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The purpose of th is  inves t iga t ion  was to determine the 
usefulness of a neuromuscular screening method invo lv ing " in  
v i t r o "  measurements of smooth muscle contract ions for  " in  
v ivo" exposure to environmental po l lu tan ts .  This procedure 
would then ass is t  in def in ing the threshold levels of e f fec t  
and possible mechanisms of act ion of the po l lu tan ts .  

The physio logical  and h i s to log ica l  measurements of smooth 
muscle have emphasized the extreme v a r i a b i l i t y  of th is  t i ssue.  
However, there does ex i s t  some s i m i l a r i t y  in the con t rac t i l e  
process for  smooth muscle in various organs (BOZLER, 1962). 
Thus i t  was necessary to se lect  a parameter of contract ion whose 
" in  v i t r o "  measurements would be cha rac te r i s t i c  for  that  given 
smooth muscle preparat ion. Such a se lec t ion would not requi re 
each smooth muscle preparat ion to serve as i t s  own cont ro l .  The 
rate of contract ion frequency was selected as the parametero 
Measurements were obtained by means of the in te rva l  histogram 
pattern (IHP) for  the " in  v i t r o "  spontaneous contract ions of 
the duodenal smooth muscle. 

To estab l ish  the general a p p l i c a b i l i t y  of th is  method as a 
model for  screeni~g of neuromuscular a c t i v i t y ,  the ef fects of 
sex, age, pH, Ca-- concentrat ion,  temperature and c i rcadian 
rhythm were assessedo 

Procedure 

White rats were sacr i f i ced by cervical  d i s loca t ion .  Ties 
were made approximately two-centimeters apart on the duodenum 
immediately d i s ta l  to the pylorus.  The excised t issue was 
placed in modified Ringer's so lu t ion  (pH 7.5) (SANTOLUClTO and 
WHITCOMB, 1971) and allowed to equ i l i b ra te  for  1 hour at 7~ 
p r io r  to recording. A 7 mM/L concentrat ion of HEPES was used. 
The t issue was mounted for  isometr ic recording in I00 mls of 
so lu t ion ,  aerated with compressed a i r  and maintained at 36~ 
A f i f t e e n  minute equ i l i b ra t i on  period was allowed between 
mounting and recording of the IHP. Five minute equ i l i b ra t i on  
period was allowed fo l lowing the change to a so lu t ion  of a 
d i f f e r e n t  pH. 
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The contract ions were monitored by a Statham Stra in  guage 
and recorded on electromagnetic tape and dynograph papero The 
general procedure was to record 500 contract ions at pH 7.5, then 
replace the pH 7.5 so lu t ion  wi th a pH 6.5 so lu t ion  and record an 
addi t ional  500 contract ions.  F ina l l y  the pH 6.5 so lu t ion  was 
replaced with pH 7~ so lu t ion (pH 7.5R) for  a f i na l  recording of 
500 contract ions.  The in te rva l  histogram analysis was done by 
a Nuclear Chicago Data Retr ieval Computer Model 7100. An IHP 
was done for  each phase of a given experimento Af ter  the 
selected number of preparations had been recorded, an IHP was 
made which represented the to ta l  response. Most of the f igures  
represent the summation of four animals thus 2,000 spontaneous 
smooth muscle contract ions.  

Results ~ ................... 

This data has been presented I l  ......... ~ ,,~o,v..~. 
using in te rva l  histograms rather .... ~ ~ : ~  ;~ :o;~ 
than average rates~ In Figure 1 
are three IHPs each representing :~ 
the frequency response of 500 '~ 
cont ract ions.  In addi t ion the _�9 ~ ~~ 
average rates are l i s t e d .  These |: ~ ~ , ~ ; -  
were based on consecutive 5 min- ~ I # : , l  
ute counting periods during the i ~ ~ ~  ' - 

a t ~. 

recording of the 500 contract ions.  " " 
Since the IHP gives a frequency o 
d i s t r i b u t i o n  i t  was assumed that '. . . . .  ".y ." 
th i s  was a more accurate represen . . . . . . . . . . . . . . .  
ta t ion  of the spontaneous 
contract ions.  Figure l 

The IHP of the smooth muscle was defined ~~ terms of sex, 
age, pH, temperature, c i rcadian rhythm, and Ca concentrat ion~ 
Then the ef fects of selected pest ic ides were measuredo 

Sex: 

Weanlings. Figures 2 and 3 are the IHP of four  male 
and four female weanlings fo r  pH 7.5, pH 6.5 and pH 7.5R. The 
IHP's overlap at comparable pHs for  the male and femaleo How- 
ever, at pH 7~ the female's response was more d i f fuse  than the 
male but less at pH 6~ 

