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Abstract
The laboratory rat, as important biomedical model, was often fed with unconventional diet
usually made up of products from the bakery industry. Such diet consisted of insufficient caloric
and nutritionally unbalanced meals could cause unreliable results in biomedical research. The
study investigates the effects of malnutrition on the haematological profile of rats.
The study is performed on Wistar male and female rats which were fed for 4 weeks exclusively
with bakery products ad libidum. The following hematological parameters were observed in
peripheral blood smears: red blood cell count, content of haemoglobin, haematocrit, MCV,
MCH, MCHC, white blood cell count, differential blood count, diameter of red blood cells, as
well as the presence of atypical forms of red blood cells.
Despite there were no statistically significant differences in overall haematological results (p >
0.05, with > 0.05), the significant part of obtained results were below physiological limits (HGB,
MCHC and MCH). Other haematological parameters, including white blood corpuscles were
kept in physiological limits, except for mild neutrophils in males. Also, the forms of anulocytes
and spherocytes were recorded in peripheral blood smears.
The results indicated the beginning of normocytic hypochromic anaemia which was caused by
unbalanced meals.
Keywords: Lab Rat; Peripheral Blood Smear; Bakery Products; Malnutrition; Hypochromic
Anaemia.
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1. Introduction
White laboratory rat (Ratus norvegicus) is bred under strictly controlled conditions for years,
with no migration of genes, and it has been used in experiments for more than one hundred
years. Ratus norvegicus and the laboratory mouse made 85% of the total number of animals used
in research. They are an important experimental model in biological research in the context of
fundamental science, research, development and determining the quality of products and devices
used in human and veterinary medicine, dentistry and toxicological analyses, as well as in
assessing the harmfulness of certain chemicals used in households, industry, agriculture and
other safety evaluations.
The laboratory rat is particularly suitable for biomedical research related to cardiovascular
diseases, metabolic and neurological disorders, neurobehavioral studies, organ transplants,
autoimmune and renal diseases, to study the susceptibility to cancer, as well as the impact of
different doses of radioactivity to tissues and haematological parameters. (1-3)
It is believed that physiological processes in rats are similar to those of humans, as opposed to
the physiological processes in the mice (4). Rats are opportunistic omnivores and have a tendency
towards high protein and caloric food. (4 -7)
A balanced diet is very important for normal growth and development of puerperal rats, but also
essential for the good health of adults. Studies on animals have shown the great importance of
nutrition during pregnancy and lactation for overall survival, growth and behaviour of offspring.
For example, malnutrition of mature females during pregnancy leads to a condition that is
usually associated with reduced fetal growth, as well as with reduced body mass of the female
alone and the weight of their placenta. (8)
Vivarium which breed laboratory animals in accordance with the Law on Protection and Welfare
of Animals of Bosnia and Herzegovina use pelleted food in the diet of rats, which implies
pressed balanced compound food. One rat eats on average 5 grams of food and drinks 10-20 ml
of water per 100 grams of body weight, per day. (9) Food for rats should contain 20-25% protein,
4% fat. (10,11)
Nutritional deficiency (of zinc, vitamin B2, niacin, biotin) in the meals of rats causes the
appearance of unkempt fainter hair, disseminated alopecia and Norwegian dermatitis. (12,13)
Scientific studies (14,15) in rats which were fed with white bread and bread enriched with iron and
folic acid, suggested an important role of iron and folic acid in the prevention of anaemic
conditions and improvement in the immune status of rats.
There are many research centres in third countries which breed laboratory animals in vivarium
and are operating with insufficient financial resources. For that reason, they often forced to apply
unconventional diet, comprised of nutritionally unbalanced and low caloric meals. In such
circumstances, commonly used products in the diet of laboratory rats are those of the bakery
industry: dried bread, rolls, pasta and other confectionery products. It is expected that this kind of
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diet, over longer periods of time, adversely affects the general health of the rats as potential
experimental animals.
By processing wheat, refined wheat flour is obtained, which is the main ingredient of bread,
rolls, pasta and other confectionery products. Numerical values of nutrients from wheat and
wheat flour in Table 1 may serve as approximate indicators, as the milling and baking processing
of wheat grain result in refined wheat flour whose nutritional value is somewhat different from
the value of wheat grain. (16, 17)
For a good scientific research laboratory animals are essential, including rats of good quality and
a thoroughbred breeding, because otherwise any work with animals or their organs could give
unreliable results. (11)
The aim of the research is to show possible variations of haematological parameters if the lab
rats are fed with products from the baking industry over a longer period of time, and to draw
attention to researchers that such animals which are fed in this way, should not be chosen for the
