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ac t ive ly  feeding, app rox ima te ly  same sized individuals  
were chosen for analyses. Commercia l ly  avai lable  pro- 
gesterone (supplied by  the  Pa te l  Chest Ins t i tu te ,  Delhi), 
was in jec ted  (200 ~g hormone  in 0.1 ml  refined peanu t  
oil) into exper imenta l  animals  in the  v ic in i ty  of the  brain. 
The  controls  were injected wi th  0.1 ml  refined peanu t  oil 
alone. In jec t ions  were g iven in the  ear ly  hours of the  
morning.  Bra in  tissue, pooled f rom 16 to 18 animals  a t  
0~ (weighing 8 to 10 mg), was weighed in ice-cold 
Ringer  1~ and analyzed 2 h after  inject ion,  for the  esti- 
mat ions  of to ta l  protein fol lowing the  micro B i u r e t  
me thod  tl. 

R N A  was ex t rac ted  by  the  me thod  of SCHMIDT- 
THANNHAUSSER-SCHNEIDER 12 and es t imated  by  orcinol 
colour  react ion following the  color imetr ic  procedure  
described by  GLICK la. 

Acetylchol ines terase  (AchE, E.C.3.1.1.7). The  tissues 
were homogenized  in ice-cold 0.02 M phospha te  buffer,  
p H  7.0. They  were centr i fuged for 30 min  a t  6,000 rpm 
and the  supe rna tan t  was used for assay. A c h e  ac t iv i ty  
was de te rmined  spec t rophotomet r ica l ly  by  the  me thod  
of  H E S T R I N  14. 

Results and discussion. I t  is obvious f rom the  da t a  
presented in the  Table  t h a t  the  protein con ten t  decreased 
(p < 0.01) in the  bra in  on in v ivo  adminis t ra t ion  of 
progesterone.  Paral le l ing the  decrease in proteins,  R N A  
levels also decreased s ignif icant ly  as a funct ion of pro- 
gesterone inject ion (Table). The  decrease in the  level  of 

proteins of the  CNS of progesterone adminis tered tad-  
poles appears  to be the  direct  consequence of the  prote in  
des t ruc t ive  na tu re  of progesterone ~5,16. I t  is also possible 
t h a t  such a decrease m a y  be due to a change in prote in  
synthesis.  Signif icant  decrease in R N A  level observed in 
the  bra in  of tadpoles  on in v ivo  adminis t ra t ion  of pro-  
gesterone, also points  to decelerat ion in the  ac t iv i ty  of 
the  pro te in-synthe t ic  mach ine ry  in progesterone ad- 
minis tered animals.  

The  significant  decrease in the  ac t iv i ty  levels of acetyl-  
cholinesterase in the  developing amphib ian  (Table) on 
inject ion of progesterone m a y  be the  di rect  consequence 
of proteine des t ruc t ive  act40n of progesterone as s ta ted  
earl ier  is. I t  is therefore  possible t h a t  the  decrease in the  
ac t iv i ty  levels of acetylchol inesterase  is a ref lect ion of the 
decrease in the  enzyme synthe t ic  processes caused by  the  
proges terone  a d m i n i s t r a t i o n .  
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Summary. The tens ion/ length  curves of an insect supercont rac t ing  s t r ia ted  muscle are described. Bo th  ve r t eb ra te  and 
inver teb ra te  smoo th  (non-striated) muscles show a close s imilar i ty  to these curves. Thus,  a l though  insects possess only 
s t r ia ted  muscle, some of these muscles can per form the  funct ion of smooth  muscle of o ther  animals.  

I t  has often been s ta ted  t h a t  insects posses only s t r ia ted  
muscle 8, ~. Thus these animals  do no t  appear  to have  any  
muscles which are s t ruc tu ra l ly  equ iva len t  to the  smooth  
(non-striated) muscles of o ther  inver tebra tes  and ver-  
tebrates .  This  lack of smooth  muscle migh t  be expected  
to impose l imi ta t ions  on the  range of physiological  t ype  
of muscle in insects. In  par t icular ,  the  funct ioning of the  
isotonic visceral  muscles would  be restr icted.  However ,  
i t  was the  isotonic body-wal l  muscles of the  blowfly 
la rva  t h a t  p rovided  an exp lana t ion  of how cer ta in  s t r ia ted  
muscles of insects could per form the  type  of ac t iv i ty  more 
usual ly  associated wi th  smooth  muscle 5, 6. These muscles 
possess per fora ted  Z discs; at  short  sarcomere lengths  the  
th ick  and th in  myof i l aments  pene t ra te  the  Z perforat ions 
and en ter  ad jacen t  sarcomeres (Figure 1). Thus i t  is 
possible for this  t ype  of sarcomere to cont rac t  down to 
below A band length  wi th  no concomi tan t  change ill 
myof i l amen t  length.  This  phenomenon  of ' supercontrac-  
t ion '  of s t r ia ted  muscle was first  observed in molluscs s, 
and has also been repor ted  in chelicerates%S0 and in 
ve r t eb ra tes  n. Revers ib le  cont rac t ion  has been observed 
down to lengths  much  shorter  t han  those possible for 
'classical '  s t r ia ted  muscles wi th  solid Z discs (22% of 
ini t ial  length  in blowfly  muscle ~; < 30% of ini t ial  length  
in barnacle  muscleS). However ,  there  are no detai led 
reports  ill the  l i te ra ture  of the  tens ion/ length  relat ionship 
of this  type  of muscle. 

