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i n  Km h -~. The correlat ion co-efficients (r) for these 
least-square regressions were 0.96 and 0.88 respect ively.  

The  gradient  of such lines can be used to compare  the  
cost-effectiveness of locomotion among different  species. 
F r o m  the  equat ions  of TAYLOR, SCHMIDT-NIELSEN and 
RAAB 4 t h e  predic ted  gradient  for a eu ther ian  of equal  
body  mass to the larger echidna is 0.32 and for the  smaller, 
0.43. We  suggest t h a t  the  ra te  of increase in s teady  s ta te  
oxygen  consumpt ion  wi th  increasing walking speed in the  
echidna is similar to t h a t  found in o ther  mammals .  

T h e  to ta l  oxygen  consumed per  uni t  body mass while 
t ravel l ing  a given dis tance (defined as the  cost  of t rans-  
por t  : 5, for the echidna is however  lower than  the predic ted  
va lue  ~. Hence  the  change in power  wi th  change in ve loc i ty  
in the  echidna is similar  to t h a t  in eutherians,  bu t  the  
to ta l  energy requ i rement  to t r ave l  the  same dis tance is 
less. This  i s  due to low rest ing oxygen  consumption,  the  
value  of M when V is zero in the  above equat ion.  These 
ex t rapo la ted  values are s l igh t ly  above values previous ly  
de te rmined  for basal  levels 1, b u t  are still less t han  60% 
of expec ted  levels for euther ians  6. 

Most of the  energy requi rements  for locomotion on 
level surfaces is bel ieved to be dissipated as work in 
accelerat ing and decelerat ing l imbs and in overcoming  
fr ict ional  resistance inherent  in joints.  As a corollary to 
the  former  it  m a y  be argued t h a t  a concent ra t ion  of 
muscle mass close to the  girdle insert ion and an increase 
in the  effect ive length  of the l imb (a progression towards  
the  ungull igrade condition) leads to a reduct ion  in the  
m o m e n t  of inert ia  of the  l imb and a corresponding 
decrease in locomotory  energy requirements .  The mam-  
mals whose running performances  are used in scaling 
equat ions  4 include some whose l imb s t ructure  would  
suppor t  this  view. The echidna however  uses burrowing 
for bo th  food gather ing and evasion, and has short  
dis tal ly  h e a v y  l imbs wi th  pronounced  elongat ion of the  
manus  and pes. Despi te  this var ia t ion  in l imb configura-  
t ion however ,  the  ra te  of increase of oxygen  consumpt ion  
wi th  ve loc i ty  in the  echidna is similar to t h a t  for o ther  
mammals .  

Since locomotory  costs at  the  speeds used in this exper-  
iment  are therefore  no t  apparen t ly  influenced by  a 
dis tal ly  massive l imb or a unique  form of humora l  move-  
ment ,  we suggest  th ree  possible conclusions. First ly,  i t  is 
possible t h a t  the effect  of these features is too small  to 
observe as oxygen  consumption.  Al terna t ive ly ,  if a large 

propor t ion  of the  energy inves ted  in each l imb m o v e m e n t  
is s tored in elastic s t ructures  and re tu rned  dur ing the  
nex t  phase of the  step cycle, the  large m o m e n t  of iner t ia  
of the  l imb is of l i t t le  consequence.  Final ly,  the  propor t ion  
of energy expended  in accelerat ion of the  l imbs m a y  be 
very  small.  

F r o m  this  considerat ion of echidna locomotion we 
have  conf i rmed findings in o ther  species. Work  on the  
insect ivore (Tenrec ecaudatus)7 and a va r i e ty  of l izard 
species s has previous ly  suggested t h a t  ra te  of increase in 
power  wi th  speed is independen t  of gait;  s tance and 
rest ing metabol ic  levels. In  another  series Of exper iments  9 
invo lv ing  m a m m a l s  of ~imilar body  mass bu t  wi th  
va ry ing  moments  of iner t ia  of limbs, the  cost  of locomo- 
t ion was the  same over  a wide range of speeds. We have  
conf i rmed bo th  of these findings in one species, the  
echidna.  We  suggest  t h a t  i t  is possible to use scaling 
equat ions  to predic t  oxygen  demands  in locomotion in 
animals  of va s t l y  different  physiological  and ana tomica l  
characterist ics,  however  the  reasons for the  va l id i ty  of 
these equat ions  is still  largely unkno,wn. 

