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Abstract
Tissue damage and disruption of metabolic processes as a 
result of Total Body Irradiation (TBI) could lead to 
tumorigenesis. About a year after TBI (12 ± 1 mth) 76% of 
female rats have visually detected tumors, which were 
histologically classified as benign fibro adenomas. Metabolic 
disorders and hematological changes observed during this 
period indicate disturbances in the homeostasis system. The 
blood lactate level in all tumor-bearing animals was 
statistically higher than in control (healthy) rats-a typical 
phenomenon for neoplasm growth. In the majority of 
animals with neoplasms (63%) the tumor weight and the 
levels of lactate and Lactate Dehydrogenase (LDH) in the 
blood were in direct relation (coefficient=tumor weight/
lactate level>0.5<1.5) and histological analysis revealed the 
signs of biphasic hyperplasia of glandular lobes and 
connective tissue stroma, associated with secretory and 
proliferative activities in tumor. In the conditional grouping 
of animals with relatively high values of coefficient (≥ 1.5), 
neoplasms were represented by fibrous and glandular 
tissues presenting a predominant stromal fibrous 
component, associated with the prevalence of high 
proliferation in tumor. While in the rat conditional grouping 
(20% of animals) with relatively low coefficient (<0.5) an 
epithelial structure with homogeneous basophilic content 
predominated in the glandular lumens suggesting the 
domination of high secretory activity in tumor.Thus, not 
only the elevated blood lactate or LDH level but also the 
ratio of tumor mass to this lactate or LDH value seems to be 
an informative indicator of the peculiarities of tumor 
process.

Keywords: Rat; Total body irradiation; Tumorigenesis; Ratio
of tumor mass to lactate; LDH

Introduction
The risk of neoplasms appearance after Total Body Irradiation

(TBI) in moderate doses has been demonstrated in numerous
experimental investigations [1,2] as well as in the clinical studies
of the Japanese atomic bomb survivors and of the Chernobyl
accident consequences [3]. Tumors have also been reported in
patients undergoing radiation treatment and diagnostics [4,5].
The appearance of tumors after irradiation is often related to
the fact that the radiation can lead to life-threatening multiple
organ failure, dysfunction syndrome and inflammation [6,7].
After TBI, a variety of diseases frequently develop, such as;
extrahepatic bile obstruction, intrahepatic cholestasis,
infiltrative liver disease, which is accompanied by increased
serum Alkaline Phosphatase (ALP) [8] and also pancreatitis with
an elevated level of amylase [9]. The most classically recognized
symptom of acute radiation sickness is hematopoietic syndrome
resulting in reduced count of platelet, leukocytes, and
erythrocytes. Even low levels of exposure can lead to bone
marrow failure, potentially lethal hemorrhage, or infections [10].
Decreased partial arterial oxygen pressure and an increased
level of carboxyl groups are well known signs of the pathological
states in acute radiation syndrome and tumorigenesis [11-12].

Tumor hypoxia leads to therapeutic resistance [11,13] and
also promotes aggressive tumor behavior and metastases.
Tumor clones dramatically alter their metabolic activity to meet
the metabolic demands of relentless cell division. The highly
conserved metabolic pathway of fermentative glycolysis is
exploited by rapidly growing tissues and tumors [14]. Lactate
generation is a cellular process necessary for maintaining
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glycolytic flux and facilitating the removal of pyruvate from the 
cell. The interconversion of pyruvate to lactate is mediated by 
Lactate Dehydrogenase (LDH) and results in the oxidation of 
NADH to NAD+. The role of lactate in cancer was described by 
Otto Warburg in 1927, prominently produced by glycolytic cells 
within tumors and a major fuel for oxidative cancer cells, and 
therefore a diagnostic agent [15-18]. 

