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Abstract  :  The pulmonary –  renal  cascade may regula te  the  respira t ion
and skele ta l  muscle  contrac t i l i ty .  To evaluate  th is  working hypothet ica l
model,  we conducted experiments to ascertain the skeletal muscle tone of
the Swiss mice (20–35 g).  The animals were evaluated for  their  skeletal
muscle tone via several  techniques i .e .  incl ined plane test ,  gr ip s trength
tes t  and  swim tes t .

Groups of mice (n=6) were pre-treated with mefenamic acid (60 mg/kg,
i.p), carbenoxolone (100 mg/kg i.p) or vehicle only 15 minutes before the
t rea tment  wi th  hepar in  (500 U/kg,  i .v ) ,  u rokinase  (5500 U/kg,  i .v )  and
ery thropoie t in  (150  U/kg ,  i .v ) .  Hepar in  po ten t ia ted  the  loss  of  ske le ta l
muscle tone induced by mefenamic acid and carbenoxolone while urokinase
& e ry th ropo ie t in  s ign i f i can t ly  enhanced  the  ske le ta l  musc le  tone  as
evalua ted  by  a l l  o r  one  of  the  tes t s .  Other  groups  of  mice  (n=6)  were
pretreated with mefenamic acid (1 mg i.c.v), carbenoxolone (160 µg i.c.v)
or  minoxid i l  (30  µg  i . c .v )  and  the  e f fec t s  o f  hepar in  & urokinase  and
erythropoietin on skeletal muscle tone were evaluated. To study the effects
o f  hepar in  and  u rok inase  on  ne rve  regenera t ion ,  two  g roups  o f  mice
underwent  a  sham and  sc ia t ic  nerve  c rush  procedure .  The  mice  t rea ted
with urokinase recovered much faster  as  compared to  those t reated with
hepar in  o r  sa l ine .

These  exper imenta l  r e su l t s  sugges t  tha t  gap  junc t ion  b lockers  and
po tass ium channe l  openers  in te rac t  wi th  hepar in ,  u rok inase  and
erythropoie t in  to  cont ro l  the  skele ta l  muscle  tone .
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INTRODUCTION

Gap junc t ions  p lay  an  impor tan t  ro le
in  neurons  and  g l ia  o f  b ra in  s tem
media t ing  chemorecep t ion  and  resp i ra to ry

rhythmogenesis.  Gap junctional intercellular
communication (GJIC) and inhibitory synapses
a l so  modula te  insp i ra to ry  motoneuron
synchroniza t ion  (1) .  In  response  to  the
st imulat ion of  the central  gap junct ions by
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changes  in  insp i ra to ry  motoneuron  and
phren ic  nerve  impulses  and  po tass ium
channe l  modula t ion  resu l t s  in  subsequent
rena l  nerve  s t imula t ion .  This  induces  the
k idney  to  re lease  the  humora l  subs tances ,
u rok inase ,  Ery thropoie t in ,  hepar in  b ind ing
growth factors  and protease  nexin-1 which
have  a  p rominent  e f fec t  on  the  tone  and
activity of skeletal muscles (2, 3).

Urokinase and erythropoiet in  have been
shown to  have  e f fec t s  on  myogenes i s ,
skeletal  muscle regenerat ion and regulat ion
of  ske le ta l  musc le  tone .  Whi le  hepar in
mediates a wide variety of complex biological
ro les  by  b ind ing  to  i t s  g rowth  fac tors
and alteration of the tone of skeletal muscles
(4).

Gap  junc t ions  and  po tass ium channe ls
have  the  po ten t ia l  to  a l t e r  the  tone  and
neural impulses to the skeletal muscles (5).
This  s tudy  was  there fore  under taken  to
eva lua te  the  ro le  o f  gap  junc t ions  and
potass ium channe ls  in  the  modi f ica t ion  of
skele ta l  muscle  tone by hepar in ,  urokinase
and erythropoietin. The results of our study
c lear ly  sugges t  the  impor tance  of  these
endogenous  humora l  agen ts  in  regu la t ing
ske le ta l  musc le  tone .  The  resu l t s  o f  th i s
s tudy  sugges t  the  s ign i f icance  of  these
neurohumora l  agen ts  in  main ta in ing  the
‘Pulmonary – Renal cascade’.

