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Abstract
Introduction and aim. Since the discovery of the famous Selye triad, studies of the connections

between adaptation hormones and the immune system have remained relevant. We formulated the aim

of the future study: in the mode of synchronicity, to reveal sexual differences in the parameters of the

neuroendocrine-immune complex and the state of neuroendocrine-immune relationships in intact rats

and exposed to stressors and adaptogens. This article initiates the beginning of the movement towards

achieving the goal.

Material and methods. The experiment is at 96 rats Wistar line: 48 males and 48 females. Over the

12 days, one male and female rat remained intact and 3 other pairs were exposed to chronic aversive

stress for 6 days. We calculated the parameters of the HRV: Mode, Amplitude of the mode and

Variational scope as markers of the circulating catecholamines, sympathetic and vagal tones

respectively. Among endocrine parameters determined excretion of 17-Ketosteroides and serum levels

of main adaptation hormones such as Corticosterone, Aldosterone, Testosterone, Triiodothyronine, as

well as Parathyroid hormone and Calcitonin. The percentage of lymphocyte populations and the

parameters of phagocytosis by neutrophils and monocytes of Staphylococcus aureus were determined
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in the blood. The Thymus and Spleen were weighed and made smears-imprints for counting

Thymocytogram and Splenocytogram.

Results. The canonical correlation between neuroendocrine and immune parameters was analyzed.

The most pronounced immunomodulatory effect is exerted by catecholamines (R=0.928), sympathetic

tone (R=0.849), and testosterone (R=0.829). Vagal tone (R=0.697), 17-ketosteroides (R=0.688), and

aldosterone (R=0.686) moderately modulate immunity, while the immunomodulatory effects of

triiodothyronine (R=0.610), corticosterone (R=0.584), PTH (R=0.510), and calcitonin (R=0.423) are

the least pronounced. Three pairs of canonical roots were found. The neuroendocrine root of the first

pair determines the parameters of immunity by 95.7%, the second pair by 86.5%, and the third pair by

69.2%. The elements of the Thymocytogram (in descending order: epitheliocytes, lymphocytes,

endotheliocytes, lymphoblasts, and macrophages), the phagocytic activity of blood neutrophils and

monocytes, the relative content of NK- and B-lymphocytes in the blood, as well as the percentage of

lymphocytes and macrophages in the Splenocytogram turned out to be most influenced by

neuroendocrine factors.

Conclusion. There is a close canonical correlation between registered neuroendocrine factors and

immunity parameters in general. At the same time, both the severity of the immunomodulatory activity

of individual neuroendocrine factors and the subjection to the regulatory influence of individual

parameters of immunity differ significantly.

Keywords: adaptation hormones, HRV, thymus, spleen, immunocytes of blood, phagocytosis, rats.

Introduction
Since the discovery of the famous Selye’s triad, studies of the connections between adaptation

hormones and the immune system have remained relevant.4,5,25,27 The discovery of the autonomous

innervation of the immune system21 initiated the study of neuro-immune connections.12,13,16,21,22,28 New

the stage was the formulation of the concept of a triune neuroendocrine-immune complex23, in the

course of which numerous experimental and clinical studies were conducted.3,8,10,13,14,18,19,20,24,30Meta-

analysis of experimental studies shows the following. There are correlations of varying strength and

direction between neuroendocrine factors, on the one hand, and immune parameters of the thymus,

spleen, and blood, on the other hand. There are certain sexual differences in the strength of such

connections. The levels of adaptation hormones and immune parameters are subject to the influence of

both stressors and adaptogens. However, the effects of stressors and adaptogens on neuroendocrine-

immune relationships remain unclear, as do sexual differences in such effects. In the cited studies, rats

were subjected only to chronic stress, while significant differences are known between the effects of
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chronic and acute stress on the neuroendocrine-immune complex.4,5,20 Among the adaptogens, the

reference adaptogen ginseng was not used. The levels of aldosterone, calcitonin, and parathyroid

hormone were judged only by their specific effects on electrolyte metabolism. In our opinion, the

design shortcoming of the cited studies is the lack of synchronicity of studies of animals of both sexes,

which does not eliminate the influence of other factors: season, weather, solar activity, etc.

Based on the above, we formulated the aim of the future study: in the mode of synchronicity, to

reveal sexual differences in the parameters of the neuroendocrine-immune complex and the state of

neuroendocrine-immune relationships in intact rats and exposed to stressors and adaptogens.

This article initiates the beginning of the movement towards achieving the goal.

