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INTRODUCTION 

The i s o l a t e d  i n t e s t i n a l  smooth muscle p r e p a r a t i o n  i s  one o f  the  c l a s s i c a l  
p repara t ions  i n  phys io logy and pharmacology f o r  bioassays, o r  t h e  s tudy o f  
d rug  a c t i o n  and autonomic c o n t r o l  o f  m o t i l i t y .  T h i s  p r e p a r a t i o n  i s  
i n c l u d e d  i n  many " in-house" l a b o r a t o r y  manuals o f  va r ious  co l l eges  and 
u n i v e r s i t i e s  around Nor th  America, and i n  some commerc ia l ly  prepared 
manuals dea l  i n g  w i t h  phys io logy  and pharmacology (e.g. Nicpon-Marieb, 
1981). 

B a s i c a l l y ,  t h e  method presented i n  t h i s  r e p o r t  i s  a  m o d i f i c a t i o n  o f  t h e  
o r i g i n a l  Finkleman p r e p a r a t i o n  (Finkleman, 1930) f o r  t h e  s tudy o f  t h e  
autonomic c o n t r o l  of i n t e s t i n a l  m o t i l i t y .  What i s  d i f f e r e n t  about ou r  
approach i s  t h e  method of mount ing t h e  p r e p a r a t i o n  and t h e  method o f  
s t i m u l a t i o n  of t h e  sympathet ic nerve. The c l a s s i c  way o f  mount ing t h e  
p iece  o f  i n t e s t i n e  i s  t o  suspend it ve r t i c a l l y  i n  a  muscle b a t h  between an 
a e r a t i o n  tube and a  reco rd ing  l e v e r .  The problems w i t h  t h i s  techn ique a r e  
( 1 )  s t r e s s  p laced on t h e  i n t e s t i n e  when t h e  chamber i s  empt ied d u r i n g  t h e  
process o f  changing s o l u t i o n s ,  and (2)  d i f f i c u l t y  i n  s t i m u l a t i n g  t h e  
sympathet ic nerve due t o  t h e  f a c t  t h a t  t h e  p r e p a r a t i o n  i s  t o t a l l y  submerged 
i n  a  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n .   W e  have overcome these problems by 
mount ing t h e  segments of g u t  h o r i z o n t a l l y  i n  a  sha l l ow  muscle bath .  As a  
r e s u l t ,  l e s s  s t r e s s  i s  p laced  on t h e  i n t e s t i n e  d u r i n g  changeover o f  
s o l u t i o n s ,  and it is  e a s i e r  t o  man ipu la te  and t o  s t i m u l a t e  t h e  sympathet ic  
nerve conta ined w i t h i n  t h e  mesentery. A l s o  s tudents  f i n d  i t  much e a s i e r  t o  
mount t h e  p r e p a r a t i o n  i n  t h e  h o r i z o n t a l  b a t h  and a r e  l e s s  l i k e l y  t o  s t r e t c h  
t h e  muscle p repara t ion  i n  t h e  process. 

With these mod i f i ca t i ons  we have improved t h e  s tuden t  success r a t e  from 
50-60% t o  90-100%. Large reco rd ings  o f  t h e  muscle c o n t r a c t i o n ,  such as 
those shown i n  Appendix A, a r e  e a s i l y  o b t a i n a b l e  u s i n g  a  kymograph and 
s imple  l e v e r  system. I n  fac t ,  another  advantage o f  t h i s  e x e r c i s e  i s  t h a t  
it does n o t  r e q u i r e  expensive r e c o r d i n g  equipment. 
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INSTRUCTOR'S GUIDELINES 

Equipment and supp l ies :  

A l i s t  o f  t h e  equipment, s u p p l i e s  and s o l u t i o n s  needed t o  opera te  t h i s  
l a b o r a t o r y  e x e r c i s e  i s  g i v e n  i n  Appendix B. I n s t r u c t i o n s  and dimensions 
f o r  b u i l d i n g  the  muscle ba th ,  sw ive l  assembly and s t i m u l a t i n g  e l e c t r o d e s  
a r e  g i ven  i n  Appendix C .  

We recommend u s i n g  a  s imp le  i s o t o n i c  l e v e r  system f o r  r e c o r d i n g  t h e  muscle 
c o n t r a c t i o n  because o f  t h e  ease w i t h  which s tudents  a re  a b l e  t o  comprehend 
and manipu la te  t h e  r e c o r d i n g  system t o  o b t a i n  e x c e l l e n t  t r a c i n g s .  
Recordings of comparable q u a l i t y ,  however, a r e  a l s o  o b t a i n a b l e  w i t h  an 
i s o m e t r i c  t ransducer  (e. g. a  Physiograph F-60 f o r c e  t ransducer ) .  

P r e p a r a t i o n  of i s o l a t e d  segments of  t h e  r a b b i t  i n t e s t i n e :  

The r a b b i t  shou ld  be s t a r v e d  f o r  24 hours p r i o r  t o  use. Food i n  t h e  g u t  
w i l l  r e s u l t  i n  a  messy d i s s e c t i o n  and w i l l  n e c e s s i t a t e  f l u s h i n g  t o  remove 
t h e  g u t  contents ,  a  p r a c t i c e  which c o u l d  damage t h e  i n t e s t i n e .  