Summary. The s teady  s ta te  oxygen  consumpt ion  of 
two echidnas was measured  dur ing locomotion on a 
t readmil l .  The  change in power  inpu t  wi th  change in 
ve loc i ty  is s imilar  to t h a t  found in o ther  mammals ,  bu t  
the  to ta l  energy requ i rement  for locomotion is less. The  
significance of these findings in an animal  wi th  low basal  
metabo l i sm and dis ta l ly  h e a v y  l imbs is discussed. 
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A b s e n c e  of E f f e c t s o f  D ibutyry l  Cycl ic  G u a n o s i n e  3 ' , 5 ' - M o n o p h o s p h a t e  on  R e l e a s e  of a , A m y l a s e ,  
45Ca Eff lux ,  and P,rotein S y n t h e s i s  in Rat  P a n c r e a s  in v i tro1 ,  

' _M1 the  exocrine pancreas,  cholinergic agents  s t imula te  
bo th  the  release of ~-amylase 3=5, and the  efflux of ~sCa e-s, 
while a t  the  same t ime  depressing p ro te in ' syn thes i s  9-11. 
In  some organs, cholinergic effects have  been associated 
with  a s t imula t ion  of the intracellular accumulation of 
cyclic guanosine Y, 5 ' -monophosphate  (GMP); and the  
emerging belief appears  to be t h a t  this nucleot ide mediates  
cholinergic act ion 12. The  current  s tudy  was designed to as- 
cer ta in  whether  the  d ibu tyry l  analogue of cyclic GMP could 
mimic  the  carbachol  effects o n  enzyme release, asCa efflux 
and prote in  synthesis  in the  ra t  pancreas.  

Materials and methods. Female  Sprague-Dawley  rats  
(180-225 g) were decap i ta ted ;  excised pancrea ta  were 
t r i m m e d  of adheren t  fa t  and mesen ta ry  and cut  into 
f ragments  in chilled, oxygena ted  Krebs-Ringer  bicar- 
bona te  buffer  (Ca 2+ adjus ted  to 0.05 raM). Secret ion of 

~-amylase (30 min s t imula to ry  period) a n d  efflux of ~sCa 
were s tudied according to previous ly  described techniques  8. 

P ro te in  synthesis  was measured  by  s tudying  the  in- 
corporat ion of 3H-leucine into t r ichloroacet ic  acid-pre- 
cipi table protein.  Pancrea t i c  f ragments  ( ~  100 mg) were 
pre incubated  for 10 min in 2 ml  buffer containing the  
var ious  tes t  agents.  Two ~mole 3H-leucine (specific 
ac t iv i ty  0.5 [zCi/~mole) were added and incubat ion al lowed 
to cont inue for an addi t ional  20 min. The  react ion was 
s topped by  homogeniz ing the  tissue in its own medium,  
r emoving  50 [~1 al iquots  for prote in  de terminat ion  13, 
and precip i ta t ing  the  remain ing  homogenate  wi th  an 
equal  vo lume  of cold 10% tr ichloroacet ic  acid. The  
acidified homogena te  was centr i fuged and the  pel le t  
washed 3 t imes  wi th  5 G t r ichloroacet ic  acid before be ing  
disolved in 2 ml  of formic acid. Rad ioac t iv i t y  was subse- 
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q u e n t l y  m e a s u r e d  in a 200 t,l a l i q u o t  of t h e  s u s p e n s i o n ,  
c o u n t s  b e i n g  c o r r e c t e d  for  b a c k g r o u n d  a n d  efficiency.  

Results.  T h e  d i b u t y r y l  a n a l o g u e  of cyclic G M P  (10 -7-  
10 -a M) did n o t  a l t e r  b a s a l  c~-amylase re lease  d u r i n g  a 
30 m i n  i n c u b a t i o n  pe r i od ;  cyclic G M P  (10 -a M)  i tself  
w a s  s i m i l a r l y  inef fec t ive  even  a f t e r  100 m i n  of i n c u b a t i o n  
(da t a  n o t  shown) .  As  desc r ibed  in Tab l e  I,  t h e  a n a l o g u e  
(10 -a M) also d id  n o t  in f luence  the  s e c r e t o r y  r e s p o n s e  to  
10 -5 M ca rbacho l .  

