
Summary. High Protein diets (HP) have been popular
for people who want to lose weight since the 1960s.
Even though these diets do not harm healthy people in
the short term, there is insufficient data to support their
safe use and efficiency over a long period. Because of
the fact that the proteins in these diets are mainly from
animal sources, it induces a higher intake of total fat,
saturated fat and cholesterol. 

It is proven that high protein diets cause both
physical and pathological abnormalities in the body.
However, there exist very few studies about the effects
of high protein nutrition on liver glycogen storage.

For this study 40 Swiss albino mice consisting of
two groups were used. The first group was fed with 25%
High Protein; the other was fed with standard meal. The
two groups were fed with respect to their diets for 30
days. At the end of 15th, 20th, 25th and 30th days 5
from each group were killed with cervical dislocation.
The livers were removed after perfusion then fixated.
The routine paraffin pursuit was applied before cutting
into 5 µm sections and staining with H-E, PAS and
silver.

There were major differences in weight loss between
the first and the fifteenth days. Glycogen storage was
significantly reduced in HP (15) stained with PAS.
Hydropic degeneration and regenerative activity was
observed in H-E and silver stained HP group.

As a result for the high protein diet group, weight
loss at the 15th day and a significant decrement in
glycogen storage at the 30th day was observed.

Key words: Liver, High Protein Diet, Glycogen, Mice 

Introduction

The liver, weighing approximately 1500g, is the
largest gland in the body. It is located in the upper right-
hand quadrant of the abdominal cavity, just inferior to
the diaphragm and together with the gall bladder and

bile ducts it is also the most complex organ in the body
(Gartner and Hiatt, 1997; Kumar et al., 2000). Besides
secretion it has many other essential functions.
Hepotocyte cells are the main parts that materialize these
functions and form the major part of liver. A single liver
cell can carry out more than 500 separate, specialized
metabolic activities (Solomon et al., 1999). Among these
specialized activities the most significant one is
glycogen storage. The decrease or increase of glycogen
storage of the liver is related to the diet of the subject.
(Andreoli et al., 2000).

High-protein diets are not recommended because
they restrict healthy foods that provide essential
nutrients and do not provide the variety of foods needed
to adequately meet nutritional needs. Individuals who
follow these diets are therefore at risk of compromised
vitamin and mineral intake, as well as potential cardiac,
renal, bone, and liver abnormalities overall (Jeor et al.,
2001). However, there exist very few studies about the
effects of high protein nutrition on liver glycogen
storage. 

American Heart Association (AHA) Nutrition
Committee suggests that high protein intake may have
detrimental effects on liver function. However, until now
there has not been sufficient scientific evidence
supporting this contention. Protein is needed not only to
promote liver tissue repair, but also to provide lipotropic
agents such as methionine and choline for the conversion
of fats to lipoprotein and to be removed from the liver,
thus preventing fatty infiltration (Navder and Lieber,
2003). 

It is possible to find many studies based on the
effects of unbalanced diets on the metabolism. The
amount of protein used in high protein diets exceeds the
need of the body and may impose significant health
risks. In high protein diets Animal based proteins are
preferred rather than plant based proteins that also
contain carbohydrates. A diet rich in animal protein,
saturated fat and cholesterol raises low density
lipoprotein (LDL) cholesterol levels. On the other hand
high carbohydrate, high-fiber plant diets limits or
eliminates LDL (Larosa et al., 1980; McDowell et al.,
1991.) 