Be fo re  s a c r i f i c i n g  t h e  r a b b i t :  

1. Prepare Tyrode's R inger  s o l u t i o n  (see Appendix B) and p l a c e  about 250 
mL o f  t h i s  s o l u t i o n  i n  a  f l a s k  on i c e .  

2. Cut sec t ions  of  t h r e a d  ( o r  4-0 s i l k )  i n t o  5 cm leng ths .  One p iece  
w i l l  be needed f o r  each segment o f  gut .  

3. You w i l l  need a  p a i r  o f  f i n e  ( i r i s )  s c i s s o r s ,  coarse s c i s s o r s ,  and 
curved forceps.  Hemostats may a l s o  be h e l p f u l  i n  r e t r a c t i n g  t h e  
abdominal muscles. 

4. A l a r g e  P e t r i  p l a t e  o r  o t h e r  c o n t a i n e r  f o r  h o l d i n g  t h e  segments o f  gu t  
w i l l  a l s o  be necessary. 

5 .  Wash a l l  ins t ruments  and glassware before use. A lso  make sure y o u r  
hands a r e  c lean before  h a n d l i n g  t h e  i n t e s t i n g .  

S a c r i f i c i n g  t h e  r a b b i t  and removing t h e  i n t e s t i n a l  segments: 

1. Since anaes the t i cs  can a f f e c t  m o t i l i t y  of t h e  gut ,  t h e  animal shou ld  
be s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n ,  w i t h o u t  use o f  anaes the t i c .  

2. Shave t h e  abdomen and c a r e f u l l y  vacuum t h e  su r face  t o  remove any loose  
o r  c u t  fu r .  

3. Make a  m i d- l i n e  i n c i s i o n  through t h e  s k i n  and abdominal muscle u s i n g  a  
p a i r  of coarse s c i s s o r s .  

4. Locate t h e  i leum, a  s e c t i o n  l o c a t e d  near  t h e  end of  t h e  smal l  
i n t e s t i n e .  Note t h e  i n t e s t i n a l  a r t e r i e s  and ve ins  c o u r s i n g  through 
t h e  mesentery t o  and f rom t h e  smal l  i n t e s t i n e .  I f  a  segment o f  t h e  
i l eum i s  p i cked  up w i t h  b o t h  hands, t h e  i n t e s t i n a l  vesse ls  a r e  e a s i l y  
seen spaced about 2  t o  3 cm a p a r t  (F ig .  l a ) .  I f  y ou look  v e r y  
c a r e f u l l y ,  a  f i n e  w h i t e  l i n e  f o l l o w i n g  t h e  i n t e s t i n a l  a r t e r y  and v e i n  
i n t o  each segment of t h e  g u t  i s  v i s i b l e .  The w h i t e  l i n e  i s  a  branch 
o f  t h e  sympathet ic nerve a r i s i n g  f rom t h e  p r e v e r t e b r a l  gangl ion.  
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5 .  Using a p a i r  o f  f i n e  curved forceps, c a r e f u l l y  break through the 
mesentery on e i t h e r  s ide  o f  the  i n t e s t i n a l  vessel-sympathetic nerve 
complex about 4 cm away from the  gut  (Fig. l b ) .  I n s e r t  a length  o f  
thread o r  s i l k  suture through the hole and t i e  o f f  the vessels and 
nerve. 

6. Follow the  vessels down t o  the  gut. The vessels d i v i d e  i n t o  many 
branches j u s t  above the  surface o f  the  i n tes t i ne .  Select a 3-cm 
segment o f  the  i leum t h a t  i s  suppl ied by these vessels. Sever t he  gut  
and remove t h i s  segment along w i t h  the  mesentery conta in ing the  
vessels and nerve. Place i n  a P e t r i  d ish  conta in ing  co ld  Tyrode's 
Ringer so lu t ion .  

N.B.   I f  t he  r a b b i t  has been starved f o r  24 hours, the  gut  segment 
should be f r e e  o f  chyme. However,  if   chyme i s  present, it can be 
removed by c a r e f u l l y  f l u s h i n g  the segment w i t h  Tyrode's. A syr inge 
f i l l e d  w i t h  Tyrode's may be placed i ns ide  one end o f  the segment, and 
using very l i t t l e  pressure, t he  contents can be c a r e f u l l y  forced out 
i n t o  a waste container. Caution must be exercised because h igh  
pressure w i l l  severely damage the  t issue. 

7. Repeat t h i s  procedure u n t i l  enough segments have been removed t o  
supply your  labora tory  needs f o r  the  day.  I f  the ex t ra  pieces of 
i leum are  kept i n  i c e  co ld  Tyrode's, they w i l l  s tay v i ab le  f o r  several 
hours. Do not s to re  i n  warm Tyrode's. 

