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Abstract

The experiment was performed to determine the effect of pharmacological doses of
glucagon, administered over a period of 4 or 8 days to sexually mature male Swiss mice, on
the concentration of triacylglycerols and cholesterol in the liver and kidneys of mice selected
for fast rate of body weight gain and unselected ones kept on a high-protein and low-protein
diet. On the basis of the results obtained it was concluded that the selection and the diet, as
well as glucagon injections, were lowering the content of triacylglycerols and cholesterol in
the examined organs of mice, in many cases confirmed in a statistically significant way.
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Introduction

Glucagon is described as an agent that mobilizes activating energy substrates of an organism
in periods of increased need for them in cells, by regulating, among other things, the
concentration of glucose, free fatty acids and amino acids in blood plasma (Hancock et al.
2010, Lou et al. 2011, Peyot et al. 2009, Vieira et al. 2007).

One of the main factors that determine the progress in animal breeding is selection
apart from proper nutrition. Admittedly, it leads to obtaining specimens closer to genetic
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perfection and highly efficient in regards to the goal of breeding. However, they tend to
have more difficulty with adapting to negative environmental conditions in comparison to
unselected specimens. The topic of selection has been extensively discussed in both classic
(Falconer 1960, Bateman 1971) and recent literature (Aberg et al. 2000, Coleman et al. 2009,
Klusek et al. 2011, Ksigzek & Konarzewski 2012, Witek et al. 2007).

However, there have been no reports of a scope of reaction to glucagon in animals
selected for body weight gain fed with low-protein feed. Therefore, the goal of this work
is to observe the influence of administering pharmacological doses of this hormone on the
concentration of triacylglycerol and cholesterol in the liver and kidneys of mice as a model
species of a laboratory animal kept on a diet with standard protein content and on a diet with
its significant deficiency, which is still common in household animal breeding.

Material and methods

The research was conducted on 60 sexually mature Swiss male mice at the age of 6-8 weeks
taken from the breeding farm of the Institute of Genetics and Animal Breeding of the Polish
Academy of Sciences in Jastrzebiec. These mice were selected over 25 generations for fast
rate of body weight gain and weighing 35+2.5 g. Furthermore, 60 sexually mature unselected
males were treated as a control group. These mice were weighing 20+1.5 g and came from
random parents. The selection was based on matching parent specimens male and female of
the highest body weight, taken from the initial population.

The animals were kept under standard breeding conditions in a room on a mice farm with
temperature of 21-22 °C and with natural photoperiodism. They had constant access to water
and were given a professional veterinary care.

When the animals reached the age of 6 weeks, they were taken from their mothers and
fed with granulated feed with diversified protein content for two weeks according to the
data provided in Table 1. The laboratory analysis has been made in the Institute of Physiology
and Nutrition of the Polish Academy of Sciences in Jablonna near Warsaw, Poland.

Table 1

Per cent content of components in the diets of experimental animals (according to AOAC 2001)
ltem Per cent in diet protein 10% Per cent in diet protein 16 %
Premix LSM 1.02 1.01
Salt 0.29 0.29
Chalk 1.65 1.64
Phosphates 0.97 0.97
Milk powder 4.52 5.80
Soybean meal 1.94 10.14
Corn meal 89.32 64.71
Cereal germs 0.29 15.44
Leucine, % in protein 11.6 89
Lysine, % in protein 39 4.7
Energy (brutto), MJ/kg in diets ~13.47 ~14.04

Exact contents, % of protein in diets 10.38 15.51
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The animals in control groups (I, IV, VII, X) were administered 250 pl of 0.9% NaCl solution
intraperitoneally twice a day (8:00 and 20:00) and the specimens from test groups (I, lll, V,
VI, VIII, 1X, XI, XlI) were administered glucagon analogically with a dose of 15 ug/kg of body
weight in a volume of 250 ul over 4 or 8 days, respectively.