F igure  2 shows the  tens ion/ length  curves of a super- 
cont rac t ing  bodywal l  muscle fibre f rom a blowfly larva.  
Act ive  tension is produced dur ing a change in fibre 
length  f rom 0.47 m m  to 2.19 m m  (a 79% length  change). 
O p t i m u m  length  (muscle length  where m a x i m u m  act ive  
tension is developed) is 1.25 m m  while passive tension is 
first  recorded a t  app rox ima te ly  0.8 m m  and increases a t  
greater  lengths. I t  was no t  possible to measure  a meaning-  
ful, in v ivo  rest ing length  due to the  usual  difficulties 
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e n c o u n t e r e d  w i t h  v e r y  e x t e n s i b l e  musclesX< M a x i m u m  
t e t a n i c  t e n s i o n  w a s  a p p r o x i m a t e l y  0.17 k g / e m  ~, a f igure  
m u c h  lower  t h a n  is u sua l  for  i n sec t  m u s c l e  (1 .5-2 .0  k g /  
c m  ~ ~s-~s) b u t  is c o m p a r a b l e  w i t h  c e r t a i n  o t h e r  m u s c l e s  19. 

P e r h a p s  t h e  b e s t  w a y  to  d i scuss  t h e  s i gn i f i c ance  of  
t h e  t e n s i o n / l e n g t h  r e l a t i o n s h i p  d e m o n s t r a t e d  is b y  re-  
f e r e n c e  to  o t h e r  m u s c l e s  (F igu re  3). T h e  m o s t  s t r i k i n g  
t e a t u r e  of  t h e  a c t i v e  t e n s i o n / l e n g t h  c u r v e s  (F igure  3A) 
is t h e  d i f f e r e n c e  in w o r k i n g  range .  F o r  t h e  c lass ica l  
s t r i a t e d  m u s c l e  (frog s a r t o r i u s  a n d  l o c u s t  f l i gh t  musc le )  
t h e  r a n g e  is na r r ow .  I n  t h i s  case  t h e  w o r k i n g  r a n g e  of  t h e  
s a r c o m e r e  is l i m i t e d  to  w h e r e  t h e  m y o f i l a m e n t s  j u s t  
o v e r l a p  a n d  w h e r e  t h e  t h i c k  f i l a m e n t s  col l ide  w i t h  a n d  
b u c k l e  a g a i n s t  t h e  Z disc~% I t  is i n t e r e s t i n g  t h a t  t h e  
a c t i v e  t e n s i o n / l e n g t h  c u r v e s  w h i c h  m o s t  c lose ly  m a t c h  
t h a t  of  t h e  b l o w f l y  m u s c l e  are  t h o s e  of  M y t i l u s  A . B . R . M .  
a n d  g u i n e a - p i g  t a e n i a  coli  musc le .  T h e  f o r m e r  is a n o n -  
s t r i a t e d ,  p a r a m y o s i n  c o n t a i n i n g  musc l e  w i t h  no  Z d iscs  
p e r  se. T h e  c o r r e s p o n d i n g  s t r u c t u r e s  a re  b locks  of  d e n s e  
m a t e r i a l  w i t h  t h i n  f i l a m e n t s  a t t a c h e d  a t  e a c h  e n d ~ ,  2~. 
T h e s e  bod i e s  do  n o t  r e s t r i c t  c o n t r a c t i o n  s ince  t h e y  a l low 

