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M u s c u l a r  d y s t r o p h y  in adult  m i c e  chron ica l l y  t reated  w i t h  A 9 .THC at b e h a v i o u r a l  d o s e s  ~ 
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Summary. After  chronic t r e a t m e n t  wi th  A 9-THC a t  behavioura l  doses, a muscular  d y s t r o p h y  was d e m o n s t r a t e d  in 
adul t  mice, on the  basis of histological  and biochemical  d a t a  and  of funct ional  tes ts  on muscle.  

In  the  course of previous s tudies  concerning the  act ion 
of cannabino ids  on the  bone mar row of rats~ and  mice ~, 
a muscular  s u b a t r o p h y  was suspected  on gross observa-  
tion. The p resen t  research was unde r t aken  in order  to  
elucidate th is  point .  
Materials and methods. Swiss male adul t  albino mice, 
30-35 g b o d y  weight ,  were used. E igh t  animals  were 
t r ea t ed  wi th  a dai ly subcu taneous  inject ion of A9-tetra - 
hyd rocannab ino l  (1 mg/kg) suspended  in phospha t e  buf- 
fer p H  7.4 (0.1 ml) for 30 days.  E i g h t  animals  were t r e a t ed  
in the  same way  wi th  the  vehicle only. The pur i f ica t ion  
of Ag-THC was ob ta ined  by  th in  layer c h r o m a t o g r a p h y  
and  the  pu r i t y  was ascer ta ined  by  gas-liquid ch roma tog -  
raphy,  as previous ly  descr ibed ~. 
At  the  end of the  t r e a t m e n t ,  animals  were anes the t i zed  
wi th  i .p.  pen toba rb i t one  sodium (65 mg/kg).  The gas- 
t rocnemius  muscle and the  sciatic nerve were isolated,  

Fig. 1. Longitudinal section of the gastrocnemius muscle of mouse 
treated with &9-THC. Note apparently normal fibres intermingled 
with hyaline and necrotic fibres and debris. (Hematoxylin and eosin; 
• 240.) 
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Fig. 2. Per cent distribution of muscular fibre diameters in control 
and &9-THC treated mice. 

t ak ing  grea t  care to avoid damag ing  the  blood supply  
and innervat ion .  The Achil le 's  t en d o n  was de tached  and 
connec ted  wi th  an isometr ic  t r ansduce r  (Basile, Micro- 
dynamomete r ) .  The per iphera l  cut  end of the  sciatic 
nerve  was s t imula ted  by  means  of p l a t i n u m  electrodes 
connected,  t h rough  an isolat ion un i t  (Grass SIU 478), 
wi th  a s t imula to r  (Grass S 8) which  del ivered single 
pulses (0.2 msec) or 5 sec t ra ins  of rec tangula r  pulses 
(0.2 msec, 80 Hz). Sup ramax ima l  vol tages  were used for 
each prepara t ion  (6 10 V). Dur ing  the  exper iment ,  the  
whole an imal ' s  leg was ma in ta ined  at  34-35 ~ in a b a t h  
of minera l  oil. The  initial  muscular  tens ion  was ad jus ted  
s tep  by  step,  f rom 10 to 40 g tension,  each s tep  add ing  
5 g. At  each one of these  init ial  loads, the  muscle was 
s t imula ted  th rough  its sciatic nerve.  The value of the  
initial  tension appl ied to the  muscle was t aken  as zero 
and the  act ive tens ion developed on single twi t ch  or te-  
tanic  s t imula t ion  was measured  t h ro u g h  the  t r ansduce r  
connec ted  to an oscilloscope. The signals were also s tored 
on a magnet ic  tape  (Philips Mini Log 4) for later  analysis.  
Animals  were then  sacrificed by  bleeding. The cont ra-  
lateral  gas t rocnemius  muscles were de tached,  weighed 
and sect ioned equatorial ly.  P a r t  of each muscle was fixed 
in Carnoy 's  fluid and emb ed d ed  in paraff in.  Equa to r i a l  
and longi tudinal  sect ions were s ta ined wi th  hema toxy l in  
and eosin. On equator ia l  sect ions the  d iamete r  of the  

f i b r e s  (over 100 for each section) was measured  wi th  the  
aid of a micrometer .  The remaining  pa r t  of each muscle 
was weighed again and hydrol ized overn igh t  in sealed 
tubes  wi th  7 ml of HC1 6 N at  11 8 ~ The pro te in  co n t en t  
was de te rmined  according to Lowry  et  al. 5, and the  
hydroxypro l ine  co n t en t  according to Switzer  and SumnerK 
Results and discussion. The values of the  initial  muscle 
tension,  a t  which the  max ima l  act ive tension was reached,  
showed no signif icant  change  in t r ea t ed  animals,  in com- 
parison wi th  the controls .  Fol lowing sup ramax ima l  s t im- 
ulat ion of the  sciatic nerve,  a s ignif icant  decrease of bo th  
max imal  tw i t ch  and t e t an u s  tens ions  was  observed in 
A~-THC t rea ted  mice (table). 
Transverse  and longi tudinal  sect ions of the  gas t rocnemius  
muscle showed a no rma l  appearance  in the  vehicle 
group. In  Ag-THC-treated animals,  rounded  muscle 
fibres of vary ing  d iamete r s  appeared  emb ed d ed  in fa t  
and f ibrous tissue. Normal  fibres were in te rmingled  wi th  
hyal ine  and vacuola ted  or necrot ic  fibres (figure 1). In  
some cases, endomysia l  tubes  were filled w~th debris.  
Also cent ra l ly  placed nuclei  were observed.  The h ighes t  
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f requency  of the  fibre d iameters  was a b o u t  30 ~xm in 
t r e a t ed  mice, while in controls  it  was abou t  50 ~tm (fig- 
ure 2). 
The pro te in  con t en t  of t he  gas t rocnemius  muscle in 
t r ea t ed  mice was s ignif icant ly  lower in compar i son  wi th  
the  contro l  group:  th is  reduc t ion  h a d  i ts  c o u n t e r p a r t  in 
the  marked ly  increased hydroxypro l ine  con t en t  (table). 
The above men t ioned  d a t a  pe rmi t  one to qual i fy  the  
lesion as a muscular  dys t rophy ,  a l though  a c lear-cut  dis- 
t inc t ion  of its origin is impossible,  since in th is  field the  
pathological  f indings are confusingly  similar, and  mor-  
phology depends  on the  s tage t h a t  t he  disease has reached  
in the  pa r t i cu la r  muscle examined .  The morphological  