M E T H O D S

D r u g s

The  doses  o f  the  d rugs  u t i l i sed  were
selected based on the concentrat ion per  kg
weigh t  g iven  in  s tandard  tex t  books  and
a longwi th  the  p re l iminary  t r i a l s  were
conduc ted  to  eva lua te  the  dosage .  The

following drugs were utilised for this study.
0.9% Saline, mefenamic acid (60 mg/kg i.p),
minoxidil  (30 µg i .c.v),  urokinase (5500 U/
kg, iv), heparin (500 U/kg i.v), carbenoxolone
disodium (160 µg i.c.v), erythropoietin (150
U/kg i.v),  ketamine (10 mg/kg i.m).

A n i m a l s

Swiss adult mice of either sex weighing
between (20–35 g) were used for this study.
The  an imals  were  kep t  under  s tandard
labora tory  condi t ions  and  were  p rov ided
with chow and drinking water ad libitum. A
natural  12 hour dark – l ight  cycle i .e  7.00
a .m onwards  be ing  the  day  and  7 .00  p .m
onwards being the darkness was maintained.
Eth ica l  c lea rance  was  ob ta ined  f rom the
Ins t i tu t iona l  an imal  e th ics  commit tee  to
conduc t  exper iments .

Stat i s t i ca l  ana lys i s

Statist ical  evaluation was done uti l is ing
the Mann Whitney U test and Wilcoxon Rank
Sum W tes t  fo r  pa i red  exper imenta l  da ta .
The values expressed are mean ± SE of n=6
animals.  Differences were considered to be
signif icant  when P<0.05.

P r o c e d u r e

Eight groups of mice, each consisting of
s ix  an imals  were  used  for  in t raper i tonea l
in jec t ions  of  mefenamic  ac id  and
carbenoxolone  d i sod ium wi th  or  wi thout
other  drugs  namely urokinase ,  hepar in  and
ery thropoie t in .  Thi r teen  groups  of  mice ,
each  cons i s t ing  of  s ix  an imals  were  used
for  i .c .v  in jec t ions  of  mefenamic  ac id  and
carbenoxolone disodium and minoxidil  with
or  wi thout  o ther  d rugs  namely  urok inase ,
heparin and erythropoietin. An i.c.v injection



Indian J Physiol Pharmacol 2005; 49(4) Renal  Humoral  Modula t ion  of  Skele ta l  Muscle 405

of sal ine was also administered to a group
which served as control. After administration
of injections, the animals were evaluated for
the  fo l lowing parameters .

Evaluat ion  o f  ske le ta l  musc le  tone

a ) Inclined Plane test :

In i t i a l ly  an imals  were  t es ted  fo r  the i r
inherent skeletal muscle tone by their ability
to  c l imb up the incl ined plane.  Test  drugs
were  g iven  and  an imals  t es ted  aga in  fo r
skeletal muscle tone. A small wooden board
of 30 × 20 cm was kept inclined to the wall
at an angle of 65°. Mice were placed on the
rough surface of the inclined plane and the
muscle tone was ascertained by their ability
to  hold on to  the  surface.  Their  abi l i ty  to
cl imb to the top of  the incl ined plane was
evaluated (6) .

b) Grip Strength test  :

