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G l u c a ~ o n  T r e a t m e n t  of M u s c u l a r  D y s t r o p h i c  Mice:  A L a c k  of Ef fec t  

POPE 1 repor ted  t h a t  glucagon, a t  doses f rom 2 to 20 
p.g/mouse/day, increased the  mean  survival  t ime,  the  
mean  m a x i m u m  weight  and  the  age at  m a x i m u m  weight  
of genetic muscular  dys t roph ic  mice. These t r e a t m e n t s  
also improved  the  clinical condi t ion  of t he  mice. Based on 
POPE'S ini t ial  repor t ,  BRADLEY et al. 2 a t t e m p t e d  to 
conf i rm PoPE's  observa t ions  b u t  did no t  succeed. In  th is  
communica t ion ,  we wish to repor t  t h a t  our resul ts  suppor t  
the  conclusions of BRADLEY et al. 2. At  the  concen t ra t ions  
prescr ibed by  POPE, glucagon had  no observable  effect  on 
genetic muscular  dys t roph ic  mice. 

Th i r ty - seven  male and female muscular  dys t roph ic  
mice (dy/dy) of the  129/ReJ s t ra in  were purchased  f rom 
the  Jackson  Labora tory ,  Bar  Harbor ,  Maine. They  were 

Table I. Maximum weight �9 of dystrophic mice during the experiment 

Female (N) Male (N) 

Diluent~' 14.0 ~ 2.6 (5) 15.6 • 1.7 (5) 
2p-g glucagon 13.0 i 1.9 (5) 15.6 ~ 3.0 (4) 
10p-gglucagon 14.0 :E 1.3 (10) 15.8 z= 1.9 (8) 
Combined 13.7 • 1.5 (20) 15.7 :L 2.0 (17) o 

Mean -4- S.D.(g). b The diluent (Lilly) contained 1.6% glycerine and 
0.2% phenol, pH 2.5-3. ~ Significantly different from the combined 
female group at p < 0.005. 

Table II. Number of experimental days survived by each dystrophic 
mouse 

d iv ided in to  3 t r e a t m e n t  groups as shown in Table I. To 
avoid a cage to  cage var ia t ion,  3 mice, i f rom each t rea t -  
m e n t  group ident i f ied by  ear mark ,  were housed  in 1 
t r a n s p a r e n t  plast ic  cage. The ex t ra  mice on 10 p-g gluca- 
gon were also housed 3 to a cage. Pu r ina  L a b o r a t o r y  
Chow and wa te r  were avai lable ad l ibi tum.  Lights  in the  
mouse  room were kep t  on f rom 06.00 to  18.00 h. 

Glucagon (Lilly) was given s.c. once a day  in a volume 
of 0.1 ml  d i luent  a t  2 or 10 p-g per  mouse,  7 days  a week. 
The expe r imen t  was s t a r t ed  when  the  mice were 52-56 
days  of age and was t e r m i n a t e d  100 days  later. At  t h a t  
t ime,  the  d y s t r o p h y  of the  surviving mice was qui te  
severe and  t h e y  had  no t  been  gaining weight  for several  
weeks. The dys t roph ic  condi t ion  of all the  mice was 
conf i rmed by  pathological  examina t ion  upon autopsy.  

Table  I p resen ts  the  mean  m a x i m u m  weight  a t t a ined  by  
each group of mice. Male mice were s ignif icant ly  heavier  
t h a n  female mice a l though  the  difference was only 2 g. 
Our mice, bo th  male and  female, were l ighter  t h a n  
POPE'S t p robab ly  because of the  difference in diets.  
PoPE used Pur ina  Mouse Breeder  Chow which  has a 
higher  energy co n t en t  and  fa t  co n t en t  t h a n  the  Pur ina  
Labo ra to ry  Chow.we used. In  our exper iment ,  there  was 
no difference in body  weight  wi th in  each sex be tween  
ei ther  of the  g lucagon- t rea ted  groups and the  d i luent  
group. 

Table I I  p resen ts  the  n u mb er  of exper imenta l  days  
survived by  each mouse.  The female mice as a group sur- 
v ived longer t h a n  the  male mice, a f inding also ref lected 
in PopE ' s  da ta  1. In  our s tudy,  no difference was observed 
wi th in  each sex be tween  ei ther  of the  g lucagon- t rea ted  
groups and the  d i luent  group. We, therefore ,  canno t  
subs t an t i a t e  PoPE 's  claim t h a t  glucagon t r e a t m e n t  is 
beneficial  to  the  muscular  dys t roph ic  mice. Other  means  
m u s t  be devised for the  t r e a t m e n t  of th is  disease. 

Survival (days) X ~ S.D. 

