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E 
XPERIMENTAL STUDIES in rats, dogs, and humans have demonstrated the 

inh!bitory effects of intraduodenal  fat on spontaneous gastric motility, t-'~ 
Most of these studies have been done with open-tip and balloon-pressure 
recordings. The  experiments in animals are frequently done under  acute 
conditions or with the gastrointestinal tract altered by fistulas. To  overcome 
unreliability in the results obtained by these experimental methods, we 
recorded contractility of circular and longitudinal smooth muscle layers from 
the gastric body and antrum by using extraluminal force transducers. The  
size of the recording units and tlle implant  procedure did not interfere with 
intraluminal  contents and allowed chronic recordings without altering the 
physiologic environment. 4-6 

Since spontaneous gastric motility is intermittent,  the inhibitory effect of 
fat was also tested against various stimulants. Fat inhibition of gastric motility 
is mediated through a humoral  pathwayY Frazer emphasized the importance 
of the physical state of fat for inhibition of gastric motility. Micellar fat is 
presumably the physical-chemical state under which lipids are most readily 
absorbed by the small bowel mucosa. 9 For the above reasons, we used oleic 
acid, glycerol-l-monooleate, and bile under conditions conducive to micellar 
formation, s0 While this stud~ was in progress, Swan et al. reported that 
micellar fat, placed in a duodenal loop of dogs, exerted no inhibitory effect 
on the spontaneous motili ty of Heidenhain pouches, it  

T h e  purpose of this study was to determine, using extraluminal force trans- 
ducers, (1) the effect on gastric contractility when saline, bile, or micellar fat 
was placed in a duodenal  Th i ry  loop; (2) to see if the preparation in the 
duodenum differentially affected the gastric body or gastric antrum; (3) to 
determine if longitudinal or circular muscle layers were more susceptible to 
the inhibit ing influence of substances placed in the duodenum; and (4) to 
ascertain whether fat inhibit ion of motility was effective when stomach con- 
tractility was driven by various stimuli. 

From the University of .Michigan Medical Center and Parke, Davis and Company Research 
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M E T H O D S  

ANIMAL PREPARATIONS 

T h e  tedmic  of constructing extra luminal  force transducers has been de- 
scribed. ~= These  were implanted  into 6 healthy beagle dogs weighing ap- 
proximately  10 kg. and the following surgical procedure  was performed (Fig. 
1). T h e  proximal  d u o d e n u m  was transected just below the common and 

Fig. 1. Schematic representation of 
arrangement of extraluminal force 
transducers on body and antrum of 
stomach and on Thiry loop of duo- 
denum. Transducers are arranged to 
record from either transverse or longi- 
tudinal axis of organ. Tracings taken 
from duodenal loop not included in 
this stndy. 

pancreatic ducts. A 12-cm. T h i r y  loop was made with tile stoma formed from 
tile caudad end near the l igament  of Treitz.  T h e  d tmdenum was anastomosed 
end to end. 

EXPERIMENTAL PROCEDURE 

Gastric contractil i ty was moni tored  for a 30-min. per iod while under  the 
influence of stimuli and with " inhib i t ing"  substances in the duodena l  T h i r y  
loop. T h e  gastric stimuli used were: (1) food, 200 gin. of horse meat* (analysis: 
p r o t e i n - - l I . 5 % ,  fat---4.0%, f i b e r w l . 0 % ) ;  (2) acetylcholine (Ach) given 
intravenously at 2 concentrations:  50 ~,g./kg./min. and 200 ~g./kg./min. ,  and 
(B) 5-hydroxytr )p tophane (5 H T P )  given intravenously at a concentra t ion of 
600/, .g. /kg./min.  At the start of each exper iment  the stoma of tile T h i r y  loop 
was sealed with a No. t6 Foley catheter  and l0 ml. of one of tile following sub- 
stances was instilled after adjustment  to pH 7: (1) 0.9°o NaCI; (2) micellar 
fat, consisting of 2.5 mM of glycerol-l-monooleate and 5 mM o[ oleic acid in 
I00 ml. of dog bile di luted with 0.9% sodium chloride in a rat io of 1: 10; and 

eCountry Best Foods, Agway Inc., Syracuse, N. Y. 
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(3) dog bile diluted with 0.9% sodium chloride in a ratio of 1:10. The sub- 
stances were placed in the Thiry loop 1-3 rain. before administering the 
gastric stimulants. 

