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I n  F igure  A) t yp i ca l  a n a s t o m o s i n g  f luorescent  ne rve  
f ibres  w i t h  t he i r  in tense ly  f luorescen t  var icos i t ies  can  be  
seen in a con t ro l  a t r i o v e n t r i c u l a r  va lve .  

A m a r k e d  decrease  in  t he  specific f luorescence of t h e  
v a l v u l a r  n e r v e  p lexuses  could be  d e m o n s t r a t e d  fol lowing 
t he  i,v. a d m i n i s t r a t i o n  of scorp ion  v e n o m  to  t he  ra ts .  The  
degree of r e d u c t i o n  was d e p e n d e n t  on  t he  i n t e rva l  
be tween  a d m i n i s t r a t i o n  and  dea th .  A genera l  r educ t ion  was 
seen w i t h i n  30 rain,  a n d  a f te r  60-120 ra in  t he re  were 
a lmos t  no ne rves  c lear ly  v is ib le  in  a b o u t  70% of cases. 
Only  a few weak ly  f luorescen t  f ibres  r e m a i n e d  visible.  
The  decrease  in f luorescence was loca ted  m a i n l y  to  t he  
var icosi t ies .  

F igure  B) shows v e r y  weak ly  f luorescen t  ne rve  f ibres  
and  ba re ly  vis ible  var icos i t ies  in  a n  a t r i o v e n t r i c u l a r  
va lve  f rom a r a t  w h i c h  h a d  been  in jec ted  w i t h  scorpion  
v e n o m  60 ra in  before  dea th .  

Discussion. The resu l t s  of t he  p re sen t  i nves t i ga t i on  
c lear ly  d e m o n s t r a t e  t h a t  a d m i n i s t r a t i o n  of Braz i l i an  
scorpion  v e n o m  (Tityus serrulatus) to  a d u l t  r a t s  causes  a 
dep le t ion  of c a t echo l amines  in  t he  s y m p a t h e t i c  ne rves  
f rom the  a t r i o v e n t r i c u l a r  valves .  Some of t h e  s y m p t o m s  
of scorp ion i sm in v e r t e b r a t e s  are ascr ibed  to a s y m p a t h o -  
m i m e t i c  ove rac t iv i ty .  E l e v a t i o n  of p l a s m a  ad rena l ine  
c o n t e n t  a n d  of ca t echo lamines  and  t h e i r  m e t abo l i t e s  in 
t he  u r ine  in p a t i e n t s  a f te r  scorpion  s t ing  has  been  re- 
p o r t e d  ~9, 20. More r ecen t ly  i t  was  shown t h a t  scorp ion  
v e n o m  produces  a n  increase  in b lood pressure  accom- 
p a n i e d  by  a mass ive  d ischarge  of c a t echo l am i nes  in to  t he  
b lood  ~. The  card iac  s t i m u l a t i o n  wh ich  follows adm i n i s t r a -  
t i on  of scorpion  v e n o m  has  been  shown  to  be  a pe r iphe ra l  
p h e n o m e n o n ,  p r o b a b l e  t h r o u g h  t h e  release of t i ssue  
ca t echo lamines  ~. These  and  o the r  m a n i f e s t a t i o n s  of 
scorpion  e n v e n o m a t i o n ,  such  as m y o c a r d i a l  lesions ~2, 
p u l m o n a r y  e d e m a  ~6, t a c h y c a r d i a  5, p i loerec t ion  23, a n d  
mydr i a s i s  2~, could be due to t he  release of n o r a d r e n a l i n e  

a n d  o the r  amines  f rom the  adrenerg ie  ne rve  endings .  
Scorpion  v e n o m s  m a r k e d l y  inf luence  exc i t ab le  m e m b r a n e s ,  
a l t e r ing  t he  p e r m e a b i l i t y  to  var ious  ions w i t h  r e su l t ing  
e lec t rophys io logica l  and  phys i cochemica l  changes  2~,2~. 
P r o b a b l y  scorpion  v e n o m  releases ca t echo lamines  b y  
a c t i v a t i n g  t h e  f u n d a m e n t a l  phys io logica l  m e c h a n i s m .  

F u r t h e r  expe r imen t s ,  to  i nves t i ga t e  t he  n e u r o t r a n s -  
m i t t e r - d e p l e t i n g  ac t ion  of Braz i l i an  scorpion  v e n o m  on 
s y m p a t h e t i c  ne rve  endings,  are in progress.  

