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p a t t e r n  differs in. severa l  ways  f rom t h e  t y p e  1 uni t .  
Firs t ,  t he re  is no  i n d i c a t i o n  of t he  i n h i b i t i o n  pr io r  to  t h e  
exc i ta t ion .  W e  h a v e  i l l u s t r a t ed  t he  responses  to  a ve r t i ca l  
slit,  0.7 ~ • 5.6 ~ to  d e m o n s t r a t e  t h a t  even  w h e n  t h e  s t imu-  
lus is la rger  t h a n  t he  RFC,  t he re  is no  i n d i c a t i o n  of t h e  
inh ib i t ion .  Second,  t h e  response  a m p l i t u d e  is lower. And  
th i rd ,  t h e  i n h i b i t i o n  w h e n  t he  s t imu lus  leaves  t h e  R F C  is 
weaker  and  shor te r - las t ing .  

W e  h a v e  e x a m i n e d  a p p r o x i m a t e l y  60 on-cen te r  un i t s  
a n d  h a v e  found  a b o u t  equa l  n u m b e r s  of t h e  2 t ypes  of 
uni ts .  The  ques t ion  ar ises  w h e t h e r  these  2 t ypes  of un i t s  
co r respond  to t he  sus t a ined  a n d  t r a n s i e n t  un i t s  descr ibed  
b y  ear l ier  inves t iga to rs .  E x a m i n a t i o n  of t h e  responses  
el ic i ted b y  a m o v i n g  h o r i z o n t a l  s l i t  has  p r o v i d e d  ev idence  
t h a t  t he  t y p e  1 u n i t  co r responds  to  t he  su s t a ined  t y p e  a n d  
t he  t y p e  2 u n i t  co r responds  to t he  t r a n s i e n t  t y p e  of un i t .  
The  ave rage  response  h i s t o g r a m s  of t y p e  1 a n d  t y p e  2 
un i t s  are shown  in F igure  2. The  responses  in t he  u p p e r  
row were el ic i ted b y  a 0.7 ~ squa re  whi le  those  in t he  lower 
row were el ic i ted b y  a 5 .60 •  ~ h o r i z o n t a l  slit .  The  
s t imu lus  i n t e n s i t y  was 2.0 log un i t s  a b o v e  t h r e s h o l d  for  
all  of t he  responses.  Th e  di f ferences  in t he  responses  o5 t h e  
2 t ypes  of un i t s  w h e n  a 0.7 ~ s t imu lus  was used are s imi la r  
to  t h a t  j u s t  descr ibed.  W i t h  t h e  h o r i z o n t a l  s l i t  an  addi-  
t i o n a l  d i f ference  can  be  noted .  Fo r  t he  t y p e  1 uni t ,  t h e  
h i g h  f r equency  b u r s t  of spikes  is followed b y  a m a i n t a i n e d  
f i r ing  level  w h i c h  is s ign i f i can t ly  h igher  t h a n  t he  s p o n t a n e -  
ous f i r ing  level.  I n  t h e  t y p e  2 uni t ,  t h e  f i r ing  level  de- 
creases to  t h e  s p o n t a n e o u s  level  a f t e r  t h e  h i g h  f r e q u e n c y  
burs t .  The  m a i n t a i n e d  f i r ing  level  of t he  t y p e  1 u n i t  is in  
keep ing  w i t h  t he  response  of t he  sus t a ined  t y p e  whi le  t h e  
fas t  decay  of t he  f i r ing  level  o t  t he  s p o n t a n e o u s  level  is 
w h a t  would be  expec t ed  of t h e  t r a n s i e n t  t y p e  of uni t .  
Thus  t he  t y p e  1 un i t s  r e semble  t h e  sus t a ined  t y p e  of un i t s  
b y  showing  a m a i n t a i n e d  f i r i n g  whi le  t he  s t imulus  is 
w i t h i n  t h e  RFC,  and  a s t ronge r  a n d  longer - las t ing  
i n h i b i t i o n  w h e n  t h e  s t imu lus  leaves  t he  RFC.  

