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Abstract
Background. Drinking mineral water is one of the ethnopharmacologic factors. Previously, we

identified the role of organic carbon and nitrogen of mineral waters in their effects on certain metabolic
and neuro-endocrine-immune parameters. The purpose of this study is to clarify the role of trace elements
of same mineral waters in their effects on neuro-endocrine-immune complex parameters. Material and
methods. Experiment was performed on 48 healthy female Wistar rats 240-290 g divided into 5 groups.
Animals of the first group for 6 days administered a single tap water through the tube at a dose of 1,5
mL/100 g of body mass. In the second group we administered the water Naftussya from the Truskavets’
layer (Galychyna, Ukraine), in the third group the water Sophiya of the Truskavets’ field. The rats of the
fourth group received the native water from the Hertsa (Bucovyna, Ukraine) field, and the last group
received its artificial salt analogue. The day after the completion of the drinking course in all rats HRV,
endocrine and immunne parameters were registered. Results. The trace elements (fluoride, bromide, iodide,
meta-silicic and orthoboric acids) of the chemical composition of loading fluids determine their effect on
the neuro-endocrine parameters by 59%, on the immune parameters by 84%. Conclusion. The trace
elements (fluoride, bromide, iodide, meta-silicic and orthoboric acids) of mineral waters play an essential
role in their effects on the neuro-endocrine-immune parameters of female rats.
Key words: Mineral waters, trace elements, female rats, neuro-endocrine-immune parameters,
relationships.
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Introduction
Drinking mineral water is one of the

ethnopharmacological factors. Back in 1975, trace
elements of mineral waters have been considered
as biologically active factors, but systematic
studies of their impact on the body have not yet
been conducted [1]. The monograph published in
2009 [2] only confirmed the superficiality of our
knowledge.
Previously, we have shown that drinking water

with different contents of electrolytes, trace
elements and organic substances has both general
[3] and different effects on the parameters of
metabolism [4] and the neuroendocrine-immune
complex [5] in female rats, which they have been
drinking for 6 days.
In the next study, we identified the role of

organic carbon and nitrogen of mineral waters in
their effects on certain metabolic [6] and neuro-
endocrine [7] parameters.
Objective
The purpose of this study is to clarify the role of

trace elements of mineral waters in their effects on
certain neuro-endocrine-immune parameters.

Methods
Experiment was performed on 48 healthy female

Wistar rats 240-290 g divided into 5 groups. Rats of
the first (control) group for 6 days administered a
single tap water through the tube at a dose of 1,5
mL/100 g of body mass. In the second group was given
daily drinking of animals with water Naftussya from
the Truskavets’ (Galychyna, Ukraine) layer, in the
third group the rats were louded with the water
Sophiya of the Truskavets’ field. The rats of the fourth
group received the native water from the Hertsa
(Bucovyna, Ukraine) field, and the last - its artificial
salt analogue. The chemical composition of the applied
waters (according to Truskavetsian Hydrogeological
Regime-Operational Station data) is given in Table 1.

The day after the completion of the drinking course
in rats, at first, a sample of peripheral blood (by
incision of the tip of the tail) was taken for analysis of

Leukocytogram (LCG), ie the relative content of
lymphocytes (L), monocytes (M), eosinophils (Eo),
basophils (Bas), rod-shaped (RN) and segmental (SN)
neutrophils. Based on these data, the Entropy of the
Leukocytogram (hLCG) was calculated according to
the formula derived by IL Popovych [8] on the basis of
the classical CE Shannon formula:

hLCG = -
[L•log2L+М•log2М+Eo•log2Eo+Bas•log2Bas+RN•lo
g2RN+SN•log2SN]/log26.

Next assessed the state of autonomous regulation.
For this purpose, under an easy ether anesthesia, for
15-20 sec ECG was recorded in the lead II, inserting
needle electrodes under the skin of the legs, followed
by the calculation of the parameters of the HRV: mode
(Mo), amplitude of the mode (AMo) and variational
swing (MxDMn) as markers of the humoral channel of
regulation, sympathetic and vagal tones respectively
[9].

Animals were then placed in individual chambers
with perforated bottom for collecting daily urine. The
experiment was completed by decapitation of rats in
order to collect as much blood as possible.

The plasma levels of the hormones of adaptation:
corticosterone, triiodothyronine and testosterone (by
the ELISA [10]) were determined.