Suggestions: 

1. The i l e a l  segments w i l l  shorten when placed i n t o  the co ld  Tyrode's 
s o l u t i o n  and m o t i l i t y  w i l l  cease. However, when mounted i n  t he  warm 
(37°C) Tyrode's s o l u t i o n  i n s i d e  the muscle bath, m o t i l i t y  w i l l  r e tu rn  
w i t h i n  5-10 min. 

2. As the muscle warms i n  the  bath,  it  w i l l  r e l ax  and segmental and 
p e r i s t a l t i c  waves w i l l  be evident.  

3.        I t  i s  essent ia l  t h a t  t he  muscle baths be a t  37°C a t  the s t a r t  of 
class. This means s t a r t i n g  the  c i r c u l a t i o n  o f  warm water through the  
baths a t  l e a s t  1/2 hour before class. Also, it  i s  essent ia l  t h a t  the  
ex t ra  Tyrode's s o l u t i o n  f o r  the  muscle baths be a t  37°C. 

4 .      I t  i s  no t  necessary t o  warm the drug so lu t ions  used i n  the experiment 
since they w i l l  be added d i r e c t l y  t o  the muscle bath i n  very small 
amounts (0.1 t o  1.0 mL o f  drug/100 mL o f  Tyrode's).  

5. One o f  t he  advantages i n  adding drug d i r e c t l y  t o  the  bath i n  
concentrated form i s  t h a t  r ap id  changes i n  muscle tonus can be c l e a r l y  
recorded. We recommend t h a t  the  Tyrode's so lu t i on  be replaced between 
drug add i t ions  so as no t  t o  d i s t u r b  the m o t i l i t y  d i r e c t l y  before the  
app l i ca t i on  o f  the drug.  It may take 1-2 minutes f o r  the rhythm t o  
s t a b i l i z e  a f t e r  rep lac ing  the  so lu t i on  i n  the  muscle bath. 
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Student 's  Guidel ine 

AUTONOMIC CONTROL OF THE VISCERAL SMOOTH 
MUSCLE OF THE RABBIT INTESTINE 

OBJECT: 

To show some of the autonomic p rope r t i es  o f  smooth muscle as it occurs i n  
the r a b b i t ' s  small i n t es t i ne .  

EXPLANATION : 

A l l  smooth muscle c e l l s  have one t h i n g  i n  common: the a c t i n  and myosin 
f i l aments  o f  the  sarcomeres a re  no t  organized i n t o  bands such as they a re  
i n  s k e l e t a l  muscle. V iscera l  smooth muscle, such as the  type found i n  the  
d i ges t i ve  t r a c t ,  i s  a syncytium o f  muscle c e l l s  where i n t e r c e l l u l a r  
communication can occur v i a  gap junc t ions .  E l e c t r i c a l  cu r ren t  i s  easily 
conducted from one c e l l  t o  the nex t  v i a  the gap junct ions;  therefore,  
depo la r i za t ion  o f  one muscle c e l l  can qu i ck l y  lead  t o  depo la r i za t ion  o f  
ne ighbor ing c e l l s .  

V iscera l  smooth muscle con t rac t i on  occurs spontaneously, meaning t h a t  
muscle c e l l  ac t i on  po ten t i a l s  are generated w i t hou t  inpu t  from e i t h e r  t h e  
motor o r  autonomic nervous system. The muscle c e l l s  undergo rhythmic 
o s c i l l a t i o n s  i n  membrane p o t e n t i a l  which, occasional ly ,  reach the th resho ld  
o f  an ac t i on  po ten t i a l ,  and, thus, generate a spike. The ac t i on  p o t e n t i a l  
spreads v i a  gap junc t ions  f rom muscle c e l l  t o  muscle c e l l ,  i n i t i a t i n g  a 
wave o f  muscle con t rac t ion  i n  i t s  wake. 

V iscera l  smooth muscle c e l l s  a l s o  e x h i b i t  muscle tonus, a s t a t e  of 
long-term, steady contract ion.  The tonus i s  v a r i a b l e ,  depending on t he  
number o f  muscle c e l l s  t h a t  p a r t i c i p a t e .  

The rhy thm ic i t y  and tonus inheren t  i n  the i n t e s t i n a l  smooth muscle may be 
enhanced o r  suppressed by two nerve plexuses found between the  layers  o f  
muscle and mucosa (Auerbach's and Meissner 's plexuses).  Known as t he  
e n t e r i c  nervous system o f  the  gut,  t he  a c t i v i t y  o f  the plexuses can be 
mod i f ied  by the autonomic nervous system. When a piece o f  i n t e s t i n e  i s  
removed f o r  studv. the  plexuses remain v i ab le  and can be s t imulated o r  . 
i n h i b i t e d  us ing  parasympathomimetic o r  sympathomimetic drugs (mimicing the  
ac t i on  o f  t he  parasympathetic and sympathetic nervous systems). 

