
 
 
Bull. Egypt. Soc. Physiol. Sci. 27 (1) 2007                                                 Emran et al. 

 
185

Role of Nitric Oxide in Neuromuscular Transmission and 
Its Effects at Different Frequencies of Nerve Stimulation 

 
*Mohamed M. Emran, *Hemmat M. Kholousy,  

*Samah El-Attar, **Rasha A El-Deeb 
*The Physiology Department, Faculty of Medicine, Cairo University 

**The Physiology Department, Faculty of Medicine, MUST  
 

ABSTRACT 
Background: The free radical gas nitric oxide (NO) exhibits diverse vital roles in the 
human body.  It is now recognized as a major messenger molecule. Neural NO-
synthase is present in the sarcolemma of type II skeletal muscle fibers. In rats, the NO 
synthase pathway is present in skeletal muscle, vascular smooth muscle and motor 
nerve terminal. However, previous studies did not determine whether NO facilitates 
or impairs neuromuscular transmission in preparations indirectly stimulated at 
different frequencies. Aim of work: The study aims to examine the effect of NO in rat 
neuromuscular preparation at different stimulation frequencies and modulation of its 
effect by hemoglobin (NO scavenger). Methods: 30 rats were used in the experiment 
and were divided into 2 groups: GpI: rat diaphragms were electrically stimulated by 
supramaximal stimuli, at low frequency of 0.5Hz for 0.5msec, directly and indirectly 
to induce simple muscle twitch, GpII: rat diaphragms were electrically stimulated  by 
high frequency of 100Hz, directly and indirectly to induce tetanic contraction. Rat 
diaphragms were bathed in Krebs solution. To investigate the effect of  NO, L-
arginine was added to the bath in a dose of 4.7nM/50ml bath.  Then bovine Hb (50 
nM /50ml bath was added to scavenge NO. A contact time of 3 minutes is allowed for 
each step and  the amplitude of maximal contraction(∆Y),  contraction time(∆X), and 
1/2 relaxation time (1/2Rt) were measured in GpI, while only amplitude of maximal 
contraction was measured in GpII. Results: NO significantly increased ∆Y, ∆X and 
decreased 1/2 Rt when rat diaphragm preparations were stimulated indirectly at low 
or high frequencies. In contrast, when rat diaphragm preparations were stimulated 
directly at either low or high frequencies, NO significantly decreased ∆Y, ∆X, and 
increased 1/2 Rt. Bovine Hb completely reversed the NO effects. Conclusion: We can 
conclude that NO has dual actions, facilitatory and inhibitory, on skeletal muscle 
contraction using indirect or direct electrical stimulation respectively at both low and 
high frequencies. Bovine Hb antagonized the effects of NO in all experimental steps, 
giving an additional proof that the recorded changes were NO mediated.         
 

INTRODUCTION 
 

Until the beginning of 1980, 
nitric oxide (NO) was just a toxic 
molecule of a lengthy list of 
environmental pollutants such as 

cigarette smoke. In fact, NO had a 
very bad reputation of being destroyer 
of ozone, suspected carcinogen. 
However, over the last two decades, 
the picture has been totally changed. 
NO activity was proved in the brain, 
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arteries, immune system, liver, 
pancreas, uterus, peripheral nerves, 
lung and almost every system in the 
human body.  The free radical gas 
nitric oxide (NO) exhibits diverse 
vital roles in the human body.  It is 
now recognized as a major messenger 
molecule, participates in the control of 
vascular tone as an antagonist of the 
adrenergic regulatory system and it 
causes smooth muscle relaxation not 
only at the vascular wall, but also at 
the gastrointestinal tract.(1)   

Intracellular NO production is 
catalyzed by several isoforms of the 
enzyme nitric oxide synthase(NOS).(2) 
Because NO is a gaseous free radical  
and highly diffusible, its formation 
must be tightly regulated to control its 
synthesis and specify its signaling.(3)   

