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pe r imys ium.  I n  add i t ion ,  i t  m a y  be  expec ted  t h a t  the  
a rea  of over lap  be tween  t he  ac t i n  and  myos in  f i l amen t s  
w i t h i n  t he  myof ibr i l s  is decreased,  l ead ing  to a w iden ing  
of t he  H-  a n d  I -bands .  B u t  t h e  t ens ion  g e n e r a t e d  w i t h i n  
t he  myof ib r i l l ae  and  oppos ing  t he  s t r e t c h i n g  force, is 
p o t e n t i a t e d  b y  t he  a c t i v i t y  of t he  muscle  spindles.  COOPER 
and  ~DANIEL a h a v e  shown  t h a t  these  are ac t ive  a t  all 
l eng ths  and  t ens ions  of muscle.  

I n  phase  2 s t re tch ,  t he  a c t i n  and  m y o s i n  f i l amen t s  
con t inue  to separa te ,  b u t  t he  r a t e  of increase  in l e n g t h  
is reduced  a l t h o u g h  the  app l ied  t ens ion  con t inues  to  rise. 
I t  m a y  well  be  t h a t  t he  f ine hel ical  col lagenous  f ibres  of 
t he  e n d o m y s i u m  s u r r o u n d i n g  t he  muscle  f ibr i ls  are 
s t r e t c h e d  in phase  2 un t i l  t h e y  lie para l le l  to  the  myo-  
fibri l lae.  These  col lagenous  f ibres  are  no t  elast ic  a n d  the i r  
r es i s t ance  to a s t r e t c h i n g  force is g rea t e r  t h a n  t h a t  of t h e  
elast ic  f ibres in  t he  pe r i m ys i um .  Th i s  m a y  accoun t  for  t he  
r educed  r a t e  of l e n g t h e n i n g  wh ich  occurs  in phase  2. 

I n  phase  3 (s t re tch)  t he  myof ib r i l s  are m a x i m a l l y  
s t r e t ched  a n d  no f u r t h e r  e longa t ion  can  occur  w i t h o u t  
t he i r  d i s rup t ion .  The  hel ical  f ibres  of t he  e n d o m y s i u m  are 
also ful ly ex t ended  a n d  p r o t e c t  t he  myof ib r i l s  b y  t h e i r  re- 
s i s t ance  to s t re tch .  The  re su l t  is t h a t  no  f u r t h e r  increase  
in t he  l eng th  of t h e  muscle  occurs  a l t h o u g h  t he  appl ied  
t en s ion  m a y  con t inue  to  rise. 

W h e n  t en s ion  is re laxed,  phases  2 and  3 are p ro longed  
and  the  muscle  is sti l l  longer  a t  t he  end  of phase  1 t h a n  i t  
was a t  t he  b e g i n n i n g  of t he  expe r imen t .  P r o b a b l y  a slow 
r e - a r r a n g e m e n t  of muscle  col lagen occurs  f rom a s t r e t ched  
para l le l  p a t t e r n  to  t he  u n s t r e t c h e d  hel ical  form.  This  
p r e v e n t s  t he  muscle  f rom rega in ing  i ts  n o r m a l  l e n g t h  
i m m e d i a t e l y  appl ied  t ens ion  is re laxed.  The  inelas t ic  
col lagen bund le s  requi re  ac t ive  muscle  c o n t r a c t i o n  in 

order  to  res tore  t h e i r  a r r a n g e m e n t  to  t h a t  p r e sen t  in t he  
r e s t ing  muscle  before  i t  was s t r e t ched .  