Zusammen/assung. Mit te l s  F luo re szenz t echn ik  wurde  
ein m i k r o c h e m i s c h e r  Nachweis  der  F re i se t zung  yon  
K a t e e h o l a m i n  an  ad rene rg i schen  S t r u k t u r e n  in den  
Ar ter iovent r ikulark laIz lzen  des R a t t e n h e r z e n s  n a c h  Ver-  
a b r e i c h u n g  yon  Skorp iongi f t  (Tityus serrulatus) e rb rach t .  
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The Effect of Appl ied Tens ion  on the Length of Striped Muscle  

The  effect of appl ied  t en s i on  on  ske le ta l  muscle  has  
cons iderab le  re levance  to o r t hopaed i c  surgery.  Forceful  
s t r e t c h i n g  of c o n t r a c t e d  musc les  forms a n  i m p o r t a n t  p a r t  
of t r e a t m e n t  in m a n y  p a t i e n t s  w i t h  muscu lo-ske le ta l  
deformit ies .  I n  add i t ion ,  l i m b  t r a c t i o n  is f r equen t ly  used 
to  m a i n t a i n  t he  pos i t ion  of a f r ac tu r ed  bone  a f te r  reduc-  
t ion,  or to  ove rcome  pa infu l  muscle  spasm.  

A l t h o u g h  m a n y  workers  h a v e  descr ibed  t he  r e l a t ionsh ip  
be tween  t ens ion  and  l e n g t h  in i so la ted  muscle  fibres,  or in  
ac t ive ly  c o n t r a c t i n g  muscles ,  m u c h  less ha s  been  w r i t t e n  
on t h e  effects of appl ied  t ens ion  on i n d i v i d u a l  muscles.  
I n  v iew of t he  i m p o r t a n c e  of t h i s  aspec t  of muscle  phys -  
iology in o r t hopaed i c  pract ice ,  a s t u d y  of t he  effect  of 
app l ied  t ens ion  on t h e  l e n g t h  of i n t a c t  ske le ta l  muscles  
was  u n d e r t a k e n .  

Materials and methods. 30 male  W i s t a r  a lb ino  r a t s  
weighing  285-400 g were used to  assess t h e  effect  on  
muscle  l e n g t h  of increas ing,  fol lowed b y  decreas ing ten-  
sions. The  an ima l s  were d iv ided  in to  3 groups  of 10. E a c h  
group was used to  s t u d y  1 of 3 selected muscles,  n a m e l y  
t h e  t ib ia l i s  anter ior ,  t h e  t ib ia l i s  pos te r io r  and  t he  perone i  
t a k e n  as a s ingle en t i ty .  The  t e n d o n s  of t h e  4 r a t  pe ronea l  
muscles  t o g e t h e r  p rov ide  a t e n d i n o u s  cord  above  t he  
ank le  joint ,  j u s t  large enough  to  be  hand led .  

A n  a p p a r a t u s  was cons t r uc t ed  wh ich  Mlowed k n o w n  
t ens ions  to  be  appl ied  to  t he  l iv ing  muscles  and  p e r m i t t e d  
t he i r  l e n g t h  to  be  measured .  I t  cons i s ted  of a wooden  base,  
a t  one end  of w h i c h  a h e a v y  wooden  b lock  was  screwed 

down. The anaesthetised rat was laid upon this block and 
was prevented from sliding off it during application of 
tension by two small posts. The rat's tail lay between the 
posts and its hind limbs on either side. 

A length of No. 36 gauge stainless steel wire was tied 
firmly to the distal part of the tendon of the muscle under 
investigation. The other end of the wire was fixed to the 
cantilever incorporated in a Pye TSI strain gauge. This 
was rigidly mounted on a movable brass block whose 
movement was controlled by turning a finely threaded 
screw. The strain gauge and movable brass block were 
fixed to the wooden base of the apparatus opposite the 
anaesthetized rat (Figure i). By moving the strain gauge 
in the longitudinal axis of the rat's hind limb, the tension 
in the muscle under investigation was varied as required. 

The tension applied to a muscle was measured elec- 
trically by incorporating the strain gauge as one of the 
res i s tances  of a W h e a t s t o n e  Bridge.  B y  app ly ing  t ens ion  
to  the  s t r a in  gauge i ts  r es i s t ance  was a l tered.  A ga lvano-  
m e t e r  connec ted  across t he  two  ends  of t he  b r idge  ind ica t ed  
a n y  a l t e r a t ions  ill t h e  ba l ance  of t h e  circuit .  The  ga lvano-  
m e t e r  was  ca l i b r a t ed  before  each  e x p e r i m e n t  b y  a t t a c h i n g  
k n o w n  we igh t s  to  t he  s t r a i n  gauge.  The  r ange  of t ens ions  
used va r i ed  f rom 0-200 g. 

