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ABSTRACT

Purpose of the study. A comparative analysis of blood parameters and some characteristics of the adaptation status of intact
Balb/c and C57BI/6 mice of both sexes.

Materials and methods. We investigated intact mice of both sexes belonging to the C57BI/6 (n = 18) and Balb/c (n = 20) lines.
The age characteristics of these animals corresponded to the first half of the reproductive period. We studied the parameters of
the complete and biochemical blood tests, the weight characteristics of the thymus, spleen and adrenal glands. The character
and tension of general nonspecific adaptational reactions of the body (AR) were assessed as well. In statistical analysis we
used the coefficient of variation (CV), Student's t-test, Mann-Whitney test.

Results. In mice of both studied lines, the dominance of females over males was noted in terms of the weight characteristics
of the thymus and spleen, the development of the most favorable antistress AR, and the number of indicators with low vari-
ability. At the same time, in C57BI/6 mice, animals of different sexes had a similar nature of AR (AR of elevated activation),
but differed in signs of tension, this might indicate the difference in the range of levels of reactivity, appropriate to AR in males
and females C57BI/6. Unlike C57BI/6, mice Balb/c mice of different sexes were distinguished with the predominant antistress
AR. Differences between C57BI/6 mice and Balb/c mice in terms of amylase and ALT activity indicated a shift towards carbo-
hydrate metabolism in Balb/c mice and a shift towards protein metabolism in C57BI/6 mice. Animals of the C57BI/6 line had
an advantage over Balb/c mice (especially pronounced in females) in some indicators of the adaptation status.
Conclusion. The results of the study indicated possible difference in the ratio of carbohydrate and protein metabolism in
the animals of the studied lines and testified a more favorable state of the regulatory systems in C57BI/6 mice compared to
animals of the Balb/c line. The revealed regulatory and metabolic interlinear differences can determine the features in the
reaction of the body of animals belonging to different lines to the malignant process and efficiency of antitumor therapy.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUTMHANIbHAA CTATbA

0COBEHHOCTU MOKA3ATE/IEN KPOBM M AJATTTALIMOHHOTO CTATYCA MbILEA JIMHUNA
BALB/C M C57BL/6 IPU OTCYTCTBUM CMELIMANbHBIX BO3AENCTBMH

I. B. XXykoBa™, E. M. ®panumsnu, A. U. Winxnapoea, U. B. Kannuesa, J1. K. Tpenutaku,
M. C. KavyecoBa, A. B. lanuua, H. [1. Ywakosa, E. B. LlLlanawnas, 0. I. NwoHunHa

HMWL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuiickas ®Gegepauus
B galya_57@mail.ru

PE3IOME

Lienb uccnegoBanus. CpaBHUTENbHbIV aHan13 nokasaTtenen KpoBU 1 HEKOTOPbIX XapaKTePUCTUK afanTaLMoHHOro cTaTyca

MHTaKTHbIX MblLllen nuHuii Balb/c n C57BI/6 o6oero nona.

Matepuanbl u meToabl. MiccnefoBaHusa NPOBOAUIM Y MHTAKTHbIX Mbllleit o6oero nona nuHuin C57BI1/6 (n = 18) u Balb/c
(n = 20). BoapacTHble XxapakTepPUCTUKM XXMBOTHbIX COOTBETCTBOBA/IM NEPBOM MOMOBUHE PENPOAYKTUBHOIO Nepuoaa. Mayyanu
rokasaTenu o6Lero u GMOXMMMUYECKOT0 aHain3a KPOBW, BECOBbIE XapaKTEPUCTUKMN TUMYCA, CENe3eHKN U HaANOYEYHUKOB.
OueHnBanu xapakTep U HanpsXXeHHOCTb O6LIMX HecrneuMduuecknx aianTaluuoHHbIX peakumii opraHuama (AP). Mpu cTa-

TUCTUYECKOM aHanuse ucnosnb3oBanu koadduuneHT Bapuauum (CV), t-kputepuit CTorofieHTa, KpUTepUin MaHHa-YUTHU.