Female mice 

Diluent 46,100, 100, 100, 100 89.2 q- 24.1 
2 p-g glucagon 38, 39, 100, 100,100 75.4 -4- 33.7 
10p-gglucagon 51, 54, 70, 100, 100 87.5 -4- 20.7 

100,100, 100, 100, 100 
Combined 84.9 =c 24.4 

Male mice 

Diluent 23, 52, 66, 66, 100 61.4 4- 27.8 
2p-g glucagon 3, 3, 55, 81 35.5 4- 39.0 
10p-gglucagon 10, 19, 37, 62, 95 65.1 -4- 38.5 

98,100,100 
Combined 57.1 =~ 35.8 

The experiment was terminated after 100 days 
Significantly different from the combined female group at p < 0.01. 

Zusammen/assung. Nachweis,  dass K6rpergewicht ,  Dy- 
s t rophie  und  Sterbl ichkei t  bei  m~nnl ichen und  weibl ichen 
muske ldys t roph i schen  M~iusen (dy/dy) nach  100t~tgiger 
Behand lung  mi t  Glukagon (2 oder  10 p-g pro Tag, s.c.) 
unve rgnde r t  blieben. 
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P r e s e n c e  of R e s i l i n  in  a S c o r p i o n  Palamnaeus  swammerdarn i  and i t s  Ro le  in  th e  F o o d -  
C a p t u r i n g  and  S o u n d - P r o d u c i n g  M e c h a n i s m s  

I t  is known t h a t  the  pedipa lp  of scorpions ends  in a 
chela fo rmed of an immovab le  t ib ia  and a movable  tarsus.  
The ta rsus  moves  aga ins t  the  s t rong  processes of the  
t ibia  for grasping the  food 1. CLOUDSLEY-THoMPsoN 2 
repor ts  t h a t  the  scorpions produce  sound by  br iskly  
drawing  the  t ip  of the  ta rsus  backwards  and forwards  

agains t  t he  t e e t h  of tile t ibia.  In  a recen t  s tudy  on the  
muscu la tu re  of ped ipa lp  of a scorpion Heterometrus scaber, 
MATHEWS a repor t s  t h a t  there  are only re t rac tor  muscles 
for closing the  t ib ia  and  extensors  are to ta l ly  lacking, in 
con t ras t  to the  chela of crabs where  b o t h  types  of muscles 
occur. Insp i t e  of the  absence of extensors ,  the  chela in 
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scorpions  can  be opened  or closed. The  a u t h o r  also r epor t s  
t h a t  t he  cut ic le  a t  t he  h inge  of the  t a r sus  shows elast ic  
p r o p e r t y  which  m a y  be respons ib le  for t he  open ing  of t h e  
chela.  B u t  I i t t le  is k n o w n  of the  n a t u r e  of th i s  e last ic  
cu t i cu la r  hinge.  An  a t t e m p t  has  been  m a d e  in the  p r e s en t  
i nves t i ga t i on  to t h r o w  some l igh t  on th i s  p rob lem.  

The  ped ipa lps  of t he  scorpion  t~atamnaeus swammerda- 
mi were f ixed in Zenke r ' s  f luid and  sect ions  of such  m a t e -  
r ia l  were p r e p a r e d  by  cel loidin me thod .  MALLORY'S t r ip le  
s t a in  4 a n d  the  to lu id ine  b lue- l igh t  green s t a in  a t  d i f fe rent  
p H  were employed  for s t a in ing  sect ions  fol lowing ANOJ~R- 
SON and  WEIS-FoGI~ a. F luorescence  in t he  cut ic le  was 
e x a m i n e d  in a V E B  Carl Zeiss J e n a  N F  p K  research  
microscope equ ipped  w i t h  h igh  pressure  m e r c u r y  l amp  
H B O  50. An  exc i t a t i on  l igh t  fi l ter,  UV-f i l t e r  t y p e  U G  
1/3.5 (366 ~zln wave  length)  was  used. For  ba r r i e r  f i l ters in  
f luorescen t  mic roscopy  f i l ters  GG9/OG1 (both  in moun t s )  
were f ixed to b inocu la r  t u b e  while  v iewing  for f luorescence.  
For  c h r o m a t o g r a p h i c  ana lys i s  of t he  amino  acids, t h e  
cut ic le  f rom the  base  of the  t a r sus  as well  as t h a t  f rom t h e  
adj s c e n t  regions were hyd ro lysed  in 6 N HC1 and  ana lysed  
b y  p a p e r  c h r o m a t o g r a p h y  accord ing  to BAILEY and  W m s -  
FOGH 6. The  amino  acids in t he  c h r o m a t o g r a m  were v isua l -  
ised b y  expos ing  "co u l t r a  v io le t  l i gh t  and  iden t i f i ed  b y  
t he i r  Rf  va lues  as well as b y  compar i son  w i t h  a u t h e n t i c  
samples  of a m i n o  acids r u n  on s t a n d a r d  c h r o m a t o g r a m s  
u n d e r  s imi la r  condi t ions .  