A total of six animals were prepared for this study. Each of 5 dogs was 
subjected to the following 18 randomized treatnlents. Four treatments repli- 
cated twice consisted of either instilling 0.9/o sodium chloride into the Thiry 
loop and infusing Ach (50 or 200/~g./kg./min.) or 5-[ITP (600 t,g./kg./min.) 
intravenously for 30 min., or feeding hor~e meat (200 gin.). Two experiments 
consisted of placing saline in the loop and not administering gastric stimulants. 
The remaining 8 procedures consisted of challenging the gastric stimulants 
with bile in the loop in 4 experiments and micetlar fat in the loop in 4 
experiments. The sixth dog was used for establishing the dose response levels 
of the stimulants and determining whether bile or micellar fat in the loop 
would antagonize spontaneous activity. 

MEASUREMENT AND ANALYSIS OF DATA 

The recorded tracings obtained from each muscle layer were analyzed for 
number and amplitude of contraction in a 30-rain. period. Contractions of 

gin. force or greater were the only ones considered for measurement. Any- 
thing less was not easily differentiated from base line artifact. The amplitude 
was assessed using a "motility index" system. 1"~ This was obtained by placing 
a calibrated (gram of force) transparent grid over the record and counting 
the number of contractions which fell within specific levels o~ force. Each 
contraction received a weighted score of 1, 2, 4, 8, or 16, corresponding to 
recorded amplitudes of 5-10 gm., 10-20 gm., 20--40 gm., 40-80 gm., and > 80 
gm., respectively. These scores were added together to provide an index for the 
30-min. period. This approach considers the height of the deflection, the 
calibration of the sensors, the gain of the polygraph, and the entire period 
of observation. 

The average height of contraction from each site monitored in a given 30- 
min. period was also calculated by dividing the motility index by the number 
of contractions. Tiffs is referred to as the mean motility index. ~a Analysis of 
variance was performed on these data, as well as on the number of contractions 
and on the motility index. 

To assess the effectiveness of each of the inhibitors with each of the 
stimulants, a factorial design was ntilized for the experiments. Since, how- 
ever, certain cells had more replications than others, approximations in the 
analysis of variance were necessary to adjust for this. A measure of over-all 
effectiveness for the entire stomach was constructed by combining the corre- 
sponding measures for each of the 4 areas monitored. Further, to evaluate 
differences of muscle layers in both gastric body and antrum anti between 
these 2 areas, the 3 corresponding paired differences also were subiected to a 
factorial analysis of variance. Significance was taken to be the .05 level. The 
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terms " ' trend" or "'tend to" are u~etl when -a numerical  difference appeared 
~-hi "oh was not  statistically significant. 

R E S U L T S  

Since the spontaneous contractile activity o[ the an t rum and body is 
variable, the ability of bile or micellar fat  to influence spontaneous con- 
tractility could not  be assessed. A single dog study confirmed the variability 
o f  the control  pa t te rn  and the "false" impression that bile and micellar fat 
could  inhibi t  gastric contracti l i ty (Fig. 2) .  An a t tempt  to obtain a continuous 
motor  pat tern  was made by administer ing stimulants. 