Pe3ynbTatbl. Y Mblillei 06enx n3y4eHHbIX IMHUIA 6b110 OTMEYEHO JOMUHUPOBaHME CaMOK Haj camLuaMu Mo BECOBbIM Xa-
paKTepucTUKaM TUMYyCa 1 Cene3eHKU U YacToTe pa3BUTUA Hambonee 61aronpUsATHON aHTUCTPeCCOpPHOW AP NOBbILLEHHOM
aKTMBauuu. BapnabenbHOCTb U3YYeHHbIX MOKasaTesieil B LIeNoM y caMok 6bla HuKe, YeM Y caMLoB. [1py 9TOM y MblLuei
NuHKUKM C57BI/6 KMBOTHbIE Pa3HOro NMosia UMeNu CXoAHbli xapakTep AP (AP NoBbIlWEHHON aKTMBaLUK), HO OTAIMYaNNUCh
NpU3HaKaMmn Hanps>XXeHHOCTU 3TON peakLmMK, yKasblBatoLWMMM Ha pasHblil uanasoH YpoBHeN peakTUBHOCTK, Ha KOTOPbIX
pa3BuBanach ata AP y camUOB 1 caMoK. Y Mbiweit nmHum Balb/c »xMBOTHbIe pa3HOro nona pasnuyanncb XxapakTepoM fnpe-
obnafaBLlUMX aHTUCTPecCOpHbIX AP. CpaBHeHVe 6MOXMMUYECKMX NOKa3aTesieil KpOBKU CaMOK Pa3HbiX IMHUIA yKa3bliBano
Ha 60nee aKTUBHbIN YrNeBOAHbIA 06MeH Yy Mblillei nnHuu Balb/c n 6onee akTMBHbIA 6€NKOBbI 06MEHa — Y MblLLEN MNHUN
C57BI/6. XXuBoTHble nMHuKn C57BI/6 nmenu npemmyuiecTeo Hag Mbiwamu Balb/c (ocobeHHO BbipaXkeHHOe y caMoK) Mo

HEKOTOpPbIM NOoKazaTendaM aganTalMoOHHOro ctaTtyca.

3aknioyeHue. PesynbTaTbl UCCNefoBaHMS yKa3bliBanu Ha BO3SMOXHOE pa3finyve B COOTHOLLEHUW YINEBOAHOIO U 6e/TIKOBO-
ro o6MeHa y camok Balb/c n C57BI/6 u cBuaeTenscTBOBanu o 60s1iee 61aronpuaTHOM COCTOSIHUM PerynsiToOpHbIX CUCTEM
y Mblwwein nuHumM C57BI/6 No cpaBHEHUIO C XXMBOTHbIMU NMHUK Balb/c. BbisiBneHHble perynsitopHble u MeTabonnyeckue
MEeXJTMHENHbIe pa3nnyust MoryT o6ycnoBUTb OCOBGEHHOCTU B peakLum opraHM3mMa XXUBOTHbIX, MPUHAANEXaLLNX K pasHbIM

JNIMHUAM, Ha 3/10KaYeCTBEHHbIV npouecc un SCbeeKTVIBHOCTb I'IpOTVIBOOI'IyXOJ'IeBOIZ Tepanumun.

KntouyeBble cioBa: reMaTonorMyeckue nokasaresim, afanTaluMoHHbI CTaTyc, aHTUCTPECCOPHbIE afanTaluMoHHble peak-
LK, MeTabomsm
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INTRODUCTION

Research on animal models is aimed at identify-
ing the fundamental mechanisms of carcinogenesis
and experimental substantiation of new drugs and
methods of treatment. At the same time, there is
a need to identify and separate universal patterns
and features of tumor and organism reactions due
to molecular genetic characteristics, the state of
regulatory systems of specific individuals [1; 2],
sex [3-5] and age of animals [6; 7], their linear
affiliation [5; 8]. Mice of the Balb/c and C57BIl/6
lines are among the laboratory rodents most widely
used in biomedical research, including preclinical
trials of new drugs and technologies for antitumor
treatment [1; 9]. There is information about several
anatomical, reproductive and behavioral features of
these animals that need to be taken into account
when conducting experimental studies [10-12]. At
the same time, the question of interlinear differenc-
es in the functioning of their regulatory systems and
adaptive status remains little studied, which, con-
sidering the different stress resistance of these ani-
mals [1; 13; 14] and their highly probable origin from
different subspecies of mice Mus musculus [15; 16],
seems very important in the development of effec-
tive methods of antitumor effects and the identi-
fication of universal pathogenetically significant
processes. The relevance of this issue is enhanced
due to the rather long existence of the experimental
animal lines under consideration, since an increase
in the number of closely related crosses could lead
to an increase or, conversely, to a weakening of the
previously known immunological and physiological
characteristics of mice of these lines [15].

The informative value of biochemical and cytolog-
ical indicators of blood for the general assessment
of the state of the body, as well as the correlation of
the adaptive status with the processes in the organs
of the immune and neuroendocrine systems [17; 18]
allows the use of hematological indicators and shifts
in the weight characteristics of internal organs to
objectify the results of studies and identify universal
systemic rearrangements under the action of damag-
ing factors. One of the stages of solving these prob-
lems is a comparative analysis of indicators reflecting
the state of regulatory systems, the adaptive status
and features of the metabolism of animals of these
lines in the conditions of the physiological norm.