Many studies have shown that the 
NOS isoforms have a wide tissue 
distribution. Alternative splicing 
mechanisms are important in the 
pattern of NOS expression. (4-5) All 
major NOS isoforms are expressed in 
skeletal muscle, suggesting an 
important role for NO in muscle 
physiology. (6)  

Kobzib et al.(7)  proved that the 
force of contraction in the rat 
diaphragm has shown to decrease 
slightly when exposed to NO. In 
contrast, Morrison et al.(8)  proved that 
the force of contraction in mouse hind 
limb increased after 15 minute of 
exposure to NO donors. Furthermore, 
a recent report demonstrates that the 
direction of the change in the force in 
response to NO donors depends   
significantly on the interval between 
contractions: more frequent 
stimulation   leads to more increase in 
the force of contraction in muscle in 
response to NO.(9)    

L-arginine has been given to the 
training athletes not only as an amino 
acid but as a donor of NO; that 
increase NO which enhance the 
muscular performance through its 
action on increasing blood flow, 
glucose uptake and oxygen 
consumption.(10)    

Hemoglobin has many functions: 
it facilitates O2 transport. It has an 
important buffer function and it 
transports NO. Hemoglobin reversibly 
binds NO which has a very short life 
time in the blood. This binding 
sequesters the NO molecule from 
rapid destruction. (11)    

Hemoglobin converts unstable 
free NO to stable compound thus 
preventing its catalysis in order to 
deliver it as a potent vasodilator to the 
blood vessels target when needed. (12)     
       Hemoglobin may cross the wall 
of a large vein, (13)   but its diffusion 
through the membranes of other 
tissues is negligible.(14)  Since 
hemoglobin only scavenges NO 
released from tissues, the pre- and 
postsynaptic neuromuscular effects 
induced by NO released from skeletal 
muscle, motor nerve and/or vascular 
smooth muscle might be reduced or 
antagonized by previous 
administration of hemoglobin. (15) 

The aim of this study is to 
examine the effect of NO in rat 
neuromuscular preparation at different 
frequencies and modulation of its 
effect by hemoglobin (NO scavenger) 
 
MATERIALS & METHODS 

 
Experimental Protocol: 

Thirty Albino Wister male rats, 
weighing100-120g were used in the 
present study. The rat hemidiaphragm 
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preparations of these animals were 
divided into 2 groups; GpI (n=15) the 
rat diaphragm preparations were 
electrically stimulated by 
supramaximal  stimuli for 0.5 msec 
duration and a low frequency of 
0.5Hz, directly and indirectly using a 
square-wave stimulator, Palmar 
Electronic England, to induce simple 
muscle twitch. GpII (n=15) the rat 
diaphragm preparations were 
electrically stimulated by high 
frequency of 100Hz, directly and 
indirectly to induce tetanic 
contraction.  
Rat diaphragm preparation 

The animals were killed   and a 
rectangular bundles of the diaphragms 
were dissected and suspended in an 
organ bath containing oxygenated 
Kreb’s solution at 37◦C with the 
central tendon tied to a fixed point and 
the costal margin tendon tied to an 
isometric force transducer. (16)  The 
Krebs solution contained (in mM) 
11.5 glucose, 21.9 bicarbonate, 
1.2 phosphate, 138.5 sodium, 
2.5 calcium, 1.2 magnesium, 

4.6 potassium, and 125 chloride. The 
pH of the solution after 30 min of 
bubbling with 95% O2-5% CO2 was 
between 7.34 and 7.39. (17)       
      Ten minutes rest after these steps 
then L-arginine was added to the bath 
in a dose of 4.7mM. A contact time 
for 3minutes   was needed before 
applying direct and indirect electrical 
stimulation for each preparation and 
measurements were recorded.  After 
another 10minutes, bovine Hb, known 
as NO scavenger, was added to the 
bath in a dose of 50nM. A contact 
time for 3minutes was needed before 
applying direct and indirect electrical 

stimulation for the preparations and 
measurements were recorded. 
Contractile measurements: 

 Maximal twitch force (∆Y), 
contraction time (∆X) and half 
relaxation time (1/2RT) were 
measured on application of 0.5Hz  
(simple muscle twitch), while the 
(∆Y) was the only parameter 
measured on application of 100Hz 
(tetanic contraction). 
Drugs used: 

L-arginine of molecular weight 
178 and Bovine Hemoglobin 100g of 
molecular weight of approximately 
64.5 were obtained from MEDICO 
company. 
Statistical Methods 
     Values are measured as mean ± 
SD. Comparison of data were 
performed by using the student’s t-
test. 
 