Electrolytes: calcium (by reaction with arsenase III),
phosphates (phosphate-molybdate method), sodium
and potassium (flamming photometry) were
determined in plasma and daily urine. The analyzes
were carried out according to the instructions described
in the manual [11].

The analyzers “Tecan” (Oesterreich), “Pointe-180”
("Scientific", USA) and “Reflotron” (Boehringer
Mannheim, BRD) were used with appropriate sets and
a flamming spectrophotometer “СФ-47”.

According to the parameters of electrolyte exchange,
hormonal activity was evaluated: parathyroid,
calcitonin and mineralocorticoid, based on their
classical effects.

In the adrenal glands after weighing, the thickness of
glomerular, fascicular, reticular and medullar zones
was measured under a microscope [12-14].

The parameters of immunity were determined as
described in the manual [15]: the relative content of the
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population of T-lymphocytes in a test of spontaneous
rosette formation with erythrocytes of sheep, their
theophylline-resistant and theophylline-susceptible
subpopulations (by the test of sensitivity of rosette
formation to theophylline); the population of B-
lymphocytes (by the test of complementary rosette
formation with erythrocytes of sheep). Natural killers
were identified as large granules contain lymphocytes.
The content of 0-lymphocytes was calculated by the
balance method.

About the condition of the phagocytic function of
neutrophils (microphages) and monocytes
(macrophages) were judged by the phagocytosis index,
the microbial count and the killing index for
Staphylococcus aureus (ATCC N25423 F49) [12,16].

Immune organs weighed and made smears-imprints
for counting Thymocytogram and Splenocytogram.
The components of the thymocytogram (TCG) are
lymphocytes (Lc), lymphoblasts (Lb), reticulocytes (R),
macrophages (Mac), endotheliocytes (En),
epitheliocytes (Ep) and Hassal’s corpuscles (Has). The
Splenocytogram (SCG) includes lymphocytes (Lc),
lymphoblasts (Lb), plasma cells (P), reticulocytes (R),
macrophages (Ma), fibroblasts (F), microphages (Mi)
and eosinophils (E) [14,17].

For them CE Shannon’s entropy was calculated too
by using formulas [17,18]:

hTCG = -
[Lc•log2Lc+Lb•log2Lb+R•log2R+Mac•log2Mac+En•l
og2En+Ep•log2Ep+Has•log2Has]/log27

hSCG = -
[Lc•log2Lc+Lb•log2Lb+P•log2P+R•log2R+Ma•log2M
a+F•log2F+Mi•log2Mi+E•log2E]/log28

Digital material is statistically processed on a
computer using the software package "Statistica 64".

Results
The calculations by the formula:
|r|≥{exp[2t/(n-1,5)0,5] - 1}/{exp[2t/(n-1,5)0,5]

+ 1},
showed that for a sample of 48 animals, the

critical value of the modulus of the correlation
coefficient |r| for p<0,05 (t>2,0) is 0,28, for p<0,01
(t>2,7) is 0,38.

According to the correlation matrix (Table 2),
the trace elements found in mineral waters are only
moderately and weakly related to the neuroendocrine
parameters of the animals consuming them.

Fluoride has the most significant hormone-
modulating effect, reducing parathyroid activity and
plasma corticosterone and triiodothyronine levels,
while increasing mineralocorticoid activity and plasma
testosterone levels.

The hormone-modulating effect of meta-silicic
acid is of the same significant force, but has
upregulating character and concerns other
neuroendocrine constellations. In particular, it causes
an increase in adrenal mass and increase their
mineralocorticoid and glucocorticoid activity, as well
as sympathetic tone, reciprocally reducing the
oscillatory tone.

The degree of hormone-modulating effect of
bromide passes to the category of moderate, but
statistically significant. It is manifested in a decrease in
plasma levels of triiodothyronine and corticosterone
and increased mineralocorticoid activity.

While the association with animal endocrine
parameters of orthoboric acid and iodide is weak and
statistically insignificant.

The combined modulating effect of trace
elements of mineral waters on neuroendocrine
parameters is much stronger than the partial effects: the
degree of determination reaches 59% (Table 3 and Fig.
1). The maximum factor load on the trace element
canonical root is given by fluoride, less by metasilicic
acid and bromide, while the loads by orthoboric acid
and iodide are negligible. Neuroendocrine root reflects
the downregulation by trace elements of plasma levels
of triiodothyronine and, to a lesser extent, testosterone
on the one hand, and the upregulation of sympathetic
tone, adrenal mass and their mineralocorticoid and, to a
lesser extent, glucocorticoid activity.