46

Purpose of the study was the comparative anal-
ysis of blood parameters and some characteristics
of the adaptive status of intact Balb/c and C57BI/6
mice of both sexes.

MATERIALS AND METHODS

The parameters characterizing the condition of in-
tact mice of both sexes belonging to the C57 Black/6
(n = 18) and Balb/c (n = 20) lines were studied. We
used animals of our own breeding vivarium of NMRC
for Oncology, Russian Ministry of Health, originally
purchased from the Rappolovo nursery. Each of the
four groups (control and main groups of animals of
the two studied lines) included 9-10 animals. Their
age characteristics corresponded to the first half
of the reproductive period. According to the known
dependencies between weight and life expectancy
of laboratory rodents of various lines [9; 19] the age
of mice of the C57BI/6 line was 9—-12 weeks, and in
mice of the Balb/c line this indicator corresponded to
9-16 weeks. The differences in life expectancy were
random in nature, were due to the limited choice of
mice with matching weight characteristics, the pos-
sibilities of their own breeding, and were not critical
of their belonging to the category of young animals
capable of intensive reproduction [9].

To assess the features of the general condition
and adaptive status of intact animals of different
lines, a study of the complete blood count test
(CBC) and biochemical blood analysis, as well as
the weight characteristics of the thymus, spleen
and adrenal glands (weight and weight coefficients
of these organs) was carried out. At the same time,
special attention was paid to the percentage of lym-
phocytes in the blood, the mass and weight coeffi-
cients of the thymus and adrenal glands, as well
as to the ratio of the masses of these organs as
indicators of the nature and intensity of the gen-
eral nonspecific adaptive reactions of the AP or-
ganism [17; 18]. Necropsy, isolation and weighing
of organs of animals subjected to euthanasia by
decapitation were performed. The weight coefficient
of the organ was the ratio of the mass of the organ
to the mass of the animal in grams multiplied by
104 To determine the blood parameters obtained
after euthanasia, the Exigo EOS vet hemoanalyzer
(Boule Medical A. B., Sweden) and the VetScanVS2
biochemical analyzer (ABAXIS Inc., Germany) were



l0xHo-Poccuitckuii onkonornyeckuii xypHan. 2023. T. 4, N2 4. C. 44-56

XKykosa I B.=, ®paHumsHy E. M., LUnuxnsaposa A. U., Kannuesa W. B., Tpenutaku J1. K., Kayecosa M. C., fanuHa A. B., Ywakosa H. [., LlanawHas E. B., MwonuHa O. T. /
0co6eHHOCTH nokasaTeneil KpOBM M aiaNTaLMOHHOIO cTaTyca Mbiweii inHuiA Balb/c u C57BI/6 npu oTcyTCTBUM CreunanbHbIx BO3AeicTBUi

used. At the same time, in the case of C57BI/6 mice,
biochemical blood parameters were determined
only in females (due to technical difficulties that
prevented the determination of these indicators in
males). Statistical processing of the results of the
study was carried out using the software package
Statistica 10.0. The range of variations of the stud-
ied indicators, their medians, averages and errors
of averages, as well as the coefficient of variation
(CV) were determined. The Student's t-test (with
a normal distribution of indicator values) and the
nonparametric Mann-Whitney test were used to eval-
uate statistical differences in the variation series.

STUDY RESULTS

As a result of a comparative analysis of the stud-
ied hematological parameters, weight characteristics
of the immune system and adrenal glands, as well as
the ratio of thymus and adrenal mass in animals of
both sexes, the peculiarities of the nature and severi-
ty of sexual differences, as well as several interlinear
differences in the value of individual indicators in
mice of the same sex were revealed. Table 1 shows
the indicators that had sex differences in the animals
of the studied lines.

Earlier we've discussed sex differences in cytolog-
ical and biochemical blood parameters and weight
characteristics of the internal organs of the immune
system and adrenal glands of intact Balb/c mice [20]
(Table 1). In these animals, with close values of he-
moglobin levels in the blood, there were sex differ-
ences in the number of red blood cells and their sat-
uration with hemoglobin. At the level of the weight
characteristics of the studied organs, the differences
between female mice and male mice of this line con-
sisted in a slightly more active proliferation in the
thymus (revealed by the weight of the organ, taking
into account the slightly larger age of female mice
than males), noticeably larger adrenal glands (which
was a well-known constitutional feature of female
mice of the Balb/c line) [1] and the spleen (Table 1).
These differences, along with the distinctive features
of blood biochemical parameters and a noticeably
higher percentage of lymphocytes, allowed us to
make an assumption about a more pronounced ac-
tivation of the T-cell link of immunity and a higher
adaptive status of females, the development of AR
increased activation in them. As is known, it is this

AR that is distinguished by the most noticeable in-
crease in the activity of regulatory systems and the
level of nonspecific resistance of the body [18]. At
the same time, the combination of signs observed
in male mice could indicate the development of AR
training and quiet activation [2; 18] and a relative-
ly higher activity of the B-cell link and neutrophils
compared to that observed in females (a shift of
the albumin-globulin index towards globulins, higher
than in females, the activity of alkaline phosphatase,
capable of influencing the state of B-lymphocytes
and neutrophils) [21; 22].