W i t h  r e spec t  to  4~Ca eff lux,  d i b u t y r y l  cyclic G M P  
(10 -5 M) m o d e r a t e l y  inc reased  the  e f f lux  ra te ,  t h o u g h  
n o n - s i g n i f i c a n t l y  in c o m p a r i s o n  to  t h e  con t ro l s  (Table  I I ) .  
C a r b a c h o l  (10 -5 M),  on  the  o t h e r  h a n d ,  i nc reased  t h e  r a t e  
of re lease  of  t h e  ion s ign i f ican t ly ,  in  c o m p a r i s o n  to  un -  

Table I. Effects of dibutyryl cyclic GMP (10 -a M) on basal and car- 
baehol (10 -5) M stimulated secretion of c(-amylase from rat pancreas 
incubated for 30 min at 37 ~ 

Addition Release ( % ) 

None 5.87 -1= 0.30 
Dibutyryl cyclic GMP 6.85 _[_ 0.30 
Carbaehol 12.48 -L 0.22 �9 
Dibutyryl cyclic GMP + earbachol 13.83 j_ 0.61 �9 

Values are means ~ SEM of 4 observations. ~ P < 0.001. 

t r e a t e d  t i ssues ,  a n d  a t  5 a n d  15 m i n  in c o m p a r i s o n  to  
t i s sues  t r e a t e d  w i t h  d i b u t y r y l  cyclic GMP.  T h e  nuc leo t ide  
did n o t  af fec t  t h e  r e s p o n s e  to  c a r b a c h o l .  

"Whereas c a r b a c h o l  (10 -5 M)  d e p r e s s e d  t h e  r a t e  of  
i n c o r p o r a t i o n  of aH- leuc ine  i n to  n e w l y  s y n t h e s i z e d  p r o t e i n  
(Table  I I I ) ,  t h i s  effect  w a s  n o t  d u p l i c a t e d  b y  d i b u t y r y l  
cyclic G M P  (10 -5 M) .  I n  add i t ion ,  t h e  nuc leo t ide  did n o t  
a l t e r  t he  c a r b a c h o l  effect.  

Discussion.  I n  m a n y  c h o l i n e r g i c a l l y - i n n e r v a t e d  t i ssues ,  
t h e  effect  of t h e  n e u r o t r a n s m i t t e r  is a s soc ia t ed  w i t h  a n  
i n t r ac e l l u l a r  a c c u m u l a t i o n  of  cyclic G M P  ~2. To  o u r  k n o w l -  
edge,  a s imi l a r  c o r r e l a t i o n  h a s  n o t  been  r e p o r t e d  in 
p a n c r e a s ,  t h o u g h  ind i r ec t  ev idence  sugge s t s  t h a t  cyclic 
G M P  m a y  p l a y  a role  in sec re t ion  of e n z y m e  14 or  de n o v o  
p r o t e i n  s y n t h e s i s  ~1 in t h i s  o rgan .  D i b u t y r y l  cyclic G M P  
h a s  been  u s e d  in o t h e r  s t u d i e s  to  m i m i c  t h e  m u s c a r i n i c  
effects  of cho l ine rg ics  15 ~s. I n  t he  p r e s e n t  s t u d y  t h e  
nuc leo t ide  w a s  b io log ica l ly  iner t ,  p e r h a p s  as  a r e su l t  of t h e  
i m p e r m e a b i l i t y  of r a t  p a n c r e a t i c  m e m b r a n e s  to  it. Whi l e  
n o t  be ing  su f f i c i en t ly  conc lus ive  to  e l i m i n a t e  cyclic 
G M P  as a n  i n t r a ce l l u l a r  p a n c r e a t i c  m e d i a t o r ,  t h e  c u r r e n t  
f ind ings  do  u n d e r l i n e  tile f ac t  t h a t  e x o g e n o u s  d i b u t y r y l  
cyclic G M P  m a y ,  in c e r t a i n  t i ssues ,  be  a n  a g e n t  of l imi ted  
use fu lness  in c o n f i r m i n g  t h e  h o r m o n a l  ac t ions  of  p a r a -  
s y m p a t h o m i m e t i c  s u b s t a n c e s .  

