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In this study, results obtained by following up the changes in
hematological parametar values in Wistar rats irradiated with 4 Gy and
treated with calves thymic extract Thymex-L are presented. Following
irradiation, white blood picture parametars were dramatically decrased
and gradually increased from day 14. This elevation was higher in the
Thymex-L treated group and the differences were statistically significant
for total leukocyte, lymphocyte and neutrophyl granulocyte count
starting from day 14. A significant increase of the monocyte count was
observed only at day 28. Parametars of the red blood picture
(erythrocyte count, hemoglobin concentration and packed red blood
cell volume) were increased starting from day 21.

We were able to conclude that treatment of irradiated Wistar rats
with thymic extract results in a significant improvement of
hematological parametar values.
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INTRODUCTION

Immunomodulation is a phenomenon based on the influence of different
endogenous and exogenous substances on immune cells and molecule
functions. Substances which show the ability to influence the immune response
are called immunomodulators and can be distinguished as stimulators or
suppressors. Some immunomodulators are immunobiological products
(vaccines, microbial products) while others belong to antibiotics and
hemotherapeutics. The majority of immunomodulators enhances or suppresses
immune reactions showing no antigen specificity. Some of them may exert both
effects depending on the dose and route of application (Tizard 2004, Nestorova,
1999).

The main target cells for immunomodulators are the T and B lymphocytes,
monocytes, macrophages and granulocytes. The precise mode of
immunomodulatory activity is not elucidated in detail, but most of them influence
levels of cAMP and cGMP in the cell cytoplasm changing their ratio. Elevation of
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the cAMP level results in immunosuppressiom while cGMP has stimulatory effects
(Nestorova, 1999).

The use of immunosuppressive substances and methods is important for
the sanation of auto reactive conditions, allergic reactions and prevention of
transplant rejections. These methods and substances can be nonspecific
(antigen independent) and specific (antigen dependent) (Lake et al., 2001).
Techniques used for immunosuppression are based on X ray irradiation and on
the effects of some drugs on cell replication.

Immunosuppression by X ray irradiation is a consequence of its activity
towards nucleic acids, which results in potentially lethal mutations of progenitor
cells. Moreover, in irradiated cells the formation of peroxides is stimulated leading
to toxic effects. Especially important are reactive oxygen species that cause
irreversible changes in the membrane polyunsaturated fatty acids. X-ray
irradiation also causes changes in the nuclei and genetic material (Bethseda,
2001). Generally, cells with intensive metabolism and cells in the process of
division, like the cells of the immune system, are more susceptible (Ricoul and
Dutrillaux, 1991).

A dose that exerts immunosuppressive effects depends of the species and
breed especially in laboratory animals. The mean lethal dose LD50/30 in mice, rats
and hamsters is 6-8 Gy, while in bigger animals (pig, dog, sheep) LD50/30 is 2.2-
3.5 Gy (Bond, 1964). There are also differences in radio-resistance regarding sex,
age, physiological conditions and intensity of metabolism. Some mice strains are
more resistant e.g. C57BL/6 vs. BALB/c with LD50/30 of 8.308 and 5.985 Gy
respectively (Radoj~i}, 1990).

Mature cells in the peripheral blood have limited, relatively short life spans
and they are being gradually replaced. Blood cells like monocites, erythrocytes,
granulocytes, and thrombocytes are radio resistant when exposed to irradiation
doses that affect bone marrow cells (Gasper, 2000). They can circulate in the
blood with preserved functions, even following irradiation. On the contrary, stem
cells are very sensitive and therefore the production of young cells is disturbed
resulting in decreased blood cell count in accordance to their life span.
Granulocyte count reaches the lowest value 5-10 days following irradiation
depending of the dose applied. The period of recovery also depends on the dose,
and if relatively high doses of irradiation are applied, neutropenia can be
prolonged resulting in lethal infections (Muira, 2000). Thrombocyte count reaches
the lowest value approximately 10 days following irradiation depending of the
dose applied (Ziablitski et al., 1997). The recovery process is similar as in
granulocytes and usually lasts about three weeks. Erythrocyte count, packed cell
volume and hemoglobin concentration also show a decreasing tendency parallel
to death of mature cells. In rats which received a 4 or 6 Gy dose, this decrease is
relatively slow but in animals irradiated with 8 Gy these values reache the lowest
level 14 days following irradiation (Simovi}, 1983). The recovery period is slower
than in granulocytes and thrombocytes. Unlike the above mentioned cells,
circulating lymphocytes are extremely sensitive to irradiation and they disappear
from the circulation rapidly.
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Numerous peptides isolated from thymic extracts express
immunostimulatory effects. In this category are thymosine, thymic humoral factor,
thymopoetin, thymostymulin and thymuline. These hormones stimulate
maturation and differentiation of T-lymphocytes, up regulate Th and Tc
lymphocyte activity (thymic humoral factor), and increase synthesis of IL-2 and
IFN-� (thymostimuline) and increase defense against viruses (thymosine) (Munno
et al. 1995, Benedickt 2000, Wilson 2000). Some of them have positive
therapeutical effects, but their use in medical practice is still under observation.
They are frequently used in therapy of respiratory diseases, various infections,
immunodeficiency, skin diseases, neoplasms and following surgical
interventions. Thymic extracts can be efficient in different animal species like
dogs, rabbits and swine (Barbaroza et al., 2000).

