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MOLINA, F., T. THIEL, J. A. DEUTSCH AND A. PUERTO. Comparison between some digestive processes after eating 
and gastric loading in rats. PHARMAC. BIOCHEM. BEHAV. 7(4) 347-350, 1977. - Physiological and biochemical 
differences were found between normal and intragastric feeding in the rat. Milk ingested orally remained in the stomach 
significantly longer than milk ingested via a chronic intragastrie fistula. Milk samples were removed from the stomach at 
intervals of 5, 20 and 45 min after ingestion and it was found that milk which had been ingested via intragastric fistula 
underwent substantially less lipolysis than did milk which had been ingested orally. These results axe discussed in relation 
to the aversive and rewarding effects obtained by injections of edible nutrients into the stomachs of rats. 

Aversion Reward Cephafic phase Feeding Lipolysis Gastric emptying 

RATS develop a very strong tendency to avoid intragastric 
injections of nutrients which otherwise they will ingest 
w)luntarily (e.g., sesame oil) [9]. The cause of such an 
aversion is unknown. Further, hungry rats are unable to 
re, cognize intragastric injections of whole milk as a reward, 
unless such milk has been previously digested by a donor 
rat [25,26]. We have hypothesized [27] that the explana- 
tion of this phenomenon could be due to what Pavlov [24] 
called the psychic stimulus (effect) or cephalic phase, as it 
has been named by others [12, 21, 30, 33].  The cephalic 
p]hase can be described, in general, as the stimulation of 
secretions in the alimentary canal by stimuli arising from 
tile brain or by agents acting upon the central nervous 
system [35]. It was about seventy-five years ago when 
Pavlov observed that the flow of gastric juice was triggered 
mainly by the expectation and sensory stimulation of food, 
and only to a lesser extent by the food itself inside of the 
stomach. It would seem probable from the above observa- 
tions that an abnormal state of  affairs arises when food is 
loaded directly into the stomach without the stimulus or 
act of eating. 

Further, if there is less HC1 to mix with the injected 
food than if such food were normally ingested, there should 
be a lower H* ion concentration of  material leaving the 
stomach. This should lead to a lesser secretion of secretin 
and cholecystokinin when this material enters the duode- 
num. It is known that secretin and cholecystokinin decrease 
tile rate of gastric emptying [4,15 ], and so a higher pH of 
material arriving in the duodenum should lead to a higher 
rate of gastric emptying [13,17]. Essentially, it would be 
predicted that a disruption of the normal digestive pro- 
cesses through slower enzymatic breakdown and hastened 
gastric emptying would occur if food arrived in the stomach 
without the stimuli accompanying normal food ingestion. 

The most frequent tool for the study of the effects of 
the cephalic phase has been the amount of secretion of 
hydrochloric acid [19,35] or pepsin [23]. Another com- 
ponent of gastric juice is lipase [5,16]. This enzyme has 
been shown to be present in different species [2, 3, 29, 32] 
and its output is highly correlated with that of HC1, both 
being controlled by the same vagal stimuli [7,32]. 

EXPERIMENT 1 

In this experiment, we predicted that the rate of 
lipolysis which fresh milk undergoes in the stomach will be 
different depending on whether milk arrived at the upper 
gastrointestinal tract after normal feeding behavior or after 
intragastric injection. After intragastric injection food is 
present in the stomach for the same intervals of time but the 
cephalic phase has been bypassed. It was expected that the 
absence of the cephalic phase would decrease the break- 
down of fats into free fatty acids and this is indeed what we 
have found. 

Method 

Animals. Animals were eight male Sprague-Dawley 
(Simonsen) rats, weighing 3 0 0 - 4 0 0 g  at the time of 
surgery. Intragastric fistulae were implanted according to a 
procedure described elsewhere [8]. Animals were allowed 
to recover for one week. During this period solid food and 
water were available ad lib. Following recovery rats were 
trained to eat liquid nutrient only (evaporated whole milk, 
Carnation Co.). 