Material and methods
Ethics approval
All animals were kept in room having temperature 22±2ºC, and relative humidity of 44-55% under

12/12 hour light and dark cycle with standard laboratory diet and water given ad libitum. Studies have

been conducted in accordance with the rules and requirements of the “General Principles for the Work

on Animals” approved by the I National Congress on Bioethics (Kyїv, Ukraine, 2001) and agreed with

the provisions of the “European Convention for the Protection of Vertebrate Animals used for

Experimental and other Scientific Purposes” (Council of Europe No 123, Strasbourg 1985), and the

Law of Ukraine “On the Protection of Animals from Cruelty” of 26.02.2006. The removal of animals

from the experiment was carried out under light inhalation (ether) anesthesia by decapitation. The

conduct of experiments was approved by the Ethics Committee of the Bohomolets’ Institute of

Physiology.

Participants

The experiment is at 96 rats Wistar line: 48 males (Weight Mean=256 g; SD=31 g) and 48 females

(Mean=242 g; SD=23 g).

Study design and procedure

Over the 12 days, one male and female rat remained intact and 3 other pairs were exposed to chronic

aversive stress20 for 6 days by placing them in individual tight Plexiglas chambers for 30 min, which

was preceded by injecting daily water (3 mL/200g) with a syringe through a curved needle with

smooth olive into the esophagus. In other two groups, the classical adaptogen ginseng (alcohol tincture

produced by Vishpha®) in a dose of 0.01 mL/200g or the Ukrainian phytocomposition "Balm

Truskavets'" (produced by PRPE "Ukrainian Balms", Mykolaїv, Ukraine; ТУ У 15.8-24055046-

005:2009) in a dose of 0.06 mL/200g was added to the water.

The day after completion the course of immobilization and water loads the animal were placed in

individual chambers with perforated bottom for collecting for 12 hour nocturnal urine, in which

determined the concentration of 17-ketosteroids (by color reaction with m-dinitrobenzene6).
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The next morning, ECG under light ether anesthesia was recorded, by inserting needle electrodes

under the skin of the paws. Right away the animals removed from the experiment by decapitation in

order to remove the thymus and spleen, as well as collect the maximum possible amount of blood in

which was determined some endocrine and immune parameters.

Based on about 120 R-R intervals we calculated the parameters of the HRV: Mode (Mo),

Amplitude of the mode (AMo) and Variational scope (MxDMn) as markers of the circulating

Catecholamines, Sympathetic and Vagal tones respectively.1

Among endocrine parameters determined serum levels of main adaptation hormones such as

Corticosterone, Aldosterone, Testosterone, Triiodothyronine, as well as Parathyroid hormone and

Calcitonin (by ELISA, with the use of analyzer “RT-2100C” and corresponding sets of reagents from

“Alkor Bio”, XEMA Co, Ltd and DRG International Inc).

Among the immune parameters of the blood, first of all, analysis of Leukocytogram (LCG), ie the

percentage of lymphocytes (L), monocytes (M), eosinophils (Eo), basophils (Bas), rod-shaped (RN)

and polymorphonucleary (PMNN) neutrophils was performed. Based on these data, the Entropy of the

Leukocytogram (hLCG) was calculated according to the equation derived by Popovych2,7,20,24 on the

basis of the classical Shannon’s26 equation:

hLCG = - (L•log2L+М•log2М+Eo•log2Eo+Bas•log2Bas+RN•log2RN+PMNN•log2PMNN)/log26.

The percentage of theophylline-resistant (TR) and theophylline-susceptible (TS) T-lymphocytes,

B-lymphocytes, plasma cells (Pla), natural killers (NK), and 0-lymphocytes were identified, as

described in the manual.17

For these components the Entropy of the Immunocytogram (hICG) was calculated by

Popovych2,7,20 equation:

hICG = - (TR•log2TR+TS•log2TS+B•log2B+Pla•log2Pla+NK•log2NK+0L•log20L)/log26.

In addition, we tested the reaction of blast transformation of T-Lymphocytes to

phytohemagglutinin.17

About the condition of the phagocytic function of neutrophils (microphages) and monocytes

(macrophages) were judged by the phagocytosis index (percentage of cells, in which found microbes),

the microbial count (number of microbes absorbed by one phagocyte) and the killing index

(percentage of dead microbes) for Staphylococcus aureus (ATCC N25423 F49). Based on these

parameters, taking into account the absolute content of neutrophils and monocytes, their bactericidal

capacity (BСС N&M) was calculated.3,19

The Thymus and Spleen were weighed and made smears-imprints for counting Thymocytogram

and Splenocytogram.2,3,9 The components of the Thymocytogram (TCG) are lymphocytes (Lc),

lymphoblastes (Lb), reticulocytes (Ret), macrophages (Mac), basophiles (B), endotheliocytes (En),

epitheliocytes (Ep), and Hassal’s corpuscles (H). The Splenocytogram (SCG) includes lymphocytes

(Lc), lymphoblastes (Lb), plasma cells (Pla), reticulocytes (R), macrophages (Ma), fibroblasts (F),

microphages (Mi), and eosinophils (Eo).
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For them Shannon’s Entropy was calculated too2:

hTCG = - (Lc•log2Lc+Lb•log2Lb+Ret•log2Ret+Mac•log2Mac+B•log2B+En•log2En+Ep•log2Ep+H•log2H)/log28;
hSCG = - (Lc•log2Lc+Lb•log2Lb+Pla•log2Pla+R•log2R+Ma•log2Ma+F•log2F+Mi•log2Mi+Eo•log2Eo)/log28.