experiment. Results of the study represented the product of the practical work with laboratory
rats and they were not obtained as a result of the specific targeted experiment.
2. Materials and Methods
The experiment used twenty four clinically healthy Wistar rats, aged 12-13 weeks, with body
weight of 280-300 grams. Rats had free access to food and water during the experiment and a 12hour shift of light and darkness. The air temperature ranged from 20-23°C, while humidity was
kept around 60% ± 10%. They were divided into two groups, control and experimental, with six
males and six adult non gravid females, each. During the experiment, which lasted for four
weeks, experimental groups were fed with only dried bread, pastries, pasta and other domestic
confectionery products. Water was consumed ad libitum. The control groups were fed ad libidum
by complete feed for rats with balanced nutritive components.
After four-week diet which consisted of bakery products, blood samples were taken by puncture
of the tail vein in EDTA vacutainers. Immediately after sampling, the values of the number of
red blood cells, white cells, haemoglobin, blood smears were made in order to analyse the
differential blood count (%), determine the diameter of erythrocytes (μ), and estimate the
presence of poikilocytosis forms of blood corpuscle (%). Poikilocytosis was classified
semiquantitative according to similar research, following the criteria: non-existing (0%), rare
(0.05–0.5%), mild (>0.5–3%), modest (>3–10%), or expressed (>10%). The number and type of
poikilocytes was written in percentages of red blood cells. (18) Following the blood smears which
were stained by Giemsa method, white blood cells were differentiated and numerical values
expressed in percentages after having analysed 1,000 such cells. Binocular microscope (Boeko,
Germany) was used in experiment with magnification of 1000 time. In determining the diameter
of erythrocytes ocular micrometre was used, and the diameter of 1000 time erythrocytes was
determined. The results of the diameter of the red blood cells are not graphically shown, they
were only used in assessing the type of anaemia. To estimate haematological parameters of
peripheral blood haematological numerator “Idexx Laser Cyte” was used. The parameters that
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had been analysed included: RBC (1012/L), HGB (g/dL), PCV (%), MCV (fl), MCH (pg) i
MCHC (g/dl), and WBC (109/L).
A relatively small number of animals were used in this study, when compared to similar studies,
according to the ethical principles on the use of laboratory animals for research purposes. (19, 20)
The results were compared with control groups as well as with physiological reference intervals
of Wistar rats aged 12-13 weeks, in order to determine possible differences. The physiological
reference intervals were average values from a number of literature sources. (21,22) In the
literature sources that describe the physiological variations of haematological parameters in
Wistar rats, great ranges between the lower and upper limits of physiological variations exist.
Wide ranges of physiological variations can be explained by variation in age, sex, breed or strain,
as well as by variation in sampling techniques and methodology of the study.
The values were statistically processed using Excel 2013, and results were compared with
literature data. The statistical significance of the results was determined by statistical tests
(descriptive statistics, t-test, z-test and Fisher’s test).
3. Results and Discussions
By daily monitoring of rats who underwent four weeks of the exclusive consumption of bakery
products, certain changes were noticed in animals. Following clinical symptoms, although their
analysis was not the primary task of this study, were observed: depression, decreased appetite,
decreased weight loss, somnolence, pale mucous membranes and coarse hair without shine.
These symptoms clearly point to multi-day consumption of food which is insufficient for the
needs of rats, diet which fails to provide needed amount of proteins and fats, as well as certain
vitamins and minerals (Table 1 and 2). Utilization of nutrients from the baked goods in the body
of rat, taking into account its need for energy, building and protective substances, is definitely
questionable.
Wheat grain is a good source of iron, but its bioavailability is relatively low. Numerous reports
have been published on the average iron content in wheat, which showed that the average iron
content is 5 mg per 100 grams of wheat (23), although recent reports indicate that the values are
actually between 3 and 4 mg per 100 grams of wheat.(24) It is known that products such as refined
flour contain less iron than the whole wheat grain. (24) From the literature data listed in Table 1, it
is evident that wheat flour contains iron in the amount of 10.5 - 54.4 mg / g (17) which should
ultimately serve the needs of rats for iron, which amount to 35 mg / kg of food.(13) When taking
into account the daily food consumption by the rats in an amount of 5 g, the estimated daily
intake of iron by rats is between 51.5 - 272 mg of iron a day. However, as haematological
parameters obtained in the experiment indicated the beginning of chronic iron deficiency
anaemia; it could be concluded that the real needs of the rats for iron are significantly larger than
those from literature data and daily intake estimated in this study. The review of the literature
data about the nutritional components of the wheat and bakery products are presented in Table 1.
Nutritional needs of the adult rat are showed In Table 2.
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Table 1: Part of the nutritional value of wheat (A) and wheat flour (B)
The main nutrients