This  t es t  i s  used  to  eva lua te  muscu la r
s t reng th  or  neuromuscula r  func t ion  in
rodents.  Init ial ly the animals are tested for
their  normal  react ivi ty.  They were exposed
to  a  hor izon ta l  meta l l i c  wi re  30  cm long
suspended in air.  Mice are allowed to hang
with its fore limb and their ability to catch
with their hind limbs within 5 seconds was
inc luded  for  the  tes t .  Af te r  adminis t ra t ion
of  the  drug the  animals  not  ab le  to  touch
the  wi re  wi th  the  h ind  l imbs  wi th in  5
seconds  or  an imals  which  fa l l  o f f  were
considered to have decreased tone (7).  The
animals  were  in jec ted  wi th  tes t  d rugs  and
their  muscle  tone evaluated by this  tes t .

c) Swim Test  :

The an imals  were  p laced  in  the  cen te r

of  a  wate r  t ank  (40 × 20 × 10 cm) .  The
tempera ture  of  the  water  was  regula ted  to
room tempera ture  (30°C) .  Normal  an imals
swim perfectly and some times passively, but
never  s ink .  The  l imb movement  and  the
capac i ty  to  swim ind ica ted  the  tone  of
skeletal muscles. All the animals were tested
for their  swimming abili ty with a 3 minute
tes t .  Pass ive  swimming  was  ind ica t ive  of
decreased  ske le ta l  musc le  tone .  Then  the
animals  were t reated with the experimental
drugs  and  eva lua ted .  The  an imals  wi th
reduced muscle tone fail to keep afloat, after
some time (8).

d ) In t racerebroven tr icu lar  in jec t ion  o f
d rugs :

The  In t racerebrovent r icu la r  ( i . c .v )
technique ut i l ised for  this  s tudy was based
on the method by Haley & McCormick (9).
The mice were injected with the anesthetic
agent,  ketamine (10 mg/kg i .m) 15 minutes
before experimental  use.  The drug solut ion
was injected with a 20 µl Hamilton syringe
connected to a plastic cannula with a sleeve
around the needle to prevent the later from
penetrating more than 3 mm into the skull .
Al l  in jec t ions  were  g iven  1 .0–2 .0  mm
poster ior  to  the  bregma.

e) Sciatic Nerve Crush :

The  mice  were  anes the t ized  wi th
ke tamine  (10  mg/kg  i .m)  in jec t ion .  The
technique utilised was a modification of the
technique  shown by  S iconol f i  e t  a l  (10) .
Through a careful incision in the hind limb,
the  sc ia t ic  nerve  was  loca ted  and  c rushed
wi th  the  he lp  o f  a  se r ra ted  forceps .  The
twitching of the l imb muscle confirmed the
ef fec t s  on  the  ske le ta l  musc le .  Af te r  the
nerve crush the animals exhibited a distinct
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para ly t ic  ga i t  wi th  the  a f fec ted  l imb.  The
animals were treated with the test  drugs to
eva lua te  the  recovery  of  sc ia t i c  nerve
ac t iv i ty .

R E S U L T S

Evaluat ion  o f  ske le ta l  musc le  tone

Diffe ren t  g roups  of  mice  (n=6)  were
evalua ted  for  ske le ta l  muscle  tone  v ia  the
simple tests like the inclined plane test, grip
strength test  and swim test .  The resul ts  of
our  s tudy  sugges t  tha t  p re - t rea tment  wi th
gap junction blocker, mefenamic acid caused
mild attenuation of the skeletal muscle tone
per se as determined by inclined plane test
This  mi ld  a t t enua t ion  in  ske le ta l  musc le
tone was significantly potentiated by heparin
treatment i.e. a decrease of 28.5% while on
the other hand the skeletal muscle tone was
enhanced  by  urok inase  and  showing  an
increase of 39.2 %. The results are shown in
Table I. To evaluate the grip strength of the
animals,  the animals were subjected to pre-
t rea tment  wi th  mefenamic  ac id  15 minutes
pr ior  to  in ject ions  of  hepar in  or  urokinase

and  we  ob ta ined  a  s imi la r  t rend  i . e .  the
animals displayed potentiated loss of muscle
tone  wi th  hepar in  and  enhancement  and
reversa l  o f  ske le ta l  musc le  tone  wi th
urokinase.  On the other hand erythropoietin
enhanced the skeletal  muscle tone after  i .p
injections of GJIC blocker,  mefenamic acid
when evaluated  by inc l ined p lane  tes t  and
grip strength test causing an increase of 19.5
and 60.9% respectively.