RESULTS 
 
1-Effect of indirect supramaximal 
stimuli of 0.5msec duration and 0.5Hz 
frequency: 

Tables (1),(2), figures (1), (2),and 
graph (1),(2) show that addition of L-
arginine to the rat diaphragm 
preparations in the  Kreb’s solution 
bath resulted in a significant increase 
of ∆Y and ∆X by 43.1% and 41.1% 
respectively  as compared with control 
values. After adding bovine Hb, 
graph(3), ∆Y and ∆X were 
significantly reduced by 30.1% and 
35.5% as compared to values recorded 
in L-arginine solution bath and 
returned back to the values recorded 
in Kreb’s solution bath. Table (3), 
figure (3),and graphs(1,2,3) showed 
that the 1/2Rt  recorded after addition 
of L-arginine was significantly 
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shortened by 32.28% as compared 
with values recorded in the control 
group. After addition of bovine Hb to 
the L-arginine bath, 1/2 Rt was 
significantly increased by 48.06% 
compared with the values recorded in 
L-arginine bath with no significant 
difference recorded from the values 
recorded in Kreb’s solution bath. 
2-Effect of direct supramaximal 
stimuli of 0.5msec duration and 0.5Hz 
frequency: 

Tables (1),(2), figures (1), (2), 
and graphs (4,5) showed that on 
addition of L-arginine to the  Kreb’s 
solution bath and applying direct 
supramaximal stimulation of 0.5msec 
duration  and 0.5Hz frequency, ∆Y 
and ∆X showed a significant decline 
of 24.8% and 24.2% respectively, as 
compared with values recorded in 
preparations in Kreb’s solution bath. 
The addition of bovine Hb, graph (6), 
to the bath antagonized completely the 
effect of L-arginine with improvement 
of ∆Y and ∆X values to be 
significantly higher than values 
recorded after adding L-arginine with 
insignificant difference from values 
recorded in Kreb’s solution bath. As 
regard the 1/2 Rt, Table (3), figure 
(3), and graphs (4,5,6) showed that it 
was significantly increased by 70.9% 
on adding L-arginine to the Kreb’s 
solution bath. On the other hand, 
addition of bovine Hb resulted in a 
significant reduction of the values 
recorded for 1/2 Rt  in the L-arginine 
bath by 30.03% . These values were 
still higher than the values recorded in 
the Kreb’s solution bath, but this 
difference was insignificant. 

3-Effect of indirect high frequency 
stimulation (100Hz): 

Table (4) figure (4), and graphs 
(7,8) show that the addition of L-
arginine to the Kreb’s solution bath 
caused a significant increase of 20.7% 
in ∆Y compared with mean values 
recorded in the Kreb’s solution bath. 
Following the addition of bovine Hb 
to the bath containing L-arginine, 
graph (9), ∆Y was significantly 
decreased by 17.97% compared to 
values recorded in the presence of L-
arginine alone. This value was 
insignificant as compared with values 
recorded in the Kreb’s solution bath.  
4-Effect of direct high frequency 
stimulation (100Hz): 

Table (4) and figure (4), and 
graphs (10,11) showed that ∆Y was 
significantly decreased by 9.82% on 
addition of L-arginine to the Kreb’s 
solution bath. Moreover, when ∆Y 
was recorded in the presence of 
bovine Hb   added to the L-arginine 
bath, graph (12), it was significantly 
increased by 10.8% in relation to its 
mean values in the presence of L-
arginine alone. This value showed 
insignificant difference when 
compared to that recorded in Kreb’s 
solution bath.  