Micro elements

Vitamins

A

Cu
0,5 mg/100g
Cu:
1,84 – 2,7 µg/g
Fe
3,5 mg/100g
Fe
10,5– 54.4 µg/g
Zn
4 mg/100g
Zn
6,6 - 9,4 µg/g
Mn
3 mg/100g
Mn
5,8 - 8,2 µg/g
selenium
89 mg/100g

folic acid, B9
26 μg/100 g
folic acid, B9
51 μg/100 g
thiamine, B1
0,4 mg/100g
thiamine, B1
0,3 mg/100g
Niacin, B3
6,7 mg/100g
Niacin, B3
1,7 mg/100g
riboflavin, B2
0,72 mg/100g
riboflavin, B2
0,07 mg/100g
pyridoxine, B6
0,4 mg/100g

B
A
B
A
B

71%
carbohydrates
68,5 %
carbohydrates
13%
proteins
12,6 %
proteins
2,5%
fat
2,0 %
fat

A
B
A

Macro
elements
Mg
144 mg/100g
Mg
2,9 – 4,2 µg/g
P
508 mg/100g
P
5,7 – 8,4 µg/g
-

-

Source
Rengal et al. 1999
Rennan et al. 2008
Kumar et al. 2011
Rengal et al. 1999
Rennan et al. 2008
Kumar et al. 2011
Ozturk et. al., 2006
Rennan et al. 2008
Kumar et al. 2011
Ozturk et. al., 2006
Kumar et al. 2011
Rennan et al. 2008
Kumar et al. 2011

Rengal et al. 1999

Table 2: Part of the daily nutritional needs of adult rat (mg / kg of food)
The
main Micro elements
nutrients
65 -70%
copper
carbohydrates
5 mg/kg of food

Vitamins

20-25% proteins

iron
35 mg/kg of food

thiamine, B1
4 mg/kg of food

4% fat

zinc
12 mg/kg of food

niacin, B3
10 mg/kg of food

-

manganese
50 mg/kg of food
selenium
0,15 mg/kg of
food

riboflavin B2
4 mg/kg of food
pyridoxine, B6
6 mg/kg of food

-

Folic acid, B9
1 mg/kg of food

Macro
elements
magnesium
0,4 g/kg of
food
phosphorus
4mg/kg of
food
-

-

Source
Mujezinović
and
Muminović, 2012.
Muminović et al 2006.
Mujezinović
and
Muminović, 2012.
Muminović et al.2006.
Mujezinović
and
Muminović, 2012.
Muminović et al .2006.
Mujezinović
and
Muminović, 2012
Mujezinović
and
Muminović, 2012

In earlier work, it was noted that the body of the rats in the initial phase of experimental studies
compensated for the insufficient intake of iron by using it from aging red blood cells through the
cells of the monocyte-macrophage system, from where it was transported to the bone marrow,
where the erythroblasts then re-used it for the synthesis of haemoglobin.(25, 26) Generally,
decreased haemoglobin levels indicate anaemia. (27) Insufficient intake of iron per os is most
common in young categories in the early puerperium. (13, 25) Taking into account the high
physiological variations of haematological parameters, applied statistical tests did not register
statistically significant differences of total scores (p> 0.05, with> 0.05). However, reduced
haemoglobin values were detected in the blood of adults in both experimental groups, relative to
Http://www.granthaalayah.com ©International Journal of Research - GRANTHAALAYAH

[225]

[Katica et. al., Vol.5 (Iss.5): May, 2017]
ICV (Index Copernicus Value) 2015: 71.21