MATERIAL AND METHODS

This study was conducted on 80 highly inbred, male Wistar rats, aged 3
months and 200-300 g body weight. Animals were kept in propylene cages in
groups of 5 under constant microclimate conditions on 18-22 oC and 22 air
changes per hour. They were fed commercial feed and had free access to water.
Rats were divided in two equal groups (T – treated and UT – untreated). At the
beginning of the experiment blood samples were taken from 20 animals (10 T +
10 UT) by medial eye sinus puncture. On the following day, all animals were
subjected to whole body irradiation with 4 MeV X-rays at a dose of 4 Gy by linear
accelerator SLi ELEKTA (USA).

Rats from the treated group (T) were injected subcutaneously with 15 mg of
Thymex-L aqueous solution every other day following irradiation till the 26th day.
One original package of Thymex-L (Thymorgan - GmbH Pharmazie & Co. KG.
Germany) contains 150 mg of the whole thymic extract THX (Dr Pesic) obtained
from the thymic gland of young calves. This extract is standardized in respect to
protein concentration (0.6 mg/mg of proteins, pH 7.1). Apart from immunogenic
peptides, Thymex-L contains active adenosin-desaminases, purine-nucleoside
phosphatases, superoxy dismutase, glutathione reductase, glutathione-S-
transferase, glutathione peroxydase and peptidase. Rats from the untreated
group (UT) were injected subcutaneously with 0.2 ml of sterile physiological saline
every other day following irradiation till the 26th day.

Following irradiation, blood samples were taken on days 4, 7, 11, 14, 18, 21,
25 and 28. in tubes containing 25 000 IU of Na-heparinate. All hematological
analyses (total leukocyte, lymphocyte, neutrophyl granulocyte, monocite,
erythrocyte, thrombocyte count, hemoglobin concentration and packed cell
volume) were performed on the automatic analyzer "Diatron-Arcus" (Austria).

Statistical analyses was performed by calculating the mean values and
standard deviations. Statistical significance between obtained mean values was
estimated by Student's t-test.
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RESULTS

Results obtained in this study are presented on Figures 1-8, while the
statistical significance of differences between mean values for the observed
parameters during the 28 days of trial are given in Table 1.

The total leukocyte count was significantly lowered on days 4 and 7 (Figure
1), and was followed by the gradual increase in both experimental groups (T and
UT) till the end of the trial. Statistical differences between groups were significant
from day 11 till day 28 (Table 1) and mean values were higher in the Thymex-L
treated group (T).
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Figure 1. Total leukocyte count (n x 109/L) in Thymex-L treated (T) and untreated (UT)
irradiated Wistar rats during 28. days of trial
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Figure 2. Lymphocyte count (n x 109/L) in Thymex-L treated (T) and untreated (UT)
irradiated Wistar rats during 28. days of trial



A marked decrease in lymphocyte count was registered on day 4 of the
experiment and lasted till day 11 in both experimental groups (Figure 2). Latter,
the number of lymphocytes showed a tendency to increase and reached the initial
values on day 28. Statistical differences were significant between groups from day
14 till day 28 and mean values were higher in group T (Table 1).

Like for the two previous cell types, a marked decrease in monocyte count
was registered on day 4 of the experiment and lasted till day 11 in both
experimental groups (Figure 3). However, the number of monocytes exhibited a
very slow tendency of increase (more prominent in group T) and did not reach
initial values till the end of the trial. Statistical differences between the mean values
were significant only at day 28 (Table 1).