Statistical analysis
Statistical processing was performed using a software package “Microsoft Excell” and “Statistica 6.4

StatSoft Inc” (Tulsa, OK, USA).

Results and discussion

In order to create a global picture, this article analyzed neuroendocrine-immune relationships at rats

regardless of sex and exposure to stressors or adaptogens.

At the first stage, a correlation matrix was created (Table 1).

According to the equation: |r|={exp[2t/(n-1.5)0.5]-1}/{exp[2t/(n-1.5)0.5]+1}, for a sample of n=96

critical value |r| at p<0.05 (t>1.98) is 0.201, at p<0.01 (t>2.62) is 0.263, at p<0.001 (t>3.37) is 0.333.

The matrix included 8 thymus, 10 spleen, and 14 peripheral blood parameters.

Table 1. Correlation matrix for neuro-endocrine and immune parameters of all rats
Variables Catechol

amines
Sympa-
thotone

Vagal
tone

Testo
sterone

17-KS Cortico
sterone

Aldo-
sterone

T3 PTH Calci-
tonin

Thymus Mass -.045 .141 -.110 .227 -.135 -.302 -.117 .193 -.086 .101

Hassal‘s corpusc T .213 .233 -.169 .012 -.033 .079 .108 .019 -.235 -.108

Lymphocytes T .548 -.150 .228 -.733 .520 .508 .414 -.316 .261 -.160

Lymphoblastes T .370 -.147 .190 -.615 .327 .358 .423 -.357 .250 -.121

Epitheliocytes T -.605 .113 -.193 .773 -.512 -.477 -.431 .327 -.279 .156

Macrophages T -.374 .139 -.199 .537 -.284 -.350 -.384 .312 -.186 .270

Endotheliocytes T -.491 .133 -.163 .666 -.469 -.509 -.356 .254 -.244 .180

Entropy TCG -.522 .195 -.229 .730 -.499 -.478 -.392 .308 -.288 .193

Spleen Mass .007 -.228 .084 -.047 .203 .060 .110 -.077 -.179 .111

Lymphocytes S -.586 -.193 .045 .496 -.414 -.363 -.385 .200 -.105 -.029

Lymphoblastes S -.310 -.188 .157 .258 -.065 -.160 -.403 .226 .183 .176

Plasmocytes S -.340 -.126 .001 .274 -.169 -.124 -.385 .055 .126 .274

Reticulocytes S .324 .185 -.123 -.282 .207 .205 .308 -.083 -.052 -.131

Fibroblastes S .297 -.039 .098 -.371 .439 .366 .379 -.334 -.031 .065

Macrophages S .693 .708 -.434 -.259 .125 .197 .415 -.068 -.184 -.025

Microphages S .260 -.194 .220 -.420 .237 .178 .197 -.103 .256 -.104

Eosinophiles S -.215 -.142 .044 .267 -.235 -.229 -.171 .098 -.107 -.095

Entropy SCG .408 .129 -.037 -.282 .305 .257 .166 -.145 .126 .149

Leukocytes Blood .204 .031 -.030 -.141 .260 .011 .316 -.041 .015 -.058

Eosinophiles B -.276 -.036 .355 .013 -.003 -.217 .042 -.058 -.089 .051

Basophiles B .068 .031 .173 -.148 .051 .041 .270 -.060 -.158 -.117

Entropy LCG -.151 .083 .162 -.058 -.123 -.138 .031 -.139 -.116 -.172

Phagoc Index Mon -.545 -.170 -.000 .476 -.350 -.338 -.381 .248 -.175 .042

Microb Coun Mon .156 -.122 .034 -.261 .278 .243 .051 -.343 .010 .088
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Phagoc Ind Neutr -.597 .029 -.092 .736 -.449 -.475 -.379 .341 -.203 .195

BTR T-Lymph B .534 .021 .121 -.577 .327 .448 .331 -.262 .260 -.160

TS T-Lymphoc B .259 .012 .098 -.252 .088 .048 .123 -.195 .210 -.100

NK-Lymphocyte B .555 .021 .182 -.693 .417 .517 .452 -.385 .200 -.201

B-Lymphocytes B .475 .095 -.073 -.396 .355 .173 .236 -.193 .292 .048

Plasmocytes B .110 .270 -.090 .044 -.156 -.066 .105 -.070 -.093 -.226

0-Lymphocytes B -.508 -.075 -.010 .517 -.356 -.325 -.339 .276 -.282 .076

Entropy ICG .459 .122 .138 -.434 .195 .217 .361 -.277 .059 -.230

Further, in order to assess the immunomodulatory effect of each neuroendocrine factor, regression

models were built for it by stepwise exclusion of variables until the maximum Adjusted R2 values

were reached.