Inorder  to  s t reng then  our  convic t ion
about  gap  junc t ions ,  we  u t i l i sed  ano ther
specific GJIC blocker, Carbenoxolone and we
obta ined  a lmos t  s imi la r  pa t te rn  o f  resu l t s
as obtained with mefenamic acid (Table I) .

To observe the effects on the abili ty of
the  animals  to  swim,  and mainta in  a  l imb
movement  dur ing  a  swim tes t  a  separa te
group  of  an imals  were  p re t rea ted  wi th
mefenamic  ac id  a long  wi th  hepar in ,
urokinase  and erythropoiet in  and subjected
to a 3 minute swim test in a plastic container.
Heparin produced a reduction in muscle tone
while urokinase and erythropoietin enhanced
the abil i ty of the animals to swim. All  the

TABLE I : The influence of GJIC Blockers,  Mefenamic acid (60 mg/kg, i.p) and Carbenoxolone (100 mg/kg, i.p)
on the modification of skeletal  muscle tone,  by heparin (500 U/kg, i .v),  Urokinase (5500 U/kg, i .v)
and  EPO (150  U/kg ,  i . v )  a s  eva lua ted  by  Inc l ined  p lane  t e s t ,  Gr ip  s t r eng th  and  swim tes t .  The
resul ts  shown are  f rom (n=6)  observat ions  and are  depic ted as  % mean ± SE change f rom control .

D r u g s Incl ined p lane  tes t Grip  s t rength  tes t Swim tes t

Mefenamic  ac id 7 .24± 1 .11 7 .46± 1 .32 8 .11± 1 .82
Mefenamic  +  Hepar in –28 .5± 1 .97* a –23 .3± 3 .86 a –18 .4± 1 .92 a

Mefenamic  +  Urok inase 39 .2± 4 .43* a 79 .6± 7 .63* a 81 .2± 3 .74* a

Mefenamic  +  Ery th ropo ie t in 19 .5± 7 .36 60 .9± 6 .28* a 58 .1± 6 .54* a

Carbenoxo lone – 11 .26± 1 .71 –
Carbenoxo lone  +  Hepar in – –38 .5± 2.12* b –
Carbenoxolone  +  Urok inase – 62 .2± 7.19**b –
Carbenoxo lone  +  Ery th ropo ie t in – 29 .7± 4.82* b –

Symbol asignifies values that are in comparison with the group of animals treated with mefenamic acid alone.
Symbol bsignifies values that are in comparison with the group of animals treated with carbenoxolone acid alone.
*‘P’ value <0.05, **‘P’ value <0.01.
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an imals  were  g iven  scores  accord ing  to
subjec t ive  observa t ion .  The  scores  for  the
tests conducted were given as follows: Severe
loss  o f  musc le  tone = 1,  modera te  loss  o f
muscle tone = 2, mild loss of muscle tone = 3
and enhanced  muscle  tone = 4 .

Effec t  o f  i . c .v  in jec t ions  on  ske le ta l  musc le  tone

Groups of animals (n=6) were pretreated
with mefenamic acid or minoxidil 20 minutes
before injections of heparin,  Urokinase and
ery thropoie t in  In t racerebrovent r icu la r
in jec t ions  o f  minoxid i l  per  se  caused
some t rans ien t  loss  o f  ske le ta l  musc le
tone  a l though  the  loss  o f  musc le  tone
wi th  mefenamic  ac id  was  no t  s ign i f ican t
(P>0.05).