The autonomic con t ro l  o f  the  gu t  i s  very complicated. Figures 2 and 3 
i l l u s t r a t e  t he  parasympathetic and sympathetic input t o  the en te r i c  neurons 
o f  Auerbach's and Meissner's plexuses. 
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Figure 2* 

(N) 
N A N C  

Sympathetic s t i m u l i  subdue the inherent  rhy thm ic i t y  o f  the gut. Note t h a t  
the  sympathetic i npu t  i s  upon alpha-adrenergic receptors located on the  
axon terminals o f  t he  e n t e r i c  neurons, o r  upon the axon terminals o f  the  
pregangl ionic  parasympathetic f ibers .  Release o f  norepinephrine from the  
sympathetic postgangl ionic  f i b e r s  s t imulates the alpha receptors, which 
prevent release o f  ace ty lcho l ine  from the  en te r i c  neurons o r  pregangl ionic  
parasympathetic f i be rs .  This ac t i on  i s  known as presynapt ic  i n h i b i t i o n .  

There are alpha- and beta-adrenergic receptors on the smooth muscle c e l l s  
which will respond t o  epinephrine and norepinephrine i n  the  c i r c u l a t i o n ,  as 
shown i n  Figure 3. Both alpha and beta receptors i n h i b i t  muscle tone and 
rhythmici t y .  

Figure 3*. 

ADRENAL 
MEDULLA --- 

INTRINSIC 
GANGLION 

The parasympathetic cont ro l  o f  the gu t  i s  v i a  cho l i ne rg i c  pregangl ionic 
f i b e r s  which synapse w i t h  en te r i c  neurons. When ac t iva ted ,  the 
parasympathetic f i b e r s  release acety lcho l ine  a t  the  en te r i c  neurons, thus 
s t imu la t ing  the  e n t e r i c  neurons t o  release acety lcho l ine  a t  t h e i r  
neuro-muscular junct ions.  Enhanced smooth muscle tone and rhy thmic i ty  
resu l t .  

*Reprinted from " Innervat ion o f  the  Gast ro in tes t ina l  T rac t"  i n  A Guide t o  
Gast ro in tes t ina l  M o t i l i t y ,  Christensen and Wingate (eds.), w i t h  permission 
from John Wright Medical Publishers. 
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The recep to rs  o f  the neuromuscular j u n c t i o n  a re  muscar in ic  type cho l i ne rg i c  
receptors. They can be blocked by the a d d i t i o n  o f  a t rop ine  t o  the  muscle 
preparat ion.  

I n  the  f o l l o w i n g  labora to ry  exerc ise you w i l l  s tudy t he  ac t i on  of sympathe- 
t i c  nerve s t imu la t ion ,  and the  e f f e c t s  o f  va r ious  pharmacological agents on 
the  r h y t h m i c i t y  and tonus o f  the r a b b i t  gut .  The agents w i l l  i nc lude  
sympatho- o r  parasympathomimetic drugs, along w i t h  adrenergic and cho l i ne r -  
g i c  b l ock i ng  agents. 

PROCEDURES: 

The rhythmical  a c t i v i t y  o f  the piece o f  r a b b i t  gut w i l l  be recorded us ing a  
l e v e r  system and kymograph. To ma in ta in  i t s  a c t i v i t y ,  t he  gut  w i l l  be sus- 
pended i n  a  bath o f  Tyrode's s o l u t i o n  a t  37ºC w i t h  adequate oxygen supply. 
( A  m i x tu re  o f  95% 02 - 5% CO2 w i l l  be used). 

Wash you r  hands thoroughly wi t h  soap and water  be fo re  handl ing the gut. 
Body s a l t s ,  o i l  a n d  d i r t  w i l l  k i l l  t h e  g u t  t i s s u e . 

FIGURE 4. Arrangement o f  I n t e s t i n e  i n  Smooth Muscle Bath 
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Preparat ion: 

The muscle chamber i s  se t  up as i n  F igure  4. Warm water i s  c i r cu la ted  
through the  ou te r  bath t o  keep the  muscle chamber a t  37°C. One end o f  a  
sec t ion  o f  i n t e s t i n e  i s  attached t o  the  anchor p i n  i n  the chamber us ing 
an S-hook. The o ther  end i s  connected v i a  an S-hook t o  a swivel which 
transposes ho r i zon ta l  contract ions and re l axa t i ons  o f  the  gut  i n t o  v e r t i c a l  
movement of a  record ing lever .  The movement o f  the record ing l eve r  are 
t raced upon a kymograph drum, o r  c h a r t  recorder .  

1. Attach two S-hooks t o  the gut,  on opposi te  sides, a t  the  opposing ends. 
During t h i s  operat ion, keep the  gu t  i n  a P e t r i  p l a t e  conta in ing 
Tyrode's so lu t ion .  Do n o t  a l l o w  the  t i s s u e  t o  dry. 

2. At tach one hook t o  the anchor p i n  i n  the  muscle chamber. Fasten the 
o ther  hook t o  t he  swivel.  

3. F i l l  the  chamber w i t h  100 mL o f  warm Tyrode's s o l u t i o n  and bubble 95% 
02-5% CO2 gas i n t o  the chamber f l u i d .  There should be a f i n e  stream o f  
bubbles, r a t h e r  than la rge  bubbles which w i l l  d i s r u p t  your  recordings. 