 Lactate exchange across membranes is gated by Monocarboxylate Transporters
 (MCTs) which are up regulated 

in tumors. Thus, elevated lactate levels [15-17], up-regulation 
of LDH [18], and the expression of monocarboxylate 
transporter-MCTs [19] are prognostic of tumor progression. A 
highly glycolytic tumor metabolism is also associated with 
resistance to conventional therapies [20]. The parameters of 
glycolytic tumor metabolism are important predictors of 
tumor progression and patient’s survival.

In the present study we aimed to investigate the main 
hematological and biochemical homeostasis parameters and 
peculiarities of tumorigenesis in rats after total body irradiation 
in sub-lethal doses.

Materials and Methods

Animal model
Two weeks before the start of the study (approved by IEPOR 

Committee on Bioethics, protocol No 4 dated 16 April 2015),
thirty  two  white,  random  bred,  female  rats weighing ≅ 140 g 
from IEPOR animal house, were taken for adaptation period and 
had ad libitum access to standard food and water in accordance 
with the provisions of the European Convention for the 
Protection of Vertebrate Animals Used for Experimental and 
Other Scientific Purposes (Strasbourg, 1986). At the beginning of 
experiment all animals were randomly allocated into groups:
• Irradiated rats (n=25)
• Healthy rats (n=7)

Weighed and examined every month for visual tumor
appearance. On month 12 ± 1in major part of irradiated animal’s
tumor was detected visually. This period was selected as optimal
for animal’s sacrifice because of the risk of tumor necrosis
appearance unfavorable for histological study. After dissection of
all 32 animals, tumors were found in 19 rats after irradiation and
this group was named Ir and Tum (n=19), the group of irradiated
animal without tumor Ir (n=6) and healthy rats-control (n=7).

Irradiation
Ionizing radiation was delivered to 8-week-old rats weighing

194 g ± 18 (prior to irradiation), using an X-ray RUM-17 irradiator
with a working current of 10 mA, 0.5 mm Cu filter, 30 cm target
distance in rotating box with 4 separate section (24 × 15 cm) for
4 rats, exposure time was 11 min. Control group animals
underwent the same procedure, excluding irradiation. The
absorbed sub-lethal dosage per rat was 6 Gy (54.5 cGy/min
during 11 min), which was applied in the morning between
10-11 am.

Blood collection for blood cell count, biochemical

Terminal citrate blood samples and heparin blood samples
via   punctue    of

abdominal vein.

Monocarboxylate  Transporters
Blood cell count

Blood cell counts were performed using light microscope.

Lactate, PO2, PCO

2

, PH level in blood: 
levels were measured using gas analyzer ABL800-Flex
(Radiometer, Denmark, Copenhagen)

Blood biochemical parameters
All biochemical parameters of serum were measured using

reagent kits of Beckman Coulter Corporation and auto-analyzer
(Beckman Coulter AU-480, USA). Manufacturer’s instructions
were followed.

Methods for determining: the Alkaline Phosphatase (ALP)
[21]; Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST) [22]; Amylase [23], Lactate
Dehydrogenase (LDH) [24]; Ca2+ [25]; Creatinine [26]; Glucose
[27]; Phosphorus [28]; Urea [29]; Uric acid [30]. Total protein
was measured by the biuret method.

Histology of tumor tissues
Tumor tissues were carefully isolated for histological

examination, weighed, measured and fixed in 4% neutral
buffered formalin. Fixed tissues were dehydrated and embedded
in paraffin and then cut into serial 4 µm thick sections. The
histopathological characteristics were obtained on tumor tissue
sections after hematoxylin and eosin staining in 19 rats with
tumor.

Statistical analysis
Mean values and standard deviations were calculated.

Differences between groups were evaluated statistically with
Fisher then with Student’s t-test for independent samples.
Group differences were considered significant when p<0.05. For
biochemical and hematological parameters statistical analysis of
the results was carried out using Mann-Whitney nonparametric
comparison. Statistical significance was set at<0.05.