t h e  p a r a m y o s i n  f i l a m e n t s  t o  s l ide  p a s t  t h e m .  G u i n e a - p i g  
t a e n i a  coli m u s c l e  is a c lass ica l  v e r t e b r a t e  s m o o t h  musc le ,  
a g a i n  p o s s e s s i n g  d e n s e  b o d i e s  w h i c h  a re  p r e s u m a b l y  
a n a l o g o u s  to  Z m a t e r i a l  ~.  T h e  w o r k i n g  r a n g e s  of  t h e s e  
2 m u s c l e s  are  r e m a r k a b l y  wide ,  w i t h  g u i n e a - p i g  m u s c l e  
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]Fig. 1. Dial-am to show the hypothetical myofilament array in a supercontraeting body-wall muscle of the larval blowfly during contraedon, 
modified from O s n o ~  s. For ease of presentation the myofilaments are drawn in register, although electron microscopy demonstrates a more 
staggered alignment 5, ~. It is assumed that the thin filaments on either side of the Z line have opposite polarities, and that each half of the 

thick filament has opposite polarity. The polarities are indicated in the diagram such that the thick filament marked ~ will form cross 
bridges with the thin filament --. Thick filament [] will form eross bridges with the thin filament �9 �9 .. Possible cross bridges formed between 
thick and thin filaments of adjacent sarcomeres are shown in stages 4 and 5. ~yofilament lengths are those of CaZLi~hom muscle 7. Thick 
filament length = 3.2 ~m; thin filament length = 2.0 Mm. Z band thickness decreases from 0.4 Izm in relaxed muscle to 0.3 ~na in the con- 
tracted state. Stage. i, sarcomere fully stretched 7.6 ~m; 2, sarcomere length 4.4 brn; 3, sarcomere length 3.3 ~zm. Thick filaments begin to 
penetrate the Z disc; 4, sarcomere length 2.2 [zm. Thin filaments are penetrating the Z disc; 5, sarcomere length 1.7 ~m. 
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c a p a b l e  of  m a i n t a i n i n g  a c t i v e  t e n s i o n  o v e r  a 9 0 %  l e n g t h  
c h a n g e .  M o r e  r e c e n t l y  MILLER ~6 h a s  d e s c r i b e d  t h e  t e n s i o n /  
l e n g t h  c u r v e s  of  t h e  l e e c h  d o r s a l  l o n g i t u d i n a l  m u s c l e ,  a n  
o b l i q u e l y  s t r i a t e d  m u s c l e  p o s s e s s i n g  Z rods .  T h e  w o r k i n g  
r a n g e  a f f o r d e d  b y  t h i s  s t r u c t u r e  l ies  b e t w e e n  c l a s s i c a l  
s t r i a t e d  m u s c l e  a n d  b l o w f l y  s u p e r c o n t r a c t i n g  m u s c l e � 9  

A t  s a r c o m e r e  l e n g t h s  in  s u p e r c o n t r a c t i n g  m u s c l e ,  
w h e r e  t h e  t h i c k  f i l a m e n t s  b e g i n  t o  p e n e t r a t e  t h e  Z d i sc  
( F i g u r e  1, s t a g e  3), i t  m i g h t  be  e x p e c t e d  t h a t  t h e r e  w o u l d  
be  a d r o p  in  t e n s i o n  as  t h e  p o s s i b l e  c r o s s - b r i d g e  s i t e s  a re  
r e d u c e d S .  H o w e v e r ,  OSBORXE ~ p r e d i c t e d  t h a t  t h e  
s t a g g e r e d  a r r a n g e m e n t  of  t h e  m y o f i l a m e n t s  w i t h i n  a 
s u p e r c o n t r a c t i n g  s a r c o m e r e  m a y  a c c o u n t  for  s m o o t h  
c o n t r a c t i o n  as  p e n e t r a t i o n  o f  t h e  t h i c k  f i l a m e n t s  is 
a s y n c h r o n o u s � 9  T h e  s m o o t h  a c t i v e  t e n s i o n  c u r v e  s e e n  w i t h  
a w h o l e  f ib re  a t  s h o r t e r  l e n g t h s  ( F i g u r e  2) m a y  t o  s o m e  
e x t e n t  r e f l e c t  t h i s  p r e d i c t i o n  b u t  p r o b a b l y  a l so  r e f l e c t s  
h e t e r o g e n i e t y  of  s a r c o m e r e  l e n g t h .  

