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I N the  course of some expe r imen ta l  work  upon the  
e m p t y i n g - t i m e  of the  human  s tomach  (1) cons ider -  

able da t a  p e r t a i n i n g  to t he  no rma l  e m p t y i n g - t i m e  was 
obta ined .  Some r a t h e r  i n t e r e s t i n g  v a r i a t i o n s  were  
noted in connect ion wi th  these  data ,  and led us to be- 
l ieve t h a t  t h i s  r e p o r t  m i g h t  prove  of i n t e r e s t  to gas t ro -  
en te ro log i s t s  and to expe r imen t a l  phys io logis t s .  

I t  is well  unders tood  t h a t  m a n y  f ac to r s  m a y  in- 
fluence the  r a t e  of ga s t r i c  empty ing ,  and  t h a t  even 
when every  a t t e m p t  is made  to control  all of  these  
f ac to r s  and to produce  u n i f o r m  expe r imen ta l  condi-  
t ions,  a ca re fu l  eva lua t ion  of resu l t s  is necessary .  

M ETtIOD 

Nine normal young adult  male medical students were 
selected for this work. They were given a s tandard meal, 
which was prepared as follows: 15 grams of fa r ina  and 
1 gram of salt  were added to 350 c.c. of boiling water  and 
the mixture was cooked until  the total  volume was 200 c.c. 
This semi-solid prepara t ion  was kept in an electric re- 
f r igera tor  overnight. The next morning 50 grams of 
bar ium sulphate were added, and the meal was eaten at  
8:30 A. M. 

Af te r  the subjects had eaten the meal they were asked 
to lounge about the laboratory,  and for the main par t  to 
keep seated in comfortable positions. They were allowed 

TABLE I 

Table I gives the details of the results obtained 

Sub jec t  
N u m b e r  

1. 0.75 1.50 
2. 1.25 2.00 
3. 1.75 2.25 
4. 1.50 2.50 
5. 1.75 2.50 
6. 2.25 2.25 
7. 2.25 2.75 
8. 2.25 ,2.75 
9. 2.25 3.50 

A v e r a g e  I 

E m p t y i n g  T i m e  in H o u r s  
A r i t h .  i 

Sho r t e s t  L o n g e s t  Mean Mode 
( A v e r a g e )  

1.03 1.00 
1.58 1.50 
1.96 2.00 
2.00 1.75 
2.17 2.25 
2.25 2.25 
2.40 2.25 
2.50 2.50 

2.81 I 2.75 
2.077 

Median 

1.00 
1.50 
2.00 
2.00 
2.25 
2.25 

N u m b e r  
of Tes t s  

11. 
10. 

7. 
2.25 7. 
2.59 10. 
2.75 9. 

8.5 

to spend par t  of the time in reading light fiction, such as 
may be found in current  non-scientific periodicals. In short, 
they were asked to relax, physically and mentally, as 
much as possible, without making a studied effort to do 
so. Every precaution was taken to shield them from 
extraneous influences. 

The emptying-time of the stomach was determined 
fluoroscopically. Af te r  a few determinations had been 
made upon any individual it  was relatively easy to estimate 
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at about what  time gastr ic  evacuation would occur, for, 
as is pointed out later,  the emptying-time of the stomach 
for each individual remained singularly constant from day 
to day. This method of estimation prevented undue ex- 
posure to the Roentgen ray. 

R E S U L T S  

Nine  sub jec t s  were  used, and a to ta l  of 77 t e s t s  was  
run.  The a r i t h m e t i c  mean ( ave rage )  of the  e m p t y i n g  
t ime  of the  s tomach  of the  9 ind iv idua l s  was 2.07 
hours .  The a r i t h m e t i c  mean of the  77 t e s t s  was 2.08 
hours .  The ex t r emes  of the  e m p t y i n g  t ime  fo r  the  
sub jec t s  were  1.03 and 2.81 hours ,  respect ive ly .  The 
ex t r emes  for  the  tes t s  were  0.75 and 3.50 hours ,  re-  
spect ively.  

D I S C U S S I O N  

I t  is i n t e r e s t i n g  to observe t ha t  the  e m p t y i n g  t ime  
of any  ind iv idua l  va r i ed  bu t  l i t t le  f r o m  day  to day.  
Even  in such cases as  sub jec t s  n u m b e r  4 and 9 re-  
spect ively,  where  t he re  is cons iderab le  difference be- 
tween  the ex t remes ,  the  mode and the med ian  check 
closely wi th  the  ave rage  e m p t y i n g  t ime.  A s im i l a r  
cons tancy has  been observed in p rev ious  work  upon 
an imal  sub jec t s  (2) .  

