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Abstract

Objective: The study of the water flow during perfusion of the functioning portion of the small intestine of male
rats in vivo by Ringer solution, glucose and glycine.

Methods: The experiments were performed on the functioning portion of the small intestine of the rats in the
chronic experiments in vivo without narcosis, pain, stress and operation trauma, formed according method. The
concentration of PEG was determined based on modified method colorimetrically on CFC-2MP, λ=465nm. The
concentration of glycine was determined using method colorimetrically on photoelectrocolorimeter–CFC-2MP, λ=540
nm. The concentration of glucose was determined colorimetrically on photoelectrocolorimeter–CFC-2MP, λ=625 nm.
The concentration of bile was determined colorimetrically on CFC-2MP, λ=480 nm.

Results: There were no found the dilution of the perfusate with physiological fluids. There were detected an
absorption of water from the Ringer solution, from the 25 mmol/L solutions of glucose or glycine, prepared on the
Ringer solution. Water absorption from the Ringer's solution was more than from the solutions of 25 mmol/L glycine
or glucose, prepared on the same Ringer's solution. It was shown the periodic character of the secretion of bile into
the living small intestine of the rats under physiological conditions.

Conclusion: Comparison of water flows in the unclosed functioning portion of the small intestine during the
thereof perfusion by solutions of Ringer, glucose, or of equimolar concentration glycine showed that in all cases,
regardless of the type of the substrate and presence of primordial physiological fluids in the intestine, water
absorption is observed from the perfusion solution. Thus, it shows a high rate of water absorption in the small
intestine, exceeding the dilution of the perfusion solution.

Keywords: Perfusion; Small intestine; Physiological condition; In
vivo; Absorption; Water; Glucose; Glycine

Introduction
Experimental studies of processes in biological systems typically

involve the evaluation of various concentrations of liquid components
[1-4]. Changing of the concentration of these components can occur
not only due to the transformation and movement of solutes, but also
due to the change of the volume of the solvent. It should be borne in
mind that the change in the experimental conditions also can affect the
content of the solvent (water) in the solution. Therefore, the use of a
new method for studying of the functions of small intestine requires an
assessment of the water balance in the small intestine during
absorption of various nutrients. The value of the study of water flows in
the functioning of the small intestine area is particularly high, given
the openness of it, as well as the secretion and absorption of water in
the intestine.

The following factors and conditions that can affect water balance
have been chosen for the experimental work based on the literature
analysis:

1) Dynamics of the aqueous composition of the perfusate solution.
It reflects the stability of parameter during the experiment (about 60

minutes or more), and the role of the primordial content of the small
intestine in absorption, and entering of the secrets of endocrine glands
into the intestinal cavity. Dynamics of solvent absorption (especially in
the presence of substrate) indirectly reflects the reaction of the loading
(temporary or substrate) on the researched portion of intestine.

2) The presence of transported substrates in the intestine. The
substrate is able to change the level of functioning of the enterocytes,
and also to stimulate the water flow, which conjugates with a substrate
transport.

Materials and Methods
The experiments were performed on male rats of Vistar breed

weighted 170-180 g that were held out on the standard ration of
vivarium and were not fed for 18-24 hours prior to the experiment.
There were used rats with functioning part of the small intestine. The
functioning portion was prepared according the method described by
us previously [5]. 4-5 days after the operation the animals were
perfused by peristaltic pump "Zalimp"(Poland). Velocity of perfusion
was 0.6 ml/min. For the perfusion we used 25 mmol/L solution of
glycine and 25 mmol/L solution of glucose on the Ringer solution
(pH=7.4, temperature of the perfusion solution=37°C). We added an
unabsorbed marker polyethylene glycol (PEG–400) to the perfusion
solution to control possible dilution of perfusion solution with the
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liquids of digestive tract (saliva, gastric, intestinal and pancreatic
juices, bile or reflux from the next part of intestine). The concentration
of PEG was determined based on modified method [6] colorimetrically
on CFC-2MP, λ=465 nm. The concentration of glycine was determined
using method described in ref. [7] colorimetrically on
photoelectrocolorimeter–CFC-2MP, λ=540 nm. The concentration of
glucose was determined using method described in ref. [8]
colorimetrically on photoelectrocolorimeter–CFC-2MP, λ=625 nm.
The concentration of bile was determined colorimetrically on
CFC-2MP, λ=480 nm.

All experiments were conducted in accordance with scientific/
practical recommendations regarding animal care and work with them
[9] and in compliance with the positions of "European convention
about defense of the vertebrates used for experimental and scientific
aims”. The statistical processing of the obtained data was conducted
using “Primer Biostatistics” software.

Results

Absorption of water from the Ringer's solution
In the first stage of investigation of water absorption Ringer's

solution was researched, since in this case to a certain extent
eliminated role of ion fluxes. As shown in Figure 1, in the most of the
samples of the flowing perfusate during the perfusion takes place the
concentration of the perfusion solution, indicating water absorption.
In the first sample, corresponding to 5 minutes of perfusion, the
concentration of PEG is the minimum for the entire period of
perfusion (102.29 ± 4.56%). Apparently, this is due to the presence in
the test portion of intestine in the start of perfusion a certain amount
of body fluids, which are inconsequential in subsequent samples.