As can be seen from Table 1, in mice of the
C57BI/6 line, similar to that noted for animals of
the Balb/c line, there were sexual differences in the
weight coefficient of the spleen and adrenal glands,
as well as in the saturation of erythrocytes with he-
moglobin. The relative weight of the spleen of female
mice of both lines was at least 1.5 times higher than
this indicator in males, while the differences in the
other two indicators had the opposite direction. Thus,
females of the Balb/c line differed from males by
larger adrenal glands (a well-known constitutional
feature of these animals) [1] and a lower average
hemoglobin level in the erythrocyte. In contrast, in
female mice of the C57BI/6 line, the relative weight
of the adrenal glands was lower, and the saturation
of erythrocytes with hemoglobin was slightly higher
than in males (Table 1).

In addition, male mice of the C57BI/6 line differed
from females with a higher platelet count and larger
adrenal glands. At the same time, the weight coeffi-
cients of the thymus and the ratio of the mass of the
thymus and adrenal glands of females significant-
ly exceeded these indicators in males (1.9 and 2.8
times, respectively), while the percentage of lympho-
cytes in both cases corresponded to the maximum
values of the reference interval for this line and had
no sex differences (Table 1). Thus, in animals of the
C57BI/6 line, the dominance of females over males
in terms of thymus weight characteristics was ex-
pressed more clearly than in mice of the Balb/c line,
which could reflect a higher level of lymphoprolifer-
ative activity in the thymus of females.

Table 2 shows the indicators that differ in male
mice of the studied lines. Males of C57BI/6 were
superior to same-sex mice of the Balb/c lineage
in terms of adrenal gland weight, leukocyte level
and percentage of lymphocytes in the blood. The
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Table 1. Blood counts and weight characteristics of internal organs that differ in mice of the C57BI/6 and Balb/c line of

different sexes. (X, m, Me [X . —X__],CV %)
Parameter Male Female
35257 56.2+7.7"p=0.064
. 32[23-59] 58 [41-79]
Thymus weight 3259 273 %
n=9 n=9
144+2.4 27.6+3.4*p=0.016
Thymus weight coefficient 13.1[9.6-19.6] 27.3[20-38.5]* p < 0.01
33% 249 %
18.1+1.1 10.5+0.7*p = 0.00006
Adrenal glands weight 17 [16-21] 11[8.5-12]* p < 0.01
12.4% 12.6 %
7.5+0.8 5.2+0.2*p < 0.001
Adrenal glands weight coefficient 6.9 [5.9-9.5] 5[4.6-5.8]* p<0.01
21.0% 8.8 %
81.6+4.0 102.4+7.1*p =0.038
C578BI/6 Spleen weight 80 [71-91] 99 [88—126* p < 0.05
9.8 % 14.3 %
33.4+22 51.3+6.4*p=0.03
Spleen weight coefficient 32.3[27.8-38.3] 46.8 [42.9-74.11* p < 0.01
129 % 25.1%
19+04 5.4 £ 0.55* p < 0.001
Thymus mass/adrenals mass 1.6[1-3.1] 5.1[4.8-7.2]* p < 0.01
42.8 % 20.6 %
17 +0.3 18.6 £ 0.4*p =0.015
Mean Corpuscular Hemoglobin (pg) 16.8[16.6—17.9] 18.5[17.3-19.7]* p = 0.01
32% 4.7 %
994 +18.5 735+77.5*p=0.014
Platelets’ count. (10°/n) 1006 [943-1030] 755 [515-905]* p < 0.01
3.7% 211 %
28.4+53 41+57"p=0.098
. 30 [13-42] 43 [24-68]
Thymus weight 373% 35.7 9%
n=10 n=10
10.1+1.6 13.3+2.1
Thymus weight coefficient 9.1[5.8-14.2] 13.2[8.5-24.7]
32.8% 41.7 %
142+1.7 28.9 £ 1.9*p = 0.00003
Adrenal glands weight 15[10-19] 28 [21-32]* p < 0.01
241 % 18.4 %
5.1+0.23 9.0 £ 0.6* p = 0.00003
Adrenal glands weight coefficient 5.1[4.4-5.9] 8.3[7.6-11.8]* p<0.01
13.5% 16.8 %
84.2+14 156 + 5.0* p = 0.0002
Spleen weight 94 [39.4 - 130] 154 [131-179]* p < 0.01
Balb/c 50.0 % 9.5%