C o m p a r i s o n  of  t h e  p a s s i v e  t e n s i o n / l e n g t h  c u r v e s  
( F i g u r e  313) a lso  s h o w s  t h e  s i m i l a r i t y  of  b l o w f l y  l a r v a l  
m u s c l e  to  n o n s t r i a t e d  m u s c l e .  T h e  s t r i a t e d  m u s c l e s  s h o w  a 
g r e a t  r e s i s t a n c e  t o  s t r e t c h ,  d u e  t o  t h e  p a r a l l e l  e l a s t i c  
e l e m e n t s .  H o w e v e r ,  t h e  n o n - s t r i a t e d  m u s c l e s  a n d  b l o w f l y  
m u s c l e  s h o w  m u c h  less  r e s i s t a n c e .  I n d e e d ,  h i g h  r e s i s t a n c e  
t o  s t r e t c h  a n d  a w i d e  w o r k i n g  r a n g e  a r e  i n c o m p a t i b l e .  

NAOAI a n d  GRAHAM 2~ c l a i m  t h a t  c o c k r o a c h  p r o c t o d e a l  
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Fig. 2. The tension/length relationship of an isolated longitudinal 
ventrolateral muscle fibre, 13B ~ of Calliphora erythrocephala larva 
(3rd stage). The figures are a mean of 8 measurements recorded at 
20~ O, total tension; @, passive tension; &, active tension; I, stan- 
dard error limit. Tension was recorded with a transducer manufactured 
from silicone strain gauges. The max imum series compliance of the 
recording set up was < 6% of the opt imum muscle length�9 Stimula- 
tion was indirect via the segmental nerve, and was supramaximal at 
77/see; this was not  max imum tetanus but  was chosen to prevent 
fatigue. Tension in the muscle rose sharply to a plateau, which was 
measured. The preparatio n was submerged in a physiological saline TM. 
All measurements were made as the preparation length was increased. 
With this indirect type of stimulation it is possible that  stretching 
the muscle has an effect on activation. This would not however, 
detract from the wide working range, although it may  affect the 
shape of the active and total tension/length curves�9 

m u s c l e s  a r e  s u p e r c o n t r a c t i n g ,  b u t  a p r e v i o u s l y  p u b l i s h e d  
t e n s i o n / l e n g t h  c u r v e  18 d o e s  n o t  r e f l e c t  t h i s ,  a s  a c t i v e  
t e n s i o n  w a s  n o t  r e c o r d e d  d u r i n g  t e t a n u s ,  Limnophi lus  
( T r i c h o p t e r a )  a b d o m i n a l  m u s c l e s  do,  h o w e v e r ,  s h o w  a w ide  
w o r k i n g  range17  b u t  t h e r e  a r e  a p p a r e n t l y  n o  r e p o r t s  on  
t h e  u l t r a s t r u c t u r e  of  t h i s  m u s c l e .  I t  h a s  l o n g  b e e n  k n o w n  
t h a t  s l i g h t  v a r i a t i o n  in  s t r i a t e d  m u s c l e  s t r u c t u r e  g i v e s  
r i se  to  m u s c l e s  w i t h  w i d e l y  v a r y i n g  p h y s i o l o g i c a l  p r o p e r -  
t i e s  2a. T h e  p r e s e n c e  o f  p e r f o r a t e d  Z d i sc s  e n d o w s  s u p e r -  
c o n t r a c t i n g  m u s c l e s  w i t h  c e r t a i n  p r o p e r t i e s  m o r e  u s u a l l y  
a s s o c i a t e d  w i t h  s m o o t h  m u s c l e s .  T h u s  t h e  f u n c t i o n s  of  n o n -  
s t r i a t e d  m u s c l e s  in  o t h e r  a n i m a l s  m a y  be  p e r f o r m e d  in  
i n s e c t s  b y  a m o d i f i e d  s t r i a t e d  m u s c l e .  A t  p r e s e n t  u l t r a -  
s t r u c t u r a l  e v i d e n c e  h a s  d e m o n s t r a t e d  t h i s  t y p e  of  m u s c l e  
in  t h e  b o d y - w a l l  a n d  v i s c e r a  of  d i p t e r a n s  S, G, ~9-a2 a n d  
l e p i d o p t e r a n s  as-aS. T h e r e  is m u c h  less  e v i d e n c e  for  i t s  
p r e s e n c e  in  o t h e r  o rde r s ,  a l t h o u g h  i t  h a s  b e e n  f o u n d  in  a 
d i c t y o p t e r a n  27. 
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Fig. 3. A) Comparison of the active tension/length curves of various 
muscles. 
B) Comparison of the passive tension/length curves of various muscles. 
a) Locust flight muscle ~6. b) Frog or toad sartorius muscle 20. c) 
CaEiphora Ilmscle 13 B. d) Mytilus anterior byssal retractor muscle 
(ABRM) 21. e) Guinea-pig taenia coli muscle 14. Tension is expressed 
as a percentage of max imum active tension, and length relative to 
the opt imum length {where max imum active tension is produced). 