Experimental procedure. This experiment manipulates 
two variables: First, rats were either allowed to drink milk 
or were intubated. Second, the amount of time was varied 
between drinking (or intubation) and aspiration of stomach 
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con ten t s .  Five, t w e n t y  and  forty-f ive rain delays were 
employed .  Dr ink ing  and  i n t u b a t i o n  cond i t ions  were run  on  
a l te rna te  days in each rat ;  i n t u b a t i o n  days always fo l lowing 
dr inking  days. Fo r  each ra t  the  a m o u n t  of  mi lk  i n t u b a t e d  
and the  rate of  i n t u b a t i o n  were always the same as the  
a m o u n t  d runk  and  the  rate of  d r ink ing  of  the  previous  day 
(see Table  1). 

T A B L E  1 

MEAN VALUES FOR THE RATE AND VOLUME OF MILK INTUBA- 
TION 

5 min 20 min 45 min 

Mean of time 8 min 8 min 43 sec 8 min 48 sec 

Mean of volume 16 cc 19.4 cc 19.2 cc 

Values are equal to rate and volume of oral milk consumption 
measured on the previous day. 

A to ta l  of  48 5 cc ex t r ac t i ons  were ob ta ined .  Each one 
of  the  samples  to be ana lyzed  consis ted  of  two of  these 5 cc 
ex t rac t ions .  Twen t y - f ou r  samples  were t he r eby  analyzed;  
four  in each o f  the  e x p e r i m e n t a l  cond i t ions .  

The samples  were immed ia t e ly  ana lyzed  u n d e r  single- 
bl ind cond i t ions .  The fat  po r t i on  of  each  sample was 
ex t rac ted  using the  Rose -Got t l i eb  Me thod  (AOAC Method  
15029)  as specif ied for  evapora ted  milk [ 2 0 ] .  The free 
fa t ty  acid ( F F A )  p r o p o r t i o n  was t hen  d e t e r m i n e d  by the 
s tandard  m e t h o d  [ 14] .  

Results 

Results  are shown  in Fig. 1 and  Table 2. The percen tage  
of  free f a t ty  acids is p lo t t ed  as a f unc t i on  of  t ime for  b o t h  
condi t ions .  There  is a s ignif icant  d i f fe rence  be tween  the  
two  cond i t i ons  (milk d runk  or in jec ted) :  5 rain in terval  (t  = 
10.47, p < 0 . 0 1 ) ;  20 rain in terval  (t  = 10.97, p < 0 . 0 1 ) ;  45 
min  in terval  (t = 14.62, p < 0 . 0 1 ) .  Milk p laced di rect ly  in to  
the  s t omach  undergoes  m u c h  less l ipolysis in the  same 
a m o u n t  of  t ime  t han  milk d r u n k  in a n o r m a l  manne r .  
Int ragastr ic  in jec t ions  (bypass ing  the  e f fec t  of  the  cephal ic  
phase)  p roduce  an a b n o r m a l  e n z y m a t i c  b r e a k d o w n  of  fats. 
The gastric phase  is unab le  to  ove rcome  such abnormal i t i e s  
even af te r  45 rain. 
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FIG. 1. Percentage of free fatty acids as a function of digestion time 
following oral consumption or intragastric injection of milk. 

MOLINA ET AL. 

T A B L E  2 

MEAN PERCENTAGE ( _+ SEM) OF FREE FATTY ACIDS AS A FUNC- 
TION OF DIGESTION TIME FOLLOWING ORAL CONSUMPTION OR 

INTRAGASTRIC INJECTION OF MILK. 