Vehicle & 9.THC 

Weight of the muscle (mg) 171.7 • 7.89* 187.2 -L 12.2 
Protein content (per cent 
of the weight of the 
muscle) 
Hydroxyproline content 
(per cent of the protein 
content) 0.637 -E 0.03 
Twitch tension (g) 59.85 • 2.33 
Tetanus tension (g) 218.86 • 8.87 

19.72 -I- 0.58 15.57 -[= 0.35 (p<l% o) 

1.065 i 0.05 (p<l~ 
36.70 =[:: 2.26 (p<1% o) 

160.28 ~ 8.33 (p<l~ 

* Standard error. 

d a t a  f i t  ve ry  well wi th  the  b iochemical  f indings and the  
funct ional  t e s t s  on muscle.  
I t  can therefore  be inferred t h a t  t he  t r e a t m e n t  wi th  A 9- 
THC at  low doses for a r a the r  pro longed t ime  gives rise 
to  a par t i cu la r  muscular  lesion which,  as far as we know, 
has  never  been  descr ibed af ter  cannabinoids .  Our experi-  
men ta l  d a t a  canno t  give an exp lana t ion  of t he  possible 
mechan i sm involved in t he  origin of this  peculiar  dys-  
t rophy .  However ,  the  da t a  r epor ted  by  K ay aa l p  et  al. ~ 
account  for a par t ia l  blocking ac t ion  of Ag-THC upon 
neuromuscu la r  t ransmiss ion,  poss ib ly  due to  a direct  
ac t ion  of t he  drug  on the  naked  m o t o r  nerve  te rminals  in 
t he  muscle,  which  are more  suscept ib le  to such an act ion 
t h a n  the  mye l ina t ed  m o t o r  axons  in the  nerve  t runk.  
Therefore,  i t  c anno t  be excluded t h a t  such a blocking 
act ion,  p ro t r ac t ed  for 30 days,  is one of the  causes of the  
observed  muscular  lesions, t h o u g h  some effects ob ta ined  
af ter  t r e a t m e n t  w i th  Ag-THC ~, 3, 8-10 suggest  t h a t  a more  
general  mechan i sm is involved.  Studies  are in progress  
on th is  topic.  
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Summary. Some new type  of bufadienol ide-  and cardenol ide-conjugates ,  including bufo tox ins  and  3-sulfates recent ly  
isolated f rom the  toad  skin, were t e s t ed  for the i r  cardio tonic  act ivi t ies  b y  using isolated frog hea r t s  and guinea-pig 
atria.  The re la t ive potencies  were ob ta ined  and  repor ted .  

Recent ly ,  N a m b a r a  and  his co-workers  a - n  have  isolated 
new bufotoxillS and  the i r  homologs,  as well as bufadieno-  
lide and  cardenot ide  3-sulfates, f rom the  skin of Japanese  
toads .  They  also syn thes ized  the  analogous conjugates  of 
cardenolide12,13. In  th is  s tudy,  some of these  compounds  
were t e s t ed  : 1. the  isolated frog hear ts ,  and  2. the  isolated 
guinea-pig atria.  
The agents  used were bufal in 3-sulfate, d igi toxigenin 
3-sulfate*,  gamabufo ta l i t ox in  (gamabufota l in  3-suberoyl-  
arginine ester), gamabufo ta l in  3-hemisuberate ,  gama-  
bufotal in,  8 d igi toxigenin  3-suberoyl -X es te rs*  in which  
X were amino acids, and d ipept ides  (table 2), as well as 
bufal in and  digi toxigenin  (* = syn the t i c  specimen):  
The s tock solut ion of d igi toxigenin  was p repa red  wi th  
95% e thanol  in concen t ra t ion  of 1.0 mg /ml  (2.7 raM). 
All o ther  compounds  excep t  3 were also dissolved in con- 
cen t ra t ion  of 1.0 mg/ml .  S tock  solut ions of gamabufo ta l i -  
toxin,  gamabufo ta l in  3-hemisubera te  and  gamabufo ta l in  
were m a d e  in equimolar  to  t h a t  of digi toxigenin.  I m m e -  
d ia te ly  before exper iment ,  these  s tock  solut ions were 
d i lu ted  wi th  saline (0.6% for frog hear ts ,  and 0.9% for 
guinea-pig atria) to  desired concent ra t ions .  
1. The isolated frog h e a r t  (S t raub ' s  prepara t ion) .  The 
m e t h o d  of assay  is t he  same as t he  previous  pape r  1.. 
Male frogs, R a n a  n ig romacu la ta  (20-35 g) were used. The 
S t r aub ' s  cannula  con ta ined  2 ml  of Ringer ' s  solution, the  
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