In  the  mefenamic  ac id  t rea ted  an imals
in jec t ions  o f  hepar in  caused  decrease  in
skeletal muscle tone (P<0.05) and urokinase
enhanced the tone of skeletal muscles. These
changes  were  observed  wi th  the  t es t s
conduc ted  on  the  inc l ined  p lane  and  gr ip
s t rength .  These  observa t ions  a re  shown in
Table II .

Ery thropoie t in  caused  a  qu ick  and
ef f ic ien t  induc t ion  of  the  ske le ta l  musc le
tone per se. In animals pretreated with i.c.v
mefenamic  ac id ,  e ry thropoie t in  produced a
modera te  improvement  in  ske le ta l  musc le
func t ion  when  eva lua ted  by  the  inc l ined
plane  and  gr ip  s t reng th  tes t s  as  shown in
Table II  while the improvement was highly
significant in the groups of mice treated with
i.c.v injection of minoxidil.

In  ano ther  g roups  of  an imals  (n=6)
pre t rea ted  wi th  i . c .v  minoxid i l ,  hepar in
caused  marked  poten t ia t ion  in  the  tone  of

skeletal  muscles,  while urokinase injections
caused  no  enhancement  in  ske le ta l  musc le
tone .  Separa te  g roups  of  mice  each  were
pretreated with carbenoxolone disodium and
later given intravenous injections of heparin,
u rok inase  and  e ry thropoie t in .  The  resu l t s
obtained are shown in Table II .

T A B L E I I : Effect of Intracerebroventricular injection of
mefenamic acid (1 mg) minoxidil (30 µg) and
carbenoxolone (160 µg) on the modification
of  ske le ta l  musc le  tone  by  hepar in  (500
U/kg i .v) ,  urokinase (5500 U/kg,  i .v)  and
ery th ropo ie t in  (Epo)  (150  U/kg  i .v )  a s
eva lua ted  by  inc l ined  p lane  and  g r ip
s t reng th  t e s t s .  P re - t rea tment  wi th
mefenamic  ac id ,  ca rbenoxo lone  and
minoxidil was conducted 20 minutes before
in t ravenous  in jec t ions .  The  da ta  a re
shown as  mean ± SE for  s ix  observat ions .
*deno tes  va lues  s ign i f i can t  f rom con t ro l
(P<0.05) .

Drugs Inclined plane Grip strength

Saline 2.83± 0.17 2.83± 0.17
Mefenamic acid 2.08± 0.19 1.83± 0.16
Mefenamic + Heparin 1.83± 0.31* 1.66± 0.33
Mefenamic + Urokinase 2.5± 0.34* 2.33± 0.45*
Mefenamic + EPO 2.83± 0.17* 2.17± 0.17
Minoxidil 1.41± 0.19 1.33± 0.14
Minoxidil + Heparin 2.83± 0.35* 2.33± 0.45*
Minoxidil + Urokinase 1.66± 0.17 1.33± 0.33
Minoxidil + EPO 2.66± 0.22* 2.33± 0.17*
Carbenoxolone (CBX) 1.33± 0.21 1.33± 0.11
CBX + Heparin 0.83± 0.31* 1.17± 0.17
CBX + Urokinase 2.0± 0.37* 2.17± 0.17*
CBX + EPO 1.83± 0.31* 1.67± 0.21*

*denotes ‘P’ value <0.05.

Effec t  o f  drugs  on  Sc ia t i c  nerve  crush  recovery

Groups of mice (n=6) undergoing a sham
opera t ion  or  a  sc ia t i c  nerve  c rush  were
t rea ted  wi th  in t ravenous  hepar in  o r
urokinase. The animals undergoing a sciatic
nerve  c rush  d i sp layed  a  d i s t inc t  pa ra ly t ic
ga i t .  The  an imals  rece iv ing  urok inase
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recovery from sciatic nerve crush were given
as following :

1 :  Severe  loss  o f  musc le  tone ,  2  =
moderate loss of muscle tone, 3 = mild loss
of muscle tone, 4 = enhanced skeletal muscle
t o n e .