Genera l  effects on the number  o[ contract ions in 30 min. under  the various 
condit ions studied are seen in Tab l e  1. I t  should be emphasized that the 
expected number  of contractions (150/50 min.) was not obtained since no 
contractions below 5 gm. of force were tabulated.  T h e  analysis o[ variance 
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lg'~r,- 2. T r a c i n g s  of  ~pontaneous  response  of  3 a reas  o f  s t o m a c h  when  saline,  bile, or  micel lar  
fat  a re  inst i l led in to  T h i r ~  loop of d u ~ l e n u m .  Did l a t t e r  two subs tances  inh ib i t  contract i l i ty  
o r  were these  " n o r m a l "  peric~ls of  qt,iescence? T r a c i n g s  ob ta ined  f rom ,,ame an imal  on 
d iEcrmi t  day~. Folce bar~ c . r r t ~ p o n d  to 20 gin. of  force. T i m e  ba r  equa ls  30-sec. du ra t ion .  
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TABLE 1. MEAN NUMBER (,W CON 1 R'~f,TIONS IN 31) MINI:TES 

No/contraction 

Gastric body Gastric antrum 

Substance Circ. Long Circ, Long Over-all 
Stimulant in Thiry loop axis axis axis axi,~ Mean mean 

Ach Micellar fat 32.8 6.6 1.t.8 16.6 17.7 
(50 ug./kg./min.) Bile 23.4 2.-I 19.8 30A 19,0 20.0 

Saline 24.6 5.4 30.8 31.8 23.2 
Ach Micellar fat 20.6 8-2 62.0 68,-t 39.8 
('2-00 #g./kg./min.) Bile 25.4 6.6 52.2 52,2 3-1.1 37.6 

Saline 23.4 8.0 62.8 60,8 38.8 
5-HTP Micellar fat 107,0 27.8 92.2 92.,t 79.8 
(600 #g./k~/min.) Bile 127,8 69.0 131.0 13-1,0 liSA 99.8 

Saline 120,8 54.4 117,2 124.0 104.1 
Food Micellar fat 69.6 18.6 53.2 30.2 42.9 
(200 gm.) Bile 51.0 14.2 56.4 -18.2 42.-1 41.7 

Saline 62.0 15.6 45.0 36.4 39.8 
.'t|EAN 57.4 19.7 61.4 60.4 

OVER-ALL MEAN 38.6 60.9 

indicates that there was no statistically significant change in tile number of 
contractions induced by the 3 stimuli--acetylcholine (2 doses), 5-HTP, and 
[oodmwhen either bile, micellar fat, or saline were in the loop. The  number  
of contractions induced by 5-HTP in comparison with saline tended to be 
decreased with micellar [at (79.8 vs. 104.1 contractions) but  not with bile 
(I15.4 vs. 104.1 contractions) in the loop (Table 1, Fig. 3). Under the influence 
of acetylcholine (50 ~g./kg./min.)  the number of contractions in the antrum 
in both muscle layers tended to be decreased by micellar fat in the loop 
(Table I, 14.8 vs. 30.8 and 16.6 vs. 31.8). Food is capable of producing a 
continuous motor pattern at all 4 sites monitored. This motor pattern was 
not  altered by the various substances placed in the duodenal loop (Table 1 
and Fig. 4). 

In a paired comparison there were significantly more contractions in the 
circular muscle layer than in the longitudinal muscle layer of the body (57.4 
vs. 19.7; F = 2.85). In a paired comparison between the total number of 
contractions in the body vs. tile antrum, there were significantly more con- 
tractions in the antrum (38.6 vs. 60.9; F = 11.66). When combining the 4 
sites monitored, the number of contractions under the various stimuli were 
significantly different from each other (20.0, 37.6, 99.8, and  41.7; F = 35.64) 
with 5-HTP being the most patent stimulant. 

T h e  data related to the number of contractions have also been expressed 
as per cent of activity (Fig. 5), taking 150 contractions as a maximal number 
of contractions in a 30-rain. period. This  method of arranging tile data indi- 
cates that even when stimulants are administered, it is difficult to obtain 
continuous activity against which to assess inhibitors of gastric motility. The  
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s tandard  errors of the means have been plot ted as an indicat ion of the vari- 
abi l i ty  a m o n g  the 5 dogs when subjected to various exper imenta l  procedures. 
O n e  may note the o~erlap of tile s tandard  errors by observat ion.  