The correlation matrix for trace elements of
mineral waters and immune parameters of animals has
the following form (Table 4).

Comparative analysis of regression models
showed that bromide has the most significant
immunotropic activity. It is manifested in the
activating effect on the intensity of phagocytosis of
blood neutrophils, the content of leukocytes in general
and the share in the leukocytogram of basophils, while
the share of lymphocytes in the leukocytogram and
thymocytogram decreases, as well as the share in the
splenocytogram of fibroblasts, reticulocytes and
eosinophils. The degree of immunomodulatory
determination is 65,5%.
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Metasilicic acid has a less noticeable
immunomodulatory effect (the coefficient of
determination is 53%). It is manifested in a suppressive
effect on the level in the blood of natural killers and
total lymphocytes, the activity of phagocytosis of
blood monocytes, the content in the spleen of
fibroblasts and reticulocytes, and in the thymus -
macrophages. Instead, the content of endothelial cells
and lymphoblasts in the thymus, in the spleen of
macrophages, and in the blood of 0-lymphocytes
decreases.

The immunomodulatory effect of orthoboric
acid and iodide was almost similar in strength. These
micronutrients equally contribute to the increase in the
content of leukocytes in the blood and the share of
polymorphonuclear neutrophils and basophils in the
leukocytogram and to the decrease in the content of
reticulocytes and fibroblasts in the splenocytogram.

Minimal immunomodulatory activity
(coefficient of determination 34%) was found in
fluoride, which downregulate the level of natural
killers in the blood and microphages in the spleen and
the entropy of the splenocytogram, instead upregulate
its content of macrophages as well as blood B-
lymphocytes and thymic plasmocytes.

According to the canonical correlation analysis,
the most active immunotropic trace element is
metasilicic acid; bromide, orthoboric acid and iodide
are slightly inferior in factor loads, while fluoride lags
far behind (Table 5).

Among the parameters of immunity to the
upregulation subordinates, primarily responsible for
phagocytosis: the microbial count of neutrophils, their
share in the leukocytogram and the total content of
leukocytes in the blood, which together reflects its
bactericidal ability. Other objects of upregulation are
endothelial cells and lymphoblasts of the thymus and
macrophages and microphages of the spleen.

In contrast, to the downregulation subordinate
lymphocytes in general and natural killers and B-
lymphocytes in particular, as well as fibroblasts,
reticulocytes and eosinophils of the spleen and the
associated entropy of the splenocytogram. The increase
in the proportion of 0-lymphocytes in the
immunocytogram of the blood reflects, in essence, the
immunosuppressive effect of trace elements. Taken
together, these trace elements determine the immune
status of animals by 84% (Fig. 2).

It is known that the nervous, endocrine and
immune systems interact closely within the triune
neuro-endocrine-immune complex [13,14,18-22].
Therefore, at the final stage, a canonical correlation

analysis of neuroendocrine-immune relationships in
our rats was performed. Initially, a matrix of
noteworthy correlations between neuroendocrine
parameters, on the one hand, and immunity indicators,
on the other, was created. For further consideration,
two pairs of significantly related pairs of canonical
radicals were selected (Table 6).

It was found that the neuroendocrine root of
the first pair receives the maximum positive factor load
from triiodothyronine, less pronounced - from markers
of glucocorticoid, mineralocorticoid and androgenic
functions of the adrenal cortex, circulating
catecholamines, as well as parathyroid activity, while
negative - from the adrenaline-secreting medullary
zone of the adrenal glands, vagal tone and calcitonin
activity. The immune root is represented by the
parameters of the blood, thymus, as well as plasma
cells and lymphoblasts of the spleen, which are subject
to the types of upregulation/downregulation influences.
The degree of neuroendocrine immunomodulation is
very significant – 96,5% (Fig. 3).

The neuro-endocrine root of the second pair is
represented by sympathetic tone, glomerular zone of
the adrenal cortex and, conversely, corticosterone.
Sympathetic tone carries out upregulation of
macrophages of a spleen. Corticosterone has a
suppressive effect on T-killers and B-lymphocytes and
reduces the entropy of the leukocytogram and
thymocytogram. Mineralocorticoids are responsible for
increasing the mass of the thymus and reducing the
content of fibroblasts in the spleen. The degree of
immunomodulation by this neuroendocrine
constellation is less pronounced - 87% (Fig. 4).