Time % FFA SEM % FFA after SEM 

After 5 min 24.7 0.72 11.8 1.04 

After 20 min 33.0 1.62 13.2 1.25 

After 45 rain 43.3 1.69 18.5 2.97 

E X P E R I M E N T  2 

It is k n o w n  tha t  an increase in the rate of gastric 
e m p t y i n g  p roduces  distressing ef fec ts  in pa t i en t s  (e.g., 
d u m p i n g  s y n d r o m e )  [28 ] .  These changes  in gastric emp- 
ty ing  have been suggested to be the  consequence  of  
a b n o r m a l  digestive processes  such  as those  tak ing  place 
af ter  v a g o t o m y  [ 1 8 ] ,  absence  of  salivary secre t ion  [22] or 
ach lo rhydr ia  [ 13] .  

In E x p e r i m e n t  1 we have shown  tha t  the  absence  of  the  
cephalic phase  due to direct  in t ragast r ic  in jec t ions  p roduces  
an a b n o r m a l  enzyma t i c  b r e a k d o w n  of  food.  The  goal of  
E x p e r i m e n t  2 was to f ind out  if  n o r m a l  and in t ragast r ic  
feeding e m p t y  f rom the  s t omach  at d i f fe ren t  rates. This 
could help to u n d e r s t a n d  some of  the  reasons of  the  
aversion reac t ions  i t  p roduces  [ 9 ] .  

Method 

Animals. Animals  were 18 male Sprague-Dawley (Simon-  
sen) rats of  the  same descr ip t ion  as in E x p e r i m e n t  1. The 
surgery and the  recovery  per iod  were also exac t ly  the  same. 
Rats  were t ra ined  to dr ink  a 16.2% dex t r in  so lu t ion  
(Genera l  Biochemicals  Inc.,  Chagrin Falls, OH) unt i l  satia- 
ted. The t ra in ing  per iod  lasted three  days. 

Experimental procedure. After  recovery,  animals  were 
divided r a n d o m l y  in to  six groups  ( three  animals  each).  On 
the  day of  the  expe r imen t ,  ha l f  of  the rats ( three  groups  
were given 15 cc of  dex t r in  so lu t ion  to  dr ink while the 
o the r  ha l f  ( the remain ing  three  groups)  were in jec ted  by 
fistula at  the  same rate and  wi th  the  same a m o u n t  of  
dextr in .  One group f rom the oral cond i t i on  and a n o t h e r  
f rom the  i n t u b a t e d  c o n d i t i o n  were sacrif iced at the  end of  
each of  the  fo l lowing intervals;  5 min,  45 min  and  150 min:  
each an imal  was anes thes ized  and the a b d o m i n a l  cavi ty 
opened .  The s t omach  was gent ly  l if ted outs ide  the body  
cavity;  the  esophagus  and the pylorus  were c lamped  and 
tied. Immed ia t e ly  after,  the  s t omach  was r emoved  and its 
vo lume measured.  

Results 

At each individual  in terval  the vo lume of  gastric con- 
t en t s  r emain ing  in the  s t omach  was s ignif icant ly  greater  in 
every an imal  of  the oral c o n d i t i o n  t han  in the i n t u b a t e d  
cond i t i on  for  each t ime  interval .  (Mann-Whi tney  U, 
p < 0 . 0 1 ) .  These resul ts  show tha t  food which  arrives at  the  
s t omach  a f te r  bypass ing the  cephal ic  phase  has  a greater  
rate of  gastric empty ing .  

A c o m p a r i s o n  .of mean  s t o m a c h  vo lume  for  b o t h  
cond i t ions  at d i f fe ren t  intervals  is shown  in Fig. 2 and 
Table 3. 



DIGESTIVE PROCESSES A F T E R  EATING AND LOADING 349 

~.  16 c~ 
v 14 
I-. 
z 12 I..Ul 
I-. 
z I0  
0 
¢";P 8 
"r'; 
¢';~ 6 

0 4 
I-. 

D RAL 

I ~  INTUBATED 

5 45  

DIGESTION TIME (min) 

I 

150 

FIG. 2. Volume of stomach content as a function of digestion time 
following oral consumption or intragastric intubation of millk. 

