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Neuronal Control of Gastrointestinal Smooth Muscle: worksheet

INTRODUCTION 
	Autonomic nervous system (ANS) responds to stimuli that arises from both external and internal source and regulates the movement of gastrointestinal (GI) tract. The sensory nerves that innervates the GI tracts receives the information and transferred to central nervous system (not exclusively) which then regulates the contraction of smooth muscles through efferent neurons (Widmaier et al., 2014) 
. 

	The study is based on the fact that stimulation of nerve fibers with electric current reduces the amplitude of muscle contraction in a voltage dependent manner. Therefore, it is hypothesized that there will be a predominant sympathetic nerve activation. If adrenaline is added, the strength of contraction is expected to decrease. Whereas, if acetylcholine is added, the strength of contraction is expected to increase. If phentolamine is added with adrenaline, the strength of muscle contraction is expected to decrease lesser than with Adrenaline alone. If phentolamine is added with acetylcholine, no change is expected because phentolamine does not inhibit muscarinic receptors. When the antagonist is used with nerve stimulation a lower decrease is expected compared to nerve stimulation alone. Therefore control of GI tract motility by ANS can be investigated using stimulants and blockers on isolated rabbit ileum. 

METHODS 
Rabbit ileum of length 1 to 2 cm with the mesentery attached was mounted in a 50 ml glass organ bath, with one end fixed to the bath and the other end attached to a length-sensing transducer (this converts a mechanical signal to an electrical signal.The mesenteric artery, in which the autonomic nerves run, has been drawn into a cuff containing circular stimulating electrodes. The organ bath contains a physiological saline solution (mM): NaCl, 120; KCl, 5; CaCl2, 2.5; MgSO4, 1; NaH2PO4, 1; NaHCO3, 25; glucose, 11;sucrose, 10, bubbled with 95% O2, 5% CO2 and at 36°C.

1. The nerves were stimulated with 20Hz with increasing voltage from 4V until maximum change in amplitude of contraction was observed.
2. To this 500 ul of Drug A was added and left for 30 seconds and washed twice and return to baseline.
3. This is followed by addition of 500 uL of 12 uM of drug B which is left for 30 seconds washed twice and return to baseline.
4. Phentolamine is added and left for 10 minutes.
5. The nerve is then stimulated at maximum voltage at 20Hz, 12V, 1ms and turned off and allowed to return to baseline.
6. Drug A is added to the bath (500uL at 12um) and left for 30 seconds washed twice and left to return to baseline.
7. Drug B is assed to the bath (500uL at 12um) and left for 30 seconds washed twice and left to return to baseline.


RESULTS 
Table 1: Effect of nerve stimulation on the amplitude of smooth muscle contraction of isolated rabbit ileum. 
	
	Contraction amplitude pre-nerve stimulation (mV)
	Contraction amplitude with the maximum response to nerve stimulation (mV)
	Effect of nerve stimulation on the contraction, amplitude (please show your calculations) % (after-before)/before *100

	Nerve stimulation (12 V 20Hz 1ms)
	28.78
	1.66
	-94.23%

	Drug A 
	41.48
	5.28
	-87.27%

	Drug B
	37.91
	84.08
	121.79%

	Phentolamine nerve stimulation
	47.08
	46.44
	-1.36%

	Phentolamine Drug A
	48.24
	41.59
	-13.79%

	Phentolamine Drug B
	47.11
	69.06
	46.59%
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Figure 1: Decrease in contraction amplitude of smooth muscle in isolated rabbit ileum after nerve stimulation with 20Hz, 12V for 2ms.
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Figure 2: Effect of 0.3µm noradrenaline on isolated rabbit ileum strip.
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Figure 3: Effect of acetylcholine at 0.12µm on isolated rabbit ileum strip.





Antagonist and Nerve Stimulation
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Figure 4: Effect of nerve stimulation (20Hz, 12V, 1ms) in the presence of phentalamine antagonist on isolated rabbit ileum strip.














Addition of Drug A and Antagonist
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Figure  5: Effect of noradrenaline (at 0.3µm) in the presence of phentalamine antagonist (0.05µm) on isolated rabbit ileum strip.
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Figure 6: Effect of acetylcholine (0.12µm) in the presence of phentalamine antagonist on isolated rabbit ileum.