These experimental data are in good agreement
with the results of our clinical observations on the
relationship between the autonomic nervous system
and immune parameters [23-26].

Discussion
As far as we can judge from the available literature,

our study is the first fundamental to elucidating the role
of trace elements in mineral waters in their effect on
the neuro-endocrine-immune complex. In the
monograph [2] quoted at the beginning, the data are
extremely fragmentary.

In particular, it states that water containing
metasilicic acid causes a decrease in the content of
leukocytes in rats by reducing the number of
neutrophils, acidophils and monocytes. The content of
lymphocytes does not change, ie the protective
function of peripheral blood is somewhat weakened,
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but the system of recognition of strangers operates
normally. The change also occurs in the functional
system of the immune response. First of all, the total
number of neutrophils (nonspecific phagocytes) is
somewhat reduced, but their absorption function and
the number of active phagocytes remain at the control
level. At the same time, the concentration of
circulating immune complexes increases and the
content of heterophilic antibodies changes, ie the
humoral component of the immune response, which is
not only a protective but also a regulatory system, is at
a fairly active level. In general, according to the
authors, it is possible to assume that under the
influence of mineral waters enriched with meta-silicic
acid, the protective system becomes more effective
because its normal activity is provided by fewer
elements.

Course consumption of mineral waters with high
content of orthoboric acid, according to authors from
Odesa, causes an increase in blood leukocytes by 39%,
neutrophils - by 35,3% and a decrease in monocytes by
40% while maintaining the content of lymphocytes and
acidophiles at the control level. That is, according to
the authors, the use of such waters somewhat enhances
the non-specific protective forces of the blood system
and inhibits subtle specific phagocytosis. The immune
response is manifested by an increase in the level of
heterogeneous antibodies by 24%, complement by
12,5% and circulating immune complexes by 30%. In
general, the authors claim that the humoral part of the
immune system is activated, which is more related to
the function of regulation than protection.

Conclusion

Taken together, these results indicate that
the trace elements (fluoride, bromide, iodide, meta-
silicic and orthoboric acids) of mineral waters play an
essential role in their effects on the autonomic nervous,
endocrine and immune systems, which are known to
interact closely within the triune neuro-endocrine-
immune complex.
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Table 1. The chemical composition of the applied mineral waters

Tap Water Sofiya Hertsa Salt analogue Naftussya
Electrolytes, mM/L

Na+ 0,5 156 196,7 196,7 0,6
Cl- 3,4 142 205 205 1,0
HCO3- 2,9 7,5 5,6 5,6 8,2
Ca2+ 3,4 5,3 3,40 3,40 2,9
Mg2+ 0,5 4,3 3,44 3,44 2,3
K+ 0,4 0,3 0,4 0,4 0,3
SO42- 1,2 13,1 0,1 0,1 1,0

Trace elementes, mg/L
H2SiO3 5 4,43 9,88 0 9,5
H3BO3 0,25 8,39 42,76 0 0,200
Br 8,3 6,7 21,17 0 0,034
J 0,025 1,29 6,62 0 0,004
F 0,95 0,52 0,57 0 0,160

Organic substances, mg/L
C org 5,0 5,5 34 0 13,8
N org 0,02 0,8 0,14 0 0,33

Table 2. Matrix of correlations between the content of trace elements in fluids and neuroendocrine
parameters after weekly water-salt loads

Neuroendocrine parameters F- H2SiO3 Br- H3BO3 J-
Variative Swing HRV as Vagal Tone, msec -,06 -,18 ,01 ,03 ,03
Mode HRV, msec -,18 -,12 -,11 -,06 -,06
AMo HRV as Sympathetic Tone, % ,17 ,26 ,01 -,04 -,04
(Nap/Kp)0,5 as Mineralocorticoid Activity ,17 -,07 ,18 ,15 ,15
(Nap•Ku/Kp•Nau)0,25 as Mineralocorticoid Activity ,19 ,28 -,08 -,16 -,16
(Cap/Pp)0,5 as Parathyroid Activity -,30 -,21 -,02 ,09 ,09
(Cap•Pu/Pp•Cau)0,25 as Parathyroid Activity -,23 -,29 ,01 ,09 ,09
(Pp•Cap)-0,5 as Calcitonin Activity ,16 ,02 ,21 ,17 ,17
(Cau•Pu/Pp•Cap)0,25 as Calcitonin Activity -,13 -,03 ,02 ,07 ,07
Triiodothyronine, nM/L -,27 ,01 -,31 -,23 -,23
Testosterone, nM/L ,19 ,04 -,09 -,20 -,20
Corticosterone, nM/L -,29 ,25 -,24 -,14 -,14
Glomerular Zone of Adrenal Cortex, μM -,01 -,03 ,12 ,14 ,13
Fascicular Zone of Adrenal Cortex, μM -,13 -,01 -,22 -,19 -,19
Reticular Zone of Adrenal Cortex, μM -,14 ,01 -,11 -,08 -,08
Adrenals Mass Index, % ,07 ,36 -,08 -,11 -,11