It was found (Table 2) that 1/Mode HRV, which is considered a marker of circulating

Catecholamines (as well as some other humoral regulators of heart rhythm1), upregulates the content

of Lymphoblasts in the Thymus, and Macrophages, Microphages, as well as other immunocytes with

phagocytic ability, such as Reticulocytes and Fibroblasts, in the Spleen.

The negative correlation with the percentage of 0-Lymphocytes reflects a decrease in the share of

immature lymphocytes, apparently due to an increase in the share of B- and/or TS-Lymphocytes due

to the stimulation of the expression of the corresponding receptors.

While Catecholamines downregulates the content of Epitheliocytes and Endotheliocytes in the

Thymus and Eosinophils in the Blood, as well as the phagocytic activity of Blood Neutrophils.

Judging by the coefficient of determination, the immunomodulatory effect of Catecholamines is

86.2% (Table 2 and Fig. 1).

Table 2. Regression Summary for 1/Mode HRV
R=0.928; R2=0.862; Adjusted R2=0.848; F(11.0)=61.7; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(99) p-
level

Variables r Intercpt 212 37.7 5.62 10-6

Macrophages of Spleen, % 0.693 -0,657 0,043 -13,02 0,854 -15,2 10-6

0-Lymphocytes of Blood, % -0.545 0,123 0,050 0,568 0,231 2,46 0,016

Lymphoblastes of Thymus, % 0.370 0,077 0,059 2,522 1,908 1,32 0,189

Reticulocytes of Spleen, % 0.324 -0,063 0,041 -1,344 0,871 -1,54 0,126

Fibroblasts of Spleen, % 0.297 0,100 0,045 2,091 0,950 2,20 0,030

Microphages of Spleen, % 0.260 -0,121 0,043 -2,043 0,728 -2,81 0,006

Epitheliocytes of Thymus, % -0.605 0,390 0,078 2,635 0,524 5,03 10-5

Phagocytosis Index of Neutrophils, % -0.545 -0,122 0,071 -0,681 0,396 -1,72 0,089

Endotheliocytes of Thymus, % -0.491 0,181 0,065 3,247 1,172 2,77 0,007

Eosinophiles of Blood, % -0.276 0,358 0,040 7,432 0,826 8,99 10-6



139

-4 -3 -2 -1 0 1 2

1/Mode

-4

-3

-2

-1

0

1

2

Im
m
un
ity

R=0.928; R2=0.862; χ2(10)=204; p<10-6; Λ Prime=0,138
Fig. 1. Scatterplot of canonical correlation between 1/Mode HRV (X-line) and Immune parameters
(Y-line) in all rats

AMo HRV as marker of Sympathetic tone1 upregulates the content of Macrophages and

Reticulocytes in the Spleen, Plasmocytes in the Blood, Hassal’s corpuscles in the Thymus, as well as

the Entropy of Thymocytogram, while downregulates the phagocytic activity of Blood Neutrophils

and Spleen mass. In conclusion, the immunomodulatory effect of Sympathetic tone is 71.9% (Table 3

and Fig. 2).

Table 3. Regression Summary for AMo HRV, %
R=0.848; R2=0.719; Adjusted R2=0.700; F(7.1)=37.3; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(102) p-
level

Variables r Intercpt -23.4 16.1 -1.45 0.149

Macrophages of Spleen, % 0.708 0,891 0,069 9,992 0,776 12,9 10-6

Plasmocytes of Blood, % 0.270 -0,088 0,064 -2,433 1,762 -1,38 0,170

Hassal’s corpuscles of Thymus, % 0.233 -0,093 0,069 -3,160 2,340 -1,35 0,180

Entropy of Thymocytogram 0.195 0,274 0,069 81,40 20,40 3,99 10-4

Reticulocytes of Spleen, % 0.185 0,079 0,064 0,950 0,771 1,23 0,220

Spleen Mass, mg -0.228 -0,364 0,059 -0,056 0,009 -6,19 10-6

Phagocytosis Index of Monocytes, % -0.170 0,105 0,077 0,996 0,730 1,36 0,176
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R=0.848; R2=0.719; χ2(7)=133; p<10-6; Λ Prime=0,280
Fig. 2. Scatterplot of canonical correlation between AMo HRV (X-line) and Immune parameters (Y-
line) in all rats

Serum Testosterone upregulates the content of Epitheliocytes in the Thymus, phagocytosis ativity of

Blood Neutrophils, as well as the content of Plasmocytes and Eosinophils in the Spleen, while

downregulates the content in it of other cells with phagocytic ability as well as Entropy of

Splenocytogram. The immunomodulatory effect of Testosterone is 68.7% (Table 4 and Fig. 3).