M e a s u r e m e n t s  of muscle  l e n g t h  unde r  d i f fe ren t  t ens ions  
were m a d e  w i t h  a t r a v e l l i n g  microscope  p laced  be tween  
t he  r a t  a n d  t he  s t r a i n  gauge (Figure  1). The  r a t s  were 
a n a e s t h e t i z e d  b y  an  i.p. i n i ec t ion  of 6--12 m g  N e m b u t a l ,  
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Fig. 1. A general view of the appa- 
ratus. The living rat is supported by 
a wooden block and the tibialis ante- 
rior muscle is exposed. A steel wire is 
attached to the tendon and cormected 
to the strain gauge in front of the gal- 
vanometer. In the middle is the trav- 
elling microscope (see text). 

s u p p l e m e n t e d  b y  open  e ther .  T h e  sk in  over ly ing  t h e  
selected muscle  was r e m o v e d  and  i ts  t e n d o n  severed  f rom 
i ts  d i s ta l  a t t a c h m e n t .  The  exposed t i ssues  were kep t  
mo i s t  w i t h  saline.  The  s ta in less  steel  wire  was  t i ed  f i rmly  
to the  t e n d o n  and  was t h e n  connec t ed  to t he  s t r a i n  gauge.  
F ixed  po in t s  for m e a s u r e m e n t  were p r o v i d e d  b y  in se r t ing  
a f ine needle  i n to  t he  t i b i a  a t  t h e  m o s t  p r o x i m a l  p o i n t  of 
a t t a c h m e n t  of Lhe muscle  a n d  b y  m a k i n g  a smal l  m a r k  
w i t h  m e t h y l e n e  blue  upon  t he  t e n d o n  dis ta l ly .  The  
d i s t ance  f rom one edge of t he  needle  to  t he  u p p e r  l im i t  of 
t he  b lue  m a r k  was m e a s u r e d  us ing  t he  t r ave l l i ng  micro-  
scope which  was f i t t ed  w i t h  a Vern ie r  a t t a c h m e n t .  I n  th i s  
way,  ser ial  l e n g t h  m e a s u r e m e n t s  a t  appl ied  t ens ions  va ry -  
ing f rom 0-200 g were made,  b o t h  as t he  t ens ion  was 
increased  a n d  t h e n  reduced.  At  t h e  comple t i on  of t h e  
expe r imen t ,  t he  r a t  was  kil led b y  a n  overdose  of e ther .  

Results. Car tes i an  g r a p h s  were f i rs t  p lo t t ed ,  showing  the  
v a r i a t i o n  of t he  m e a n  pe r cen t  change  in muscle  l eng th  
w i t h  tens ion .  For  example ,  F igure  2 shows the  g r a p h  for 
t he  peronei .  The  g raphs  for t he  3 muscles  i n v e s t i g a t e d  
sugges ted  t h a t  a m a x i m u m  increase  in l e n g t h  occurs  on  
t he  app l i ca t i on  of t ens ion .  The  m a x i m a l  e longa t ion  
o b t a i n e d  d u r i n g  s t r e t c h  t e n d e d  to be m a i n t a i n e d  a t  
lower  t ens ions  d u r i n g  r e l a x a t i o n  (Figure  2). 

W h e n  the  l o g a r i t h m  of the  m e a n  pe r cen t  change  in  
muscle  l e n g t h  was p l o t t e d  aga ins t  appl ied  t en s ion  (Figures  

3, 4 an d  5), a complex  ex p o n en t i a l  r e l a t ionsh ip  b e t w e e n  
the  two was suggested.  In  pa r t i cu la r ,  t he  lie of t h e  m e a n  
d a t a  po in t s  sugges ted  t h a t  3 d i s t i nc t  phases  occur red  w h e n  
t h e  musc le  t ens ion  was  var ied .  These  were recognizab le  
as a b r u p t  changes  in t h e  slope of t h e  semi- log p lo t s  of t h e  
da ta .  T h e y  occurred  w h e n  t h e  muscle  was s t r e t c h e d  a n d  
re laxed.  J u d g e d  b y  n a k e d  eye obse rva t ion ,  p h a s e  1 
( s t re tch ing  f rom zero to tens ion)  h a d  a c o m p a r a t i v e l y  
s teep slope. Th i s  was  succeeded b y  a less s teep  phase  2, 
w h i c h  was followed b y  a t e r m i n a l  h o r i z o n t a l  phase  3. 
A l t h o u g h  t h e  phase  p a t t e r n  was t h e  same oi~ s t r e t c h i n g  
or re lax ing  the  muscle,  each  phase  a p p e a r e d  to  be spa t i a l ly  
d i s t inc t .  