 Addition of L-arginine to Kreb’s 
solution bath had an opposite effect 
on ∆Y parameter while applying 
direct   or indirect electrical 
stimulation to the rat diaphragm. In 
case of direct stimulation, L-arginine 
caused a significant decrease in ∆Y, 
while it caused a significant increase 
in ∆Y   in case of applying indirect 
electrical stimulation. 
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Table (1):  Changes in  Y (g/cm2) at low frequency of 0.5 Hz in Gpl, when 
direct and indirect electrical stimulation were applied. 
Changes in  y (g/cm2) at low frequency of 0.5Hz in Gp1 
 Indirect stimulation Direct stimulation 

Kreb’s 
solution 

Kreb's 
solution + 
L-argnine 

L-  
argnine/ 
Bovine Hb 

Kreb’s 
solution 

Kreb’s +   
L- argnine 

L- 
argnine/ 
Bovine 
Hb 

Mean 5.85 8.37 5.85 10.29 7.73 9.52 
SD± 1.75 1.95 1.75 1.77 1.57 2.36 
% of  
changes 

 +43.1% -30.1%  -24.8% +23.1% 

P  <0.05* <0.05** 
>0.05# 

 <0.05* <0.05** 
>0.05# 

* Significant value compared to its value in the Kreb’s solution bath. 
** Significant value compared to its value in the presence of L-argnine/Bovine Hb in the bath.  
# Insignificant value compared to its value in Kreb’s solution.  
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Figure (1): Changes in  Y (g/cm2) at low frequency of 0.5 Hz in Gpl, when direct 

and indirect electrical stimulation were applied. 
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Table (2):Changes in  X (msec) at low frequency of 0.5 Hz in Gpl, when direct 
and indirect electrical stimulation were applied. 
  

Changes in  X (msec) at low frequency 0.5Hz of electrical stimulation (Gp1) 
 Indirect stimulation Direct stimulation 

Kreb’s 
solution 

Kreb's 
solution + L- 
argnine 

L- argnine/ 
Bovine Hb 

Kreb’s 
solution 

Kreb’s +     
L- argnine 

L- argnine/ 
Bovine Hb 

Mean 0.0496 0.0701 0.0452 0.0491 0.0372 0.0482 
SD± 0.0086 0.0092 0.0091 0.0081 0.007 0.0089 
% of  
changes 

 +41.1% -35.5%  -24.2% +29.5% 

P  <0.05* <0/05** 
>0.05# 

 <0.05* <0/05** 
>0.05# 

* Significant value compared to its value in the Kreb’s solution bath. 
** Significant value compared to its value in the presence of L-argnine/Bovine Hb in the bath. 
# Insignificant value compared to its value in Kreb’s solution. 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure (2) Changes in  X (msec) at low frequency of 0.5Hz in Gpl, when direct 
and indirect electrical stimulation were applied. 
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Table (3): Changes in ½ Rt (msec) at low frequency of 0.5 Hz in Gpl, when direct 
and indirect electrical stimulation were applied. 
Changes in ½ Rt (msec) at low frequency 0.5Hz of electrical stimulation (Gp1) 
 Indirect stimulation Direct stimulation 

Kreb’s 
solution 

Kreb's 
solution + 
L- argnine 

L- argnine/ 
Bovine Hb 

Kreb’s 
solution 

Kreb’s +     
L- argnine 

L- argnine/ 
Bovine 
Hb 

Mean 0.0754 0.05106 0.0756 0.0334 0.05714 0.0399 
SD± 0.0154 0.0122 0.0062 0.0072 0.00692 0.0052 
% of  
changes 

 -32.28% +48.06%  +70.9% -30.03% 

P  <0.05* <0/05** 
>0.05# 

 <0.05* <0.05** 
>0.05# 

* Significant value compared to its value in the Kreb’s solution bath. 
** Significant value compared to its value in the presence of L-argnine/Bovine Hb in the bath. 
# Insignificant value compared to its value in Kreb’s solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (3) Changes in ½ Rt (msec) at low frequency of 0.5 Hz in Gpl, when direct 

and indirect electrical stimulation were applied. 
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Table (4):  Changes in  Y (g/cm2) at high frequency of 100 Hz in Gp2, while 
indirect and direct electrical stimulation were applied.  
Changes in  Y (g/cm2) at high frequency 100Hz of electrical stimulation (Gp 2) 
 Indirect stimulation Direct stimulation 