Adultso Figures 4 and 5 are the IHPs of four male and 
four female adultso The degree of IHP overlap at comparable pHs 
is less than observed with the weanlingo Also, the adu l t  male 
has a slower rate of contract ion thon the adul t  female at a l l  
pHs. This is depicted in Figure 6. 
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Age: 

Male. The slower frequency response for adu]t male as 
compared to the adult female was also evident when the adult  male 
was compared to the weanling male (Figure 7)~ I t  would appear 
that with aging of the male, the mechanism regu]ating the 
spontaneous contractions of the smooth muscle was alteredo 

Female. The IHPs for the weanling and adult female 
rats were comparable~ Thus aging in the female did not a l te r  
the rate of spontaneous contractions. 

pH: 

As depicted in Figures 2, 3, 4, and 5, the rate of spon- 
taneous contraction was altered when the pH was reduced from 
pH 7.5 to pH 6.5~ Whatever the mechanism of action, i t  was a 
reversible process as shown by the recovery at pH 7.5R. 

Temperature: 

The rate of spontaneous contraction was responsive fo 
temperatureo As shown in Figo 8 for two male weanlings, 
increasing the temperature resulted in a faster  rate of 
contractions. 

Circadian Rhythm: 

Since the ra t ' s  a c t i v i t y  peaks in darkness, i t  was of 
in terest  to determine i f  the rate of spontaneous contractions 
ref lected noctural and diurnal a c t i v i t y  dif ferences. Figure 9 
is a comparison of four female adults sacr i f iced during day l ight  
hours and four female adults sacr i f iced 3 to 4 hours fol lowing 
onset of darknesso The IHPs would suggest that the rate of 
spontaneous contraction is not affected by the animals circadian 
rhythm~ 

Ca ++ Concentration: 

In Ca ++ free modified Ringer's pH 7.5, the degree of random 
responses increased. Thus the IHP was s imi lar  to pH 6.5 IHP in 
Figure~+2, 3. 4, and 5o Upon the addit ion of 1 mM of EGTA to 
the Ca-- free solut ion,  spontaneous contractions were b]ockedo 
Upon washing the blocked preparation wi th Ca containing 
modified Ringer's,+the spontaneous contractions resumed. 
Increasing the Ca-- concentration from 2.5 mM to 20 mM/L at 
pH 7.5 did not a l ter  the IHPo However, at 24 mM/L spontaneous 
contractions were blocked. ~~ the assumption that the pH 6.5 
ef ct  was related to the Ca , increased c centrations of 
c ~~ ~~ a were used at pH 6.5. The increased Ca concentration at 
pH 6~ did not reverse the slower rate of contraction and greater 
degree of random response. 
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Tissue Viabil ity: 

In Figures 2, 3, 4, and 5, the IHP for pH 7.5R consistently 
demonstrated a s]ower rate of contraction. I t  was of interest 
to determine i f  this was related to the effect of the prior pH 
6.5 solution or to the time for recording. Therefore, the 
preparation was recorded for three consecutive counts of 50D, 
with two intermediate solution changes of pH 7.5. These results 
for four male adults are represented in Figure lO. During the 
second recording period (500-I000 cts) there was shift of the 
rate of frequency to slightly slower rate. During the third 
phase (lO00-1500 cts), the peak rate of frequency remain 
constant with a greater number of responses at this ~ate. Thus 
the slower rate of frequency observed for pH 7.5R was related 
to the time at which the responses were measured. 
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Pest ic ides: 

For ty- four  day old white male rats were fed ab l i b i t um 
e i the r  Baygon (I000 ppm) or Carbaryl (I000 ppm) in t he i r  feed 
for  3 weekso The IHPs for  these two groups are compared to 
contro ls  in Figure I I .  Even though no overt  tox ic  symptoms were 
observed, the IHPs re f lec ted an e f fec t  of the " in  v ivo" exposure. 
The Baygon appeared to be the more e f fec t i ve  compound in  pro- 
ducing random responseso 

Conclusion 

The " in  v i t r o "  recording of spontaneous contract ions was 
selected as a neuromuscular screening method for  " in  v ivo" 
exposure to po l lu tan ts .  The rate of cont ract ion was determined 
by in te rva l  histogram measureme~~s. The method was assessed 
for  e f fec ts  of age, sex, pH, Ca concentrat lon,  temperature, 
and c i rcadian rhythm~ Male rats were shown to develop a slower 
rate of contract ion wi th age. The rate of cont ract ion was 
temperature and pH dependent. An e f fec t  was demonstrated for  
" in  v ivo" exposure to Baygon and Carbaryl at a level which did 
not produce overt  symptoms. 
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