A large p a r t  of t he  l i t e r a t u r e  on t he  phys io logy  of muscle  
is d e v o t e d  to t he  m a x i m u m  t ens ion  gene ra t ed  on ne rvous  
s t imu la t i on .  In  con t ras t ,  i t  is e m p h a s i z e d  here  t h a t  a 
muscle  does no t  b e h a v e  like an  elast ic  b a n d  w h e n  i t  is 
s t r e tched ,  a m a t t e r  of cons iderab le  o r t h o p a e d i c i m p o r t a n c e .  
I n  o r t hopaed i c  p rac t i ce  t ens ion  is app l ied  to t he  l imb  as a 
whole w h e n  a t t e m p t s  are m a d e  to  s t r e t c h  m u s c l e s  
Because  the  m a x i m u m  possible  increase  in muscle  length ,  
a t  t he  mos t  20%, has  been  ach ieved  b y  t he  end  of phase  2, 
f u r t h e r  increase  in t ens ion  can  h a v e  no  effect  on  t he  muscles  
as far  as increas ing  t h e i r  l e n g t h  is concerned .  O t h e r  
s t r u c t u r e s  in  t he  l i m b  such  as t he  ne rves  and  jo in t s  as 
well as t he  muscles  t hemse lves  m a y  be in ju red  w h e n  
sub jec t ed  to forceful  s t r e tch ing .  The  t e n d e n c y  to  increase  
t he  force appl ied  to t he  l i m b  in order  to  ach ieve  g rea te r  
l e n g t h e n i n g  of muscle  should  the re fore  be resis ted.  No t  
on ly  can  i t  b u t  fail to  l e n g t h e n  muscle  f u r t h e r ;  i t  m a y  be 
pos i t ive ly  ha rmfu l .  

Zusammen/assung. Nachweis ,  dass  s ich der  Skelet-  
muske l  bei  S t r e c k u n g  d re iphas i sch  verh/ i l t ,  wobei  s ich 
in der  l e t z t en  P h a s e  seine L/inge auch  bei  gr6sserem Zug 
n i c h t  m e h r / i n d e r t .  
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W a t e r  M o v e m e n t  D u r i n g  D i u r e s i s  in  the  T s e t s e  

Tse tse  flies t ake  b lood  meals  a t  l eas t  equa l  to  t h e i r  own 
we igh t  a t  r egu la r  i n t e r v a l s  1. Th i s  imposes  severe  l im i t a -  
t ions  on  t he  f ly ing  ab i l i t y  of t he  f ly 2, and  i t  is the re fo re  
a d v a n t a g e o u s  t h a t  t he  fly should  e l im ina t e  t h e  w a t e r  
f rom t h e  b lood mea l  in  the  sho r t e s t  poss ible  t ime.  i n  fact ,  
Glossina of ten  begins  d iures is  in  t he  f i r s t  m i n u t e  fo l lowing 
t he  c o m m e n c e m e n t  of feed ing  and  i t  has  been  shown  t h a t  
in  male  Glossina, 38% of t he  t o t a l  we igh t  of t he  b lood 
mea l  is excre ted  d u r i n g  t he  30 ra in  a f t e r  feeding 3 
Diuresis  in  female  G. austeni is even  more  r ap id  w i t h  more  
t h a n  40% of t he  t o t a l  mea l  we igh t  be ing  exc re ted  in t he  
f i rs t  ha l f  h o u r  a f t e r  feed ing  (unpub l i shed  observa t ions ) .  
The  exc re t ion  of w a t e r  is more  r ap id  t h a n  t h a t  r epo r t ed  
for  o t h e r  h a e m a t o p h a g o u s  insec ts  a n d  t he  speed w i t h  
w h i c h  t h e  f i r s t  drops  of u r ine  a p p e a r  led me  to  i nves t i ga t e  
t he  p r o b l e m  of w a t e r  m o v e m e n t  d u r i n g  diures is  in  female  
G. austeni. Did w a t e r  f rom t he  b lood mea l  in f ac t  pass  
in to  t he  h a e m o l y m p h  to  be co inc iden t ly  r e m o v e d  b y  t he  
Ma lp igh i an  tubules ,  u n d e r  t he  inf luence  of d iu re t i c  
h o r m o n e  ? 