4. At tach a thread from the muscle l e v e r  t o  the  record ing l eve r  us ing 
p l a s t i c i n e .  Remove slack from the  thread by adding p las t i cene t o  the 
record ing l e v e r  t o  ac t  as a counter-balance. Keep the  recording l eve r  
hor izon ta l .  

Experiment: 

During the  fo l low ing  experiment, check t h a t  your  t rac ings  are l a b e l l e d  
c l e a r l y .  Be sure t h a t  a l l  drug concentrat ions,  washes and so lu t i on  changes 
are  l a b e l l e d  so as n o t  t o  confuse a drug response w i t h  an a r t i f a c t .  The 
"normal" muscle rhy thm ic i t y  and tonus (i.e. p r i o r  t o  drug app l i ca t i on )  w i l l  
vary throughout the  experiment. Compare the drug e f f e c t  t o  the "normal" 
muscle con t rac t i on  i n  Tyrode's j u s t  preceding the a d d i t i o n  o f  the drug. 
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A. A c e t y l  chol  i n e  and Norep inephr ine:  

These two compounds a c t  as postgang l  i o n i c  n e u r o t r a n s m i t t e r s  o f  t h e  
parasympathet ic and sympathet ic  nervous systems, r e s p e c t i v e l y .  App ly  
t h e  drugs i n  t h e  o r d e r  l i s t e d  below. A f t e r  you have noted t h e  e f f e c t  
of t h e  drug, d r e i n  t h e  muscle bath ,  and r e f i l l  w i t h  100 mL of f resh ,  
warm Tyrode's s o l u t i o n .  A f t e r  t he  muscle c o n t r a c t i o n s  have r e t u r n e d  t o  
t h e  normal r h y t h m i c i t y  and tonus, you may add t h e  nex t  drug. Add drops 
t o  t h e  ba th  away from t h e  gut ;  m i x i n g  occurs  q u i c k l y  by d i f f u s i o n .  
Check b a t h  temperature f r e q u e n t l y .  

 
1. 10-7 M a c e t y l c h o l i n e : add 0.1 mL o f  10-4 M a c e t y l c h o l i n e  t o  t h e  

bath .  
  

2. 10-6 M acetylcholine: add 1.0 mL o f  10-4 M acetylcholine  t o  t h e  
bath .  

  
3.  10-7 M norep inephr ine: add 0.1 mL o f  10-4 M norep inephr ine  t o  t h e  

bath .  
  

4. 10-6 M no rep inephr ine : add 1.0 mL o f  10-4  M no rep inephr ine  t o  t h e  
bath .  

B. Alpha- and Beta- Adrenerg ic  Agon is ts :  

1. D r a i n  and r e f i l l  t h e  chamber w i t h  f r e s h ,  warm Tyrode 's .  App ly  1.0 
 

mL o f  10-4 M p h e n y l e p h r i n e  and n o t e  t h e  response. Pheny lephr ine i s  

an a lpha- adrenerg i c  a g o n i s t  ( s t i m u l a n t ) .  

2. D r a i n  t h e  chamber and wash t h e  g u t  w i t h  Tyrode's.  R e f i l l  t h e  

chamber and add 1.0 mL o f  10- 4 M i s o p r o t e r e n o l ,  a be ta- adrenerg i c
 agon is t .  

What can you conclude about t h e  t y p e  o f  ad renerg i c  recep to rs  
p resen t  i n  t h e  smooth muscle o f  t h e  g u t ?  

C .  Sympathet ic Nerve S t i m u l a t i o n :  

1. Mount the  s t i m u l a t i n g  e l e c t r o d e  on t h e  s i d e  o f  t h e  muscle chamber. 
C a r e f u l l y  s l i d e  t h e  mesentery c o n t a i n i n g  t h e  sympathet ic nerve i n t o  
t h e  e l e c t r o d e  s leeve  v i a  the  t h r e a d  a t t a c h e d  t o  the mesentery. 

2. S t i m u l a t e  t h e  nerve w i t h  30V (0.5 msec d u r a t i o n ,  15 pps) f o r  10-20 
seconds.  If you do n o t  see a  response t r y  40V. Note t h e  change i n  
tonus and r h y t h m i c i t y .  

D. Alpha and Beta Adrenerg ic  Blockade 
 

1. Place 1.0 mL o f  10-4 M phento lamine i n  t h e  chamber. Wai t  one o r  two 
minutes,  then t ry  s t imu la t i ng  the  sympa the t i c  ne rve . 
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2 .  Add 1.0 mL o f  10-4  M phenylephrine. 

I f  t h e  a lpha  r e c e p t o r s  a r e  b locked ,  pheny leph r ine  shou ld  have no 
e f f e c t .  

3. D r a i n  and r e f i l l  t h e chamber w i t h  warm, f r e s h  Ty rode ' s  s o l u t i o n .  
Add 1.0 mL o f  10-4  M p r o p r a n o l o l . 
Wait  two t o  t h r e e  minutes,  t hen  t r y  s t i m u l a t i n g  t h e  sympathet ic 
nerve.  