ISSN- 2350-0530(O), ISSN- 2394-3629(P)
IF: 4.321 (CosmosImpactFactor), 2.532 (I2OR)
InfoBase Index IBI Factor 3.86

the lower boundary of Wistar rats. (Graph. 1). Also, slightly lower values were found in females
when compared to males. Number of red blood cells remained in the lower physiological range
in both groups. Microscopic analysis of the diameter of red blood cells showed that the diameter
of the red blood cells was not going beyond the reference physiological framework in any of the
groups, but it gravitated towards the upper physiological limit.
Table 3: Haematological parameters of males (n=6)
Parameter
PCV (%)
HGB (g/L)
RBC (1012/L)
WBC (109/L)
MCH (pg) )
MCHC (%)
MCV (fl)
Lymphocytes (%)
Monocytes (%)
Neutrophils (%)
Eosinophils (%)
Basophils (%)

Group
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment

Min
41
42
133
125
7.7
8.3
6.6
3.5
15.7
11.1
30
21
50
41
65
65
1
0
9
22.4
0
0
0
0

Max
47
60
155
145
9.2
11.5
11.3
10
18.2
16.2
33
29
54.1
71
89.2
77
4
3,5
23
43.4
3
1.2
0.5
0.2

Mean
45
51.6
149.8
129,3
8.5
9.1
8.6
6.9
17.4
14.4
31.7
24.8
52.5
57.9
77.2
70.5
1.9
1.3
17.7
32.5
1.4
0.3
0.1
0.06

SD
1,63
6.53
9.98
7.91
0.64
1.21
2.0
2.57
0.92
1.80
1.50
2.99
1.51
11.7
8.92
4.32
1.11
1.17
5.92
8.56
1.11
0.46
0.20
0.10

Menkinoska and Gjorgoski (14) noticed the compatibility of the results related to the
haemoglobin, while the results for the total number of red blood cells were different. In the same
survey erythropenia was recorded in the peripheral blood at Wistar rats who were fed with white
bread for three weeks. In the second group of rats who were fed with bread enriched with iron
doses (60 mg / kg) and folic acid (1.6 mg / kg), polycythaemia and hypochromia were recorded.
This finding indicates the importance of iron intake per os, in terms of enhanced erythropoiesis
in the bone marrow.
Test results of haemoglobin concentration in red blood cells (MCHC), as well as the MCH
values were lower than the lower physiological limit, in both experimental groups (Table 3,
Table 4 and Graph. 1), although a statistically significant difference was not recorded. Volume of
red blood cells MCV was increased in both experimental groups, and it was higher in females.
Haematocrit value was kept within the reference interval, although the derived values gravitated
towards the upper physiological limit (Table 3 and 4), which was not in accordance with the
results of some other research.(14)
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Table 4: Haematological parameters of females (n=6)
Parameter
PCV (%)
HGB (g/L)
RBC (1012/L)
WBC (109/L)
MCH (pg) )
MCHC (%)
MCV (fl)
Lymphocytes (%)
Monocytes (%)
Neutrophils (%)
Eosinophils (%)
Basophils (%)

Group
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment
control
experiment

Min
42
39
128
105
8.1
7.7
6.4
4.4
16.2
13
29
21.4
49.2
48.8
70
65.5
1.5
1.4
14.5
18.2
0
0
0
0

Max
49
54
162
124
10.1
8.9
9.7
13.3
19.2
15.1
35
26.9
55.5
66.6
83
80
3
3.6
25
41
1
1.4
1
0.2

Mean
44,9
47
148.3
110.5
8.8
8.13
7.8
7.73
17.2
13.7
31.7
23.9
52.1
57.7
75.5
72.1
2.33
2.5
17.7
24.9
0.6
0.4
0.7
0.07

SD
1.83
5.47
14.5
7.81
0.69
0.41
1.23
3.40
1.20
0.80
2.42
2.23
2.32
7.22
4.93
8.83
075
0.92
3.71
8.34
0.49
0.54
0.41
0.10

Copper is essential for the homeostasis of the iron in rats, i.e. for its utilization in terms of its
installation in haemoglobin (13, 25). In rats, the daily requirement for copper is 5 mg / kg of food
(Table 2). In refined wheat flour, and in the finished baked goods, copper is present at a
concentration of 1 - 2.8 g / g, (17) what results in reduced intake of copper in an amount of 1-2.8
mg / kg of food. Estimated daily intake of copper in rats used in the study amounted to 9.2 - 13.5
mg. Because the experimental animals were consuming such food with low levels of copper, it
can be assumed that the said deficit contributed to appearance of hypochromic anaemia.
Daily requirement for folic acid for rats is 1 mg / kg food (Table 2), while its presence in the
bakery products from wheat flour is very low (51 mg / 100 g - Table 1). Daily intake of food of
rats in amount of 5 grams, gave the estimated daily intake of folic acid of 2.55 µg per meal of
rats used in the experiment, and 0.51 mg / kg of food. Such a low intake of folic acid, with
previously considered iron deficiency, was most likely the cause of hypochromic anaemia in rats
used in the experiment. In general, folic acid deficiency in animals is manifested by blood
disorders in the form of hypochromic anaemia and leukopenia.(13)
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Graph 1. Comparative review of average blood
parametar values between control and
experimental groups
Control (F)