Furthermore, a high-carbohydrate diet that includes
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fruit, vegetables, non-fat dairy products, and whole
grains has been shown to lower blood pressure (Appel et
al., 1997). In other words limitation of these foods may
raise blood pressure and may cause reduction in
potassium, calcium, and magnesium coupled with an
increase in sodium intake. High protein foods such as
meat, poultry, seafood, eggs, seeds, and nuts are high in
purines. Purines are broken down into uric acid, so
excess consumption of these foods increases uric acid
levels (Franzese, 2000). A surplus of protein in the
system also increases urinary calcium loss, which may
increase the risk of osteoporosis (Abelow et al., 1992;
Feskanich et al., 1996; Barzel and Massey, 1998). High
Protein Diets increase nitrogen in the tissues; as a result
it stimulates amino acid degradation, followed by a large
rise in urea production in liver (Morens et al., 2000). As
a result, increased glomerular filtration rates (Hammond
and Janes, 1998), renal and glomerular hypertrophy
(Schrijvers et al., 2002), and decreased urine pH.
(Schuette, 1980; Fellstrom et al., 1983) were observed.
Increased uric acid levels may cause gout in sensitive
individuals (Abelow et al., 1992; Franzese, 2000). In
addition a decrease in calcium by urinating may increase
the risk of kidney stones (Wiederkehr and Krapf, 2001;
Reddy et al., 2002) also some types of cancer (Willet et
al., 1990; Giovannucci et al., 1994).

Moreover there has been research on mental
performance of individuals and it was observed that HP
diets lead to lower memory performance and lower level
of concentration. These results suggest that carbohydrate
and protein based diets have different effects on mental
health. For example, Smith et al. (1988) compared the
performance of three groups which have different diets
(high-starch, high-sugar, or high-protein) on
concentration and reported that the carbohydrate diet
group has better performance than the others (Dye et al.,
2000).

Also Jorda et al. (1988) reported that the liver
responds to the high-protein diet by a proliferation of
normally functioning mitochondria. 

Apart from this histologic research there has not
been another on the effects on liver glycogen storage on
the metabolism those who are on high protein diets. For
this reason the aim of this research is to identity
histologicly the change dependence at term in the liver
glycogen storage of the mice having HP diets. 

Materials and methods

Forty male Swiss albino laboratory mice (Mus
musculus), 60-90 day-old, average initial body weights
24-42 g, were used in this study. The animals were
housed in individual wireless steel cages under
standardized conditions of temperature and light.

The animals were divided into two groups. The first
group was the one which was fed with HP diets (casein)
the other was the control (C) group that was fed with
standard diet. All the mice were given 12±2 g diet per
day in separated cages. While the control group was
given a standard diet the other was fed with 25% HP diet

(Reeves et al., 1993). HP diet used on mice was prepared
by powder (Table 1). This powder has made by fat-free
casein and gluten-free. As 2.5 g powder was equal to 2.2
g protein; this 25% HP was prepared, diluting distilated
water 6.3±1 + 2.5 g powder. 

The animals were free access to water and were fed
with their own diet for 30 days. At the end of 15th, 20th,
25th and 30th days, 5 from each group were killed by
cervical dislocation after being weighed. The livers were
perfused with saline solution (0,9%) injected through
main hepatic artery and then removed. Later the liver
tissues were fixated with 80% ethanol for 12 hours. The
fixated liver tissues were embedded in paraffin and cut
into 5 µm sections and then stained with H-E, PAS and
silver (Bancroft and Stevens, 1996). 

In our study, we used analytically pure substances
provided by Sigma-London Company, standard meal
was provided by Samsun Yem Company and the protein
which was used to prepare the HP diet was provided by
Nutricia Cuijk-Holland Company. 

Data gathered was examined in five different periods
for normal distribution. For data a normal distribution
analysis of variance (ANOVA) was used. Statistics were
performed by the statistical package SPSS for Windows.
The limit of significance was set at p<0.05.

Results

In the high protein group weight loss was observed
in the mice of 15-25 days when compared to the 1st day
and also to the control group. The weight loss between
the 1st day and the 15th day was meaningful (P<0,05).
However, there was statistically no weight difference
between 15th day and the 30th day (P>0,05). There was
not a significant weight decrease or increase in the
control group (Fig. 1). It was observed that the livers
acquired from the HP group were darker (Fig. 2).