Kreb’s 
solution 

Kreb's 
solution + 
L- argnine 

L- argnine/ 
Bovine Hb 

Kreb’s 
solution 

Kreb’s +     
L- argnine 

L- argnine/ 
Bovine 
Hb 

Mean 14.650 17.693 14.513 25.75 23.22 25.75 
SD± 2.47 2.311 2.472 1.746 4.361 1.708 
% of  
changes 

 +20.7% -17.97%  -9.82% +10.8% 

P  <0.05* <0.05** 
>0.05# 

 <0.05* <0.05** 
>0.05# 

* Significant value compared to its value in the Kreb’s solution bath. 
** Significant value compared to its value in the presence of L-argnine/Bovine Hb in the bath. 
# Insignificant value compared to its value in Kreb’s solution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4): Changes in  Y (g/cm2) at high frequency of 100 Hz in Gp2, while 
indirect and direct  electrical stimulation were  applied.  
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DISCUSSION 
 

Thomas and Robitaille have 
evident that NO is a potent neuro-
modulator in the central and 
peripheral nervous system and a 
modulator of synaptic transmission at 
the neuromuscular junction.(18) The 
present study was designed to focus 
the light on the effect of NO on the 
contractility of rat diaphragm using 
direct and indirect stimulation at low 
(0.5Hz) and high frequency (100Hz). 
Hemoglobin is known to bind avidly 
and to nullify rapidly the effects of 
NO. Although hemoglobin does not 
enter the cells and it scavenges NO 
extracellularly, it may scavenge NO 
generated intracellularly  by creating a 
diffusion   gradient for NO out of the 
cell. Thus it was used as a further 
evidence that the observed responses 
were NO mediated.(19)  

 Results of the present work 
showed that the addition of L-arginine 
(4.7-9.4mM) to the rat diaphragm 
preparations was followed by a 
significant increase in the amplitude 
of the muscular contraction, ∆Y, and 
contraction time, ∆X, with a 
significant decrease in the half 
relaxation time, 1/2 Rt, in the 
indirectly stimulated preparations at 
0.5Hz as compared with values 
recorded in the Kreb’s solution bath. 

These results were in agreement 
with those reported by Ambiel and 
Alves-Do-Prado, (20)   who found that 
L-arginine produced a dose dependent 
increase of amplitude of muscle 
contraction (AMC) in rat 
neuromuscular preparations when 
stimulated indirectly at 0.2Hz. 
However, Queiroz and Alves-Do-
Prado, (21)  reported  that the amplitude 

of muscle contraction  was stable 
when  the rat diaphragm was 
indirectly stimulated at 0.2Hz 
frequency and a progressive increase 
in AMC was observed  at 5 and 50Hz.  

 Many studies tried to explain the 
NO mediated improvement in muscle 
contraction, and whether it was 
related to a pre- or postsynaptic effect. 
(22)   

  NO acting at presynaptic level 
might increase acetylcholine release 
from motor nerve terminals. It is 
known that the release of 
acetylcholine from motor nerve 
terminals could be modulated by 
endogenous agents. NO might 
possibly represent one of these 
modulating factors. (21) UC et al., (23) 
suggested that activation of a soluble 
guanylate cyclase leading to the 
promotion of cGMP seems to be the 
main mechanism by which NO 
modulates transmitter release during 
application of low frequency electrical 
stimulation. In addition, there was an 
evidence that NO facilitated N-type 
Ca2+ channel activation via a cGMP-
PKC pathway. These channels are 
clustered at active zones of 
neuromuscular junctions, regulating 
transmitter release.(23)  

 In this regard, it is  particularly 
interesting that  neuronal nitric oxide 
synthase (nNOS) and cGMP-
dependent  protein kinase, which are 
the primary effectors of NO, were 
found to be concentrated at the 
neuromuscular end plate.(24)  

Moreover, Wang et al.(25)   noticed that 
cGMP-dependent kinase 
phosphorylates the nicotinic 
acetylcholine receptor subunits in 
cultured myocytes. 
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In an attempt to clarify whether 
the improved muscle contraction that 
followed the addition of L-arginine 
was due to its effect at a pre-or 
postsynaptic level, we studied its 
effect on directly stimulated rat 
diaphragm preparations. 