Th i s  was conf i rmed  b y  regress ion ana lys i s  of t h e  s t r e t c h  
a n d  r e l a x a t i o n  d a t a  o b t a i n e d  for t h e  t ib ia l i s  a n t e r i o r  
(Table) a n d  also for  t h e  t ib ia l i s  pos te r io r  an d  t h e  peronei .  
I t  is e m p h a s i z e d  t h a t  t i le t ens ion  r ange  for  each  phase  in 
t h e  Tab le  was selected b y  o b s e r v a t i o n  of t h e  semi- log 
p lo ts  of t h e  r aw da ta .  T h e  slope of phase  1 was consider-  
ab ly  g rea t e r  t h a n  t h a t  of t h e  i n t e r m e d i a t e  phase  2. B o t h  
slopes were s ign i f i can t ly  d i f f e ren t  f rom zero. 

Phase  3 w h e t h e r  on  s t r e t c h  or r e l a x a t i o n  was  r ep re sen t ed  
b y  a h o r i z o n t a l  line, in t h a t  i ts  slope was n o t  s ign i f i can t ly  
d i f fe ren t  f rom zero. Tile r e l a x a t i o n  phases  were  n o t  
co inc iden t  w i t h  t h e  s t r e t c h  phases  a n d  on  release of 
t ens ion  t h e  muscle  d id  n o t  r e t u r n  to i t s  in i t i a l  res t ing-  
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Fig. 2. Cartesian graph showing the change in muscle lelxgth on 
stretching and then relaxing the peroneal group of muscles. Each 
point is the mean of 10 readings. 
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Fig. 3. Senli-Iog plot of the tri-phasic response in length of tibialis 
anterior to applied tension. The muscle was observed in situ with 
intact nerve and vascular supply. Each point represents the mean 
of ten readings from 10 different animals. 
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Table showing the range of tensions in the 3 phases of stretching and then relaxing the tibialis anterior 

EXPERIENTIA 30/5 

Phase Tension (g} Slope S.E. Slope Intercept P < 

Stretch 

1 0-80 0.0184 0.0048 1.2301 0.001 
2 80-160 0.0043 0.0015 2.2461 0.01 
3 160-200 0.0013 0.0011 2.7116 Not significant 

Relax 

3 200-120 0.0003 0.0010 2.8903 Not significant 
2 120-20 0.0053 0.0018 2.4123 0.01 
1 20-0 0.0521 0.0116 1.6343 0.00t 

In phase 3 it is noted that no significant change in length of the muscle occurs during stretch or relaxation. 

l e n g t h  (Figures 3, 4 a n d  5). The  m a x i m u m  increase  in 
l e n g t h  on  app l i ca t i on  of t ens ion  was 18.9% ~ 1.3 of the  
r e s t ing  l e n g t h  in t he  case of t he  t ib ia l i s  an te r io r ;  18.0% ~= 
1.28 in t h e  case of t he  perone i ;  a n d  13.9~o • 1.30 in t h e  
case of t ib ia l i s  poster ior .  

Discussion. The  resu l t s  show t h a t  t he  muscles  inves t i -  
gated,  n a m e l y  t he  t ib ia l i s  an ter ior ,  t h e  t ib ia l i s  pos te r io r  
a n d  t he  pe ronea l  group,  r e sponded  to  t ens ion  b y  a l imi t ed  
increase  in l e n g t h  w h i c h  was no t  g rea te r  t h a n  20% of t he  
l e n g t h  of t he  r e s t ing  muscle.  F u r t h e r m o r e ,  t h e  re la t ion-  
ship  be tween  change  in muscle  l e n g t h  a n d  appl ied  t ens ion  
was a complex  exponen t i a l .  I n  all  3 muscles  t he  response  
was t r i -phas ic ,  t h e  t h i r d  t e r m i n a l  phase  showing  a 
negl igible  change  in  l e n g t h  how eve r  g rea t  t h e  appl ied  
t ens ion .  