T A B L E 3  

MEAN VOLUME OF STOMACH CONTENTS AS A FUNCTION OF 
TIME FOLLOWING ORAL CONSUMPTION OR INTRAGASTRIC IN- 

TUBATION OF A 16.2% DEXTRIN SOLUTION 

5 min 45 min 150 min 

Oral 13.8 cc 11.7 cc 7.5 cc 

Intubated 11.6 cc 8.0 cc 2.6 cc 

DISCUSSION 

The pr imary conclusion f rom these exper iments  is that  
food intragastrically in tuba ted  does no t  evoke the same 
physiological  and biochemical  mechanisms which take place 
during normal  feeding behavior.  

In Exper iment  1 it is shown that  the rate at which 
lipolysis o f  milk fat proceeds in the s tomach is much  faster 
when the milk is normal ly  drunk. Intragastric inject ions of  
the same vo lume and at the same rate animals usually drink 
lead to a slower overall rate of  lipolysis. These results agree 

with those repor ted  by Clark, Brause and Holt  [6] .  They 
showed no ef fec t  o f  gastric lipase during the first 15 min 
after intragastric in tuba t ion  of  fat in pylor ic  ligated rats. 
Fur thermore ,  our  data suggest that  wi th  food intragastri- 
cally injected,  low lipase act ivi ty occurs even after  45 min;  
this is no t  the case during normal  feeding behavior.  Thus, it 
can be conc luded  the cephalic phase is necessary for normal  
l ipolytic activity.  

We do no t  know if this enzymat ic  act ion is due to gastric 
or duodenal  lipase. However ,  several lines of  evidence argue 
against a lipase reflux f rom the duodenum.  It has been 
shown [10,11] that  this mechanism is very unusual  in 
heal thy subjects. Fur thermore ,  pancreat ic  lipase is active at 
pH of 6 - 8  while the act ivi ty of  gastric lipase occurs at pH 
of 3 - 4  [3 ,7] .  

The Exper iment  2 shows that  intragastric inject ions of  
nutr ients  lead to a much  faster rate of  gastric empty ing  
than when the same nutr ients  are normal ly  drunk. This 
p remature  entering of  food into  the duodenum has been 
repor ted  to produce  markedly  distressing effects  [28] .  
Gastric empty ing  is very sensitive to a series of  digestive 
abnormali t ies  in the processes of  digestion. Malhotra [22] 
has shown that  saliva decreases the rate of  gastric emptying,  
which he at t r ibutes to the act ion of  salivary amylase. 
However ,  even with normal  salivary secretion,  an increased 
gastric empty ing  takes place in pat ients  suffering from 
achlorhydria  [ 13] or  as a result  of  vago tomy in exper imen-  
tal animals fed with l iquid diet [ 18,31 ]. Similar results are 
obtained when abnormal  l ipolyt ic  breakdown occurs, as can 
be seen if  Exper iments  1 and 2 are taken together.  But it is 
known that  salivary and gastric secretions are resultant  
componen t s  of  the cephalic phase, which is media ted  in 
part by the vagus nerve. Thus, the cephalic phase seems to 
be very much  related to gastric emptying.  When one or  
more of  its componen t s  are absent, the rate of  empty ing  is 
significantly increased. 

In conclusion,  these exper iments  suggest that  a series of  
digestive abnormali t ies  are p roduced  by food intragastri- 
cally injected [1 ,34] .  These abnormali t ies  could be one of  
the explanat ions  of  the aversive reactions found in rats with 
the in tuba t ion  of  otherwise palatable nutr ients  [9] .  On the 
o ther  hand, a rewarding ef fec t  is found when the food 
injected has been previously digested by donor  animals. 
There the cephalic phase has occurred in the donor  rat, and 
the food intragastrically injected into  the recipient  has 
undergone the biochemical  processing which takes place 
during normal  feeding behavior [ 26] .  
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