Sections,  w h e n  e x a m i n e d  u n d e r  a l igh t  microscope,  
show t h a t  t he  cut ic le  in t he  region of the  h inge  of t h e  
t a r sus  dif fered f rom t h a t  in a d j a c e n t  regions  in t h e  ab-  
sence of t he  a m b e r  coloured  epi- and  exoeuticle,  t h e  
en t i r e  h inge  cut ic le  be ing  colourless  and  t r ans lucen t .  The  
whole  w i d t h  of the  h inge  cut ic le  t ook  up  a red colour  w i t h  
MALLOI~'S t r ip le  s t a in  and  a deep sapph i r e  blue colour  
w i t h  to lu id ine  b lue- l ight  green  s t a in  a t  p H  4.6-4.8,  
Accord ing  to  A~DERSON a n d  WEIs-FooI~ s, these  are 
p roper t i e s  specific for the  s t r u c t u r a l  p ro t e in  resi t in.  Resul t s  
of t r e a t m e n t  w i t h  chemica l  r eagen t s  lend s u p p o r t  to  t h i s  
inference.  The  cut ic le  in t he  h i n g e  region showed m a r k e d  
swell ing r eac t ion  w h e n  t r e a t e d  w i t h  formic  acid, form-  
amide,  phenol ,  l i t h i u m  t h i o c y a n a t e  and  cupr ic  e thy lene -  
d iamine .  

One o t h e r  d iagnos t i c  c h a r a c t e r  of resi l in  is au tof luo-  
rescence in U V  l ight .  E x a m i n a t i o n  of u n s t a i n e d  sect ions  
of t he  cut ic le  f rom the  reg ion  in ques t i on  w i t h  t he  fluo- 
r e scen t  microscope  shows t h a t  t he  en t i r e  cut ic le  fluo- 

resced b r i g h t  glossy blue (Figure).  The  f luorescence 
p r o p e r t y  d i sappea red  a f te r  t r e a t m e n t  w i t h  N - b r o m o -  
succ inamide  7, s. A s imi la r  resu l t  was observed  a f te r  incu-  
b a t i o n  of t h e  sect ions  of the  cut ic le  w i t h  pepsin .  The  
cut ic le  f rom the  ad jo in ing  regions n e v e r  f luoresced u n d e r  
a n y  condi t ion .  

I t  is k n o w n  f rom the  works  of ANDERSON 9 t h a t  the  
f luorescent  p r o p e r t y  of resi l in is due  to  t h e  presence  of 
two amino  acids di- an d  t r i ty ros ine .  C h r o m a t o g r a p h i c  
analys is  of t h e  a m i n o  acids f rom t h e  cut ic le  of t h e  h inge  
region showed t h e  presence  of 15 spots  of which  13 cor- 
r e sponded  to a lanine ,  arginine ,  a spa r t i c  acid, g l u t a m i c  
acid, glycine, h is t id ine ,  isoleucine, leucine, lysine, phenyI  
a lanine ,  prol ine,  ser ine an d  val ine.  There  are in add i t i on  
two spots  which  f luoresced blue in UV-l ight .  The  RI  va lues  
of these  two spots  are 0.5 a n d  0.18 which  cor respond  to 
the  d i ty ros ine  a n d  t r i t y ros ine  respect ively ,  of t h e  s t a n d a r d  
c h r o m a t o g r a m .  

I n  the  l igh t  of the  resu l t s  r epo r t ed  above,  i t  m a y  be 
inferred t h a t  t h e  cut ic le  in t h e  h inge  region of t h e  t a r sus  
m a y  h a v e  a p ro t e in  r e sembl ing  resil in.  I t  is now well  
e s t ab l i shed  t h a t  mos t  elast ic t e n d o n s  an d  cu t i cu la r  regions 
serv ing  as spr ings  in a r t h r o p o d s  h a v e  resi l ina,  x~ whose  
i n h e r e n t  p r o p e r t y  is r ega in ing  i ts  or ig ina l  cond i t ion  a f t e r  
be ing  pul led  o u t  or ex tended .  In  t h e  absence  of t h e  ex ten-  
sor muscles  in the  ped ipa lp  in scorpions,  t h e  occurrence  of 
a p ro t e in  r e sembl ing  resi l in in the  h inge  of t a r s u s  m a y  aid 
in  the  ope ra t i on  of t h e  sound-p roduc ing  a n d  food-cap tu r -  
ing mechan i sms .  

Zusammen/assung. U n t e r s u c h t  wurde  die Beschaf fen-  
he i r  der  ftir das  F u n k t i o n i e r e n  des Beu te fang-  u n d  Ge- 
r / iuscherzeugungs -Mechan i smus  zust/*ndigen O b e r h a u t  
am T ib i a -Ta r sus -{ Ibe rgang  der  Zangen  der  S k o r p i o n a r t  
Palamnaeus swammerdami. I m  U V - L i c h t  zeigt  diese 
O b e r h a u t  Autof luoreszenz .  I n  H y d r o l y s a t e n  w u r d e n  
D i t y r o s i n  und  T r i t y r o s i n  nachgewiesen ,  was  d i e V e r m u t u n g  
nahe leg t ,  dass  Res i l in  v o r h a n d e n  ist. 
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Tangential section through the tarsus of Palamnaeus swammerdami, 
viewed under fluorescence microscope. The arrow indicates the 
cuticle in the hinge region which fluoresces. (Scale line 1.0 ram.) 
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