Results
Twelve months after irradiation in 76% of females (19 from

25, group-Ir and tum) tumors was detected visually in the lower
part of the animal's body associated with mammalian glands.
Histological analysis indicates that all the tumors found were
fibro of the breast (Figures 1-3). Fibroadenoma is a benign
neoplasm, in which the lobular structure of the gland is
preserved. But the proliferation of both glandular and stromal
elements is clearly manifested, atypia is not observed in any of
the components. Glandular and stromal components of the
gland are clearly visible on histological preparations of tumors.
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The glandular parenchyma is represented by secretory (tubulo-
alveolar) units and their clusters with the layers between formed 
by fibrous connective tissue. No tumor was found in any control.

The statistical increase of alkaline phosphatase was observed 

Table 1: Alkaline Phosphatase (ALP), Alanine Aminotransferase (ALT), Amylase, Aspartate Aminotransferase 
(AST), Lactate Dehydrogenase (LDH), Ca 2+, Crea inine, Glucose, Phosphorus, Urea, Total Protein, Uric Acid level in blood 
plasma of rat’s groups: healthy animals (control), Irradiated (Ir), with tumor detected visually one year after total body 
irradia ion (Ir and Tum).

Rat’s

group

ALP,

U/L

ALT,

U/L

Amylas
e,

U/L

AST,

U/L

LDH,

U/L

Ca2+

mmol/L

Creatini
ne,

µmol/L

Glucos
e,

mmol/L

Phosph
orus,

mmol/L

Total
protein

,g/L

Urea,
mmol/L

Uric
Acid,

µmol/L

Control
n=7

111 ± 33 54 ± 17 1701 ±
251

183 ±
20

935 ±
317

2.2 ±
0.1

41 ± 8.6 3.9 ±
0.9

2.3 ±
0.7

63 ± 8 7.1 ±
1.2

72 ± 9

Ir n=6 250 ±
40*

66 ± 11 2609 ±
380*

181 ±
33

600 ±
59

2.4 ±
0.1

34 ± 2 5.3 ±
0.4

1.5 ±
0.1

63 ± 3.1 5.6 ± 1 60 ± 5

Ir&Tum,
n=19

151± 77 57 ± 29 2180 ±
679*

171 ±
84

768 ±
336

2.0 ±
0.4

32 ± 5.5 4.0 ±
1.1

1.3 ±
0.4

55 ±
10.4

6.6 ±
1.1

78 ± 46

*According to Mann-Whitney test the result is significant at p<0.05 (in comparison with control)

Table 2: Hematological parameters of rats (control-healthy animals, irradiated-Ir, with visually detected tumor after irradiation Ir 
and Tum): Hemoglobin (Hb), White Blood Cells (WBC), Red Blood Cells (RBC), neutrophils stab and segmented, Lymphocytes, 
Monocytes, and platelets.

Rat's group Hb, g/L WBC,
109/L

RBC,10 12/
L

Eosinophils
,

109/L

Neutrophile
s Stab.,

10 9/L

Neutrophile
s
segmented,

109/L

Lymphocyt
es,

109/L

Monocytes,
109/L

Platelets,
10 9/L

Control,
n=7

131 ± 12.4 10 ± 1.1 5 ± 0.9 0.04 ± 0.04 0.08 ± 0.03 2 ± 0.5 7 ± 1.6 0.5 ± 0.2 267 ± 29

Ir, n=6 132 ± 1.2 9 ± 1.6 5 ± 0.2 0.04 ± 0.04 0.0 ± 0.0 2 ± 0.2 7 ± 1.5 0.2 ± 0.1 304 ± 11

Ir&Tum,
n=17

125 ± 13 5.9 ± 1.7*# 4.5 ± 0.5 0.02 ± 0.04 0.1 ± 0.03 1.2 ± 0.5 4.3 ± 1.1 0.2 ± 0.2 204 ± 57*#

*According to Mann-Whitney test the result is significant at p<0.05 (in comparison with control).