Table 4. Regression Summary for Testosterone, nM/L
R=0.829; R2=0.687; Adjusted R2=0.659; F(9.1)=24.4; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(100) p-
level

Variables r Intercpt -131.8 46.9 -2.81 0.006

Epitheliocytes of Thymus, % 0.773 0,503 0,095 1,708 0,321 5,32 10-6

Phagocytosis Index of Neutrophils, % 0.736 0,280 0,095 0,781 0,264 2,96 0,004

Plasmocytes of Spleen, % 0.274 -0,222 0,117 -3,063 1,619 -1,89 0,062

Eosinophiles of Spleen, % 0.267 -0,090 0,082 -1,935 1,761 -1,10 0,275

Microphages of Spleen, % -0.420 -0,277 0,091 -2,354 0,775 -3,04 0,003

Fibroblasts of Spleen, % -0.371 -0,129 0,098 -1,360 1,031 -1,32 0,190

Reticulocytes of Spleen, % -0.282 -0,170 0,079 -1,807 0,847 -2,13 0,035

Entropy of Splenocytogram -0.282 0,311 0,134 215,2 93,15 2,31 0,023

Macrophages of Spleen, % -0.259 -0,201 0,090 -2,01 0,896 -2,24 0,027
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Fig. 3. Scatterplot of canonical correlation between serum Testosterone (X-line) and Immune
parameters (Y-line) in all rats

Vagal tone, as opposed to Sympathetic tone and circulating Catecholamines, downregulates the

content of Macrophages in the Spleen and Entropy of Thymocytogram, while upregulates the content

of Eosinophiles (and Basophiles) in the Blood. However, in general, its immunomodulatory effect is

much weaker than that of its functional antagonists and is only 48.2% (Table 5 and Fig. 4).

Table 5. Regression Summary for MxDMn HRV, msec
R=0.694; R2=0.482; Adjusted R2=0.462; F(4.1)=24.4; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(105) p-
level

Variables r Intercpt 159.8 21.2 7.53 10-6

Macrophages of Spleen, % -0.434 -0,571 0,073 -10,24 1,315 -7,79 10-6

Entropy of Thymocytogram -0.229 -0,305 0,071 -144,9 33,78 -4,29 10-4

Eosinophiles of Blood, % 0.355 0,363 0,073 6,823 1,366 4,99 10-5

Basophiles of Blood, % 0.173 0,202 0,074 18,07 6,648 2,72 0.008
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Fig. 4. Scatterplot of canonical correlation between MxDMn HRV (X-line) and Immune parameters
(Y-line) in all rats

Urinary 17-Ketosteroides, which are metabolites, mainly of androgens of the reticular zone of

the adrenal cortex (2/3 at males and 3/4 at females) and partly of glucocorticoids, upregulates the

content of Lymphocytes in the Thymus, Fibroblasts, Microphages and Reticulocytes in the Spleen,

Leukocytes in general and B-Lymphocytes in particular in the Blood as well as Entropy of

Immunocytogram. While 17-Ketosteroides downregulates the content of Epitheliocytes,

Endotheliocytes and Macrophages in the Thymus as well as Entropy of Thymocytogram. In

conclusion, the immunomodulatory effect of 17-Ketosteroides is 47.3% (Table 6 and Fig. 5).

Table 6. Regression Summary for 17-KS, nM/100g•12h
R=0.688; R2=0.473; Adjusted R2=0.414; F(12.0)=8.0; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(98) p-
level

Variables r Intercpt -318 172 -1.84 0.068

Lymphocytes of Thymus, % 0.520 1,148 0,365 5,412 1,720 3,15 0,002

Fibroblasts of Spleen, % 0.439 0,223 0,088 4,368 1,716 2,55 0,012

B-Lymphocytes of Blood, % 0.355 0,257 0,089 3,041 1,055 2,88 0,005

Leukocytes of Blood, 109/L 0.260 0,144 0,077 1,476 0,793 1,86 0,066

Microphages of Spleen, % 0.237 0,092 0,085 1,455 1,345 1,082 0,282

Reticulocytes of Spleen, % 0.207 0,128 0,087 2,537 1,723 1,47 0,144

Entropy of Immunocytogram 0.195 -0,155 0,095 -173,4 106,1 -1,63 0,105

Epitheliocytes of Thymus, % -0.512 0,422 0,302 2,669 1,909 1,40 0,165

Entropy of Thymocytogram -0.499 -0,322 0,294 -158,2 144,3 -1,10 0,275

Endotheliocytes of Thymus, % -0.469 0,281 0,185 4,720 3,114 1,52 0,133

Macrophages of Thymus, % -0.284 0,639 0,179 12,23 3,427 3,57 0,001
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Fig. 5. Scatterplot of canonical correlation between excretion of 17-KS (X-line) and Immune
parameters (Y-line) in all rats