W h a t  can  a c c o u n t  for t h e  di f ferences  in  t h e  responses  of 
t he  2 types  of un i t s  w h e n  a m o v i n g  s t imu lus  is used ? The  
answer  to  th i s  ques t ion  m a y  be  p rov ided  b y  t he  response  
of sus t a ined  a n d  t r a n s i e n t  un i t s  to  a large annulus .  The  
sus t a ined  t y p e  re sponds  to  a n  a n n u l u s  f lashed in t he  
s u r r o u n d  w i t h  a response  cha rac t e r i s t i c  of t h e  s u r r o u n d  
c o m p o n e n t ,  whi le  t he  t r a n s i e n t  u n i t  r e sponds  to t he  same  
s t imu lus  w i t h  a response  cha rac t e r i s t i c  of b o t h  t h e  cen te r  

a n d  s u r r o u n d  6, 7. Th i s  di f ference has  been  a t t r i b u t e d  to a 
d i f ference in t he  spa t i a l  a r r a n g e m e n t  of t h e  cen te r  and  
s u r r o u n d  c o m p o n e n t s  of t he  RF .  For  t he  sus t a ined  t y p e , ,  
t h e  d i a m e t e r  of t he  s u r r o u n d  c o m p o n e n t  is la rger  t h a n  t he  
cen te r  c o m p o n e n t  so t h a t  t h e r e  exis ts  a r i m  where  on ly  
t he  s u r r o u n d  c o m p o n e n t  is p r e sen t  as in  RODIECK a n d  
STONE'S 6 mode l  of t he  RF .  Fo r  t h e  t r a n s i e n t  type ,  t he  
borders  of t he  cen te r  and  s u r r o u n d  c o m p o n e n t s  are  
co inc iden t  so t h a t  b o t h  c o m p o n e n t s  are p r e sen t  t h r o u g h o u t  
t he  RF .  Thus  for t he  t y p e  1 or sus t a ined  un i t ,  t h e  m o v i n g  
s t imu lus  will e n c o u n t e r  f i r s t  t he  r im  of t h e  su r round  
c o m p o n e n t  wh ich  will  decrease  t he  s p o n t a n e o u s  f i r ing  
rate .  Fo r  t h e  t y p e  2 or t r a n s i e n t  uni t ,  t h e  s t imu lus  will  
pass  in to  a region where  b o t h  t h e  cen te r  and  s u r r o u n d  
c o m p o n e n t s  are p re sen t  so t h a t  t he  i n h i b i t i o n  f rom the  
s u r r o u n d  will  no t  be  noted .  T h u s  our  obse rva t ions  can  be  
a c c o u n t e d  for b y  t he  di f ference in t he  spa t i a l  a r r a n g e m e n t  
of t he  cen te r  a n d  s o u r r u n d  c o m p o n e n t s  of t he  R F  as 
p roposed  b y  ear l ier  i nves t iga to r s  7. 

Rdsumd. D e u x  Types  de  r6ponses  a p p a r a i s s e n t  dans  des 
ceiiules gang l ionna i res  du  c h a t  soumises  k des s t imul i  
mobiles .  I ls  c o r r e s p o n d e n t  a u x  un i t6s  r d p o n d a n t  de 
fa~on t r an s i t o i r e  ou du rab le  et  p r o v i e n n e n t  d ' u n e  dif- 
f6rence dans  la d i spos i t ion  spa t i a l e  du  cen t re  e t  de la 
p6r iph6r ie  du  c h a m p  r6cepteur .  
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Effect of Growth  H o r m o n e  and T h y r o x i n e  on the 

St ra in  129Re m u s c u l a r  d y s t r o p h i c  mice a t  3 weeks of 
age were i n j ec t ed  da i ly  w i t h  1 ~zg t h y r o x i n e  a n d  5 ~xg 
g r o w t h  ho rmone .  The  effect  of h o r m o n e  t r e a t m e n t  was 
t e s t ed  b y  m e a s u r e m e n t  of p e a k  t w i t c h  tens ion ,  r e l a x a t i o n  
ra te ,  arid ' I a t igue '  in  sma l l  s t r ips  of excised a b d o m i n i s  
muscle,  s t i m u l a t e d  in  o x y g e n a t e d  R inge r s  solut ion.  W h i l e  
gross d i f ferences  b e t w e e n  n o r m a l  a n d  d y s t r o p h i c  muscIe  
are  repor ted ,  no change  in  t he  con t r ac t i l e  b e h a v i o r  of t he  
h o r m o n e  t r e a t e d  d y s t r o p h i c  musc le  was found.  The  
poss ible  r e l a t i onsh ip  b e t w e e n  h o r m o n e  def ic iency a n d  
m u s c u l a r  d y s t r o p h y  is discussed.  