29.4+4.0 48.8 + 1.9* p = 0.00003
Spleen weight coefficient 36.9[14.3-39.3] 49.7 [39.7-54.2]* p < 0.01

40.8 % 10.3 %

5.57+0.42 6.9 £ 0.42* p = 0.042
Erythrocyte count (10°/n) 5.8[3.9-6.4] 7.3[3.8-8.2]*p < 0.01

22.6 % 18.4 %

21.8+0.8 19.5+0.7*p =0.048

Mean Corpuscular Hemoglobin (pg)

21.4[19.9-25.2]
11.0 %

18.8 [17.5-25.5]* p < 0.01
11.2%

Lymphocytes, %

69.6 +4.0
71.4[49.4-84.7]
17.2%

83.6 £ 1.33* p = 0.0050
84.2[77.4-87.7]* p < 0.01
5.0%

Monocytes, %

13.3+1.7
12.9 [6.5-20.5]
38.3%

7.24 £ 0.50% p = 0.0041
7.0 [5.4-10.2]* p < 0.01
20.6 %

Note: * - it is statistically significantly different from the indicators in male mice; ™ - is the difference from the indicator in male mice at the
tendency-like levels (p < 0.1).
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hemoglobin content in the red blood cells of males
C57BI/6 was less significant compared to Balb/c
males and was compensated by a higher number
of red blood cells in the blood of these animals,
which caused a tendency to a higher hemoglobin
level in these animals compared to Balb/c males
(Table 2).

Attention was drawn to the lower variability of
a number of indicators in males of the C57BI/6 line
compared with Balb/c mice of the same sex. Thus,
all three characteristics of the erythrocyte blood
germ and the relative content of lymphocytes in
males C57BI/6 had CV values below 10 %. At the
same time, the percentage of lymphocytes in these
animals, similar to that noted earlier for Balb/c fe-
males [20], was practically constant (CV % = 2.2 %,
Table. 2), was in the range of the maximum values of
this indicator in animals of the considered line [10]
(Table. 2) and could indicate the development of AR
increased activation in these males [18].

Data on the interline differences in the indicators
of female mice of the studied lines are presented
in Table 3. It should be noted that in females these
differences were expressed to a greater extent than
in males. Thus, female C57BI/6 mice were distin-
guished by a significantly larger thymus and signifi-
cantly smaller adrenal glands than Balb/c females.
As a result, the ratio of thymus and adrenal gland
mass in C57BI/6 females was 3.4 times higher than
this indicator in Balb/c female mice (Table 3).

In addition, in C57BI/6 females, significantly high-
er values were also noted for such indicators as the
level of leukocytes in the blood, as well as the activity
of the enzymes alanine aminotransferase (ALT) and
alkaline phosphatase (1.4 and 2.7 times, respec-
tively). At the same time, the indicator of amylase
activity in the blood of these animals was almost 2
times lower than in female mice of the Balb/c line
(Table 3). The interlinear differences in the activity
of amylase and ALT could indicate the distinctive

Table 2. The studied indicators differ in male mice of the lines C57Black/6 and Balb/c. (X, +m, Me [X_, —X__1,CV %)
Parameters Balb/c,n =10 C57BIl/6,n=9
5.1+0.34 7.5+0.8*p =0.0280
Adrenal glands weight coefficient 5.1[4.4-5.9] 6.9 [5.9-9.5]* p < 0.01
13.4 % 21.0%
119.7+6.8 135.2+3.3Tp<0.07
Blood hemoglobin levels (g/L) 120 [89-138] 136 [128-143]
13.9% 49 %
5.57+0.42 79+0.3*p=0.0014
Erythrocyte count (10°/L) 5.8[3.9-6.4] 8.2 [7.2-8.5]* p < 0.01
18.4 % 6.9 %
21.8+0.8 17 £0.3* p = 0.00033

Mean corpuscular hemoglobin (pg)

21.4[19.9-25.2]
8.6 %

16.8[16.6-17.9]* p < 0.01
32%

48+0.5 10.7 £ 1.0* p = 0.0005
Leukocyte count (10°/L) 5.3[3-6] 10.8[8.2-12.2]* p < 0.01

27.6 % 18.5%

69.6 +4.8 85.8 £ 1.0* p = 0.0092

Relative lymphocyte count, %

71.4[49.4-84.7]
17 %

86.3 [83-87.8]* p < 0.01
22%

Relative monocyte count, %

13.3+2.02 6.5+ 0.4* p =0.0092
12.9 [6.5-20.5] 6.2[5.8-7.6]* p < 0.01
37.3% 12.5%

Note: * — statistically significantly differs from the indicators in male mice of the Balb/c line; T — differs from the indicators in male mice of the

Balb/c line at the trend level, p < 0.1.
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features of metabolism in Balb/c and C57BI/6 mice —
a higher level of carbohydrate metabolism in female
Balb/c mice and a shift towards protein metabolism
in C57BI/6 animals.