T h e  ampl i tude  DE contract ions unde r  the various condit ions are seen in 
T a b l e  2. T h e  values obta ined are tabula ted  and expressed as " 'motili ty index." 
T i l e  anal)sis of ~ariance indicates that  nei ther  bile nor  micel lar  fat significantly 
decreased the ampl i tude  DE contract ions induced by tile st imuli .  T h o u g h  not  
statistically significant, tile ampl i tude  DE contract ion indnced by 5 - H T P  or 
the lower dose of acetylcholine tended to be decreased by the micellar  fat in 
the loop (Table  2 and Fig. 3) .  Food generates a cont inuous  motor  pat tern  
DE relatively low ampl i tude  which could not  be marked ly  reduced fnr ther  
wi th  the substances placed in the loop (Tab le  2 and  Fig. 4) .  Figure 4 demon-  
strates why 5 gm. of force was selected as the lowest measurab le  ampli tude.  
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kg. mitt.) infu~d I.V. aftcr saline, bile, or  micellar fat wcre plated i .  duodcnal Thiry loop. 
l'ra~ings obtained from same animal on diffcrt:.t da~s. "Frond of mi~ellar fat to irthibit this 
type of activity not sig.itkcattt. Calibration a.* in Fig. '2. 

162 Ame~¢,n Journal of D;qelt;ve D;seases 



Bile and Fat EErech 

Contractions lower than 5 gin. could not be clearly ditterentiated [rom base- 
line artifact. 

In  a paired comparison, the amplitude of the circular muscle layer of the 
body was significantly greater than that of the longitudinal muscle (98 vs. 

097.  SALIFJr zog 
CIRCULAR BODY r~r¢¢ 

LONG. BODY 
. --4-- 

CIRCULAR ANTRU~ 

LONG. ANTRUM 

~ I , ~ ! ' ' . . . . .  ' , ' • ~ . T ,  
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CIRCULAR ANTRUM 

LONG. ANTRU~ . T 

/61CELLAR I:AT 
CIRCULAR BODY 

LONG BODY 

CIRCULAR A~ITRUIA 

LOMG. ANTRU?4 
t 

30sec 
Fig. 4. Tracings of response of 4 areas of stomach following ingestion of horse meat (200 

gm.) after saline, bile, or micellar fat were placed in duodenal Thi~" loop. Tracings obtained 
from same animal on different days. Calibration as in Fig. 2. 

25.2; F = 24.92). A similar significant difference was found between tile two 
muscle layers of the antrum (205.6 vs. 185.4; F = 4.63). Comparing the total 
ampli tude of contractions of the body vs. the antrum, the latter was sig- 
nificantly greater (61.6 vs. 195.5; F = 20.30). Like the frequency results, the 
ampli tude of contractions vary significantly under  the influence of the 
different stimuli. For the over-all effect, we obtained a motility index of 38.7, 
I08.0, 311.7, and 55.9, yielding F = 30.97 with 5-HTP again being the most 
effective stimulant for contraction. 

DISCUSSION 

In a normal physi.logic environment one can obtain many hours of re- 
cording from multiple "leads. To  quantify these records it is necessary to use 
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some fo rm of convers ion f rom an analog  signal to a digi tal  form. Once  in a 
d ig i ta l  fo rmat  the da ta  l end  themselves to statistical analysis ra ther  than  to a 
s imple  descr ip t ion of the recorded  m o t o r  pat terns.  Since mtd t ip le  recordings 
are  ob t a ined  f rom adjacent  sites, a pa i red  compar i son  a m o n g  the various sites 