Experiment (F)

143

Experiment (M)

HB

23.9

31.6

31.7

24.8

17.2

MCH

13.7

14.4

17.4

8.9

RBC

8.1

9.1

8.5

111

129

145

Control (M)

MCHC

The deficit of vitamin B2 (riboflavin) in rat’s meals, in addition to dermatitis, alopecia, cataracts,
disturbances in growth and development, leads to anaemia. (13) The daily need for vitamin B2 for
rats is 4 mg / kg of food. (12) Presence of vitamin B2 in wheat flour is very low (0.07 mg / 100 g Table 1), which, on 1 kg of meal consisting of baked goods made from white flour, amounted to
0.7 mg / kg. It could be assumed that explained deficit of vitamin B2 for four weeks of the
experiments on rats also significantly contributed to the occurrence of sideropenic hypochromic
anaemia.
According to other authors (28) Vitamin B1 (thiamine) in wheat flour is present at a concentration
of 0.3 mg / 100 grams of wheat flour, while the daily needs of rats for vitamin B1 amount to 4
mg / kg of food.(13) Based on the above, it could be concluded that experimental animals
consumed vitamin B1, but not in sufficient quantity. Also, it could be assumed that the partial
deficiency of vitamin B1 could cause anorexia, decreased number of red blood cells, white cells,
haemoglobin and certain disturbances at the level of the CNS and PNS.(13) However, analysis of
obtained results showed that a slight deficit of vitamin B1 in the diet of rats, did not cause
oligocythemia, leukopenia and other symptoms that are described in the literature.
By analysing the erythrocyte parameters, it can be concluded that inadequate nutrition of rats in
the experiment, which consisted of bakery products, caused the start of sideropenic hypochromic
normocytic anaemia. Microscopy of peripheral blood smears of rats showed that the diameter of
erythrocytes did not go outside the physiological framework, but obtained values gravitated
towards the upper physiological limit. Poikilocytosis forms of red blood cells – anulocytes (5%)
and spherocytes (3%) were determined. Incidence of poikilocytosis forms was equal among
males and females (anulocytes 5% and spherocytes 3 %), which was indicated that incidence of
mentioned red blood forms was not influenced by sex. Recorded percentages belonged to mild to
modest levels according to semiquantitative classification (18) of poikilocytosis incidence (Fig.1
A,B and D). Their presence indicated the occurrence of hypochromia.(25, 29, 30) The presence of
mentioned forms was not recorded in control groups (Fig. 1 C).
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B

C

D
Figure 1: (A,B, C, D)
Leukocyte cells showed no deviation from physiological framework. Rats are animals which, in
normal circumstances, have prevailing lymphocytic picture,(21, 22) what was determined by
analysing the obtained results. In the group of males, a mild neutrophilia was determined when
compared to the group of females. Similar studies (15) indicate the increase in the number of
lymphocytes in the peripheral blood picture of rats which were fed with the enriched bread, with
Fe doses (60 mg / kg) and folic acid (1.6 mg / kg).
4. Conclusions & Recommendations
The four-week diet of laboratory rats with bakery products resulted in early sideropenic
hypochromic anaemia normocytic type, confirmed by lower red cell number, lower
concentrations of haemoglobin as well as the presence of atypical forms of red cells (anulocytes
and spherocytes). The confirmed hypochromic anaemia was probably caused by a deficiency of
vitamin B2 and folic acid, as well as by deficits of vitamin B1, iron and copper.
Rats fed by bread, pastry, pasta and other confectionery products made of wheat flour, are not
suitable for any type of scientific research. Researchers will then lose valuable time, financial
resources, medical substances, surgical supplies and so on.
In case of usage of baked confectionery products for meals of rats intended for use as biomedical
models, it is recommended to complement their meal with vitamin-mineral supplements (Fe, Cu,
B9, B3, B1), with prior haematology and biochemistry blood testing.
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