LESTER and  LLOYD4 were t he  f i rs t  a u t h o r s  to  descr ibe  
t he  role of t he  Ma lp igh i an  t ubu l e s  in  exc re t ion  in t se t ses  
a n d  based  t h e i r  resu l t s  on obs e r va t i ons  of w a t e r  move-  
m e n t  w i t h i n  t he  t u b u l e s  d u r i n g  diuresis.  P r io r  to  this ,  
however ,  NEWSTEAD, ])UTTON and  TODD 5 h a d  hypo-  
thes ized  t h a t  t he  r ap id  exc re t ion  of w a t e r  in  Glossina 
resu l ted  f rom the  c lo t t i ng  of t he  b lood mea l  in  t he  m i d g u t  
w i t h  t he  s u b s e q u e n t  passage  of s e rum d i r ec t ly  down  the  
gut .  LESTER a n d  LIOYD 4 d i s c o u n t e d  th i s  h y p o t h e s i s  b y  
feeding flies on b o t h  h a e m o l y z e d  b lood  and  on  b lood  
c o n t a i n i n g  m e t h y l e n e  b lue  a n d  b y  obse rv ing  t h a t  n e i t h e r  
t he  h a e m o g l o b i n  nor  t he  dye  appea red  in t he  urine.  

F l y  ( Glossina austeni) 

However ,  t h e i r  e x p e r i m e n t a l  resu l t s  are no t  conv inc ing  
because  of t he  unphys io log ica l  cond i t ions  used for feeding 
and  therefore ,  I h a v e  obse rved  the  exc re t ion  of b o t h  
3H 2 0  and  a large, p r e s u m a b l y  u n m e t a b o l i z e d  molecule,  
14C-dextran, fo l lowing feeding.  

Materials and methods. F e m a l e  G. austeni, k i n d l y  
suppl ied  b y  Dr. P.A. LANGLEY, d u r i n g  t h e i r  second 
r e p r o d u c t i v e  cycle, were fed on f resh d e f i b r i n a t e d  b o v i n e  
b lood a f t e r  t he  m e t h o d  of LANGLEYS and  MEws (unpub-  
l ished),  c o n t a i n i n g  125,000-145,000 d p m  3H20 (NEN,  
specific a c t i v i t y  1 ~Ci/~zl) pe r  ~zl and  1500 d p m  14C-car- 
boxy l  d e x t r a n  (NEN,  specific a c t i v i t y  781 mg/mCi ,  
M.W. 60,000-90,000) pe r  ~xl. The  ilies h a d  been  p rev ious ly  
r ea red  on goats  a n d  were fed on  the  p rev ious  day,  in one 
ins tance ,  and  2 days  p rev ious  in a n o t h e r  ins tance .  
Samples  of u r ine  were t a k e n  a f t e r  5 min,  15 min  and  
30 m i n  f rom the  cessa t ion  of feeding a n d  p laced  d i rec t ly  
in to  sc in t i l l a t ion  v ia ls  c o n t a i n i n g  10 ml  of 1% bu ty l -  
P B D ,  10% e t h a n o l  a n d  50 m M  acet ic  acid in  to luene.  
Samples  were coun t ed  in a P a c k a r d  Tr i ca rb  L iqu id  
Sc in t i l l a t ion  S p e c t r o m e t e r  us ing  doub le labe l  se t t ings  and  
b o t h  q u e n c h  cor rec t ion  and  spi l lover  cor rec t ion  were 
pe r fo rmed  us ing  ex t e rna l  s t anda rd i za t i on .  I n  some in-  
s tances ,  samples  of h a e m o l y m p h  were also o b t a i n e d  f rom 
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Radioactivity in dpm/~zl in urine and haemolymph of G. austeni after feeding on blood COlataining 125,000-145,000 dpm arts0 per ~tl and 
1500 dpm 14C-dextran per [zl 

Time post-feed (min) 
5 15 30 

Urine 
3H 122,620 -t- 24,197 (31) 119,893 • 26,335 (13) 
14C 0 - 1500 (31) �9 0 "(13) 
Haemolymph 
~H 75,490 ~ 16,726 (10) 81,700 :~ 7,426 (10) 
~C O (I0) O (10) 

117,304 j= 50,313 (4) 
o (4) 

13 out of 31 flies excreted ~4C. The range of the specific activity in the urine was between 0 and 1500 dpm/~l., with 3 flies excreting urine 
with the same specific activity as the blood meal and the remaining 10 flies excreting urine with intermediate values. =~ standard deviation. 
Figures in brackets represent n. No protein was observed in any urine samples 

flies 5, 15 and  30 ra in  a f t e r  feeding b y  c u t t i n g  off t he  wing  
and  gen t ly  squeez ing  t he  fly. These  samples  were also 
coun t ed  b y  t he  a b o v e  sc in t i l l a t ion  techniques .  P r o t e i n  
in  the ur ine  was d e t e r m i n e d  on  2 txl a l iquo t s  f rom 20 
flies a t  5 ,  15 a n d  30 ra in  a f te r  feeding b y  the  X y l e n e  
b r i l l i an t  c y a n i n  G m e t h o d  oi BRAMHALL et  al 7. The  
resu l t s  of these  e x p e r i m e n t s  are p r e sen t ed  in t he  Table .  