In female mice of the studied lines, stable (CV 3.1
and 5.0 %, respectively, in animals of the C57BI/6
and Balb/c lines) values close to the maximum and
almost identical values of the percentage of lym-
phocytes in the blood (84.0 and 83.6 %, respectively)
were observed, which could indicate the develop-
ment of AR in these animals increased activation [2;
18]. At the same time, as in the case of comparing
males of different lines, attention was drawn, in gen-
eral, to the lower variability of indicators in animals
of the C57BI/6 line (Table 3). Thus, in the females
of this line, the CV values of adaptive status indica-
tors did not exceed 25 %, whereas in the same—sex
mice of the Balb/c line with them, 3 of the 7 indica-
tors presented in Table 3 differed in high variability
(CV 41.7-56 %).

DISCUSSION

As it is known, the adaptive status of humans and
animals can be assessed by determining the nature
and intensity of AR, which have an integral character
and reflect the state of the regulatory systems of the
body [2; 17; 18]. The percentage of lymphocytes in
the blood, the weight coefficients of the organs of
the immune and endocrine systems, the ratio of the
masses of the thymus and adrenal glands allowed us
to give an approximate assessment of the adaptive
status of the animals of the studied lines. The maxi-
mum for this line and stable values of the percentage
of lymphocytes in C57BI/6 mice (CV 2.2 and 3.1 %,
respectively, in males and females) indicated the
development of AR increased activation in animals
of both sexes. At the same time, a significantly larger
thymus in females and at the same time noticeably
smaller adrenal glands compared to these indicators
in males could indicate a higher level of reactivity

Table 3. The studied indicators, differing in female mice C57BI/6 and Balb/c. (X_, + m, Me [Xrnin = Xmax], CV %)
Parameters Balb/c,n =10 C57BI/6,n =9

13.3+2.1 27.6 £3.4*p=0.016
Thymus Weight Coeficient 13.2[8.5-24.7] 27.3[20-38.5]* p < 0.01

41.7 % 249 %

9.0+0.6 5.2+0.2*p =0.001
Adrenals Weight Coeficient 8.3[7.6-11.8] 5.0 [4.6-5.8]* p < 0.01

18 % 8.8%

1.6+0.3 5.4 +0.55* p = 0.000016
Thymus Weight / Adrenals Weight 1.6 [0.6-3.2] 5.1[4.8-7.2]* p < 0.01

56 % 20.6 %

3.8+0.54 10.3+1.1* p =0.000071
Leukocyte count (10°/L) 3.35[1.8-7] 10.5[7.6-13]* p < 0.01

42.6 % 22.4 %

53.44 +2.63 104 £ 11* p = 0.00095
Alkaline phosphatase 55[47 - 61] 100 [83-123]* p < 0.01

13.9% 212 %

31.8+2.3 46.4 + 3.8*p = 0.0072
ALT 32[21 - 44] 49 [38-56]* p < 0.01

20.6 % 16.6 %

1124 +72 586 + 33* p = 0.00003
Amilase 1098 [875-1502] 606 [495-662]* p < 0.01

19 %

11 %

Note: * — statistically and significantly differs from the indicators in male mice.
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compared to males, at which AR increased activation
developed in females of the C57BI/6 line [2; 18]. As
is known, the concept of the level of AR reactivity
is associated with the previously identified periodic
pattern of the development of these reactions, which
consists in the dependence of the nature and inten-
sity of AR on the absolute and relative magnitude
of the effect causing them [18]. It has been shown
that as the intensity of the active factor increases
or decreases, the AR tetrads (AR of training — AR of
calm activation — AR of increased activation — AR
stress) naturally repeat. At the same time, the same-
named ARS of different levels of reactivity caused
by effects of different intensity, along with similar
features (percentage of lymphocytes, ratio of effects
of gluco- and mineralcoticoid hormones, etc.), have
differences in the severity of signs of tension in the
functioning of the regulatory systems of the body. At
the same time, the most physiological antistress AR,
which most contribute to the activation of systemic
mechanisms of nonspecific resistance, develop in
response to low-intensity effects of various nature,
that is, at high levels of reactivity of the body.