Serum Aldosterone upregulates the content of Lymphoblastes in the Thymus, Macrophages and

Fibroblasts in the Spleen, as well as Leukocytes in general and Basophiles in particular in the Blood,

while downregulates the content of Lymphoblastes and Plasmocytes in the Spleen. The

immunomodulatory effect of Aldosterone is 47.1% (Table 7 and Fig. 6).

Table 7. Regression Summary for Aldosterone, pM/L
R=0.686; R2=0.471; Adjusted R2=0.434; F(7.1)=13.0; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(102) p-
level

Variables r Intercpt -711 359 -1.98 0.051

Lymphoblastes of Thymus, % 0.423 0,318 0,075 123,7 29,25 4,23 10-4

Macrophages of Spleen, % 0.415 0,214 0,083 50,69 19,60 2,59 0,011

Fibroblasts of Spleen, % 0.379 0,107 0,082 26,88 20,46 1,31 0,192

Leukocytes of Blood, 109/L 0.316 0,200 0,076 26,14 9,940 2,63 0,010

Basophiles of Blood, % 0.270 0,150 0,075 176,2 88,61 1,99 0,049

Lymphoblastes of Spleen, % -0.403 -0,112 0,085 -43,24 33,05 -1,31 0,194

Plasmocytes of Spleen, % -0.385 -0,151 0,081 -49,55 26,50 -1,87 0,064
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Fig. 6. Scatterplot of canonical correlation between serum Aldosterone (X-line) and Immune
parameters (Y-line) in all rats

Serum Triiodothyronine downregulates the content of Lymphoblastes in the Thymus, Fibroblasts

in the Spleen, NK-, B- and Theophylline-susceptible T-Lymphocytes in the Blood, which is

accompanied by an increase in the proportion of 0-lymphocytes. While Triiodothyronine upregulates

the content of Macrophages and Endotheliocytes in the Thymocytogram and its Entropy as well as the

content of Lymphoblastes and Lymphocytes in the Spleen. It is interesting that the Triiodothyronine

upregulates the activity while downregulates the intensity of phagocytosis of Blood

Monocytes/Macrophages. The immunomodulatory effect of Triiodothyronine is 37.2% (Table 8 and

Fig. 7).

Table 8. Regression Summary for Triiodothyronine, nM/L
R=0.610; R2=0.372; Adjusted R2=0.286; F(14.0)=4.37; p<10-5

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(96) p-
level

Variables r Intercpt 10.38 2.07 5.01 10-5

NK-Lymphocytes of Blood, % -0.385 -0,551 0,178 -0,080 0,026 -3,10 0,003

Lymphoblastes of Thymus, % -0.357 -0,207 0,116 -0,088 0,049 -1,79 0,076

Microbial Count of Monoc., B/Ph -0.343 -0,328 0,095 -0,095 0,028 -3,45 0,001

Fibroblasts of Spleen, % -0.334 -0,280 0,114 -0,077 0,031 -2,46 0,016

0-Lymphocytes of Blood, % 0.276 -0,430 0,240 -0,026 0,015 -1,79 0,076

Theophylline-susceptible T-L, % -0.195 -0,158 0,133 -0,025 0,021 -1,19 0,236
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B-Lymphocytes of Blood, % -0.193 -0,322 0,156 -0,053 0,026 -2,07 0,041

Macrophages of Thymus, % 0.312 0,319 0,154 0,085 0,041 2,07 0,041

Entropy of Thymocytogram 0.308 -0,431 0,234 -2,952 1,606 -1,84 0,069

Endotheliocytes of Thymus, % 0.254 -0,211 0,168 -0,049 0,039 -1,25 0,214

Phagocytosis Ind of Monocyt, % 0.248 0,163 0,120 0,036 0,026 1,36 0,176

Lymphoblastes of Spleen, % 0.226 0,106 0,089 0,045 0,038 1,19 0,237

Lymphocytes of Spleen, % 0.200 -0,364 0,138 -0,053 0,020 -2,64 0,010
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R=0.610; R2=0.372; χ2(13)=47; p<10-5; Λ Prime=0,628
Fig. 7. Scatterplot of canonical correlation between serum Triiodothyronine (X-line) and Immune
parameters (Y-line) in all rats

In the regression model of serum corticosterone, despite its numerous significant relationships

with immune parameters, only three variables remained after stepwise elimination, probably due to

redundancy/duplication of information. As a result, the immunomodulatory effect of corticosterone

was, despite expectations, only 34.1% (Table 9 and Fig. 8).