≠ According to Mann-Whitney test the result is significant at p< 0.05 (in comparison with Ir)

± Standard deviation
Hematological parameters in major cases demonstrate the 

worsening in both irradiated groups. White blood cells and 
platelets level was found to be significantly fewer in the blood of 

irradiated  animals  with  a  tumor  in  comparison  not  only  with 
healthy control but with irradiated animals without tumors 
(Table 2)

Rat’s group Lactate,

mmol/L

PO2,

mm Hg

PCO2,

mm Hg

PH

Control, ( n=7) 5,3 ± 0,8 60.7± 2,3 33,8 ± 8,9 7,3 ± 0,05

Ir, (n=6) 6,3 ± 1,2 45,6 ± 3,7* 42,6 ± 1,7* 7,3 ± 0,05

Ir&Tum, ( n=19) 6,6 ± 1,9* 41,1 ± 6,2* 38,3 ± 5,9 7,3 ± 0,1
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and compared with the control group. Amylase activity in the 
plasma of rats in both irradiated groups was statistically higher 
one year after irradiation than in the control (Table 1).

± Standard devia ion

Table 3: Lactate, PO2, PCO2, and pH in the blood of rat’s groups: healthy animals (control), irradiated ( Ir), with tumor 
appearance one year after total body irradiation (Ir and Tum). irradia 

ion 
(Ir and Tum).

*According to Student test the result is significant at p<0.05 (in comparison with control)



The lactate level was signi icantly elevated in the tumor group 
compared to the control. In both irradiated groups PO2 was 
signi icantly reduced, and in the irradiated without tumor one 
PCO2 increased versus the control group (Table 3).

 The first tumor was detected visually five months 
postirradiation (Table 4) but the majority ones of tumors 
appeared later in the tenth (n=9) and thirteenth (n=5) month 
after Irradiation (Table 4). 

№

rat

Month

of tumor

detection
after

irradiation

Tumor

Volume,

cm3

Tumor

Weight,g

LDH,

U/L

Lactate
level,

mmol/L

C1 C2 K

groupings

1 13 0,88 2,28 1307 5,7 0,4 1,7 K1

2 10 1,05 1,8 668 4,2 0,4 2,7 K1

3 11 3,3 4,24 1338 8,7 0,5 3,2 K1

4 10 4,25 4,61 1370 9,4 0,5 3,4 K1

5 5 2,68 2,76 1401 4,5 0,6 2,0 K2

6 10 4,5 6,66 546 8,1 0,8 12,2 K2

7 13 8,77 7,7 720 8,9 0,9 10,7 K2

8 9 6,21 7,82 621 8,5 0,9 12,6 K2

9 10 1,98 3,41 480 3,7 0,9 7,1 K2

10 10 6,63 5,62 484 5,9 1,0 11,6 K2

11 13 1,98 4,76 735 4,8 1,0 6,5 K2

12 10 4,35 8,32 590 8,1 1,0 14,1 K2

13 10 2,77 4,75 536 4,5 1,1 8,9 K2

14 13 10,58 6,85 597 5,3 1,3 11,5 K2

15 13 6,84 8,2 826 6,1 1,3 9,9 K2

16 10 7,6 8,71 991 6,3 1,4 8,8 K2

17 8 1,79 6,63 453 4,3 1,5 14,6 K3

18 10 26,8 19,46 659 9,6 2,0 29,5 K3

19 8 25,3 36,8 279 8 4,6 131,9 K3

The certain correlation of tumor weight (but not tumor 
volume, measured manually) with lactate and LDH values in the 
blood of irradiated animals is demonstrated in table 4. The 
animals were distributed in three groupings named K1-K3, 
according to the coefficient C1 reflecting the ratio of tumor 
weight to blood lactate level. In the majority of animals (63.2%, 
n=12, grouping K2) tumor weight is in direct relation with blood 
lactate and LDH levels and the C1 coefficient is approximately 
equal  to  1 (>0.5<1.5).  In  the  remaining  36.8%  of  animals  the 