The lower levels of reactivity at which AR in-
creased activation developed in males of the C57BI/6
line, compared with the reactivity levels of the same
AR in females, could be due to the psychosomatic
state formed in males upon reaching puberty and
causing their aggressive behavior. As is known, this
behavior is accompanied by activation of ergotropic
processes, an increase in the level of catecholamines
and testosterone in blood and tissues, as well as
a more significant level of cellular energy [23; 24].

As previously described, Balb/c mice showed sex
differences in the percentage of lymphocytes and
some other indicators [20]. Based on the totality of
these changes, it was possible to judge the sexual
differences in the adaptive status associated with
the nature of AR - the development of AR increased
activation in females and the development of AR
training and quiet activation, including signs of ten-
sion of these AR — in males. As already mentioned
earlier, such differences in the nature of AR in ani-
mals of different sexes could be due to the depen-
dence of the psychosomatic state of males on their
social status in the group, and could also reflect the
presence of any other constitutional features asso-
ciated with the reduced stress resistance of males
of the Balb/c line compared to females [1; 5; 25].

A characteristic feature of the animals of both
studied lines was a very significant excess of the
weight coefficient of the spleen of females of a sim-
ilar indicator in males. Unfortunately, we were un-
able to find a detailed explanation of this sexual
difference in the literature, except for information
about the more significant functional activity of the
spleen of female Balb/c lines than in males [10; 26].
Another common feature of the animals of the stud-
ied lines was the presence of signs indicating more
pronounced lymphoproliferative activity in the thy-
mus of females compared to what was observed in
males. These results are consistent with the ideas
available in the literature about the different ratio of
the activity of T- and B-cell processes in animals of
different sexes — a shift in the ratio towards T-cell
mechanisms in females and a shift in the ratio to-
wards B-cell processes in males [5; 27; 28].

The results of comparing the studied indicators
in same-sex animals of the C57BI/6 and Balb/c lines
indicated a greater severity of interline differences in
females compared to males. In addition to constitu-
tional differences in the total content of leukocytes,
the males of the studied lines had features in the per-
centage of mononuclears (lymphocytes and mono-
cytes) in the blood, as well as in the characteristics
of the red blood germ. In our opinion, these features
could reflect a higher adaptive status of animals of
the C57BI/6 line, which are known to be more stress-
resistant compared to mice of the Balb/c line [1; 13;
14]. At the same time, the lower variability of indi-
cators in male mice of the C57BI/6 line could be
due to the fact that all these animals developed AR
increased activation, whereas in males of the Balb/c
line the spectrum of antistress AR was wider.

The interlinear differences revealed in females
also indicated a higher adaptive status of animals
of the C57BI/6 line. At the same time, the maximum
values of the percentage of lymphocytes in the
blood of females of both lines in combination with
the dominance of mice of the C57BI/6 line over ani-
mals of the Balb/c line in the weight characteristics
of the thymus and the ratio of thymus and adrenal
masses indicated that It was found that in females
of the C57BI/6 line, the development of AR increased
activation occurred in the range of higher levels of
reactivity of the organism than in Balb/c females.
Moderate and low variability of indicators in mice
of the C57BI/6 line could reflect a high degree of
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coincidence of the reactivity levels of these animals
within the range, whereas high variability of indica-
tors in females of the Balb/c line could, on the con-
trary, indicate noticeable differences in the reactivity
levels at which AR increased activation developed in
female mice of this line. It is likely that differences in
the ranges of AR reactivity levels of females C57BI/6
and Balb/c could to some extent affect the stress
resistance of animals of the studied lines.

The lower variability of adaptive status indicators
in mice of both sexes of the C57BI/6 line compared
to the variability of these indicators in animals of the
Balb/c line could reflect the presence of more stable
regulatory relationships in mice of the C57Bl line/6.
According to the nonlinear dynamics of complex
open (dissipative) systems, which include biological
systems, such stable states are characterized by
optimization of regulatory and metabolic process-
es, which ensures an energy-efficient mode of their
functioning [29; 30].

The results of a comparative analysis of the bio-
chemical parameters of the blood of female mice
of the C57BI/6 and Balb/c lines are of interest. They
point to the peculiarities of the metabolism of the
studied animals, which may be important for the
reaction of mice of different lines to antitumor ther-
apy. Thus, the interlinear differences in the activity
of ALT and amylase could reflect the peculiarities
of the ratio of carbohydrate and protein metabolism
in animals belonging to different lines. It is known
that carbohydrate metabolism differs the fastest.
At the same time, the brain, characterized by a high
intensity of energy metabolism and depleted of glu-
cose and glycogen reserves compared to other tis-
sues, consumes at least 50 % of free glucose from
arterial blood [31]. In this regard, the shift towards
carbohydrate metabolism in Balb/c mice obviously
contributes to achieving a high level of brain energy
metabolism and the realization of such a well-known
feature of Balb/c mice as good learning ability [1].