Table 9. Regression Summary for Corticosterone, nM/L
R=0.584; R2=0.341; Adjusted R2=0.323; F(3.1)=18.3; p<10-6

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(106) p-
level

Variables r Intercpt 586 181 3.24 0,002

Endotheliocytes of Thymus, % -0.509 -0,272 0,107 -33,97 13,34 -2,55 0,012

Thymus Mass, mg -0.302 -0,167 0,082 -2,364 1,156 -2,04 0,043

NK-Lymphocytes of Blood, % 0.517 0,294 0,107 22,67 8,268 2,74 0,007



146

-3 -2 -1 0 1 2

Corticosterone

-3

-2

-1

0

1

2

Im
m
un
ity

R=0.584; R2=0.341; χ2(3)=44; p<10-6; Λ Prime=0,659
Fig. 8. Scatterplot of canonical correlation between serum Corticosterone (X-line) and Immune
parameters (Y-line) in all rats

PTH is only weakly correlated with two thymus, three spleen, and two peripheral blood

parameters. Accordingly, its immunoregulatory effect is only 26.0% (Table 10 and Fig. 9).

Table 10. Regression Summary for PTH, pg/L
R=0.510; R2=0.260; Adjusted R2=0.209; F(7.1)=5.12; p<10-4

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(102) p-
level

Variables r Intercpt 144 44.5 3.23 0,002

B-Lymphocytes of Blood, % 0.292 0,231 0,093 3,188 1,289 2,47 0,015

Blast Transformation T-Lym, % 0.260 0,138 0,113 0,419 0,344 1,22 0,225

Lymphoblastes of Spleen, % 0.183 0,123 0,098 4,354 3,484 1,25 0,214

Endotheliocytes of Thymus, % -0.244 -0,149 0,114 -2,924 2,223 -1,32 0,191

Hassal’s corpuscles of Thymus, % -0.235 -0,198 0,091 -13,00 5,990 -2,17 0,032

Macrophages of Spleen, % -0.184 -0,153 0,101 -3,310 2,189 -1,51 0,134

Spleen Mass, mg -0.179 -0,129 0,089 -0,038 0,026 -1,46 0,148
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Fig. 9. Scatterplot of canonical correlation between serum PTH (X-line) and Immune parameters (Y-
line) in all rats

Calcitonin is secreted mainly by the parafollicular C-cells of the thyroid gland. Other tissues

capable of producing Calcitonin include the lungs, small intestine, thymus, liver, parathyroid glands.11

Calcitonin upregulates the content of Macrophages in the Thymus as well as Lymphoblastes and

Plasmocytes in the Spleen, while downregulates the content of Plasmocytes in the Blood as well as

Entropy of Leukocytogram. Accordingly, its immunoregulatory effect is only 17.9% (Table 11 and Fig.

10).

Table 11. Regression Summary for Calcitonin, ng/L
R=0.423; R2=0.179; Adjusted R2=0.139; F(5.1)=4.53; p<10-3

N=96 Beta St. Err.
of Beta

B St. Err.
of B

t(104) p-
level

Variables r Intercpt 34.6 16.6 2.08 0,040

Plasmocytes of Spleen, % 0.274 0.104 0.108 1.164 1.204 0.97 0.336

Macrophages of Thymus, % 0.270 0,245 0,094 2,035 0,778 2,62 0,010

Lymphoblastes of Spleen, % 0.176 0,113 0,098 1,491 1,292 1,15 0,251

Plasmocytes of Blood, % -0.226 -0,194 0,101 -3,824 1,991 -1,92 0,057

Entropy of Leukocytogram -0.172 -0,117 0,092 -33,58 26,42 -1,27 0,207
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Fig. 10. Scatterplot of canonical correlation between serum Calcitonin (X-line) and Immune
parameters (Y-line) in all rats

At the last stage, the canonical correlation between neuroendocrine parameters, on the one hand,

and immunity parameters, on the other, was analyzed. According to the results of the analysis, three

pairs of canonical roots with a significant correlation were found.

The neuroendocrine root of the first pair receives maximum factor loads from circulating

catecholamines and testosterone, but with opposite signs, moderate loads from corticosterone, 17-

ketosteroids and aldosterone, unidirectional with catecholamines. On the other hand, the load from the

rest of the neuroendocrine factors is negligible.

Pseudostaining makes it possible to quickly find out that the most subject to neuroendocrine

regulation are the immune parameters of the thymus and blood, while the immunocytes of the spleen

provide the minimum factor load on the immune root. In general, this constellation of immune

parameters was subject to neuroendocrine modulation by 95.7% (Table 12 and Fig. 11).