I t  mus t  be noted t h a t  our  s t a n d a r d  meal  cons is ted  
a lmos t  en t i r e ly  of ca rbohydra te .  I t  is doubt less  t r ue  
t h a t  a meal  w i th  a h ighe r  p ro t e in  conten t  would be 
r e t a ined  longer  by  the s tomach,  s ince such a meal  
would be sub jec ted  to a ce r t a in  amoun t  of  g a s t r i c  
d iges t ion  before  i t  would be al lowed to leave the  
s tomach.  The  meal  we used was  chosen fo r  ease in 
p r e p a r a t i o n  and a d m i n i s t r a t i o n ,  and to conform wi th  
s t a n d a r d s  p rev ious ly  set  up by o the r  w orke r s  on the  
e m p t y i n g  t ime  of t he  s tomach  (3) .  

I t  is seen t ha t  the  e mp ty ing - t ime  of the  s tomach  of 
sub jec t  n u m b e r  1 is cons ide rab ly  s h o r t e r  t han  the  
average .  Th is  sub jec t  r epo r t ed  t h a t  when in per -  
fec t ly  no rma l  hea l th  he had  2 or  3 bowel movement s  
every  day.  Sub jec t s  n u m b e r  8 and 9, each wi th  a 
r a t h e r  long e m p t y i n g  t ime,  were  h i g h - s t r u n g  indi-  
viduals .  

These  po in ts  of  i n f o r m a t i o n  a r e  not  g iven in an a t -  
t empt  to expla in  why  the  e m p t y i n g  t ime  in these  cases  
va r ied  cons ide rab ly  f rom the  average ,  for  i t  is ce r t a in  
t h a t  in a ser ies  of pe r sons  chosen a t  r andom a number  
of j u s t  such ind iv idua l s  would be encountered.  We 
feel, t he re fo re ,  t h a t  the  sub jec t s  used in th i s  work  
r e p r e s e n t  a f a i r l y  accu ra t e  cross  sect ion of t h e i r  group.  

Owing to the  small  number  of sub jec t s  used in th is  
work  no a t t e m p t  was  made  to cor re la te  our  ob jec t ive  
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findings with weight,  physique, menta l  makeup, or any 
other  character is t ic .  

SUMMARY 

The normal  empty ing  t ime of the stomach of 9 
young adul t  males was de te rmined  fluoroscopically, 
unde r  careful ly  controlled condit ions.  The s t andard  
meal used consisted chiefly of ca rbohydra te ;  the prep- 
a ra t ion  of the meal is described in the  body of this  
paper. 

A total of 77 tests  was made. The a r i thmet ic  mean 
(average)  of the empty ing  t ime of the 9 subjects  was 
2.07 hours.  The a r i thmet ic  mean  for  the  77 tests  was 

2.08 hours.  The extremes for the subjects  were 1.03 
and 2.81 hours  respectively. The extremes for the 
tests  were 0.75 and 3.50 hours  respectively. 

I t  was found tha t  the empty ing  t ime of the stomach 
of any  individual  remained  s t r ik ing ly  un i fo rm from 
day to day, but  tha t  grea t  indiv idual  va r ia t ions  exist. 
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~RIEGEL, CECILIA, RAVDIN, I .  D., MOR- 
RISON, P H I L I P  J . ,  AND POTTER, M I L -  
TON J .  

Studies of Gall Bladder Function. 
XI: The Composition of the Gall 
Bladder in Pregnancy. J. A. M. A., 
105:1343, Oct. 26, 1935. 

Gall bladder disease follows preg- 
nancy too often to be considered a mere 
coincidence. It  has been thought that  
this results from some alteration in the 
bile during pregnancy. I t  has been 
shown that alterations in the chemical 
~omposition of the bile accompanies 
bi]iary tract disease and previous 
studies have demonstrated that  damage 
to the gall bladder wall is accompanied 
by marked changes in the composition 
of gall bladder bile. It  therefore be- 
comes very interesting to know what 
the gall bladder bile removed from 
pregnant patients at term with no his- 
tery of gall bladder disease would re- 
veal. Data from the studies of thir ty-  
four specimens of such bile removed 
from living women at term during the 
ceurse of cesarean section revealed that  
the composition of such bile was 
changed from the normal. Chemical 
examination of this bile revealed that 
the cholesterol concentration is in- 
creased while the bile salt concentration 
is below normal. These changes in the 
pregnant  gaI1 bladder bile are in the 
direction that  one would expect to pre- 
cede stone formation. 