 In the present work, following 
the addition of L-arginine (4.7-
9.4mM) in vitro to rat diaphragm 
preparation stimulated directly at low 
frequency of 0.5Hz, the amplitude of 
maximum contraction and the 
contraction time of the simple muscle 
twitch were significantly reduced as 
compared with values recorded in the 
Kreb’s solution bath. In addition, the 
relaxation time (1/2Rt) was 
significantly increased. These results 
were in accordance with those 
reported by Queiroz and Alves-Do-
Prado,(21)   who revealed that the NO 
precursor L-arginine (4.7-9.4mM) 
reduced the AMC of the directly 
stimulated skeletal muscle using a 
frequency of 0.2Hz. It was also shown 
by Kozik et al.(7)   that endogenous NO 
synthesis inhibits muscle contractility, 
especially in response to low 
frequency stimulation. 

Because of the limited magnitude 
of cGMP-mediated changes in 
skeletal muscle in contrast to smooth 
muscle, NO might act directly on 
modulating regulatory proteins via 
redox effect. Thiol groups of the Ca2+ 
release channels of  sarcoplasmic 
reticulum (SR) are likely for such 
interaction.(26)  Reactive thiols present 
on the myosin head are another 
potential targets. This modulation 
would reduce maximal force 
generation. Thus the effect of NO 
appeared to be mediated through 
cGMP–dependent and cGMP 

independent mechanisms involving in 
excitation contraction coupling and   
sarcoplasmic reticulum Ca flux. (27)   It 
has been shown that thiol groups 
present on the RyR (ryanodine 
receptor) Ca2+ release channel play a 
role in the regulation of its open 
probability.(28) NO can react with thiol 
groups via either S-nitrosylation or by 
influencing disulphide formation.(29)  

Therefore, the RyR Ca2+ release 
channel is a possible target for NO. 
These data do not definitely indicate 
that the RyR Ca2+-release channel was 
the primary target for NO; because 
other proteins involved in excitation-
contraction coupling contain thiol 
groups as well.   Decreased open 
probability of the channel after 
exposure to NO may be the result of 
the inhibitory effect of NO on 
intersubunit cross-linking of thiol 
groups on the RyR channel, thereby 
preventing oxidant-induced activation 
of the channel.(30) In contrast, at high 
concentration, NO increases RyR Ca2+ 
release channel open probability(30&31) 
indicating differential concentration-
dependent effects of NO.     

Both activation and inhibition of 
the RyR have been reported, 
suggesting that NO and related 
molecules can interact with more than 
one regulatory site.(30&32&33&34) In 
particular, Meszaros et al.(33)   
demonstrated that a skeletal NOS can 
inhibit RyR activity. Another possible 
explanation of reduced AMC by NO 
was suggested by  Perkins et al.,  
(35)who reported that treatment of 
muscles with NO donors can inhibit 
actomyosin ATPase activity (actin-
myosin cross-bridge cycling) and 
thereby reduce skeletal muscle force. 
However, it is difficult to imagine 
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how physiological concentrations of 
NO might achieve this effect. 

Although there was no direct 
evidence that NO affected Ca2+ 
binding to troponin C (TnC) which 
contains cysteine residues known to 
be susceptible to reactive oxidants, a 
change  was likely to occur when NO 
modified  these  residues. 
Biochemical studies showed that 
disulfide cross-linking of these 
residues decreased Ca2+ sensitivity of 
TnC.(36) In fact, after disulfide  cross 
linking of cysteine residues, the 
troponin complex was no longer able 
to regulate actomysin  ATPase 
activity in a Ca2+-dependent manner. 