Higher ALT activity than in animals of the Balb/c
line in female mice of the C57BI/6 line with a mark-
edly reduced level of amylase activity indicated
a shift in the metabolism of these animals towards
protein metabolism. Thus, in mice of the C57BI/6
line, a decrease in the provision of the brain with
energy substrates was observed with an increase in
the plastic resources of the body compared to what
was observed in female mice of the Balb/c line. At
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the same time, a decrease in the overall body's need
for "fast" energy obtained as a result of carbohydrate
metabolism could be associated with the establish-
ment of stable energy-efficient regulation regimes,
which were mentioned above. This assumption is
consistent with the known information about the
relatively low energy metabolism and poor learning
ability of mice of the C57BI/6 line [32], characterized
by more intense motor activity and more active be-
havior than mice of the Balb/c line [11; 33], as well
as the relatively low variability of adaptation status
indicators noted above. At the same time, the dom-
inance of C57BI/6 females over Balb/c mice in the
activity of alkaline phosphatase and ALT, along with
a higher level of lymphoproliferative processes in the
thymus in these animals, could indicate an increase
in the activity of all parts of the immune system
(both T cells and B cells and neutrophils) [21; 22],
and be important for the higher stress resistance of
these animals compared to the stress resistance of
Balb/c mice [1; 13; 14].

The revealed features of systemic regulation
can have a noticeable effect on the mechanisms of
nonspecific antitumor resistance and the effective-
ness of antitumor treatment. Thus, the nature and
intensity of the most stable ARs for a particular or-
ganism, the level of reactivity at which they develop,
can significantly determine the functional state of
the centers of autonomic regulation and peripheral
links of the neuroendocrine and immune systems,
modulating the state of tissues. In turn, the ratio of
sympathetic and parasympathetic influences in tis-
sue loci, the combination and activity of biochemical
factors of the neuroendocrine and immune systems,
metabolic products can contribute or, conversely, hin-
der the development of a malignant process [34; 35].

The peculiarities of metabolism may be import-
ant in connection with the important role of energy
homeostasis of malignant cells and surrounding
tissues in oncogenesis and the realization of the
effects of therapy. In this regard, in recent years, at-
tention has been increasing to the issue of metabolic
concomitant therapy of oncological diseases [36;
37]. It has been shown that the metabolic back-
ground, the presence and type of energy substrates
can be essential for the effectiveness of antitumor
chemotherapy [38; 39]. At the same time, the means
of metabolic therapy used in a number of severe
chronic diseases can have an inhibitory effect on the
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malignant process. In particular, a number of stud-
ies indicate the oncoprotective effect of metformin,
which is a first-line drug for the treatment of type 2
diabetes [39; 40].

CONCLUSION

As a result of the study of intact mice of the
C57BI/6 and Balb/c lines of both sexes, along with
sexual differences of a similar nature (the domi-
nance of female mice over males in terms of weight
characteristics of the thymus and spleen, the devel-
opment of the most favorable antistress AR and the
number of indicators with low variability), a number
of interlinear features of the adaptive status and bio-
chemical blood indicators. The interlinear features
of the adaptive status indicated that in mice of the
C57Bl/6 line, animals of different sexes had a similar
character of AR (AR increased activation), which,
however, developed at different levels of reactivity,
whereas in mice of the Balb/c line, animals of differ-
ent sexes differed in the nature of the prevailing an-
tistress AR (in females — AR increased activation, in

males, obviously — AR quiet activation and training).
At the same time, in general, the revealed interlinear
differences indicated a more favorable state of reg-
ulatory systems in mice of the C57BI/6 line, which
complements the known information about the high-
er stress resistance of these animals compared to
mice of the Balb/c line. The interlinear features of the
studied biochemical parameters of blood testified to
the difference between female mice of the C57BI/6
line and female mice of the Balb/c line in the ratio
of carbohydrate and protein metabolism. The data
obtained indicate a more active carbohydrate me-
tabolism in Balb/c mice and a more intensive protein
metabolism in C57BI/6 mice.

The results of the analysis allow us to assume
about some mechanisms that contribute to or hin-
der the stress resistance and learning ability of the
studied animals. The revealed interlinear differences
allow us to determine the directions for further study
of the regulatory and metabolic characteristics of lin-
ear mice, which must be considered when choosing
adequate experimental models for the development
of effective methods of complex antitumor treatment.
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