; [] BODY. CtaC. 
6a; ACH SO,ug/kg []BOOY. LONa. [ 

~ [ ]  ANTRU,~, CIRC. 
40- [ ]  ANTRUAA..LONG. i 

" I 
zo i ~-, 

L 
I 

0 L 

~oo r 
E 
i- 

1 
8O- 

L 

,.-, 40 

20 

~OOD 
ZOOg 

ACW ?O0/~9/k 9 

SALINE BILE /~IEELLAR FAT 

5 14TP 600/Jg/kg 

t 
I 

I 

SALINE BILE /~IC';LLAR FAT 

F'tg. 5. Percentage of activity from t areas of stomach in response to I.V. administration 
of acetylcholine (50 or 2(~) ug./kg./min.), 5-hydroxytryptophane (600 /~g./kg./min.), or 
ingestion of fo¢,d (200 gm.) after saline, bile, or micellar fat were instilled into duodenal 
Thiry loop. Bars represent standard errors of mean. 

can  be util ized in an anal>sis of  variance. T h e  cont rac t ions  are relatively easy 
to  enumerate .  T h e y  may  be qt tantif ied by expressing activi ty as the n u m b e r  
o f  cont rac t ions  in a given t ime period,  or  expressed as a percentage  of  activity 
o f  the  expected nu tnbe r  of  contract ions .  T h e  theore t ic  max ima l  f requency 
is readi ly  avai lable  since tile rate of  gastric con t rac t ion  for tire same iHepara- 
t ion  is r emarkab ly  stable. For  example ,  it was possible to obta in  151~ contrac- 
t ions  in a 30-rain. per iod,  x~- 

T h e  a m p l i t u d e  of con t r :wt ion  is an ind ica t ion  o f  the a m o u n t  of  work per- 
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TABLE 2. AMPLITUDE OF CON'I'RACTION~ iN 3O MIN. EXPRESSED AS 
MOTILITY INDEX 

No. contra~rtions 

Gaatric body (;~t~tric antrum 

Substance Circ. Long Circ. Long Over.all 
St imulant  in Thiry loop axis axis axis axis Mean mean 

Ach Micellar fat 39.8 7.2 2t.2 27.0 2~.6 
(50 #g./kg./min.) Bile 27.0 2A 44.4 57A 32.8 38.7 

Saline 45.6 6.6 112.8 69.6 58.6 
Ach Micellar fat 30.2 92. 224.8 163.8 107.0 
(200 #g./kg./min.) Bile 34.4 9.6 217.2 99.5 90.2 I08.0 

Saline 45.6 8.4 285.2 168.0 1°-6.8 
5-HTP Micellar fat 187.4 .32.0 361.6 301.2 220.6 
(600 #g./kg./min.) Bile 278.0 97.6 539.2 598.0 378.2 311.7 

Saline 297.2 79.2 447.2 521.6 336.3 
Food Micellar fat 73.4 19.2 66.8 63,6 55.8 
(200 gin.) Bile 52.6 14~ 91.0 102_2 6.5.0 55.9 

Saline 64.6 17.2 52.6 52.6 46.8 
Mean 98.0 25.2 205.6 185.4 

OVER-ALL MEAN 61.6 19-3.5 

formed by the muscle and can be obtained by measuring the height of the 
contraction. T h e  assessment of these data can be a tedious ta~k and we have 
limited it to selected sampling periods. "l'he problems of assessing motili ty 
tracings have been expressed by others, l~az 

T o  take into account both tile ampli tude and the f requent"  of contractions, 
we utilized the motility" index approach of Jacoby and Brodie. ~z T h e  principle 
of this method is to enumerate  contractions of similar amplitudes and assign 
weighted scores. 

Using these methods, we could not demonstrate a staiisticalIy significant 
motor  inhibit ion of the stomach when fat was present in the duodenum. This  
is not in accord with data obtained by Farrell and Ivy r and Quigley, Zettelman, 
and Ivy x in the dog or by Menguy 3 in the rat. Our  results are more in agTee- 
merit with studies on humans performed by Smith and Code. -~ T h e  latter 
authors observed that the ingestion of a fatty meal leads to a decrease in the 
ampli tude and an increase in the frequency of contraction. T h e  discrepancy 
between other workers and our results may be due to several factors. T h e  Th i ry  
loop utilized in this study, although consisting of half the duodenum, may not  
provide sufficient surface to initiate tile inhibitory effect of fat. T h e  amount  
and type of fat utilized in tile loop may not be of sufficient quanti ty or in tile 
proper  physical-chemical form. T h e  motor stimulants used may have been 
too potent to be inhibited by the substances in the duodenum. In our  feeding 
studies, the presence of the various nutrients could have o~erridden anv in- 
fluence of materials placed in the loop. T h e  variable response among the 
dogs could have masked the response exerted by the materials in the loop. 