In addition, skeletal muscle 
nNOS was reported to play a role in 
the regulation of a number of cellular 
processes such as contractile activity, 
glucose uptake and blood flow 
distribution, but the importance of 
sarcolemmal targeting of nNOS for 
these regulatory functions is largely 
unknown. 

Finally, it has been established 
that endogenous NO synthesis in a 
variety of cells, including skeletal 
muscles, attenuates mitochondrial 
respiration by reversibly inhibiting 
mitochondrial enzymes such as 
cytochrome-c oxidase.(37)   

In the present work, and 
following indirect electrical 
stimulation of the rat diaphragm at 
100Hz, tetanic contraction of the 
muscle developed and recorded. The 
amplitude of maximum contraction 
was observed to be significantly 
improved after the addition of L-
arginine to the rat diaphragm 
preparation as compared with values 
recorded in the Kreb’s solution bath.  

These results were in agreement 
with Schuman and Madison, (38) who 
suggested that, during high frequency 
stimulation, endogenous and 
exogenous NO increased basal 
acetylcholine release from the central 
and peripheral cholinergic neurons. It 
had been proposed that acetylcholine, 
in addition to acting on subsynaptic 
membranes, also acts on prejunctional 
cholinoceptors to change the 
acetylcholine mobilization  process 
and thus to control the 
neurotransmitter output during tetanic 
stimulation. In addition, Queiroz and 
Alves-Do-Prado, (21), suggested that 
the increase in the amplitude of 
muscle contraction produced at 
different frequencies, depends on 
ability of NO to scavenge  superoxide 
anions.  

In contrast to its effect on the 
indirectly stimulated preparation, L-
arginine reduced the amplitude of 
maximal tetanic contraction when the 
high frequency stimulation was 
applied directly as compared with 
values recorded in Kreb’s solution 
bath. 

Similar results were reported by 
Morrison et al.(8)    who demonstrated 
that the NO donor increased the 
responses evoked by a  brief trails of 
stimuli and they suggested that NO 
modulates  a frequency dependent 
Ca2+ mechanism. Lawler and Hu,(39) 
suggested that  at the frog  
neuromuscular junction, NO acts via 
cGMP-independent mechanism, and 
that potential targets of NO might be 
the sarcoplasmic Ca2+/ATPase pump 
that is known to be  S-nitrosylated by 
NO. 

In the present work, in order to 
confirm that the obtained results were  
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NO mediated, bovine  hemoglobin 
(50nM) was added to the bath (50ml) 
containing L-arginine. Rat diaphragm 
when directly stimulated at 
frequencies of 0.5 and 100 Hz showed 
an increase in ∆Y of simple muscle 
twitch and of tetanic contraction. 
While when indirectly stimulated ∆Y 
of simple muscle twitch and of tetanic 
contraction were decreased 
significantly as compared with  L-
arginine  treated preparations, In 
addition, there was not any  
significant  change in the mean value 
of ∆Y at either low or high frequency 
when any of the direct and indirect 
stimulation were applied, compared 
with their values in Kreb’s solution 
bath. Therefore, depending on these 
data, we can accept that the observed 
results were, to a great extent, due to 
NO enriched medium. 
Conclusion: 

Finally, we can conclude that NO 
formed from  L-arginine through the 
NO synthase pathway present in the 
sarcolemma of type II fibers of rat 
skeletal muscle in which  contractility 
is depressed by NO donors when the 
phrenic nerve diaphragm  preparations 
are directly stimulated. In contrast, 
NO increases the amplitude of 
muscular  contraction of indirectly  
stimulated preparations at either low 
or high frequency. Therefore, we can 
propose  that NO increases the 
amplitude of muscular contraction 
when it interacts at presynaptic level. 
The presynaptic action of NO reduces 
the effect produced by its postsynaptic 
action. Whether its postsynaptic 
action was  primarily at the motor end 
plate or at the intracellular level, 
further investigation while blocking 

nicotinic receptors at neuromuscular 
junction is recommended. 