DISCUSSION 
1) Referring to the relevant figure and table, briefly describe the response of the spontaneously contracting ileum to nerve stimulation. Was this response altered by increasing the voltage of nerve stimulation? If yes, why does increasing the voltage change the response to nerve stimulation?
Answer: 
It is shown that the rabbit ileum has a constant rate of contractions and relaxations, when it is not stimulated. However there is a significant drop in the amplitude of the contractions, when the ileum is stimulated. This is due to higher voltage having higher inhibition, resulting in greater reduction in the response. When unstimulated, the contractions of the rabbit ileum occur at a constant slow rate. When the ileum becomes stimulated, however, the amplitude of these contractions drop. This is due to the higher voltage, which inhibits the contractions.

When nerve stimulation was conducted, a reduction in the amplitude of contraction occurred. As the voltage increased (8v, 12v, 14v, 16v, 20v) the amplitude of the contractions decreased. A decrease in amplitude and contraction indicates that the extrinsic autonomic nerve fibres contain a greater proportion of sympathetic fibres as opposed to parasympathetic fibres. Increasing the voltage reflects an increase in the autonomic nerve response, meaning there is a large set of nerves that are stimulated. By referring to our Figure 1 and Table 1 it can be seen that upon nerve stimulation the contraction amplitude decreased by 55% from3.75mV to 2.00mV. A further increase in stimulation of the nerve fibres would not lead to a greater response as there are no further nerve fibres to stimulate.

2) What was the frequency of the regular spontaneous contractions in your preparation (measured in contractions per minute)?  What causes or initiates these spontaneous contractions? Why do you think autonomic nerve stimulation does not alter the rate of contractions in the ileum, whereas in the heart autonomic nerve stimulation alters the rate of contractions?
Answer: there were 12 contractions per minute. The contractions are caused by the control of autonomous nervous systems. The autonomic nervous system cannot alter the frequency of contraction in the ileum because the ileum is composed of smooth muscles whereas the heart is composed of striated muscles.

3. REFERRING TO THE RELEVANT TABLES AND FIGURES (i.e. your experimental results), explain how you have determined if Drug A or Drug B are noradrenaline or acetylcholine. In your response you must refer to the normal actions of these drugs on smooth muscle function in the gut. 
Answer: referring to the results Drug A is adrenaline as it results in decrease in amplitude of muscle contraction and Drug B is acetylcholine as it increases the amplitude of nerve contraction. Refer figure 2 and 3. 
4. Discuss how your experimental protocols have enabled you to determine if you are stimulating sympathetic or parasympathetic nerves. YOU MUST REFER TO THE RELEVANT FIGURES AND TABLES (i.e. your experimental results) in order to support your conclusions. . In your response you must refer to the normal actions of these drugs on smooth muscle function in the gut (including their effects on smooth muscle receptors). If your data analysis does not show any clear results - explain how you might alter your experimental protocols for future experiments.
Answer: The studied nerve in the experiment referes to the sympathetic nervous system as adrenaline does not results in increase in the rate of muscle contraction but results in decreased muscle contraction. The parasympathetic nervous system should result in increased physical activity in presence of adrenaline which is exactly opposite to what we observe.. 
5. Why do you think that nearly all of the preparations in the practical class show a predominantly sympathetically-mediated motility response? (please note, there are a wide range of responses to this question).
Answer: The preparations responds to a sympathetic response because the presence of adrenaline decreases the activity of the muscle cells whereas acetylcholine increases the activity of muscle contraction in terms of amplitudes measured. 
CONCLUSION 
The smooth muscle system in the isolated ileum of rabbit is controlled by autonomous nervous system especially the sympathetic mediated control system. It was observed that administration of electric current decreased the amplitude of contraction of the smooth muscles with increase in voltage of stimulation. It was also observed that administration of acetylcholine decreased the amplitude of contraction whereas the administration of acetylcholine increased the amplitude of contraction. The conclusive result that we got is that intestinal ileum muscles are controlled by autonomous nervous system in a much involvement of the sympathetic nervous system. 
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