 

4 .  Add 1.0 mL o f  10-4 M i s o p r o t e r e n o l  t o  t h e  chamber. 

I f  t h e  b e t a  r e c e p t o r s  a r e  b locked ,  i s o p r o t e r e n o l  should have no 
e f f e c t .  

E. A t r o p i n e  - a  c h o l i n e r g i c  b l o c k i n g  agent  

D r a i n  and r e f i l l  t h e  b a t h  w i t h  warm, f r e s h  Ty rode ' s  s o l u t i o n .  Add 1.0 
 

mL o f  10-4 M a t r o p i n e .  A t r o p i n e  b l o c k s  t h e  a c t i o n  o f  a c e t y l c h o l i n e  and 

i s ,  t h e r e f o r e ,  a p a r a s y m p a t h o l y t i c  drug.  Wai t  two t o  t h r e e  minutes  and 
 

then add 1.0 mL o f  10-4 M a c e t y l c h o l i n e  t o  t h e  ba th .  Does t h e  a t r o p i n e  

s u c c e s s f u l l y  b l o c k  t h e  a c t i o n  o f  , a c e t y l c h o l i n e ?  

12



APPENDIX A 

The cha r t  recordings of the m o t i l i t y  o f  an i s o l a t e d  segment o f  r a b b i t  
i leum, shown below and on the fo l low ing  pages, were c o l l e c t e d  by a  p a i r  o f  
s tudents us ing  a  kymograph and ink- record ing l eve r  system. The i n t e s t i n e  
was mounted h o r i z o n t a l l y  i n  a  muscle bath con ta in ing  Tyrode's s o l u t i o n  a t  
37°C. The prepara t ion  was aerated w i t h  a mix tu re  o f  5% C02-95% 02. Small 
volumes of concentrated drug so lu t ions  were added d i r e c t l y  t o  t he  muscle 
ba th  a t  the  po in t s  i nd i ca ted  i n  each record. The Tyrode's s o l u t i o n  was 
replaced between drug add i t ions  and the m o t i l i t y  was al lowed t o  s t a b i l i z e  
be fo re  t he  next  a d d i t i o n  o f  drug. S t imu la t i on  of the  sympathet ic nerve was 
performed a t  15 pulses/sec, w i t h  a  pulse dura t ion  of 0.5 msec and s t reng th  
o f  30-40 v o l t s  (A.C.), f o r  20 seconds. See t e x t  of the exerc ise  f o r  o ther  
d e t a i l s .  

t 
Tyrode's So lu t ion  Added 10-7 M Ace ty lcho l ine  

paper speed = 1 mm/sec 

Tyrode's s o l u t i o n  t 
Added 10-6 M Ace ty lcho l  i ne  

paper speed = 1 mm/sec 
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APPENDIX B 

L i s t  of  equipment/group of s tudents :  

muscle ba th  and sw ive l  assembly 
clamp f o r  muscle chamber d r a i n  tube  
thermometer 
spool of  t h read  
2-"S" hooks 
wax p e n c i l  
7 30-mL beakers 
250-mL beaker 
P e t r i  d i s h  
100-mL graduated c y l i n d e r  
p i p e t  b u l b  o r  Pi-Pump 
0.1-mL p i p e t  
1-mL p i p e t  
Pasteur  p i p e t  and b u l b  
p l a t i n u m  w i r e  e l e c t r o d e s  
s t i m u l a t o r  (capable of d e l i v e r i n g  10-100 v o l t s  A .C . )  
r eco rd ing  dev ice (e.g. kymograph o r  Physiograph ) 
s tand f o r  h o l d i n g  t ransducer  o r  r e c o r d i n g  l e v e r  
p l a s t i c e n e  

M a t e r i a l s  a t  supp ly  bench: 

e x t r a  p l a s t i c e n e  
r e c o r d i n g  paper f o r  c h a r t  mover o r  kymograph 
e x t r a  Pasteur p i p e t s  and bu lbs  
r e c o r d i n g  i n k  

water  b a t h  a t  37ºC c o n t a i n i n g  2-L b o t t l e s  of Tyrode 's  
R inger  s o l u t i o n  

carboy w i t h  e x t r a  Tyrode 's  s o l u t i o n  (make up 2 L/group o f  s tudents ;  we run  
through about 100 L/50 groups of  s t u d e n t s ) .  

t h e  f o l l o w i n g  drugs made up i n  Tyrode 's  s o l u t i o n :  (make f r e s h  p r i o r  t o  
each lab* ,  and p r o t e c t  f rom l i g h t )  

 
10- 4  M  no rep inephr ine  10 - 4  M a t r o p i n e  
1 0 - 4  M  a c e t y l c h o l i n e          1 0 - 4  M  p r o p r a n o l o l    

       10-4  M pheny lephr ine          10-4 M phentolamine       
       1 0 - 4

 M  i s o p r o t e r e n o l
 

* see p.18 concern ing p r e p a r a t i o n  o f  these d i l u t i o n s .
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Common Apparatus : 

Warm water  must be r e c i r c u l a t e d  t o  each muscle ba th .  We use one water  
b a t h  t o  supp ly  two muscle baths.  Water i s  pumped f rom the  c e n t r a l  
wa te r  ba th  t o  each u n i t  and back. Because o f  t h e  temperature  drop en 
rou te ,  we s e t  t h e  c e n t r a l  ba th  the rmos ta t  t o  40-45ºC, depending on t h e  
d i s t a n c e  t h e  water  must t r a v e l  and t h e  v e l o c i t y  o f  f l o w .  