PAS technique allowed us to observe a significant
decrease in glycogen storage on 15th day of HP group.
Firstly, it was observed that glycogen deposits in 15 th
day in control group (Figs. 3, 4). Glycogen was found in
minimum amounts around central vein and periportal
areas. This amount decreased from 15th day (Figs 5, 6)
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Table 1. Average analysis per 100 g.

Energy 1570kJ/370kcal

Protein (95,6 En%) 88,5g 

Carbohydrate (0,5En%)
Of which sugars (lactose) ≥ 1g
Fat (3,9En%) ≥ 2g
Fibre -g 

Mineraller
Na <40mg
K <90mg
Ca 1350mg
P 700mg
Mg <30mg 
Cl <120mg 



to 30th. On the 30th day (Fig. 7) the glycogen storage
was almost finished. A small amount of dilatation in
sinusoids was detected (Fig. 8).

In H-E staining no difference on radial symmetry in
hepatocyte of HP liver tissues was detected and portal
triads were observed as normal and also hydropic
degeneration was on a small-scale (Fig. 9).

It was observed that regenerative activity was
mainly in 25th and 30th day in HP group stained with
silver method (Fig. 10).

Discussion

The explanation of the first weeks of HP diet group’s
loss of weight (12.5%) and the stability afterwards is as
follows: It is known that mobilization of protein stores
supply amino acids for liver gluconeogenesis in many
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Fig. 1. Weight curves of mice, fed high protein (HP) and normal(C)
diets. Body weights of 30 day old mice.

Fig. 2. A. The macroscopic view of the control group livers of the mice.
B. Showing a remarkable macroscopic view of the mice which were fed
with High-protein diet were darker).

Fig. 3. Light micrograph of the histological view of livers in C (15).
Observe densely glycogen deposits in the hepotocyte cytoplasm (a)
around the central vein (cv). These accumulations are seen as pink
areas of PAS-positive material throughout the section. PAS, x 200

Fig. 4. Light micrograph of the histological view of livers in C (15). The
glycogen deposits were removed leaving only the plasma membrane
and certain carbohydrate (a) staining pink. PAS stain after diastase
digestion, x 200



vertebrates in the absence of food intake (Kraus-
Friedmann, 1984). The usage of this metabolic pathway
increases in HP diets and remains constant on lack of
long-term food intake (Silva and Migliorini, 1990;
Sartori et al., 1995). HP diets promise that as long as
carbohydrates are restricted, some weight will be lost;
despite no limitation in food consumption. High protein
and high lipid diets start metabolic ketosis, and these
diets are charming because they lead to rapid loss of

weight. The weight loss in the short term was reported to
be a result of the diuretic effect that was caused by low
carbohydrate intake and it was proved that this low
calorie intake might cause lack of appetite as long as the
same diet was kept up (Jama, 1973; Denke, 2001). Some
high protein, very low carbohydrate, weight-loss diets
induce ketosis and when carbohydrate intake or
utilization is insufficient to provide glucose to the cells,
ketone bodies that are formed from fatty acids are used
as an energy source. An increase in ketones can disturb
the body’s acid-base balance, causing metabolic acidosis
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Fig. 6. Light micrograph of the histological view of livers in HP (20).
Observe the similarity of the image as in figure 5. The glycogen deposits
were removed and only minimal quantities of certain carbohydrate were
left (a). PAS stain after diastase digestion, x 200

Fig. 7. Light micrograph of the histological view of livers in HP group
(30). Glycogen deposits decreased to a minumum (a), showing a
remarkable increase of regenerative activity of hepotoctes (b),
erythrocytes (c), brownish deposits within hepotocytes (d) and cenral
vein (cv). PAS, x 600

Fig. 8. Light micrograph of the histological view of livers in HP group
(15). Observe the little amount of glycogen deposits (a) around the
central vein (cv). Binucleate liver cells (b), little width sinusoids (c). PAS,
x 400

Fig. 5. Light micrograph of the histological view of livers in HP (20).
Observe the minimal quantities of glycogen deposits in the hepotocyte
cytoplasm (a) around the central vein (cv). They correspond to the pink-
purple stained areas. The nucleus of hepotocyte (b) and sinusoids (c).
PAS, x 200



(Wiederkehr and Krapf, 2001). The weight loss in the
HP group has the same characteristics as the weight
losses in the studies mentioned above.