lactate and LDH levels are not in direct relation with tumor 
weight. In grouping of rats classi ied as K1 (n=4) C1 has the value 
≤ 0.5 and in the K3 grouping -C1 ≥ 1.5 (n=3, 15.8% of animals). C1 
coe icient correlates (except rat № 5 with C1 value 0.6 on the 
border of K2 and K1 values) with the C2 coe icient (ratio of 
tumor weight to LDH level) that con irms the correct distribution 
of animals in these conditional K groupings and the possibility to 
use blood lactate or LDH levels for classi ication.
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Table 4: Weight and volume of tumors in Ir and Tum group of rats (n=19) and month of their visual detection a ter total body 
irradiation; blood Lactate Dehydrogenase (LDH) and Lactate levels; C1-coe icient=Tumor weight/Lactate level; C2-
coe icient=Tumor weight/ LDH *1000, K-classi ied groupings of animals, where: K1 is the grouping of rats with C1 ≤ 0.5; K2-with 
C1>0.5<1.5; K3 with C1 ≤ 1.5.
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We investigated the histological peculiarities of neoplasms in
19 rats of group Ir and Tum, classified and grouped conditionally
according to the values of the coefficient C1.

Neoplasms in classified as K1 grouping (n=4) with a relatively
low tumor weight ratio to lactate level in blood (C1 ≤ 0.5)
produce a tumor comprised of fibrous and glandular tissues with
a predominant epithelial component of a clear lobular structure
breast (Figure 1, A-B). Glandular structures are formed by a two-
layer epithelium without signs of atypia. The inner glandular
layer consists of cuboidal cells with normochromic nuclei.
Benign processes are recognized by the presence of
myofibroblasts. Basophilic content is noticeable in the lumen of
many glands and duct and the cystic extension of the ducts can
be observed (Figure 1B). The stroma is homogeneous, hypo
vascular, with signs of fibrosis. The fusiform fibroblasts with
elongated nuclei are seen between collagen fibers. No signs of
inflammation and hemorrhages in the tumor are observed in the
connective tissue stroma.

Figure 1: Representative photos of neoplasms of rats from K1 
conditional grouping with low value (C1 ≤ 0.5) of tumor weight 
ratio to blood lactate or LDH level (X20).

A. Proliferation of acinar structures consisting of epithelium 
and myoepithelium surrounded by the basement membrane. 
Acinuses round and oval, with interlobular fibrous connective 
tissue, dilatation of the ducts. There are no signs of malignancy.

B. In the lumens of the glands noticeable basophilic 
homogeneous content (red arrows).

Histological examination of tumors in rats of conditional K2 
grouping (n=12) with a tumor weight to blood lactate level ratio 
C1>0.5<1.5 demonstrated signs of biphasic hyperplasia of 
glandular lobes and connective tissue stroma (Figure 2 А, В). 
Neoplasms are represented by hyperplastic breast tissue with a 
clear lobular structure. 

Acini are lined with epithelial cells having vacuolated 
cytoplasm, indicating active synthesis as well as secretion. 
Epitheliocytes are forming a multilayered epithelium, not typical 
to the glands but without signs of atypia. Nuclei are of typical 
size with eu-and hetero-chromatin. 

Mitotic figures are not found. In most animals of this group 
small cystic cavities filled with basophilic homogeneous mass 
(Figure 2В) are observed. The stroma is represented by well-
developed collagen fibers, with clearly seen nuclei of fibroblasts 
between them. The blood vessels in the tumor are dilated and 
filled with blood cells. Outside vessels, erythrocytes are visible in 
a stroma as well as in a parenchyma (Figure 2В).

Figure 2: Representative photos of neoplasms of rats from K2
conditional grouping with ratio of tumor weight to lactate level
(C1>0.5<1.5) (X20).

А. Lobular hyperplasia. Round or oval acinuses, between
which there are well-developed layers of connective tissue,
stromal fibrosis.

В. Proliferation of both glandular and stromal elements.
Basophilic homogeneous content is visible in the lumens of the
glands (red arrows)

Inflammatory infiltrate in the stroma and glands (green
arrows).