Cons iderable  emphas i s  ha s  r i gh t l y  been  p laced  on the  
molecu la r  s t r u c t u r e  of myof ib r i l l ae  in t h e  m e c h a n i s m  of 
c o n t r a c t i o n  in l iv ing  muscle.  T he  p r e s en t  i nves t i ga t i on  
conf i rms  t he  obse rva t i ons  of WILLIE 1 t h a t  w h e n  a muscle  
is sub jec t ed  to appl ied  mechan ica l  t en s i on  t he  ensu ing  
e longa t ion  is e x p o n e n t i a l  in type .  However ,  t he  t r i -  
phas ic  n a t u r e  of t he  response  does n o t  a p p e a r  to  h a v e  been  
c o m m e n t e d  upon  prev ious ly .  

The  m e c h a n i s m  con t ro l l ing  t he  t r i -phas ic  response  of a 
muscle  to  s t r e t ch  is u n c e r t a i n  a n d  ce r t a in ly  complex.  
The  two successive responses  (phases 1 a n d  2) of a muscle  
to  appl ied  t ens ion  obse rved  here  are p r o b a b l y  re la ted  no t  
on ly  to  t he  d ispos i t ion  of ac t i n  and  m y o s i n  f i l amen t s  in  
t he  myof ibr i l lae ,  b u t  also to  t he  connec t ive  t i ssue  and  t he  
fascicular  a r ch i t e c tu r e  of t h e  whole  muscle.  

The  connec t ive  t i ssue  of muscle  shows a t  l eas t  2 d i s t i nc t  
regions,  t he  e n d o m y s i a l  p a r t i t i o n s  a r o u n d  each  muscle  
f ibre  and  larger,  i n t e r i a sc icu la r  or pe r imys ia l  f ib rous  
aggregat ions .  NAG•L 2 descr ibed  f ine col lagenous  f ibri ls  
wh ich  w i n d  a long t h e  i n d i v i d u a l  muscle  f ibres  in  a hel ical  
fash ion  and  m a k e  f r e q u e n t  connec t ion  w i t h  l ong i tud ina l l y  
o r i e n t a t e d  col lagen bundles .  These  l a t t e r  coarser  bund l e s  
comprise  t he  ou te r  layer  of t he  endomys ia l  shea th .  W h e n  
t he  muscle  is s t r e tched ,  t he  spi ra l  f ibres  lie l ong i tud ina l l y  
and  para l le l  to  t he  ou te r  e n d o m y s i a l  fibres.  NAGEL z 
cons idered  t h a t  in th i s  way  t he  muscle  was p r o t e c t e d  
f rom excessive s t ra in .  

The  pe r imys ia l  connec t ive  t i ssue  consis ts  of consider-  
ab ly  t h i cke r  p a r t i t i o n s  t h a n  t h e  endomys ia l  shea th .  
These  are in te r fasc icu la r  and  con t a in  m a n y  elast ic  f ibres  
as well  as col lagenous  and  f a t t y  mate r ia l .  FENEIS a 
sugges ted  t h a t  m o v e m e n t  of one fasciculus  on  a n o t h e r  
was  fac i l i t a t ed  b y  t h e  pe r imys ia l  e last in .  

F r o m  a cons ide ra t i on  of these  fac tors  conce rn ing  t he  
connec t ive  t i ssue  e l emen t s  of s t r i a t ed  muscle  a n d  of w h a t  
is k n o w n  of the  s t r u c t u r e  of t h e  myof ibr i l lae ,  i t  is possible  
to  sugges t  an  e x p l a n a t i o n  of t h e  t r i -phas ic  response  of 
muscle  to  appl ied  tens ion .  I n  phase  i (s tretch)  s l id ing of 
t he  muscle  fasciculi  u p o n  each  o the r  occurs, t h i s  m o v e m e n t  
be ing  ass is ted  b y  t he  presence  of elast ic  f ibres  w i t h i n  t he  

1 D. R. WILKIE, Muscle, (Arnold, London 1968). 
2 A. NAGEL, Z. Zellforsch. mikrosk. Anat. 22, 694 (1935). 

H. FENEIS, Gegenbaurs morph. Jb. 75, 161 (1935). 
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Fig. 4. Semi-log plot of tri-phasic response in length of tibialis 
posterior to applied tension. 
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Fig. 5. Semi-log plot, as in Figures 3 and 4, of the peroneal group of 
muscles. 
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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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