Results and discussion. I t  is a p p a r e n t  fo rm t he  Tab le  
t h a t  t he  specific a c t i v i t y  of t h e  u r ine  5 ra in  a f te r  feeding 
a p p r o x i m a t e s  t h a t  of t he  b lood  mea l  whi le  t h a t  in t he  
h a e m o l y m p h  is s ign i f i can t ly  less (p < 0.001). Th i s  
d i f ference in  specific a c t i v i t y  of u r ine  and  h a e m o l y m p h  
c a n  also be  obse rved  a t  15 m i n  (fl < 0.025). I t  is also 
s t r i k ing  t h a t  some 14C c o u n t s  are p r e s en t  in  t he  u r ine  
of a t  leas t  some flies, a lbe i t  in  v a r y i n g  quan t i t i e s .  I t  is no t  
k n o w n  if d e c a r b o x y l a t i o n  of t he  ~*C-dextran occurs  in t he  
gut ,  b u t  because  no  14C appea r s  in  t h e  h a e m o l y m p h ,  
t he re  is no r ea son  to  bel ieve t h a t  t h i s  is t he  case. No 
p ro t e in  was  de t ec t ab l e  in  a n y  samples  of u r ine  and  these  
resu l t s  are cons i s t en t  w i t h  t h e  f ind ings  of LESTXR and  
LLOYD 4 

T h e  fac t  t h a t  t h e  specific a c t i v i t y  of t h e  ur ine,  in  t he  
case of 3H, is n o t  s ign i f i can t ly  d i f fe ren t  f rom t h a t  of t h e  
b lood meal ,  suggests  t h a t  t h e r e  exis ts  in t se t se  flies, some 
undesc r ibed  and  r e l a t ive ly  d i rec t  m e t h o d  for t he  r ap id  
r e m o v a l  of excess w a t e r  f rom t he  b lood  meal .  I f  t h e  
c o n v e n t i o n a l  m e t h o d  of d iures is  descr ibed  in Rhodnius s 
were ope ra t i ng  in Glossina, w i t h  w a t e r  pass ing  t h r o u g h  
t h e  gu t  wal l  in to  t he  h a e m o l y m p h  and  be ing  s u b s e q u e n t l y  
r e m o v e d  b y  t he  Malp igh ian  tubu les ,  one  would  p r e d i c t  
t h a t  t h e  specific a c t i v i t y  of t he  h a e m o l y m p h  would  be  a t  
leas t  equa l  to  t h a t  of t h e  ur ine.  T a k i n g  in to  cons ide ra t ion  
the  exchange  of label led  a n d  un labe l l ed  w a t e r  molecules  
in t he  ceils of t he  Ma lp igh i an  t ubu l e s  and  t h e  h indgu t ,  
one would  f u r t h e r  p red ic t  t h a t  t he  specific a c t i v i t y  of t he  
u r ine  would  be  less t h a n  t h a t  of t h e  h a e m o l y m p h .  Th i s  
is n o t  t he  case. 