Summary .  D i b u t y r y l  cyclic G M P  did  n o t  a f fec t  basa l ,  
or  c a r b a c h o l  s t i m u l a t e d  sec re t ion  of ~ -amylase  f r o m  r a t  
p a n c r e a s .  T h e  nuc leo t ide  d id  n o t  h a v e  a s ign i f i can t  effect  

Table II. Efflux of 45Ca from rat pancreas incubated at 37~ in the presence of dibutyryl cyclic GMP (10 .5 M) or carbachol (10 -5 M) or the 
two agents together 

Addition 

Incubation (nfin) ~ 

45Ca remaining in Tissue (%) 

5 10 15 20 30 

None 70.3 • 5.0 61.8 ~ 4.9 49.0 j_ 3.4 48.3 ~= 3.3 46.2 • 5.0 
Dibutyryl cyclic GMP 59.6 • 3.7 52.0 =: 5.2 47.8 ~- 3.1 41.6 ~_ 2.3 34.7 ~= 2.4 
Carbachol 49.3 i 1.9b 42.2 :~ 3.9 a 38.1 • 2.4 c 34.1 -c 3.0 a 29.6 i 3.2a 
Dibutyryl cyclic GMP + carbaehol 52.0 ~ 3.5 ~ 42.7 ~ 4.9 c 33.3 • 1.9 o 29.8 =}_ 3.7 ~ 29.9 ~ 2.8 ~ 

Values are means 4_ SEM of 4-5 observations. �9 Efflux is expressed as a percentage of the specific activity (dpm 45Ca/mg protein) with respect 
to the specific activity in the 'Zero time' (unincubated) samples 100%. b p < 0.005. c p < 0.01. a p < 0.02. ~ p < 0.05. 

Table III .  Effects of dibutyryl cyclic GMP (10 5 M) and carbachol 
(10 5 M) on protein synthesis in ra~ pancreas as measured by the 
incorporation of SH-leucine into trichloroaeetie-acid insoluble protein 

Addition aH-Leucine incorporated 
(dpm/mg/20 min) 

None 879 
Dibutyryl cyclic GMP 931 
Carbachol 480 
Dibutyryl cyclic GMP + carbachol 554 

Observations repeated in quadruplicate; results presented are from 
a typical experiment. 
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on 45Ca release f rom the  pancreas  nor  did i t  a l ter  the  
response to carbachol .  The d ibu ty ry l  analogue of cyclic 
GMP did no t  dupl ica te  or a l ter  the  inh ib i to ry  effect  of 
carbachol  on 3H-leucine incorpora t ion  into pancrea t ic  
t r ichloroacet ic  ac id-precipi table  protein.  

Rdsumd. L'ef fe t  du d ibu ty ry l  GMPc sur la s6cr6tion 
d ' e -amylase ,  l 'eff lux du 45Ca et  la synthgse  de nouvelles  
prot6ines  dans  le pancr6as  du rat ,  on t  6t6 6tudi6s. Le 
d ibu ty ry l  GMPc n ' a f fec te  ni la s~cr6tion d ' e n z y m e  basale 
ni celle st imul6e par  le carbachol .  Le nucl6otide n ' a  pas  un 

effet  significatif  sur le re l~chement  du 4~Ca du pancreas  e t  
n 'a l t6re  pas la r6ponse du carbachol .  L 'ana logue  ne mime  
pas e t  ne change pas  l 'effet  du carbachol  sur l ' incorpora t ion  
du SH-leucine dans  les prot6ines  pr6cipit6es par  l 'acide 
t r ichloroac6t ique.  
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inh ib i t i on  of Diures i s  in the Tsetse  Fly (Glossina morsitans) by Ouabain  a n d  Acetazo lamide  