I f  you wish t o  c o n s t r u c t  such a  system, a  s t u r d y  submers ib le  pump and 
Tygon t u b i n g  a re  necessary. 

There a r e  commercial organ baths  a v a i l a b l e  t h a t  c o n t a i n  b u i l t - i n  
h e a t i n g  elements and a  v e r t i c a l  muscle chamber. 

A system f o r  d e l i v e r i n g  a  5% C02-95% 0, gas m i x t u r e  i s  necessary.  We 
use one 200 cu. ft. t ank  o f  gas t o  supp ly  10 s t a t i o n s .  Th i s  p rov ides  
enough gas f o r  f i v e  3- h r  l a b o r a t o r y  sess ions ( w i t h  a  1 /4  tank 
reserve). The gas stream t o  each muscle b a t h  need o n l y  be enough t o  
p r o v i d e  a  s teady stream of smal l  bubbles.  

Tygon t u b i n g  i s  used t o  d e l i v e r  t h e  gas t o  each s t a t i o n .  

The g u t  segments s u r v i v e  much l o n g e r  and t h e  c o n t r a c t i o n s  a r e  more 
r e g u l a r  u s i n g  t h e  5%   C02-95% 02 m i x t u r e  than  w i t h  a i r  o r  pure  02 .  

Tyrode's R inger  S o l u t i o n :  

NaCl    8.0 g  

KCl 0.2 g  

NaHCO3 1.0 g  

MgCl2
.6 H20                              0.1 g 

CaCl2
.2 H20*                             0.1 g

NaH2PO4
.H2O                           0.05 g  

Dextrose    1.0 g  

* d i s s o l v e  t h e  ca l c ium c h l o r i d e  separa te l y  and add l a s t  

B r i n g  up t o  1 L w i t h  d i s t i l l e d  water.  
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Adrenerg ic  and Chol i n e r g i c  Drugs: 

A l l  t h e  drugs ment ioned i n  " M a t e r i a l s  a t  supp ly  bench" a r e  a v a i l a b l e  f rom 
Sigma Chemical Co., w i t h  t h e  e x c e p t i o n  o f  phentolamine, which u s u a l l y  can 
be purchased through a  l o c a l  pharmacy. The names and Sigma ca ta logue  
numbers a r e  shown below: 

d rug  name Sigma c a t .  No. 

( - )  no rep inephr ine  ( a r t e r e n o l  h y d r o c h l o r i d e )  A 7381 

L- pheny lephr ine h y d r o c h l o r i d e  P 6126 

( ± )    isop r o t e r e n o l  h y d r o c h l o r i d e                           I 5627 

a c e t y l c h o l i n e  c h l o r i d e  A 6625 

DL- proprano lo l  h y d r o c h l o r i d e  P 0884 

a t r o p i n e  A 0132 

P r e p a r a t i o n  o f  10-4 M d i l u t i o n s  o f  each d rug  

To f a c i l i t a t e  ease and accuracy i n  p r e p a r a t i o n ,  100 mL o f  a  1 0 - 3  M  s tock  
s o l u t i o n  o f  each drug i s  prepared a t  t h e  b e g i n n i n g  o f  t h e  week and s t o r e d  
i n  a  r e f r i g e r a t o r .  A c i d i f y  w i t h  2-3 drops o f  2.0  M HCl. J u s t  p r i o r  t o  
each l a b o r a t o r y  sess ion,  a  1:10  d i l u t i o n  o f  t h e  s tock  s o l u t i o n  i s  made, 
u s i n g  Tyrode 's ,  t o  o b t a i n  10-4 M. 
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APPENDIX C 