The parenchyma of tumors in rats from K3 conditional
grouping (n=3) having relatively high values of ratio tumor
weight to blood lactate level (C1 ≥ 1.5 ) is represented by a
complex branched tubular-alveolar system, separated from each
other by stromal connective tissue. Moreover, the stromal
fibrous component predominates in slides (Figure 3, А-B), with
clearly seen well-developed fibers and elongated fibroblasts.

Figure 3: Representative photos of neoplasms of rats from K3
conditional grouping with relatively high value (≥ 1.5) of tumor
weight ratio to blood lactate level (X20).

А. Вreast fibroadenomas with connective tissue fibrosis.
Collagen and bland spindle shaped stromal cells with ovoid or
elongated nuclei. Vessels without pathological changes, lined
with a single layer of endothelium.

В. Lobular hyperplasia. Densely located small alveoli formed
by two-layer epithelium. Well-developed connective tissue
stroma around the glands.

In K1, K2, K3 conditional groupings of Ir+Tum group of rats,
the histological features of neoplasms are similar in general but
had some specific differences. In all groups, the tumors were
identified as benign (non-cancerous) breast fibroadenomas with
signs of proliferation of epithelial and stromal elements.

In grouping classified as K3 with maximal values of tumor
weight ratio to lactate (C1 ≥ 1.5) the connective tissue stroma,
was associated with increased proliferation. While in grouping
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classified as K1, with minimal C1 (≤ 0.5), tumor tissue dominated
well developed ductal epithelium with lobular hyperplasia,
indicating high secretory activity. In rats of К1 grouping as well
as in the most ones of K2 grouping homogeneous basophilic
content in the lobule was presented. It indicates the high
secretory activity of epithelial cells.

Signs of inflammation were found only in some animals of K2
and K3 groupings. In several rats of K2 grouping histological signs
of extensive vascular blood supply in tumors were discovered.

Discussion
In 5-13 months after total body irradiation, 76% of irradiated

female rats (Table 4) were found to have benign tumors fibro
adenomas, associated with mammalian glands (Figure 1-3). The
peak of tumors appearance (79%) occurred 10-13 months after
irradiation. No tumor was detected visually in the controls. In
our experiment only benign tumors were detected and
histologically confirmed, while Bespalov and coauthors [1]
reported about 40% of malignant tumors from total number of
radiation induced tumors (80% of animals) 16 months after total
body gamma-ray irradiation in dose of 4 Gy (1.34 Gy per min).
Perhaps this is due to the different doses and sources of rat’s
irradiation.

Any way benign tumors as well as malignant ones are
progressing and this process is associated with high energetic
demands. Lactate and LDH, the main actors of fermentative
glycolysis, meet the demand in energy of tumors. The fact of
elevation of lactate and LDH level in presence of tumor was
described in numerous investigations, [15-18,31,32].
Furthermore, increased blood LDH and lactate values were
observed in both malignant [33] and benign [31,32] growth. In
our study blood, lactate level in the group of animals with tumor
(Ir and Tum) is statistically higher than in healthy animals (Table
3). But the lactate dehydrogenase activity in the same group of
animals statistically no, possibly due to high values of the
standard deviation (Table 1).

We have tried to find the correlation between the ratio of the
mass of tumors to lactate/LDH levels in the blood and the
histological peculiarities of tumor tissue. For this, the 19 animals
with irradiation induced tumors were divided into three
conditional groupings (K1-K3) according to the value (C1) of
tumor weight ratio to lactate level (Table 4). We considered it
important that the C2 coefficient, which reflects the ratio of
tumor weight to blood LDH level (one of the main participants in
lactate metabolism), correlates with the C1 coefficient the ratio
of tumor weight to lactate level. This means that the same
animals can be formed into the three conditional K1-K3
groupings focusing on the values of tumor weight ratio to either
lactate or lactate dehydrogenase level in blood.