Table 3. Factor structure of the canonical roots, which represent the content in liquids of trace elements
and neuro-endocrine parameters

Trace elements R
F- -0,519
H2SiO3 -0,430
Br- -0,291
H3BO3 -0,120
J- -0,118

Neuroendocrine parameters R
Triiodothyronine, nM/L 0,697
Testosterone, nM/L 0,031
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AMo HRV as Sympathetic Tone, % -0,354
Adrenals Mass Index, % -0,333
(Nap•Ku/Kp•Nau)0,25 as Mineralocorticoid Activity -0,281
Corticosterone, nM/L -0,083

-1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

Trace elements

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

N
euro-ndocrine param

eters

R=0,769; R2=0,591; χ2(30)=62; p<10-3; Λ Prime=0,223
Fig. 1. Scatterplot of canonical correlation between the roots, which represent the content in liquids of
trace elements (X-axis) and neuro-endocrine parameters (Y-axis)

Table 4. Matrix of correlations between the content of trace elements in the fluids and the immune
parameters of the thymus, spleen and blood after weekly water-salt loads

Immune parameters H2SiO
3

H3BO
3

Br- J- F-

Thymus Mass Index, mg/100 g BM 0,12 0,01 0,03 0,01 0,04
Lymphocytes of Thymus, % -0,10 -0,13 -0,16 -0,13 -0,14
Lymphoblastes of Thymus, % 0,28 0,04 0,05 0,04 0,09
Reticulocytes of Thymus, % -0,00 0,04 0,07 0,04 0,10
Epitheliocytes of Thymus, % -0,06 0,05 0,03 0,05 -0,03
Endotheliocytes of Thymus, % 0,30 0,11 0,08 0,11 -0,01
Plasmocytes of Thymus, % 0,14 0,10 0,16 0,10 0,22
Macrophages of Thymus, % -0,25 -0,02 0,02 -0,02 0,04
Hassal corpuscles of Thymus, % -0,03 -0,05 -0,07 -0,05 -0,04
Entropy of Thymocytogram 0,13 0,14 0,18 0,14 0,17
Spleen Mass Index, mg/100 g BM 0,15 0,00 -0,06 0,00 -0,13
Lymphoblastes of Spleen, % -0,03 0,13 0,10 0,13 -0,04
Lymphocytes of Spleen, % -0,08 0,26 0,34 0,26 0,26
Plasmocytes of Spleen, % 0,07 0,01 0,02 0,00 0,03
Reticulocytes of Spleen, % -0,16 -0,28 -0,27 -0,28 -0,06
Fibroblastes of Spleen, % -0,26 -0,27 -0,28 -0,27 -0,12
Macrophages of Spleen, % 0,25 0,03 0,08 0,03 0,16
Microphages of Spleen, % 0,20 0,07 -0,05 0,07 -0,24
Eosinophiles of Spleen, % -0,03 -0,12 -0,16 -0,12 -0,14
Entropy of Splenocytogram 0,10 -0,20 -0,29 -0,20 -0,27
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Monocytes of Blood, % -0,30 -0,26 -0,34 -0,26 -0,27
Leukocytes of Blood, 109/L 0,26 0,18 0,25 0,18 0,27
Lymphocytes of Blood, % -0,22 -0,34 -0,31 -0,34 -0,06
Stub Neutrophils of Blood, % 0,09 0,08 0,11 0,08 0,14
Segmented Neutrophiles of Blood, % 0,34 0,43 0,40 0,43 0,11
Eosinophiles of Blood, % -0,03 0,07 0,10 0,07 0,08
Basophiles of Blood, % 0,06 0,22 0,22 0,22 0,13
Entropy of Leukocytogram 0,03 0,10 0,04 0,10 -0,05
Natural Killer Lymphocytes, % -0,30 -0,22 -0,31 -0,22 -0,30
T-helper Lymphocytes, % -0,02 -0,04 -0,02 -0,04 0,04
T-cytolytic Lymphocytes, % -0,12 -0,01 0,05 -0,01 0,15
B-Lymphocytes, % -0,13 -0,06 0,04 -0,06 0,26
0-Lymphocytes, % 0,20 0,11 0,05 0,11 -0,11
Entropy of Immunocytogram -0,15 -0,01 -0,04 -0,01 -0,11
Microbian Count of Neutrophils, B/Ph 0,36 0,28 0,34 0,28 0,25
Phagocytic Index of Monocytes, % -0,29 -0,23 -0,25 -0,23 -0,17
Microbian Count of Monocytes, B/Ph -0,29 -0,22 -0,26 -0,22 -0,17
Killing Index of Neutrophils, % 0,10 0,16 0,09 0,16 -0,11
Phagocytic Index of Neutrophils, % 0,16 0,19 0,24 0,19 0,18