Table 2
Arrangement of test groups
Diet n Group
Selected mice Unselected mice
16 % protein 10 | control IV control
10 Il glucagon 4 days V glucagon 4 days
10 Il glucagon 8 days VI glucagon 8 days
10% protein 10 VIl control X control
10 VIl glucagon 4 days Xl glucagon 4 days
10 IX glucagon 8 days XIl glucagon 8 days

After the conclusion of the experiment, two hours after administering the last injection of
either glucagon or 0.9 % NaCl solution, the animals were decapitated after a short anaesthesia
with vetbutal. Immediately after exsanguinating, liver and kidneys were sampled. The liver
was subjected to perfusion with 0.9% NaCl solution cooled to +4°C and, like kidneys, was
suspendedin 0.1 M phosphate buffer (pH 7.4) containing 10 mM EDTA. Tissues prepared in this
way were homogenized in Potter-Elvehjem low-speed glass homogenizer at 200 rpm with
Teflon piston placed in a container with crushed ice. Liver and kidney homogenates obtained
this way were centrifuged for 10 min at 12000 rpm at a temperature of approximately +4°C
in a Janetzki K-24 centrifuge.

The concentration of triacylglycerols in the supernatants of the liver and kidneys was
determined with tests by Alpha Diagnostic (Warsaw, Poland) and the cholesterol level was
determined with tests by Biochemtest (Gliwice, Poland). The results were expressed in
pumol/g of tissue.

Analysis of variance connected with the effects of experimental factors on the concentration
of triacylglycerols and cholesterol in the liver and kidney of mice was conducted with the use
of analysis of variance and t-test for each organ and each diet separately according to the
following equations:

V=D +G+T +e, )
where D. is the protein level in the diet, G are the genetic groups (selected and unselected
animals), T, is the time of the glucagon injections and e, s the error.

Yiu= 0+ G, +T,+ € )]

where O, is the organ (liver, kidney), G, are the genetic groups (selected and unselected
animals), T, is the time of the glucagon injections and €1 the error.

The experiment was approved by the Ethical Commission of the Institute of Genetics and
Animal Breeding and the Polish Academy of Sciences (Jastrzebiec, Poland).
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Results

The data from Table 3 indicate that the concentration of triacylglycerols was significantly
different in both genetic groups of the animals examined as well as in those kept on a diet
with 16 % protein content and those kept on a diet with 10 % protein content. The selected
animals on a diet with 16 % protein content showed higher concentrations in the liver (25.5
vs. 19.9) and kidney (18.3 vs. 11.4). The same could be observed in animals on a diet with low-
protein (liver: 26.7 vs. 19.3; kidney: 17.5 vs. 15.2).

Table 3
Concentration of triacylglycerols and cholesterol (x+SD) in the liver and kidney (umol/g tissue) of control mice
after 0.9% NaCl injection

Group Selected mice Unselected mice
Liver Kidney Liver Kidney
X+SD Xx+SD X+SD X+SD
Triacylglycerols
Diet 16 % protein 25.5+3.5° 18.3+£3.7° 19.9+4.4° 11.4+4.3%¢
Diet 10% protein 26.7+4.2° 17.5+3.1¢ 19.3+3.3¢ 15.2+3.19¢
Cholesterol
Diet 16 % protein 41+0.7 3.8+0.1° 4.5+1.4 3.9+0.4°
Diet 10% protein 49+19 4.8+0.5° 3.9+1.7 3.1+0.9°

aab-becd-deeMeaans with similar superscripts differ significantly (P<0.05).

The data from Table 3 also show that the concentration of triacylglycerols in the liver and
kidneys of mice from selected control groups (0.9 % NaCl) fed with both 16 % and 10 % protein
content was very similar (25.5, 26.7; 18.3, 17.5). The same was seen in the liver of unselected
mice (19.9, 19.3), whereas in kidneys of unselected mice the content of triacylglycerols was
clearly different for both groups (11.4, 15.2).