Recen t ly  TOBE 1 reviewed the  l i te ra ture  dealing wi th  
diuresis following a blood meal  in t se tse  flies and  p resen ted  
evidence concerning wa te r  m o v e m e n t s  in female Glossina 
austeni. TOBE showed t h a t  3H20 was rap id ly  e l imina ted  
af ter  it  had  been  inges ted  in a meal  of def ib r ina ted  beef 
blood and  t h a t  the  specific ac t iv i ty  in the  urine was 
app rox ima te ly  the  same as the  specific ac t iv i ty  in the  
meal;  the  specific ac t iv i ty  of t se tse  h a e m o l y m p h  was, 
however ,  cons iderably  lower t h a n  the  meal  on which the  
flies fed. By  feeding ~4C-carboxyi dex t r an  in def ibr ina ted  
beef  blood, TOBE showed t h a t  13 of 31 flies excre ted  
s ignif icant  a m o u n t s  of 14C wi th in  5 min of feeding, b u t  no 
~C was found  in t he  h a e m o l y m p h .  TOBE proposed  2 
models  to expla in  the  resul ts :  in the  f i rs t  model  wa te r  
passes d i rec t ly  down  the  gut  and in t he  second model  
wa te r  passes t h rough  the  gut  wall and Malpighian tubules  
and there  is a c o m p a r t m e n t a l i z a t i o n  of the  t se tse  haemo-  
lymph.  The evidence suppor t ed  bo th  models  and  it was 
no t  possible to choose be tween  them.  I therefore  wish to 
repor t  m y  obse rva t ion  t h a t  b o t h  ace tazolamide  and 
ouabain,  metabol ic  inhibi tors  which  in terfere  wi th  cer ta in  
m e m b r a n e  t r a n s p o r t  sys tems,  reduce the  ra te  of wa te r  
e l iminat ion  by  male  Glossina morsitans morsitans. 

Materials and methods. G. morsitans used in th is  experi-  
m e n t  were f rom our colony wh ich  i s m a i n t a i n e d  by  feeding 
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Effect of acetazolamide and ouabain on diuresis by male G. morsitans 
after feeding on a meal of 0.85% NaC1, 1 mM ATP at pH 7.4. Each 
point is the mean of 8 to 12 determinations; the number of flies used 
is given in parentheses. The standard deviation for each of the means 
was approximately 10% of that mean. 
A) 300 tzg/ml aeetazolamide (12) ; B) 20 [~g/ml ouabain (10) ; C) 0.2 [xg[ 
ml ouabain (8) ; D) 50 [xg/ml acetazolamide (11) ; E) 0.2 [xg/ml ouabain 
plus 50 [xg/ml acetazolamide (11); F) control (10). 

on rabb i t s  6 days  per  week 2. Previous ly  unfed males were 
ind iv idua l ly  weighed (to 0.01 m g ) . w h e n  24 to 48 h old, 
fed the  exper imen ta l  meal  t h ro u g h  an Agar /Pa ra f i lm 
m e m b r a n e  3, held a t  ca. 22~ and  reweighed a t  30 min 
intervals .  The meal  consis ted of 0.85% NaC1, 1 m M  A T P  
(adjus ted  to p H  7.4) wi th  or w i t h o u t  ouabain  or acetazol-  
amide.  

Results and discussion. The 62 flies used in th is  experi-  
m e n t  weighed an average of 16.41 + 2.43 mg and consum-  
ed meals  averaging 24.87 4- 5.34 rag. There  was no signif- 
icant  difference be tween  the  meal  size of flies fed upon  
saline and  those fed upon saline plus ouabain  or acetazol-  
amide.  The da t a  in the  Figure  show a rap id  loss of weight  
in G. morsitans males fed upon a saline solution.  The 
excre t ion  ra te  of the  controls  is comparab le  to  the  rate  
r epor ted  for G. morsitans males fed hepar in ized  goat  blood 
or haemolyzed  bovine  blood 4. Bo th  of the  metabol ic  
inhib i tors  ouabain  and ace tazolamide  reduce the  ra te  of 
wa te r  loss. Ouabain  is an inhib i tor  which,  in mos t  animals,  
in terferes  wi th  a Na+/K + act ive t r a n s p o r t  sys tem across 
membranes .  Acetazolamide  is a specific inhib i tor  of 
carbonic  anhydrase  and as such also interferes wi th  ion 
and wa te r  t r a n s p o r t  across membranes~.  Ev idence  for 
ouaba in  sensi t ive t r a n s p o r t  mechan i sms  in insects  has 
been ob ta ined  wi th  Peripldneta americana ~ and Drosophila 
hydei 7, s b u t  no t  Rhodnius prolixus 9 or Carausius morosus TM. 
On the  basis of the  effects of Na + and  K+ upon wa te r  
excre t ion  LANGLEY and  PIMLEY a suggest.~d t h a t  an act ive 
t r a n s p o r t  sys tem exists  in G. morsitans. Carbonic anhy-  
drase has  been d e m o n s t r a t e d  in several  t issues of a n u m b e r  

1 S. S. TOBE, Experientia 30, 517 (1974). 
2 This colony was started with pupae obtained in July 1973 from 
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