Figure 1: Absorption of water from the Ringer solution in the
functioning portion of the rats’ small intestine during the 60 min of
perfusion (n=12).

As shown in Figure 1, during the perfusion occurs a concentration
of the perfusion solution-this indicates that the water absorption in the
intestine prevails over the diluting of perfusate by the physiological
fluids. In fact, on average over 60 minutes of perfusion the
concentration of PEG in the perfusate from the functioning portion of
the small intestine is 106.2 ± 0.6% (p<0.003, n=12). The undulating
nature of the curve seems to reflect a periodic delivery of digestive
secretions into the analyzed gut fragment. However, this does not
result in a significant dilution of the perfusate, since the concentration
of PEG in the flowing perfusate does not decrease even up to 100%-

index, which corresponds to the concentration of PEG in the perfusion
solution at the inlet of the analyzed fragment of intestine. It should be
noted that the concentration of PEG in the flowing from the
functioning portion perfusate varied within 1 hour of perfusion within
7%. The stability of the water flow over a sufficiently long perfusion
combines with substantial variability of this parameter in different
experiments: in different animals used in experiments in the same
time, the concentrations of PEG in the flowing perfusate were close.

Apparently, the water flow rate is not so much the individual animal
feature as an indicator of its functional state. It should also be noted
that the experiments conducted on various animals at intervals nearly
1.5 years, gave very similar results. This fact demonstrates the high
accuracy of the method of perfusion of the functioning portion of the
small intestine of rats and the extremely stable basic properties of
intestine under physiological conditions.

Absorption of water from the solution of 25 mmol/L glucose
During the perfusion of the functioning portion of the small

intestine by the solution of 25 mmol/L of glucose for 60 minutes, the
middle concentration of PEG in the perfusate is 104.09 ± 0.83%
(Figure 2).

As shown in Figure 2, in the first 10 minutes of perfusion the
perfusion solution is diluted, but in subsequent samples is its
concentration. If we compare these data with the results of water
absorption from the Ringer's solution, we can see that the two curves
are virtually close, except for the first 10 minutes of perfusion.

Apparently, removing of the bodily fluids from the functioning
fragment of the small intestine during the perfusion with a solution of
glucose is slower than during its perfusion with Ringer's solution.

Figure 2: Absorption of water from the 25 mmol/L glucose solution
in the functioning portion of the rat’ssmall intestine, (n=12).

Absorption of water from a solution of 25 mmol/L glycine
During the perfusion of the functioning portion with the 25

mmol/L solution of glycine for 60 min perfusion the concentration of
PEG ranges from 100.50 ± 1.0% in the 1st sample (first 5 minutes of
perfusion) to 104.60 ± 0.73 in the 4th sample, which corresponds to the
20th minute of perfusion.

The average concentration of PEG in the perfusate in 1 hour is
103.41 ± 0.31%, and in fact, the curve which explains this process, is
the smoothest from all presented in Figure 3.
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Secretion of bile into the lumen of the functioning portion of
the small intestine of the rats

Secretion of the physiological fluids into the small intestine during
the perfusion of the functioning portion with Ringer solution was
observed by the color of perfusate by bile (Figure 4). The first sample of
perfusate contains the maximum concentration of bile, then it declines
over time and again rises to the 25th and then in the 50th minute of
perfusion. However, if we compare the curves in Figures 1 and 5, it
appears that the flow of bile into the perfusion solution has no
significant effect on the absorption of water from the Ringer's solution.

Figure 3: Absorption of water from the 25 mmol/L glycine solution
in the functioning portion of the rat’s small intestine, (n=5).

Figure 4: Secretion of bile into the perfusate solution during the
perfusion of the functioning portion of the rat’s small intestine
(n=3).

Discussion
Normally, in the small intestine there is a certain amount of liquid

from adjacent sections, and secreted by the gut. Also here there is a
significant absorption of water, and in the proximal fragment this
process is more intense than in the rest of the intestine [3,10]. The
absorption of water accompanies the transport of monosaccharides
(mainly glucose) [4] and amino acids [3,11]. Water absorption in the
gut can be of different nature: the transport of water together with the
ions, the absorption of water by osmotic pressure of chyme, influenced

by various humoral factors or changes in the functional state. The great
important in the assessment of the functional activity of the intestine is
the study of unstirred aqueous layer near the brush border of
enterocytes [12,13]. Therefore, a serious attention is paid to water
balance measurement. Accounting water flows can be conducted using
the volume-weighted techniques or isotopic labels using no absorbable
markers. Isotope methods are useful for determining the
unidirectional flow; volume-weighted methods are used only in closed
systems. As used in our experiments polyethylene glycol is used as a
marker from the 70’s of the last century [14-16]. There is evidence that
a small part of the polyethylene glycol can be absorbed in the intestine
perfusion [17], but it concerns the polyethylene glycol of low
molecular weight (polyethylene glycol 400).

Figure 5: Absorption of water from the different solutions in the
functioning portion of the small intestine of the rat’s (n=12).

+
2

Conclusion
Comparison of water flows in the unclosed functioning portion of

the small intestine during the thereof perfusion with solutions of
Ringer, glucose, or of equimolar concentration glycine showed that in
all cases, regardless of the type of the substrate, water absorption is
observed from the perfusion solution. Thus, it shows a high rate of
water absorption in the small intestine, exceeding the dilution of the
perfusion solution.
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