I sugges t  t h a t  t he re  exis ts  in  t he  b o d y  of Glossina, a 
c o m p a r t m e n t a l i z a t i o n  of w a t e r  during- t h e  per iod  of 
d iures is  wh ich  p r e v e n t s  t h e  mass ive  flow of w a t e r  t h r o u g h  
t he  en t i r e  h a e m o l y m p h .  I t  is poss ible  to  c o n s t r u c t  a model  
of t he  s y s t e m  where  one  possible  rou te  of d iures is  invo lves  
t he  passage  of w a t e r  d i r ec t ly  down  t he  gut ,  w i t h  w a t e r  
m o v i n g  w i t h i n  t he  gu t  l u m e n  (possibly co inc iden t  w i t h  
t he  ' c lo t t ing '  of t he  b lood  mea l  a n d  s u b s e q u e n t  express ion  
of w a t e r  f rom the  mea l  or  t h r o u g h  t he  use of t he  per i t ro -  
ph ic  m e m b r a n e  as a s emi -pe rmeab le  m e m b r a n e ) .  This  
mode l  is s u p p o r t e d  by  t h e  fac t  t h a t  a t  leas t  some flies 
excre ted  ~4C-dextran a t  c o n c e n t r a t i o n s  a p p r o a c h i n g  t h a t  
in  t he  b lood meM. Al t e rna t ive ly ,  t he  s y s t e m  m a y  invo lve  
t he  ex is tence  of c o m p a r t m e n t s  w i t h i n  t he  h a e m o l y m p h  

(possibly t h r o u g h  t he  i n t i m a t e  assoc ia t ion  of m i d g u t  
w i t h  Ma lp igh i an  t ubu l e s  or t h r o u g h  t he  use of a ba r r i e r  
to  phys ica l  diffusion),  such  t h a t  a closed loop cond i t i on  
is rea l ized d u r i n g  diuresis ,  w i t h  d i sc re te  pools  oi t he  
h a e m o l y m p h  (i.e. c o m p a r t m e n t a l i z e d  por t ions)  in only  
local  equ i l i b r ium w i t h  w a t e r  in  t he  t i ssues  a n d  no t  w i t h  
t he  en t i r e  h a e m o l y m p h .  Th i s  model  is s u p p o r t e d  b y  t he  
sugges t ion  t h a t  t he  a b d o m i n a l  o rgans  of G. austeni are 
covered  b y  on ly  a t h i n  f i lm of h a e m o l y m p h  1. A l t h o u g h  
i t  is no t  poss ible  to  choose b e t w e e n  t he  two  models  a t  
p resen t ,  i t  is clear t h a t  a barr ier(s)  exis ts  d u r i n g  diures is  
in  G. austeni which  p r e v e n t s  t he  free exchange  of w a t e r  
f rom t h e  b lood mea l  w i t h  t h a t  in  t h e  h a e m o l y m p h ,  and  
p r e l i m i n a r y  obse rva t i ons  on G. morsitans i nd i ca t e  a 
s imi la r  p h e n o m e n o n  m a y  occur  in  th i s  species. 

Thus ,  t he  genera l  compos i t i on  of t he  h a e m o l y m p h  
a f te r  feeding m a y  unde rgo  l i t t le  change  because  t h e  flow 
of w a t e r  t h r o u g h  t h e  en t i r e  h a e m o l y m p h  has  been  
i m p e d e d  t h r o u g h  t he  use of c o m p a r t m e n t s  w i t h i n t h e  
an imal .  A l t h o u g h  the  m e c h a n i s m  of t h i s  process  r e m a i n s  
une luc ida ted ,  such  a p h e n o m e n o n  m a y  Mso occur  in  
o the r  h a e m a t o p h a g o u s  insec ts  and  if so, t he  whole  
process  of d iures is  in  insec ts  m a y  requ i re  r e -eva lua t ion .  

Rdsumd. Q u a n d  les mouches  ts6ts@ (Glossina austeni) se 
nou r r i s s en t  de sang  c o n t e n a n t  du  3H20 e t  du  14C-dextran, 
le 3HsO r 6 a p p a r a i t  apr~s 5 ra in  dans  l ' u r ine  ~t des con-  
c e n t r a t i o n s  qui  se r a p p r o c h e n t  de celles de son absorp t ion .  
La  c o n c e n t r a t i o n  du  aH~O dans  l 'h@molymphe est  ne t t e -  
m e n t  mo ins  ~lev6e que  dans  l ' u r ine .  Le  14C-dextran ess 
p r6sen t  au  moths  d a n s  l ' u r i ne  des mouches .  Ces r~su l t a t s  
sugg~rent  u n  c o m p a r t i m e n t a g e  de l ' eau  d u r a n t  la 
diurgse, ce qu i  p r6v i en t  la d i lu t ion  de l 'h@molymph.  
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