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Correlation between the motor activity of the small intestine and the intensity of energy forma- 
tion in its muscular layer was studied. Significantly higher hexokinase activity was observed 
in the muscles of the duodenum than of the jejunum and ileum. Statistically significant differences 
in hexokinase activity were not found between the jejunum and ileum. Hexokinase activity was 
found to vary considerably and to correlate directly with the level of motor activity of the mus- 
cular layer, which forms the contractile system of the intestine. 
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An organ can perform its specific function only if the level of its activity is matched by the level of en- 
ergy formation within the organ. This problem has been studied most completely with respect to the activity 
of striated muscle [2, 4-6, 8, 9], although it has received only little study in the smooth muscles of the intes- 
tine. The physiological properties of these muscles are known to differ in certain respects from those of 
striated muscles, and one difference is the ability of smooth muscle to reproduce its proper and relatively 
constant frequency of rhythmic contractions [i0, 15], The gradient of distribution of this frequency in the gas- 
trointestinal tract shows a distinct fall in the caudal direction [I, Ii], By contrast with the frequency of the 
intestinal contractions, their amplitude is less constant and more variable, and this is naturally accompanied 
by changes in the quantity of work done by the motor apparatus of the intestine. 

The object of this investigation was to study the intensity of glycolytic energy formation in the muscular 
layer of different parts of the small intestine and to compare it with the motor activity of the organ. 

Hexokinase activity was chosen as the indicator of the intensity of energy formation, for this enzyme 
is a key factor in carbohydrate metabolism in all organs and tissues [3, 7, 12 13]. The velocity of the hexo- 
kinase reaction determines the intensity of glucose utilization in the energy metabolism of the cell. 

EXPERIMENTA L METHOD 

Experiments were carried out on 18 sexually mature male Wistar rats weighing 160-180 g and on 12 
cats. In the experiments on rats pieces of intestine were excised immediately after decapitation of the animals 
in the following regions: in the middle of the duodenum, at the end of the anterior third of the jejunum, and in 
the middle of the ileum. Cats were anesthestized by intravenous injection of chloralose (80 mg/kg body weight). 
Biopsy was performed in the same region of the jejunum as that in which contractile reactions had previously 
been recorded (for 30-40 rain) by means of a balloon and graphic method, using an electromanometer incor- 
porating mechanotrons. Motor activity was expressed in conventional units of work: the mean sum of the 
amplitudes (in ram) of contractions per minute with a constant amplification factor of the instrument in all the 
experiments. In experiments on both rats and cats, special attention was paid to speed of taking the biopsy 
material and placing it in an ice-cooled chamber, in which the speciments of muscle tissue were prepared for 
biochemical analysis. Pieces of muscle tissue were cleaned and weighed (usually they weighed about 200 rag) 
and an extract in 0.15 MKCI (ratio 1: 15) was obtained from them by grinding the tissue in a mortar with quartz 
sand. The homogenate was centrifuged at 12,000g for 20 rain at 4~ Hexokitmse activity was measured in the 
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TABLE 1. Hexokinase Act iv i ty  in Muscular  
L a y e r  of Rat  In tes t ine  (in g moles  NADPH/ 
mg p r o t e i n / h )  

No. Expt. Duodenum Jejunum Ile urn 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
I1 
12 
13 
14 
15 
16 
17 
18 

M-&-rn 

6,8 
7,7 

12,0 
Ii ,0 
5,0 
6,8 
4,2 
5,4 
5,2 
7,2 
9,1 
6,2 
4,9 
4,8 
4,0 
5,3 
4,0 
3,4 

6,2~0,56 

5,7 
6,3 
8,4 
9,7 
4,5 
4,5 
3,4 
4,7 
4,2 
6,5 
4,4 
4,8 
3,5 
2,1 

2,7 
3,1 
4,2 
5,2 

4,9+0,42 

5,3 
5,4 
7,3 
8,1 
3,5 
3,7 
3,3 
4,6 
4,1 
6,5 
5,7 
5,3 
4,7 
3,4 
3,7 
3,7 
41 
2,2 

4,7+0,37 

TABLE 2. Hexokinase  Act iv i ty  and Motor 
Act iv i ty  of Cat Smal l  In tes t ine  

No. Expt. 

4 
5 
6 
7 
8 
9 

10 
tl 
12 

Hexokinase activit' 
~moles NADPH/ 
ng protein/h 

2,9 
2,8 
2,8 
2,6 
2,5 
2,4 
2,4 
2,2 
2,2 
2,0 
t,9 
1,8 

Motor activity. 
conventional units 

267 
244 
240 
180 
186 
25o 
158 
163 
130 
168 
t26 
126 

r e su l t i ng  ex t r ac t  f r om the quanti ty of NADPH fo rmed  [14]. The reac t ion  mix tu re  cons is ted  of the following 
components:  1.5 ml 0.2 M Tr is -HC1,  pH 8.0, 0.3 ml 0.1 M MgC12, 0.3 ml  of 0.1 M ATP,  0.3 ml of 0.55M glucose,  
0.3 ml  of 0.005 M NADP, 0.1 ml of g lucose -6 -phospha te  dehydrogenase  (1: 500), and 0.2 ml  of musc le  ex t rac t .  
Enzyme ac t iv i ty  was m e a s u r e d  in the SF-4  spec t ropho tomete r  a t  a wavelength of 340 nm every  2 min for  18 
rain. The mix tu re  of r e a g e n t s  without the musc le  ex t r ac t  s e rved  as  the control .  P r o t e i n  was de te rmined  by 
the b iu re t  method. 