Francis D. Murphy, Milwaukee. 

DFNNY-BROWN, D., AND ROBERTSON, A .  
GRAEME. 

An Investigation of the Nervous 
Control of Defaecation. Brain, 58, 
256-310, 1935. 

The defaecatory process in healthy 
man and the automatic defaecation re- 
sulting from destructive lesions of the 
sacral cord were studied. 

(1) Where the sacral innervation of 
the rectum and anus has been de- 
stroyed, there occurs contraction of the 
rectum with reciprocal relaxation of 

the anal sphincter. This reciprocity is 
nervous in mechanism, being related 
solely to the peripheral ( intramural)  
nervous plexus. The adequate stimulus 
for relaxation of the anal sphincter is 
tension upon the wall of the rectum. 
Changes in tension are more efficient 
than passive tension. 

(2) In "reflex defaecation" (where 
the sacral portion of the spinal cord is 
intact and is in nervous connection with 
the rectum and anus) the process is 
that of progressive and fused rectal 
contractions. 

(3) The automatic and reflex re- 
sponses are not mediated by the hypo- 
gastric nerve (i.e., they are not under 
the control of the sympathetic nervous 
system). 

(4) Voluntary control over defaeca- 
tion extends only to the external volun- 
tary sphincter ani. The external 
sphincter is not tonic, but it contracts 
synergistically with the abdominal 
parietes in the course of the flexion 
reflex. 

(5) If delivery of faecal material to 
the colon is adequate, the mechanism of 
defaecation depends primarily upon the 
reaction of the rectum to distension. 

M. H. F. Friedman, Montreal. 

ARNDORFF, J. R., BERGH, G. S., AND 
IVY, A. C. 

"Peptic" Ulcer and the "Anxiety 
Complex." S. G. and 0., Vol. 61, 
No. 2, pp. 162-168, Aug., 1935. 

The Authors performed experiments 
designed to determine whether chronic 
peptic ulcers could be produced in the 
dog by: 

1. A sustained stimulation of the 
motor activity of the stomach. 

2. Maintenance of the secretory ac- 
t ivity of the stomach at a high level. 

3. Continuous motor stimulation to- 
gether with a high acid level. Since 
even the wildest of jungle animals soot. 
become accustomed to the unnatural  
conditions of captivity, and, according 
to those who are familiar with their 

habits, show no signs of emotional 
stress, it was not possible to study the 
effect of that  factor in the production 
of peptic ulcer. 

Three groups of dogs were studied. 
The first group was given 2.5 milli- 
grams per dose up to 37 days. The 
second group was given 2 milligram 
doses of histamine over periods varying 
from 63 to 66 days. The third group 
was given a mixture of pilocarpine and 
histamine in doses of 2 milligrams each 
for periods up to 58 days. Injections 
were given every two hours for 10 
doses daily after which the dogs were 
given a "smooth" ground diet. Gastric 
analyses, throughout the 24 hour 
period, were made one to three times a 
week. At the completion of the experi- 
ments the animals were sacrificed, and 
careful autopsies were performed. Sec- 
tions were made of the liver, kidneys, 
adrenals and stomach. 

Most of the dogs in the first group 
showed no change throughout the in- 
testinal tract except a slight injection 
of the duodenum in some cases. None 
of the dogs in the second group showed 
chronic ulcers in the intestinal tract at 
the completion of the experiment; some 
showed sraall superficial erosions. In 
all of the dogs in that group a high free 
acidity was found throughout the ex- 
periment. In one of twelve dogs in the 
third group a small erosion was found 
in the stomach. The intestinal tracts 
of the others were found to be normal. 
The liver, kidneys and adrenals were 
found to be normal in all dogs except- 
ing those receiving obviously toxic 
doses of the drugs. 

The Authors conclude that  hyper- 
motility of the stomach in combination 
with high acidity, as produced by pilo- 
carpine and histamine, respectively, 
does not produce chronic peptic ulcers 
in the dog. 

A large bibliography accompanies the 
article. 

Nelson M. Percy, Chicago. 