Table 5. Factor structure of the canonical correlation between the roots, which represent the content of
trace elements in the fluids and the immune parameters of the thymus, spleen and blood

Trace elements R
H2SiO3 -0,737

Br- -0,689
H3BO3 -0,674

J- -0,672
F- -0,287

Immune parameters R
Microbian Count of Neutrophils, B/Ph -0,674
Segmented Neutrophiles of Blood, % -0,414
Endotheliocytes of Thymus, % -0,345
0-Lymphocytes, % -0,321
Leukocytes of Blood, 109/L -0,284
Lymphoblastes of Thymus, % -0,201
Macrophages of Spleen, % -0,162
Microphages of Spleen, % -0,083
Natural Killer Lymphocytes, % 0,578
Fibroblastes of Spleen, % 0,361
Reticulocytes of Spleen, % 0,322
B-Lymphocytes, % 0,246
Phagocytic Index of Monocytes, % 0,170
Pan Lymphocytes of Blood, % 0,161
Eosinophiles of Spleen, % 0,154
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Entropy of Splenocytogram 0,154
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Fig. 2. Scatterplot of canonical correlation between the roots, which represent the content in liquids of
trace elements (X-axis) and immune parameters (Y-axis)

Table 6. Factor structure of two pairs of canonical roots, which represent neuroendocrine and
immune parameters

Neuro-endocrine factors Root 1 Root 2
Triiodothyronine 0,935 0,181
Fascicular Zone Adrenal Cortex 0,596 0,348
Mineralocorticoid activity 0,408 -0,357
Reticular Zone Adrenal Cortex 0,335 -0,082
Parathyroid activity 0,290 0,009
Catecholamines (1/Mode) 0,289 -0,287
Testosterone 0,173 -0,144
Medullar Zone Adrenal -0,435 0,303
Calcitonin activity -0,319 0,074
Vagal tone (MxDMn) -0,285 0,011
Glomerular Zone Adrenal Cortex 0,138 -0,488
Sympathetic tone (AMo) 0,344 -0,484
Corticosterone -0,056 0,379

Immunity Root 1 Root 2
NK Lymphocytes Blood 0,928 0,134
Monocytes Blood 0,909 0,128
Microbial Count Monocytes 0,496 0,248
Epitheliocytes Thymus 0,435 -0,214
EntropyThymocytogram 0,256 -0,287
Reticulocytes Thymus 0,213 0,078
Phagocytic Index Monocytes 0,185 0,201
Reticulocytes Spleen 0,139 0,172
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Microbial Count Neutrophils -0,908 -0,144
Phagocytic Index Neutrophils -0,610 -0,275
Plasmocytes Spleen -0,510 0,223
Lymphoblastes Spleen -0,334 0,188
Lymphocytes Thymus -0,310 0,261
Pan-Lymphocytes Blood -0,257 -0,043
T-helper Lymphocytes Blood -0,129 -0,079
Macrophages Spleen 0,218 -0,568
Thymus Mass Index 0,277 -0,425
Entropy Immunocytogram -0,028 -0,423
T-cytolytic Lymphocytes Blood 0,097 -0,347
Entropy Leukocytogram 0,181 -0,344
B-Lymphocytes Blood -0,126 -0,232
Fibroblastes Spleen 0,094 0,155
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Fig. 3. Scatterplot of canonical correlation between first pair of the roots, which represent the neuro-
endocrine (X-axis) and immune (Y-axis) parameters
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Fig. 4. Scatterplot of canonical correlation between second pair the roots, which represent the neuro-
endocrine (X-axis) and immune (Y-axis) parameters