In the majority of animals with a tumor in K2 grouping
(63.20%, n=12) with the value of tumor weight ratio to blood
lactate level (C1>0.5<1.5) histological examination
demonstrated the signs of biphasic hyperplasia of glandular
lobes and connective tissue stroma (Figure 2 А,В), indicating the
secretory and proliferative activities of tumor tissues.
Neoplasms in K3 grouping (Table 4) with relatively high values of

tumor weight ratio to lactate level (C1 ≥ 1.5, n=3) are
represented by fibrous and glandular tissues with domination of
the connective tissue stromal component (Figure 3, A-B). That
shows the prevalence of proliferative activity of tumor cells. In
the K1 grouping with relatively low (C1 ≤ 0.5) value of tumor
weight ratio to blood lactate or LDH level (Figure1) the epithelial
structure with homogeneous basophilic content dominates the
glandular lumens. It is associated with prevalence of high
secretory activity of tumor. Thus, the values of the ratio of
tumor weight to blood lactate or LDH level (C1 and C2
coefficients) correlate with histological specificity of tumor
tissues. This makes it possible to evaluate indirectly the
peculiarities of tumor state, indicating the prevalence of
proliferative activity, as in K3 grouping, or secretory one, as in
K1 grouping, or the certain balance between proliferative and
secretory activities of tumor cells (K2 grouping).

The metabolic and hematological misbalances that has arisen
after irradiation confirms the violation of homeostasis that
conducts to tumorigenesis. In the group of irradiated rats
without tumors, a significant increase in serum Alkaline
Phosphatase (ALP) indicates a metabolic disorder, disrupting
homeostasis (Table 1). Markedly elevated ALP is seen
predominantly with a number of specific pathologies, such as
malignant biliary obstruction, primary biliary cirrhosis, primary
sclerosing cholangitis, hepatic lymphoma and sarcoidosis [34].

Amylase activity is depicted in Table 1. A significant increase in
the activity of serum amylase (but only 1.5-1.3 fold) is evident in
both groups of rats one year after irradiation. Increased activity
of amylase and lipase is usually a diagnostic sign of pancreatitis
[35]; these enzymes are released from the pancreas into
circulation early in the inflammation process. Blood leucocytes
and platelets count (Table 2) is statistically lower in the Ir+Tum
group indicating an inhibitory effect of the tumor on
hematopoiesis of these cells of blood. The statistical drop of PO2
was found in both groups of irradiated animals (Table 3) that
indicates the presence of pathological processes. Elevated
lactate levels in blood of animals with irradiation-induced
tumors (Ir and Tum group), being a sign of the metabolic
adaption of tumor cells but is also a component utilized by a
variety of inflammatory immune cells [15]. Release of lactate
from tumor cells is accompanied by acidification in the tumor
microenvironment favoring tumor promotion, angiogenesis,
metastasis, tumor resistance [17]. The microenvironment of a
tumor consists of a dynamic and complex network of cytokines,
growth factors, and metabolic products. These contribute to
significant alterations in cell growth, tissue architecture,
immune cell phenotype and function. LDH, one of the main
actors of lactate metabolism, is released from cells in response
to their damage, causing its baseline level to rise in the
extracellular space and the bloodstream or other body fluids as
well. Because an elevated LDH level was found to be an
unfavorable indicator for survival in cancer patients, it was
suggested that lactate dehydrogenase can be used as a marker
of tumor aggressiveness [33].

The preliminary results obtained in this experiment permit to
suggest that not only the elevated level of lactate or LDH in
blood but also the ratio of tumor mass, detected by modern
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methods in clinic, to values of blood lactate or LDH level, may be
informative for characterization of the tumor process.

Conclusion
Total body irradiation in sub-lethal doses promoted the

alterations of hematological and biochemical parameters of
homeostasis in rats and provoked the benign tumors appearance
one year after. The ratio value of tumor mass to blood lactate or
lactate dehydrogenase level reflects the histological peculiarities
of tumors, indicating in this way the state of tumor process.
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