D I S C U S S I O N

In  the  background  of  the  increas ing
evidence on the physiological role of humoral
media tors  re leased  f rom the  k idney  e .g
urokinase ,  e ry thropoie t in ,  pro tease  nexin-1
and  hepar in  b ind ing  growth  fac tors ,  we
visualized a working neurohumoral circuitry
functioning in human body serving multiple
physiological functions in the body including
skeletal muscle control (Fig. 1). We conducted
exper iments  to  p rove  th i s  hypothes i s  by
using s imple  techniques  for  the  evaluat ion
of skeletal muscle tone (11).

To elucidate the possible role of central
gap  junc t ions  and  po tass ium channe ls
d i f fe ren t  g roups  of  the  an imals  rece ived
e i ther  i . c .v .  in jec t ions  of  mefenamic  ac id ,
carbenoxolone or minoxidil .

Mefenamic  ac id  when  in jec ted
in t raper i tonea l ly  per  se  caused  a  mi ld
a t tenua t ion  of  the  ske le ta l  musc le  tone .
Intravenous injections of heparin after GJIC
blockade produced a significant reduction in
the  ske le ta l  musc le  tone ,  as  eva lua ted  by
all the tests i.e inclined plane, grip strength
and swim tests.  Heparin has been shown to
have  d i rec t  e f fec ts  on  the  ske le ta l  musc le
th rough  i t s  ac t ions  on  the  exc i ta t ion  –
contraction coupling (12).  Heparin has also
been  shown to  b lock  IP 3 recep tors  and
fol lowing gap junct ional  blockade i t  seems
tha t  per iphera l  ac t ions  o f  hepar in  ge t

showed fas te r  recovery  f rom nerve  in jury
and became normal as compared with control
(Sa l ine  t rea ted)  an imals .  The  recovery
observed after day 3 and day 6 was evaluated
and subject ive scores  a l lot ted on the basis
of improvement in gait,  limb movement and
abi l i ty  to  c l imb the  inc l ined  p lane .  Our
resu l t s  c lea r ly  demons t ra te  tha t  the
urokinase  t rea tment  s ign i f ican t ly  enhanced
the  recovery  of  the  h ind  l imb fo l lowing
sciatic nerve crush displaying an improvement
of 69% & 84% on day 3 and day 6 respectively,
in comparison, heparin was less effective and
sa l ine  was  leas t  e f fec t ive  in  revers ing  the
nerve function following sciatic nerve crush
showing an  improvement  of  only  46% and
63% respect ively.  The resul ts  of  our  s tudy
are  shown in  Figure  1 .  The scores  for  the

Fig.  1 : The effect of heparin (500 U/kg i.v), urokinase
(5500 U/kg,  i .v)  and sal ine treatment on the
recovery of sciat ic  nerve crush in mice.  The
resu l t s  shown a re  r ep resen ta t ive  o f  n=6
observation. The data are given as mean ± SE
of the percentage recovery as observed on day
3  and  day  6 .  *shows  ‘P’  va lues  s ign i f i can t
from control  (P<0.05) .
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po ten t ia ted .  The  resu l t s  a re  dep ic ted  in
Table  I .  On the  o ther  hand,  urokinase  has
been  shown to  improve  ske le ta l  musc le
v iab i l i ty .  In  our  s tudy ,  we  observed  a
s ignif icant  improvement  in  skele ta l  muscle
tone  fo l lowing  in t ravenous  in jec t ions  o f
urokinase.  I t  appears that  this  enhancement
in  ske le ta l  musc le  tone  i s  because  of  the
direct effects of uPA on slow and fast acting
muscle  f ibres .