Nmv Series, VoL 13. No. 2, 1968 16S 



Anderson ef al. 

Final ly ,  the xar iance  nta~ be tlue to the di f ferent  me thods  o f  assessing gastr ic  
cont rac t i l i ty .  T h e  ut i l iza t ion of  acute  procedures ,  surgical  ahera t ions ,  and  
i n t r a l u m i n a l  devices cou ld  a l ter  the  physiologic  env i ronmen t ,  h t  o u r  ex- 
per ience,  the n o r m a l  s tomach  in an  interdigest ive  state is active for  on ly  one- 
t h i r d  of  the time. T h e  i nh ib i t i on  r epor t ed  by var ious  invest igators  cou ld  con- 
ce ivably  have been  a var iab le  of  the above  t ime factor,  o r  the a l t e ra t ion  of  
gas t r ic  mot i l i ty  i n d u c e d  by var ious  i n t r a l u m i n a l  devices could  be m o r e  readi ly  
i n h i b i t e d  by substances  in  the  small  bowel  t h a n  is the mot i l i ty  i nduced  by  
A c h ,  5 - H T P ,  or  food.  

S U M M A R Y  

T h i s  s tudy was in i t ia ted  to evahmte  the effect on  cont rac t i l i ty  of  the longi-  
t u d i n a l  and  c i rcular  m u ~ l e s  of  the can ine  gastric body  a n d  a n t r u m  w h e n  
mice l la r  fat or  bile was insti l led in a T h i r y  loop  of  d u o d e n u m .  T h e s e  studies 
were  pe r fo rmed  while  the an imals  were s t imtt la ted by food, acetylchol ine,  and  
5 - h y d r o x y t I 3 p t o p h a n e  ( 5 - H T P ) .  T h e  lat ter  two chemicals  were infused for a 
$0-min.  period.  Mice l la r  fat in  the d u o d e n u m  tended  to decrease the fre- 
q u e n c y  and  a m p l i t u d e  of  con t rac t ions  only  in those exper iments  using 5 - H T P  
o r  the lower  dose of  ace ty lchol ine  (50 /~g . /kg . /min . )  as s t imulants .  T h i s  t r end  
was  no t  seen w h e n  bile a lone  or  saline was placed in the d u o d e n a l  loop. T h e  
d a t a  were eva lua ted  by a m()tility index  technic  and  analyzed  by a pa i red  
c o m p a r i s o n  me thod .  

P . B .  
Parke, Davis and Company 

2800 Plymouth Rd. 
Ann Arbor, Mich. 
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Postgraduate Course on Gastroenterology 

A postgraduate course titled "Frontiers in Gastroenterology" will 
be held on May 12-15, 1968, at the Bellevue-Stratford Hotel, Phila- 
delphia, Pa. The course is sponsored by the American College of 
Physicians and The  American Gastroenterology Association. Co- 
chairmen are Henry Tumen  and James Roth. 

There will be 8 sessions covering the following topics: The 
Sequelae of the Surgical Treatment of Duodenal Ulcer; Adverse Drug 
Reactions on the Gastrointestinal Tract; Chronic Pancreatitis; 
Granulomatous Colitis-Entity or Enigma?; Gastrointestinal Micro- 
biology; Mesenteric Vascular Disease; Chronic Active Hepatitis; and 
Motor Disorders of the Esophagus. 

For further information, please contact Tile American College of 
Physicians, 4200 Pine St., Philadelphia, Pa. 19104. 
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