Methods. S t r a i n  129Re muscu l a r  d y s t r o p h i c  mice1 were 
o b t a i n e d  a t  3 weeks  of age and  in jec ted  for  14-17 days.  
Pur i f i ed  b o v i n e  g r o w t h  h o r m o n e  2 was dissoIved in 9 % 
NaC1, p H  9.0. L- thyrox ine  3 was dissolved in 0.01 N N a O H .  
In j ec t i ons  cons is ted  of da i ly  doses of 1 s g  t h y r o x i n e  in 
0.025 m l  of t h e  N a O H  so lu t ion  a n d  5 [zg g r o w t h  h o r m o n e  
in  0.025 ml  of t h e  NaC1 solut ion.  D y s t r o p h i c  mice  were 
d iv ided  r a n d o m l y  in to  a h o r m o n e - i n j e c t e d  group  (aver-  

Contracti le  Propert ies  of Dys troph ic  Musc le  

age we igh t  7.4 g) a n d  a con t ro l  g roup  (average we igh t  
7.6 g), a n d  in jec ted  da i ly  w i t h  0.05 ml  9 %  NaC1. A t h i r d  
g roup  c o n t a i n i n g  n o n - d y s t r o p h i c  l i t t e r - m a t e s  (average 
w e i g h t  11.9 g) were in jec ted  w i t h  0.08 m l  9 %  NaC1, t h e  
h ighe r  v o l u m e  be ing  in p r o p o r t i o n  to  t he  h i g h e r  m e a n  
b o d y  weight .  

All  mice  were sacr i f iced b e t w e e n  14-17 days  of in jec t ion .  
S t r ips  of excised a b d o m i n i s  muscle  a p p r o x i m a t e l y  2 • 6 • 1 
mm.  (1-3 m g  d ry  weight)  were c l amped  ve r t i ca l ly  in  an  
o x y g e n a t e d  R inge r s  so lu t ion  a t  15~ The  a p p a r a t u s  
used, wh ich  p e r m i t t e d  a u t o m a t i c  a d j u s t m e n t s  of r e s t ing  
l e n g t h  and  t en s ion  has  been  p rev ious ly  descr ibed  ~. The  

1 Mice were obtained from Bar Harbor Laboratory, Bar Harbor, 
Maine. 

2 Growth hormone was graciously provided by Dr. E. BATES of The 
National Institute of Health. 

a z-thyroxine was obtained from the Sigma Company. 
4 W. C. ULLRICK, Physiol. Chem. Phys. 2, 385 (1970). 
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Table I. 

Speeialia EXPERIENTIA 29/7 

Group Peak twitch tension (g/g) . Fatigue index Peak relaxation (g/sec) 

Normal (8) 737 • 52 0.76 ~t- 0.07 8.7 J= 0.9 

Dystrophic control (6) 152 ~= 28 ~ 0.79 =c 0.05 b 1.2 -4- 0.24 ~ 

Dystrophic injected (4) 85 -4- 12 b 0.81 -4- 0.07 b 0.49 ~ 0.14 b 

• Standard error; ( ) number in group. ~ ~ p < 0.01 ; u = p > 0.05, when compared with above value in column, by Mann-Whitney U-test. 

Table II. 

Tissue DNA/g muscle Dry wt./wet wt. Protein nitrogen Phosphorylase activity 

Hypophysectomized Increases 18-21 days 7 Lower than normal, increasing after day 177 Low 1~ Low 7 

Dystrophic Increases 18-21 days S Lower than normal, increasing after day 179 Low II Low 1~ 

Normal Decreases 18-21 days ~, 8 Decreasing after day 17 -- -- 

muscle was s t imula ted  sup ramax ima l ly  every  2 sec for 
30 rain. Peak  tw i t ch  tens ion and con t rac t ion  t imes  were 
recorded.  The muscle s t r ips  were placed in an oven over- 
n igh t  a t  105 ~ and  peak  twich  tens ion  in g/g d ry  weight  
calculated.  An index  of fa t ique  was t aken  as the  ra t io  of 
peak  tw i t ch  tens ion  a t  30 rain to the  ini t ial  tens ion at  
t ime  = 0. Re laxa t ion  t ime  was calculated as the  Mope of 
the  line t a n g e n t  to the  re laxa t ion  curve at  its s teepes t  
point .  