On the basis of the above 
observation NO has dual action; 
facilitatory and inhibitory in pre- and 
postsynaptic respectively and that 
hemoglobin act as scavenger for NO 
which may antagonize or reduce its 
effect.    
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 الملخص العربي
  

ان ھذه الدراسة تم انجازھا لتوضيح تأثيرأكسيد النيتريك على التوصيل العصبي العضلي تحت تأثير 
 . الھيموجلوبين بأكسيد النيتريك الترددات الكھربية المختلفة و علا قة

  جم تم تقسيمھم الى ١٢٠-١٠٠فأرتجارب يتراوح وزنھم بين  ٣٠وقد تم استخدام 
فأر تم تعريض الحجاب الحاجز المعد  معمليا لتأثير كھربي مباشر و غير  ١٥تتكون من ) ١(مجموعة 

  .ھرتز)٠٫٥(مباشر عند التردد المنخفض
تعريض الحجاب الحاجز المعد  معمليا لتأثير كھربي مباشر و غير فأر تم  ١٥تتكون من ) ٢(مجموعة 

  .ھرتز)١٠٠(مباشر عند التردد المرتفع 
  دقائق خلال خطوات التجربة التالية ١٠كلتا المجموعتين تركتا فترة استراحة

 ٥٠تعرض الحجاب الحاجز المعد  معمليا لتأثير كھربي مباشر و غير مباشرأثناء وجوده في وعاء سعته 
  .و يحتوي على محلول كربس ٣٧مل معرض للأكسجين عند درجة حرارة

دقائق ٣تعرض الحجاب الحاجز المعد  معمليا لتأثير كھربي مباشر و غير مباشر بعد فترةانتظار مقدارھا  
و يحتوي على محلول كربس و  ٣٧مل معرض للأكسجين عند درجة حرارة ٥٠أثناء وجوده في وعاء سعته 

  .رجنين كمعطي لأكسيد النيتريكأ - مضافا اليه ل
تعريض الحجاب الحاجز المعد  معمليا لتأثير كھربي مباشر و غير مباشر أرجنين تم  -ل للتأكد من تأثير 

مل معرض للأكسجين عند درجة  ٥٠دقائق أثناء وجوده في وعاء سعته ٣مباشر بعد فترةانتظار مقدارھا  
 أرجنين كمعطي لأكسيد النيتريك مضافا لھما -يه لو يحتوي على محلول كربس و مضافا ال ٣٧حرارة

  .الحيواني على اعتباره ماسك لأكسيد النيتريك الھيموجلوبين
  :ثم تم قياس الآتي
قمة ،)١(مجموعة وعمر نصف الانبساط للعضلة في ال، )س(زمن الانقباضة، )ص(قمة الانقباضة 

  ).٢(مجموعة لل) ص(الانقباضة 
أكسيد النيتريك يقلل النقل العصبي العضلي عند تحفز الحجاب الحاجز المعد  معمليا لتأثير  وقد وجد أن 

  .كھربي مباشر عند مختلف الترددات  المنخفضة والمرتفعة وأن ھذا التقليل له دلالة احصائية
ا لتأثير أكسيد النيتريك يزيد النقل العصبي العضلي عند تحفز الحجاب الحاجز المعد  معملي كما وجد أن 

  .كھربي غير مباشر عند مختلف الترددات  المنخفضة والمرتفعة وأن ھذه الزيادة لھا  دلالة احصائية
أكسيد النيتريك في حالتي التأثير الكھربي  وتم التوصل الى أن اضافة الھيموجلوبين الحيواني يضاد تأثير

  .المباشر وغير المباشر وعند الترددات المنخفضة والمرتفعة
  تنتاجالاس

 عند التوصيل العصبي العضلي نستنتج أن أكسيد النيتريك له تأثير ثنائي يقلل و يحفز الدراسة من ھذه
أكسيد النيتريك في  الھيموجلوبين الحيواني يضاد تأثيرعلى التوالي وأن لتأثيرالكھربي المباشر والغير مباشرا

  .ت المنخفضة والمرتفعةحالتي التأثير الكھربي المباشر وغير المباشر وعند الترددا
        

 