Number of neutrophile granulocytes was markedly decreased on days 4
and 7 of experiment (Figure 4). From that point onwards, we were able to
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Figure 3. Monocyte count (n x 109/L) in Thymex-L treated (T) and untreated (UT) irradiated
Wistar rats during 28 days of trial
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Figure 4. Neutrophile granulocyte count (n x 109/L) in Thymex-L treated (T) and untreated
(UT) irradiated Wistar rats during 28 days of trial



demonstrate a gradual increase, more prominent in the Thymex-L treated group.
Increasing tendency was slow and values, higher than initial ones, were recorded
in the Thymex-L treated group. Statistical differences between groups were
significant starting from day 11 (Table 1).

Changes in red blood picture parameters (erythrocyte count, hemoglobin
concentration and packed red blood cells volume) following irradiation and
Thymex-L treatment are presented on Graphs 5, 6 and 7.
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Figure 5. Erythrocyte count (n x 1012/L) in Thymex-L treated (T) and untreated (UT)
irradiated Wistar rats during 28 days of trial
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Figure 6. Hemoglobin concentration in Thymex-L treated (T) and untreated (UT) irradiated
Wistar rats during 28 days of trial



Unlike in other observed hematological parameters, these values were not
significantly changed on day 4 of the trial and till day 14 showed unpredictable
variations, not connected with the treatments. After that, till the end of the trial, a
significant increase was documented in the Thymex-L treated group for all three
parameters (Table 1).

The number of thrombocytes gradually decreased till day 11 and a
significant increase was registered on day 14 in both groups (Figure 8). After that,
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Figure 7. Packed red blood cell volume in Thymex-L treated (T) and untreated (UT)
irradiated Wistar rats during 28 days of trial
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Figure 8. Thrombocyte count (n x 109/L) in Thymex-L treated (T) and untreated (UT)
irradiated Wistar rats during 28 days of trial



the number of thrombocytes fall again in the untreated group which was not the
case in group T. The statistical differences in mean values between groups were
significant on days 21 and 25 (Table 1).

Table 1. Statistical differences between hematological parameters in Thymex-L
treated (T) and untreated (UT) irradiated Wistar rats during 28 days of trial

Le
UT vs T

Lym
UT vs T

Mo
UT vsT

Ne
UT vs T

Er
UT vs T

Hb
UT vs T

PCV
UT vs T

Tr
UT vs T

4.
day

NS NS NS NS NS NS NS NS

7.
day

NS NS NS NS NS NS NS NS

11.
day

p<0.001 NS NS p<0.001 NS NS NS NS

14.
day

p<0.05 p<0.05 NS p<0.05 p<0.05 NS p<0.05 NS

18.
day

p<0.01 p<0.05 NS p<0.05 NS p<0.01 NS NS

21.
day

p<0.05 p<0.05 NS p<0.05 p<0.001 p<0.001 p<0.001 p<0,001

25.
day

p<0.001 p<0.001 NS p<0.05 p<0.01 p<0.05 NS p<0,01

28.
day

p<0.05 p<0.05 p<0.01 p<0.001 p<0.001 p<0.001 p<0.05 NS

NS- non significant

DISCUSSION

Four days after whole body X-ray irradiation of Wistar rats (4 Gy) we were
able to demonstrate a significant decrease in the total leukocyte, lymphocyte,
monocyte and neutrophile granulocyte counts. This was a consequence of the X-
ray action on the bone marrow progenitor cells and also a consequence of the
short life span of blood cells (Boggs, 1967, Bintom et al. 1971, Grindem 1989,
Gasper, 2000). This is in agreement with our previous results (Jovanovi} et al.,
2005, 2005a) and also with results of other authors who conducted similar trials on
rats (Simovi}, 1983, Miura et al., 2000). In experiments on goats and pigs,
Milo{evi} et al. (2004) demonstrated the same outcome of X-ray irradiation on
leukocyte, lymphocyte and neutrophile granulocyte counts which decreased to
20% of the initial values during the first few days following irradiation. Similar to our
findings, the number of these cells in the circulation increased gradually and
reached initial values one month after irradiation.
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Values obtained for the parameters of the red blood picture also showed a
tendency to decrease, but gradually, according to the longer life span of the red
blood cells. As erythrocytes can live several months, in some species effects of
irradiation were observed later on (Christian, 2000). In our study we documented
a significant decrease of their values with some minor variations two weeks
following irradiation. These results are in agreement with our previous findings
(Jovanovi} et al., 2005, 2005a) as well with the results of other authors (Simovi},
1983; Milo{evi}, 2004).