E X P E R I M E N T A L  R E S U L T S  

In the expe r imen t s  of s e r i e s  I on r a t s  hexokinase ac t iv i ty  was studied in the muscu la r  l aye r  of the t h ree  
p a r t s  of the s m a l l  in tes t ine  and compared  with the f requency grad ien t  of the i r  con t rac t i l e  r eac t ions .  

The  r e s u l t s  a r e  given in Tab le  1. C l ea r l y  the hexokinase  ac t iv i ty  was ve ry  va r i ab l e  in a l l  p a r t s  of the 
sma l l  in tes t ine:  in the duodenum f r o m  3.4 to 12.0 p m o l e s / m g / h ,  in the jejunum f rom 2.1 to 9.7 ~ m o l e s / m g / h ,  
and in the i l eum f rom 2.2 to 8.1 ~ m o l e s / m g / h .  Despi te  th is  wide range  of individual va r i a t ions  in hexokinase 
ac t iv i ty  in the overwhelming m a j o r i t y  (in 16 of 18) of the expe r imen t s ,  i ts  h ighest  values  were  observed  in the 
m u s c u l a r  l aye r  of the duodenum. S ta t i s t i ca l  ana lys i s  of the data showed that  hexokinase  act ivi ty  in th is  p a r t  
of the in tes t ine  was s igni f icant ly  h igher  than in the  je junum and i l eum (Table 1). Compar i son  of the hexokinase 
ac t iv i ty  in the jejunum and i l eum showed that  i t  was higher  in the je junum in 11 of 18 cases ,  and in the r e s t  it  
was e i the r  the s ame  in both r eg ions  or  was higher  in the  i l eum (Table 1). On average ,  the hexokinase ac t iv i ty  

in these  two p a r t s  of  the in tes t ine  was a l m o s t  the s ame .  

The  r e s u l t s  of t h e s e  e x p e r i m e n t s  thus showed that  the ac t iv i ty  of the key enzyme of g lucose  m e tabo l i sm  
in the m u s c u l a r  l aye r  of the smal l  in tes t ine  of r a t s  v a r i e s  f rom one exper iment  to another  within wide l imi t s .  
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A s a ru le  it is higher  in the duodenum than in the jejunum and i leum. However,  the c h a r a c t e r  of d L ~ i b u t i o n  
of the act ivi ty  of this  enzyme  along the length of the intestine does not a lways co r re spond  to the f requency 
gradient  of the cont rac t ions  of the organ.  The  r e s u l t s  a re  in a g r e e m e n t  with those  of Alvarez  [11], according 
to whom the p r e s e n c e  of a f requency gradient  of cont rac t i le  r eac t ions  of the smal l  intest ine is due ";;o inborn 
and unchanged f ea tu res  of me tabo l i sm of the smooth musc le s .  However,  the question of the p r e s e n c e  of a f r e -  
quency gradient  of rhy thmic  intest inal  cont rac t ions  in r a t s  has not yet  been set t led.  The r e s u l t s  neve r the le s s  
emphas ize  the fact  that  the enzyme act ivi ty  of ene rgy - fo rming  p r o c e s s e s  in the s m o o t h - m u s c l e  ce l i s  of the 
s a m e  p a r t  of the intest ine is in a dynamic state,  poss ib ly  in connection with the changing amount  of ,york done 
by i ts  muscu la r  appara tus .  

To  tes t  this  hypothesis  a s e r i e s  of exper imen t s  (II) was ca r r i ed  out on cats .  In these  expe r imen t s  c o r -  
r e l a t ion  between the hexokinase act ivi ty of the intestine and the intensity of work  p e r f o r m e d  by its cont rac t i le  
appara tus  was invest igated.  Since tonic intestinal  cont rac t ions  make  it difficult to a s s e s s  the work  of i ts  con- 
t r a c t i l e  appara tus  quanti tat ively,  the r e s u l t s  of e x p e r i m e n t s  in which only rhy thmic  cont rac t ions  were  obse rved  
were  used for  ana lys i s .  I t  should be pointed out that  biopsy of the intest ine i t se l f  affected the motor  act ivi ty 
of the reg ion  of intest ine studied, as was shown by b r i e f  spas t i c  contract ion of adjacent  segments  af ter  the r e -  
action. 

The  r e s u l t s  of th is  s e r i e s  of expe r imen t s  (Table 2) show that  individual d i f fe rences  in hexokinase act ivi ty 
of the smooth musc l e s  of the cat  intest ine were  obse rved  between 1.8 and 2.9 ] ~ m o l e s / m g / h .  T h e r e  was  an 
equally wide r ange  of values of motor  act ivi ty of the reg ion  of intest ine f r o m  which the biopsy was taken: f r o m  
126 to 276 conventional units .  On account  of this var iab i l i ty  of the resu l t s ,  they could be subjected to c o r r e l a -  
tion ana lys i s .  Th is  showed that  the p r o c e s s e s  studied in this  investigation c o r r e l a t e  c lose ly  and direct ly ,  with 
a coeff icient  of 0.85. 

The  r e su l t s  of these  expe r imen t s  thus show that  the act ivi ty  of th is  key  enzyme of glucose m e t a b o l i s m  
in the t i s sues  is d is t r ibuted i r r e g u l a r l y  in the muscu la r  l aye r  of the small: intest ine.  In r a t s  it is higher in 
the duodenum. They a lso  show that  hexokinase act ivi ty  in the musc le  t i s sue  of the intestine is ve ry  dynamic 
and c o r r e l a t e s  c l ea r ly  with i ts  motor  activity.  
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