-  
isms. "_['his might  be a t t r i b u t e d  to  the high muscular  ac t iv i ty  of this parasi te.  St imu-  
la t ion  of muscular  a c t i v i t y  of Fasciola, however,  by  low concent ra t ions  of serotonin 
(5 - hyd roxy t ryp t ami ne )  or lysergic acid d ie t i ty lamide results in 2-{) fold increase fix 
l ac ta te  p roduc t ion  while there  is l i t t le or no change in volatile f a t t y  acid produc t ion  TM ~s. 
I t  would appea r  tha t  the  physiological  funct ion of lactic acid f e rmen ta t ion  in the 
organism is re la ted  to increased energy  requirements .  

~VEINLAND AN'I) VON BRAND ~, in thei r  classical studies on the metabol ism of 
Fasciola hepatica, have  shown t h a t  volatile f a t t y  ac,.'d.~ were formed a t  a much  lower 
ra te  t ha n  tha t  r epo r t ed  in the preseut  studies ( ooo  7 mmole/g  wet wt. /6 h). This 
corresponds  to almo.~t 2 % of the  amoun t  produced in out" experiments .  I t  is con- 
ceivable  t h a t  tile Eu ropean  strain used by  y o n  BRANI~ is biochemical ly  different  f rom 
the Gulf Coast s t rain used in the present  s tudy.  Observat ions  based on morphological  
character is t ics  and  size s t rongly  suggest t ha t  ttle Gulf Coast fortil is act 'dally a h y b r i d  

Re]ere~zccs p. 404. 
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.~ t_~.xI~M A R Y  

E v i d e n c e  is p r e s e n t e d  f o r  t h e  p r e s e n c e  o f  a n  a c t i v e  e n z y m e  s y s t e m  i n  r a t  k i d n e y  
f o r  t h e  c o n v e r s i o n  o f  i . - g u l o n o l a c t o n e  o r  L - g u l o n i c  a c i d  t o  L o x y l u l o s e .  I d e n t i f i c a t i o n  
o f  t h e  e n d  p r o d u c t  w a s  e s t a b l i s h e d  b y  a c a r r i e r  d i l u t i o n  t e c h n i q u e ,  s p e c i f i c  e n z y m a t i c  
a n d  c o l o r i m e t r i c  a s s a y s ,  a n d  c o l u m n  a n d  p a p e r  c h r o m a t o g r a p h i c  d a t a .  E v i d e n c e  i s  
a l s o  p r e s e n t e d  f o r  t h e  f o r m a t i o n  o f  a s m a l l  a m o u n t  o f  xylitoI a s  a f u r t h e r  product in 
t h i s  r e a c t i o n .  A s c h e m e  f o r  t h e  m e t a b o l i s m  o f  L - g u l o n o l a c t o n e  i n v o l v i n g  t h e  p e n t o s e  
p h o s p h a t e  p a t h w a y  i s  p r e s e n t e d .  
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