The level of cholesterol in the liver and kidney of control mice did not differ significantly
between groups of selected and unselected animals fed a 16 % protein diet (4.1 vs. 4.5;
3.8 vs. 3.9). However, selected animals fed a low-protein diet revealed significantly higher
cholesterol levels both in the liver (4.9 vs. 3.9) and the kidney (4.8 vs. 3.1).

As the data in Table 3 show, the concentrations of cholesterol in the liver of selected and
unselected control groups of mice kept on a diet with 16 % and 10 % protein content were similar
(4.1 vs. 4.9; 4.5 vs. 3.9), whereas the kidney showed significant differences in the concentration
of the examined indicator (3.8 vs. 4.8 for selected mice; 3.9 vs. 3.1 for unselected mice).

The injections of glucagon (Table 4) administered over a period of 4 and 8 days caused a
significant reduction of the triacylglycerol level in the liver of selected mice that were on a
diet with 16 % protein content (18.8 vs. 25.5; 20.1 vs. 25.5). No statistically confirmed changes
were observed in the kidney. In the same genetic group of mice kept on a low-protein diet
also a significant reduction of examined levels was observed in the liver of mice that were
administered glucagon over 8 days (19.7 vs. 26.7) as well as in the kidney after 4 days (12.9 vs.
17.5) and 8 days (13.6 vs. 17.5) of the experiment.

In unselected mice kept on a diet with 16 % protein content, the injections of glucagon
did not cause any significant changes in the level of triacylglycerols in the liver and kidney.
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Table 4
Concentration of triacylgycerols (x£SD) in the liver and the kidney (umol/g tissue) of experimental and control
mice maintained on diets with 10% and 16 % of protein after glucagon injections

Group (n=10) Selected mice Unselected mice
Liver Kidney Liver Kidney
X+SD X+SD x+SD x+SD
Diet 16 % protein
Control 25.5+3.5%P 18.3£3.7 19.9+4.4 11.4+4.3
Glucagon 4 days 18.8+4.1° 153124 18.8+5.0 12.845.0
Glucagon 8 days 20.1+2.1° 15.3£3.0 15.8+3.2 10.7+3.2
Diet 10 % protein
Control 26.7+4.2° 17.5+3.14¢ 19.3+3.3f 15.243.19
Glucagon 4 days 21.6+3.1 12.9+2.9¢ 16.5+4.3f 12.9+2.19
Glucagon 8 days 19.745.3¢ 13.6£3.7¢ 17.2+2.8 13.6%5.2

aab-becd-de-etto-gMeans with similar superscripts differ significantly (P<0.05).

Table 5
Concentration of cholesterol (x£SD) in the liver and kidney (umol/g tissue) of experimental and control mice
maintained on diets with 10% and 16 % of protein after glucagon injections

Group (n=10) Selected mice Unselected mice
Liver Kidney Liver Kidney
x+SD x+SD x£SD x£SD

Diet 16 % protein

Control 4.1+0.7>b 3.8+0.1¢ 4.5+1.4 3.9+04

Glucagon 4 days 3.4+1.3° 3.3+0.3 4.6+0.5 3.5+0.2

Glucagon 8 days 3.1+0.9° 3.1+0.9¢ 5.0+2.3 3.7£0.9
Diet 10% protein

Control 49419 4.8+0.5 3.9+1.7¢ 3.120.9

Glucagon 4 days 4.0+1.0¢ 4.5+2.1 3.8+£0.9 2.9+0.4

Glucagon 8 days 4.5+0.8 4.5+1.8 3.5+0.7 2.8+0.2

aab-becd-deettogMeans with similar superscripts differ significantly (P<0.05).

However, it caused a significant reduction in the liver (16.5 vs. 19.3) and kidney (12.9 vs. 15.2)
of animals kept on a low-protein diet (10 %) after administering glucagon over 4 days.

The injections of glucagon (Table 5) did not cause any significant differences in the
concentration of cholesterol both in the liver and kidney of unselected mice, while the
differences were significant in the liver of selected mice on a diet with 16 % protein content,
that were administered glucagon over 4 days (3.4 vs. 4.1) and 8 days (3.1 vs. 4.1) as well as in
the kidney after 8 days (3.1 vs. 3.8). The administration of glucagon also lowered the level of
cholesterol in the liver of selected mice on a diet with 10% protein content after 4 days (4.0
vs. 4.9).