Thrombocytes in rats have a life span of 5 days and represent the most
important cellular element of hemostasis (Hawkey et al., 1990). Their number
decreases following irradiation and reaches the lowest level in approximately 10
days (Glass et al., 1983; Christian, 2000). In our study the lowest thrombocyte
count was recorded from the 7th to the 14th day of trial. Their recovery is similar to
granulocytes and stars from the 3rd week following irradiation. X-ray irradiation of
rats with a total dose of 4 Gy caused a marked thrombocytopenia on day 14
(Simovi}, 1983; Milo{evi}, 2004).

Immunostimulatory effects of the thymic extracts is based on the activity of
numerous peptides that can be isolated from the gland. They enhance maturation
and differentiation of T-cells, stimulate activity of Th and Tc cells, up regulate IL-2
and IFN-� production and increase the defense against viral agents.

We were able to demonstrate the statistically significant (p<0.01) elevation
in the total leukocyte, lymphocyte and neutrophile granulocytes number in the
group of Thymex-L treated rats appeared from day 14 and lasted till the end of the
investigation (day 28). These results are in agreement with data of Czaplicki et al.
(1981) who investigated the influence of calf's thymic extract on irradiated mice.
These authors proved that irradiated and treated animals had higher lymphocyte
count, attenuation of the radiation syndrome and live longer than untreated ones.
In another study Czaplicki et al. (1992) reported lymphocyte count elevation and
hyper-gammaglobulinaemia in irradiated and Thymex-L treated neonatal
thymectomised or lethally irradiated mice. Immunostimulatory effects of thymic
extracts have also been documented in other animal species (dogs and poultry)
resulting in better immune response and leukocyte count (Montoya et al., 1990;
Fatteh et al., 1999; Barboza et al., 2000).

The influence of thymic extract on the activity and proliferative response of
mononuclear cells has also been investigated in vitro. Incubation of lymphocytes
with Thymex-L resulted in higher T cells activity, and better proliferative response
in patients with lung cancer (Vu~kovi}-Deki} et al., 1994). Thymex-L increased in
vitro tumorostatic activity of monocytes and production of TNF� in melanoma
patients (Garbin et al., 1995).

Apart from the positive influence of calf's thymic extract on the white blood
cells count we were able to demonstrate a significant increase of the red blood
picture parameters starting from day 21 following irradiation. Blonska et al. (1992)
demonstrated a decrease of red blood cells count followed by increased MCH
(mean corpuscular hemoglobin) and MCHC (mean corpuscular hemoglobin
concentration) in Thymex-L treated mice that were not exposed to irradiaton. In
our study Thymex-L also increased the number of thrombocytes in Wistar rats but
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only starting from day 21 of the experiment. It has been demonstrated that in
rabbits with coagulation disorders Thymex-L regulates thrombocyte count and
partial tromboplastine time, thus normalizing blood coagulation processes
(Ossowicka-Stepinska et al., 1999).

Our results indicate that the negative effects of X-ray irradiation on
hematological parameters values in Wistar rats can be restored by treatment with
calf's thymic extract.
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EFEKAT TIMUSNOG EKSTRAKTA NA VREDNOSTI HEMATOLO[KIH PARAMETARA
OZRA^ENIH WISTAR PACOVA

JOVANOVI] M, LAZAREVI] M, POPOVI] N i \UR\EVI] D

SADR@AJ

U ovom radu su izneti rezultati ispitivanja efekta preparata Thymex-L dobije-
nog iz ekstrakta gove|eg timusa na dinamiku promena osnovnih hematolo{kih
parametara pacova soja Wistar kod kojih je prethodno izvr{eno jednokratno
ozra~ivanje celog tela X zracima u ukupnoj dozi od 4 Gy. Nakon 28 dana ogleda i
sukcesivnog pra}enja vrednosti ispitivanih parametara, registrovano je statisti~ki
zna~ajno pove}anje ukupnog broja leukocita, broja limfocita i neutrofilnih granu-
locita, po~ev{i od 14. dana ogleda u grupi ozra~enih pacova tretiranih ekstraktom
timusa. Do zna~ajnog pove}anja broja monocita do{lo tek 28. dana. Statisti~ki
zna~ajno pove}anje broja eritrocita, koncentracije hemoglobina, hematokritske
vrednosti i broja trombocita registrovano je po~ev{i od 21 dana ogleda pa sve do
kraja ispitivanja.
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