In another groups of animals,  pretreated
wi th  gap  junc t ion  b locker  and  la te r  wi th
erythropoietin, we observed an improvement
in muscle functioning,  however i t  was less
pronounced  compared  to  u rok inase .
Ery thropoie t in  has  been  found  to  be
benef ic ia l  in  improving  ske le ta l  musc le
func t ion  in  rena l  fa i lu re  pa t ien t s ,  normal
pa t ien t s  and  exper imenta l  an imals .
Erythropoietin, a 165 amino acid glycoprotein
s t imula tes  the  PI -3  k inase  enzyme and
improves  the  oxygena t ion  s ta te  o f  the
ske le ta l  musc les  (13) .  The  resu l t s  o f  our
study are shown in Table I .

S imi la r  pa t te rn  o f  resu l t s  were
obtained when we ut i l i sed a  more  specif ic
cen t ra l  GJIC b locker  ca rbenoxolone  in
combina t ion  wi th  hepar in ,  u rok inase  and
e ry th ropo ie t in .

In another group of animals injected with
i.c.v minoxidil (30 µg), the improvement in
musc le  func t ion  was  po ten t ia ted  and  they
disp layed  improved  musc le  func t ion  a f te r
e ry thropoie t in  in jec t ion .  These  resu l t s  a re
shown in Table  I .  Erythropoei t in  may thus
prove to be an important drug for improving
ske le ta l  musc le  func t ion ,  e ry thropoie t in
t rea tment  resu l t s  in  a  g rea te r  fo rce  and
generates  a  longer  durat ion of  contract ion.

I t  a lso causes faster  relaxat ion of  the type
II muscle fibers.  This study thus elaborates
the  recen t  emphas i s  on  gene  t rans fe r  o f
erythropoietin for erythropoiesis and muscle
degenerat ive states.  The observation that  i t
overcomes  cen t ra l  po lysynapt ic  media ted
ske le ta l  musc le  inh ib i t ion  s t reng thens  i t s
ro le  as  an  impor tan t  media tor  o f  the
‘Pulmonary – renal cascade’ (14).

Hepar in  admin is te red  a f te r  GJIC
blockade produced a significant reduction in
skeletal muscle performance, while enhancing
the  tone  in  mice  t rea ted  wi th  minoxid i l .
These  resu l t s  sugges ted  tha t  the re  i s  an
in te rac t ion  of  po tass ium channe ls  and
inosi tol  phosphate mediated pathway at  the
cellular  level ,  unmasking the effects  of  IP3

on skeletal  muscles (15).  Urokinase caused
an  increase in muscle tone after GJIC and
potassium channe l  modi f ica t ion  sugges t ing
that  phosphol ipase mediated s ignal l ing was
predominant and intensified muscle tone was
because  of  mul t ip le  s ignal l ing  mechanisms
(16).

In  o rder  to  ascer ta in  the  neuro t rophic
role of heparin and urokinase, we conducted
studies with the sciat ic  nerve crush model .
The results  of  our experiments with sciat ic
nerve  c rush  a re  demons t ra ted  in  Table  I .
Hepar in  t rea tment  a l though  less  e f fec t ive
than  urok inase  enhances  the  ex ten t  o f
muscle reinnervation, the recovery of nerve
evoked  musc le  twi tch  tens ion  and  motor
neurons re innervat ion are  great ly  enhanced
compared to  sa l ine  t rea ted  ra ts .  Urokinase
has  been  shown to  cause  per iphera l  nerve
regenera t ion  by  d iges t ion  of  adhes ive  ce l l
con tac t s  ac t iva t ing  pro teases  e .g  mat r ix
metal loproteases (17,  18) .
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In  conclus ion ,  the  resul t s  of  our  s tudy
demons t ra te  tha t  gap  junc t iona l  ac t iv i ty
and  po tass ium channe ls  may  s ign i f ican t ly
influence the release of endogenous humoral
agents,  viz.  heparin and i ts  binding growth
fac tors ,  u rok inase ,  e ry thropoe i t in  and
pro tease  nex in-1  to  regu la te  the  ske le ta l
muscle tone.  The modulation of the release
and express ion of  these  humoral  mediators

might have implications in the treatment of
musculo-ske le ta l  d i sorders .
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