Discussion

The adaptive processes of animals are always connected with the energy expenditure but this
energy is immediately regenerated through the metabolic processes. By changing the rate of
the metabolism, the organism can create a new system of homeostasis, e.g. by increasing the
level of energy substrates in blood and using them at a higher rate. The energy management
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of the body is regulated by, among other things, glucagon (Filali-Zegzouti et al. 2000, 2005,
Robson-Doucette et al. 2011). The mechanism of glucagon influencing fatty tissue adipocytes is
known and it is closely associated with the system of receptor - adenyl cyclase - cAMP (Authier
& Desbuquois 2008, Shyangdan et al. 2011). The increase in the cAMP concentration occurs
as well as the activation of the hormone-sensitive lipase, which as a consequence accelerates
the decomposition of triacylglycerols. As a result of lipolysis, free fatty acids are released into
the blood. The significant changes in the concentration of triacylglycerols observed in the
liver and kidneys of the examined mice can be connected with these processes. After 4 and
8 days of injecting glucagon, a significant reduction of this indicator was observed in the liver
of selected mice on a diet with 16 % protein content as well as in the liver and kidneys of mice
on a low-protein (10% protein content) diet. A similar tendency of changes was observed in
the liver and kidneys of unselected mice fed with low-protein feed after injecting glucagon
over 4 days. This decrease in the concentration of triacylglycerols after administering glucagon
observations could have been caused by its effect , i.e. the increase in the rate of their use in
lipolysis processes, in 9 cases out of 16 possible.

Cholesterol is also an indicator widely discussed in the literature, among other reasons,
because of its important physiological and biochemical functions in the body of animals
and man organisms (Alam et al. 2011, Chien et al. 2008, Ksigzek & Konarzewski 2012). In the
experiment described above, a statistically significant decrease in the cholesterol level was
observed in the liver of selected mice that were administered glucagon over 4 and 8 days
and kept on a diet with 16 % protein content. The animals kept on a low-protein diet showed
a decrease in the cholesterol level only in the liver after 4 days of injecting glucagon. The
unselected mice did not show any significant changes of this indicator’s level. The few cases
where the cholesterol level was significantly decreased, only 4 out of 16 possible are probably
an adaptive reaction to the excess of glucagon, in which it can be used for the synthesis of
steroidal hormones in the adrenal cortex among others.

The data in Table 4 show that selection for fast rate of body weight gain led to a significant
increase in the concentration of triacylglycerols in the liver and kidneys of mice kept on a diet
with 16 % protein content in comparison to the level of this indicator in unselected mice and
in the liver and kidneys of animals kept on a low-protein diet (10 % protein content). In turn,
the concentration of cholesterol was significantly increased in the liver and kidney of selected
mice fed only with low-protein feed in comparison to its level in unselected mice. This would
mean that the selection influenced the concentration of triacylglycerols and cholesterol in
the examined mice organs. It can be connected to storing lower amounts of reserve energy
materials in the form of fat by the body of unselected animals and higher rate of their use in
those animals during adaptive reactions.

Therefore, the results obtained would indicate the existence of differences in organism’s
reaction to the hormone and the diet that was applied in the two genetic groups that were
examined. Higher resistance to glucagon was observed in unselected mice, in which the
decrease of the change of concentration of triacylglycerols and cholesterol was significantly
smaller in comparison to selected animals (in the liver of animals on a diet with 16 % protein
content).

The experimental factors used, which were introducing the excess of glucagon,
diversification of a diet in regards to protein content and the selection turned out to be
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influencing the concentration of triacylglycerols and cholesterol in the liver and kidneys of the
animals examined. It can be assumed that these changes were connected to the phenomenon
of adaptation in the process of forming a new system of intracellular homeostasis caused by
protein deficiency in the feed on one side and glucagon injections on the other.
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