Peak  tw i t ch  t ens ion  in g/g d ry  weight  was shown to be 
a lmos t  5 t imes  grea ter  in the  normal  mice t h a n  in the  
dys t roph ic  c o n t r o l  Re laxa t ion  ra te  was 7.2 t imes  grea ter  
in the  normal ,  giving evidence for a previous ly  r epor ted  
observa t ion  by  SANDOW g t h a t  t he  re laxa t ion  mechan i sm 
in dys t roph ic  muscle  m a y  be defective.  No difference in 
the  fat igue p a t t e r n  be tween  normal  and  dys t roph ic  
muscle was found,  an observa t ion  which  grea t ly  differs 
f rom a s tudy  by  GABEL s showing dys t roph ic  muscle  
fat igues less quickly  t h a n  normal  muscle. No myoton ic  
response  was recorded in any  dys t roph ic  muscle.  

Differences be tween  the  dys t roph ic  control  and dys t ro-  
phic in jec ted  group in regard to  peak  tw i t ch  tension,  
fatigue, and re laxa t ion  are no t  s ignif icant  a t  p = 0.05, 
as de t e rmined  by  the  Mann- 'Whi tney  U-tes t .  

Dissussion. While  it is a p p a r e n t  t h a t  our ho rmone  t rea t -  
m e n t  was no t  effect ive in th is  s tudy,  i t  is of in te res t  to 
examine  the  hypo thes i s  t h a t  muscular  d y s t r o p h y  m a y  be 
re la ted  to an inabi l i ty  of some ho rmone  to cause ma tu r a -  
t ion  of muscle  fibers.  Of par t icu lar  significance are a 
series of b iochemical  aber ra t ions  which  appear  in skeletal  
muscIe of b o t h  dys t roph ic  and h y p o p h y s e c t o m i z e d  chick 

embryos  in a similar  man n e r  b o t h  quan t i t a t i ve ly  and 
chronologically.  Table  I I  summar izes  th is  data.  

F r o m  the  Table, b iochemical  differences be tween  normal  
and dys t roph ic  muscle  occur somet ime  a round  the  17th  
day  of deve lopment .  (ENEMAR la repor t s  t h a t  the  onset  of 
p i tu i t a ry  ac t iv i ty  in t he  chick embryo  to  be 15 days.) 

DE LA HABA 1~ has impl ica ted  g rowth  h o rmo n e  in t he  
d i f fe ren t ia t ion  of muscle  in vi tro,  and  SPIRO 15 repor t s  
t h a t  t hy ro id  ho rmone  m a y  be in t in la te ly  re la ted  to the  
sarcoplasmic re t icu lum and intr insic  contrac t i le  proper-  
ties to dys t roph ic  muscle.  The p resen t  expe r imen t  w i th  
t hy rox ine  and  g rowth  ho rmone  was no t  effective in 
res tor ing  normal  contrac t i le  proper t ies  to dys t roph ic  
muscle. Possible  character is t ics  of dys t roph ic  muscle 
which  m a y  have  inf luenced our resul ts  are:  a) m e m b r a n e  
al terat ion,  in which  case ho rmones  would leak out  of 
ceils, or no t  b ind  proper ly ;  and b) poor  microcirculat ion 
which  would p r ev en t  p roper  t r a n s p o r t  of ho rmone  to 
muscle.  

Rdsumd. Chez des souris a y a n t  une  dys t roph ie  muscu-  
laire, l ' in jec t ion  d ' h o r m o n e  d ' acc ro i s sement  et  de thy-  
roxine  n ' a  pas  d 'effe t .  On l 'a  observ6 en m e s u r a n t  la 
tens ion  m a x i m u m  de la secousse, le degr6 de re lgchement  
et  les courbes de fat igue dans  des l amb eau x  6troits  du 
muscle  abdomina l  excis6. 
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