Construct ing the Muscle Bath 

F igure 5 i l l u s t r a t e s  the  muscle bath used i n  t he  measurement o f  t he  
m o t i l i t y  of the  r a b b i t  i n t es t i ne .  As shown i n  t he  diagram, the bath i s  
const ructed of 1/4- inch and 1/8- inch a c r y l i c  p l a s t i c .  A water j acke t  
surrounds the muscle chamber and allows warm water  t o  be c i r c u l a t e d  on 
three s ides of t he  chamber t o  keep the gut  a t  37°C. An ae ra t i on  tube, made 
from P.E. 90 polyethy lene tubing, i s  glued around t he  bottom o f  the  
chamber. The tube i s  perforated w i t h  small ho les over i t s  e n t i r e  l eng th  t o  
p rov ide  maximum ae ra t i on  and mix ing o f  the Tyrode's s o l u t i o n  w i t h  a f i n e  
stream of bubbles. The shank o f  a  20 gauge needle i s  attached t o  the  end 
o f  the  ae ra t i on  tube as a means of connection w i t h  an a i r  l i n e  from a tank 
o f  compressed 5% C02-95% 02 gas. A small p l a t f o r m  at tached t o  one end o f  
t he  chamber conta ins a p i n  hole. The p l a t f o rm  serves as a ho lde r  f o r  a 
push p in ,  which i s  used t o  anchor one end o f  t h e  p repara t ion  i n  pos i t i on .  
The gu t  segment i s  mounted h o r i z o n t a l l y  and at tached t o  a swivel and the  
push p i n  v i a  " S "  h ooks (see Fig. 4 ) .  When at tached t o  a w r i t i n g  s t y l u s  o r  
a  t ransducer  l e v e r  w i t h  thread, the swivel serves t o  conver t  ho r i zon ta l  
movements o f  the gu t  i n t o  v e r t i c l e  movements o f  t h e  s t y l u s  o r  transducer 
lever .  A d r a i n  i s  attached near the bottom o f  t he  muscle chamber. Except 
f o r  t he  ae ra t i on  tube, which i s  epoxyed t o  t he  bottom of the  chamber, the  
e n t i r e  u n i t  i s  g lued together  w i t h  dichloromethane. 

Construct ing the Swivel Assembly 

Figures 6a and 6b show the dimensions and placement o f  the swive l  assembly 
which attaches t o  one s ide o f  the water jacke t .  The assembly i s  
const ructed from pieces o f  3/4, 1/2, 1/4 and 1/8-inch a c r y l i c  p l a s t i c .  
There a r e  th ree  p a r t s  t o  t he  assembly; the swivel,  the p a r t  t h a t  holds the  
swive l ,  and a t r ack  which i s  glued t o  the s ide  o f  the  water jacke t .  

The swive l  i s  made from 1/8- inch p l a s t i c .  The arms, which form a r i g h t  
angle, should be 5/16-inch wide and 2 inches on a side. A small ho le  i s  
d r i l l e d  a t  t he  end o f  each arm f o r  attachment o f  the hooks o r  thread t o  the  
muscle and record ing lever .  A l t e rna t i ve l y ,  t he  ends can be notched. A 
3/32-inch ho le  i s  d r i l l e d  a t  the i n t e r sec t i on  o f  t he  two arms t o  a c t  as a 
p i v o t .  When placed i n  the  holder,  the swivel i s  he ld  i n  p lace by a 
1/16-inch rod  which acts  as an axle, as shown i n  F igure 6b. Refer t o  
F igure  4 f o r  a s ide  view o f  the  swivel.  

As shown i n  d e t a i l  i n  F igure 6a, the ho lder  f o r  t he  swivel i s  const ructed 
from p ieces of 1/4 and 3/4-inch p l as t i c .  The swive l  i s  mounted i n  a 5/8 x 
1/4- inch groove as shown, w i t h  the ax le  extending through holes which h o l d  
i t  snugly i n  place. A b o l t  two inches long secures the ho lder  onto a t r ack  
(F ig.  6b) which i s  glued t o  the  s ide of t he  water jacket .  

The t rack  i s  made from a p iece o f  1/2-inch p l a s t i c  which extends t he  f u l l  
l eng th  o f  t he  water jacket .  A 3/16-inch s l o t  i s  c u t  i n t o  the  p l a s t i c  as 
shown i n  F igure 6b. When he ld  i n  the s l o t  by t he  b o l t ,  the  ho lder  f o r  t he  
swive l  can be pos i t ioned  t o  accommodate t he  l eng th  o f  the  i n t e s t i n a l  
segment. 
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C o n s t r u c t i n g  t h e  E lec t rode  

The s t i m u l a t i n g  e l e c t r o d e  c o n s i s t s  o f  a  p a i r  o f  p l a t i n u m  w i r e s  which a r e  
encased i n  an epoxy c u f f  (see F i g .  7 ) .  Two 2-cm p ieces o f  28-30 gauge 
p l a t i n u m  w i r e  a r e  so lde red  t o  two I - mete r  l e n g t h s  of 20 gauge s t e e l  w i re ,  
which have been b r a i d e d  t o g e t h e r .  The s o l d e r  j o i n t s  a r e  i n s u l a t e d  w i t h  a  
l a y e r  o f  epoxy t o  keep them f rom making a  s h o r t  c i r c u i t .  The p l a t i n u m  
w i r e s  a r e  then  looped t o  form a  c i r c l e  about 3 mm i n  d iameter .  The i n s i d e  
c u r v a t u r e  o f  t h e  l o o p  i s  f i l l e d  w i t h  wax and then t h e  t e r m i n a l  2- 3 cm o f  
the  e l e c t r o d e  i s  d ipped i n  epoxy severa l  t imes t o  form a  p r o t e c t i v e  l a y e r  
around the  pat inum w i res .  When t h e  epoxy has hardened, t h e  wax l a y e r  on 
t h e  i n s i d e  c u r v a t u r e  o f  t h e  e l e c t r o d e s  i s  scraped o r  d i s s o l v e d  away t o  
expose t h e  ba re  p l a t i n u m  w i r e .  
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