It was observed that the livers of the animals which
were fed with HP were darker than the control group’s.
Kumar (2000) has declared that the reasons for visible
protein deposition are intake of protein to cells or excess
synthesis of protein in cells. According to the results of
this study, it can be declared that the colour change was
due to excessive protein storage in hepatocytes.
Histological examination proved that the glycogen
storage in HP group kept decreasing through the 15th till
the 30th day.

Insulin resistance can lead to a reduction in glycogen
synthesis (Radziuk, 1982) whereas elevation in the
catecholamine levels can contribute to increased
glycogen degradation (Kuwajima et al., 1986; Fedatto-
Junior et al., 2002). In addition to this result explaining
the glycogen decrease; gluconeogenesis way is known to
require much more energy (Nelson and Cox, 2000).

According to Kumar (2000) an unbalanced diet is
one of the main causes of cell damage. He reported that
after rapid consumption of glycogen, glycolysis
increased and the hydrolysis of phosphate esters allows
lactic acid and inorganic phosphate to accumulate. He
also added that this condition caused a decrease of pH in
cells. Reports support dilatations in sinusoids and
hydropic degenerations found in this research.

In our studies a significant regenerative activity in
HP diet groups was observed, compared to control
groups. Research done by Jorda et al. (1988) supports
our findings. According to the research, rodents fed very
high protein intakes have been found to exhibit
morphological changes in the liver mitochondria, which
could be pathological. Moreover, the branched-chain
amino acids to aromatic amino acids ratio were also

increased, indicating the absence of hepatic failure in
these animals. The increased protein content of diet
induced rapid increases in several characteristics of
hepatocytes. The results presented here constitute a good
example of how the hepatocyte adapts to a continuing
metabolic stress (Manninen, 2004). Our observation of
increased regenerative activity is supported by this
condition.

As a result, energy loss with weight lost in our high-
in-protein low-in-carbohydrate group is observed and
histologically it is seen that glycogen storage had been
reduced simultaneously. Our study actually pointed out
that weight loss corresponds to water and glycogen loss,
which happens to be unhealthy. It supported our belief
that mice used gluconeogenesis way to produce energy
but it was not sufficient for the body and as long as this
gluconeogenesis way kept on going we could understand
that the liver might easily be damaged (vacuolation).

Further, protein catabolism is increased in liver
disease and may be exacerbated by inadequate protein in
the diet. Unless there is encephalopathy (vide infra), the
diet should provide high-quality protein in the amount of
1,5 to 2 g/kg (Navder and Lieber, 2003). In alcoholic
liver disease, a high calorie, high-protein diet has shown
to improve hepatic function and reduce mortality. In one
study, this was achieved by providing a regular diet plus
supplements of 60 g/day of protein and 1600 kcal/day
for the first 30 days and followed by supplements of 45
g/day of protein and 1200 kcal/day for the next 60 days
(Mendellhall et al., 1993). Taking these results into
consideration necessary arrangements in our diets should
be made.

The results show that unbalanced diets can cause
noteworthy damage in liver as well as any other tissue of
the organism; getting help from a professional for the
ingredients of a daily diet is undoubtedly a necessity.
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Fig. 10. Light micrograph of the histological view of livers in HP group
(25). Showing a remarkable increase in regenerative activity (a) around
the central vein (cv) , reticular fibers (b), the differences between nuclei
size (c) and The Kupffer cells (d). Silver, X 600.

Fig. 9. Light micrograph of the histological view of livers in HP group
(15). Also, a portal canal appears with normal aspect. Portal vein (pv),
hepatic artery (ha), bile duct (a) and erythrocytes. Hepotocytes (c)
appear as interconnecting cords. H-E x 150
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