Table 12. Factor structure of first pair of Neuro-endocrine and Immune Roots
Left set Root 1

1/Mode HRV as Catecholamines -0,920

Testosterone 0,772

Aldosterone -0,581

Corticosterone -0,531

17-Ketosteroids -0,468

Triiodothyronine 0,278
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Calcitonin 0,184

Parathyroid hormone -0,181

MxDMn HRV as Vagal tone 0,174

Right set Root 1

Epitheliocytes of Thymus 0,814

Phagocytosis Index of Neutrophils 0,777

Lymphocytes of Thymus -0,764

NK-Lymphocytes of Blood -0,761

Entropy of Thymocytogram 0,740

Endotheliocytes of Thymus 0,680

Lymphocytes of Spleen 0,667

Phagocytosis Index of Monocytes 0,643

0-Lymphocytes of Blood 0,628

Macrophages of Spleen -0,604

Lymphoblastes of Thymus -0,585

Entropy of Immunocytogram -0,571

Macrophages of Thymus 0,564

B-Lymphocytes of Blood -0,536

Fibroblasts of Spleen -0,457

Plasmocytes of Spleen 0,397

Microphages of Spleen -0,384

Lymphoblastes of Spleen 0,371

Reticulocytes of Spleen -0,369

Theophylline-susceptible T-Lymphocytes -0,322

Eosinophiles of Spleen 0,271

Microbial Count of Monocytes -0,263

Leukocytes of Blood -0,255
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Fig. 11. Scatterplot of canonical correlation between neuro-endocrine factors (X-line) and immune
parameters (Y-line) at all rats. First pair of Roots
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The factor structure of the neuroendocrine root of the second pair is mainly formed by sympathetic

tone, to a lesser extent by vagal tone, while the rest of the factors are significantly inferior to the first

in terms of factor loads. The immune set is led by macrophages of the spleen, but the upper zone of the

list is occupied by parameters of the thymus. In general, this constellation of immune parameters was

subject to neuroendocrine modulation by 86.5% (Table 13 and Fig. 12).

Table 13. Factor structure of second pair of Neuro-endocrine and Immune Roots
Left set Root 2

AMo HRV as Sympathetic tone 0,887

MxDMn HRV as Vagal tone -0,604

17-ketosteroids -0,348

Testosterone 0,297

Parathyroid hormone -0,293

1/Mode HRV as Catecholamines 0,271

Corticosterone -0,265

Triiodothyronine 0,254

Right set Root 2

Macrophages of Spleen 0,633

Entropy of Thymocytogram 0,504

Lymphocytes of Thymus -0,465

Endotheliocytes of Thymus 0,434

Epitheliocytes of Thymus 0,426

Lymphoblastes of Thymus -0,381

Macrophages of Thymus 0,350

Phagocytosis Index of Neutrophils 0,332

Microphages of Spleen -0,331

Plasmocytes of Blood 0,315

Microbial Count of Monocytes -0,298

Thymus mass 0,282

NK-Lymphocytes of Blood -0,276

Blast Transformation T-lymphocytes, % -0,270

Hassal’s corpuscles of Thymus 0,255

Fibroblasts of Spleen -0,248

Spleen Mass -0,247
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Fig. 12. Scatterplot of canonical correlation between neuro-endocrine factors (X-line) and immune
parameters (Y-line) at all rats. Second pair of Roots

The neuroendocrine root of the third pair receives moderate loads from vagal tone and calcitonin,

and the immune root is almost completely represented by blood parameters. The rate of

immunomodulation is 69.2% (Table 14 and Fig. 13).

Table 14. Factor structure of third pair of Neuro-endocrine and Immune Roots
Left set Root 3

MxDMn HRV as Vagal tone -0,529

Calcitonin 0,452

Triiodothyronine 0,246

Aldosterone -0,216

1/Mode HRV as Catecholamines 0,199

Testosterone 0,191

Right set Root 3

Eosinophiles of Blood -0,594

Entropy of Leukocytogram -0,539

Basophiles of Blood -0,378

NK-Lymphocytes of Blood -0,373

Entropy of Immunocytogram -0,350

Plasmocytes of Blood -0,278

Plasmocytes of Spleen 0,243

Macrophages of Thymus 0,237

Spleen Mass 0,216
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Fig. 13. Scatterplot of canonical correlation between neuro-endocrine factors (X-line) and immune
parameters (Y-line) at all rats. Third pair of Roots

Conclusion
There is a close canonical correlation between registered neuroendocrine factors and immunity

parameters in general. At the same time, both the severity of the immunomodulatory activity of

individual neuroendocrine factors and the subjection to the regulatory influence of individual

parameters of immunity differ significantly.

The following publications will analyze sexual differences in parameters in intact rats and those

exposed to chronic stressors and adaptogens, as well as neuroendocrine-immune connections in each

of the clusters.
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