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Summary

Colorectal cancer is one of the most common oncological diseases, therefore, the study
of this problem is an important issue in clinical practice. This problem becomes especially
urgent in case of the formation of anemic syndrome in patients, which causes the emergence
of a mutual burden syndrome and increases the risks for a patient. The progressive nature of
anemia in colorectal cancer is accompanied by secondary metabolic disorders. The material
for the study was the blood plasma of 445 patients (228 men and 217 women). Among them,
53 patients (31 women and 22 men) with iron deficiency anemia were examined and included in
the first observation group (I) and 392 patients (206 men (52,55 %) and 186 women (47.45 %))
with colorectal cancer whose course of the underlying disease was burdened with anemia in
neoplastic disease were included in the second observation group (II). Among the patients in
the second (II) observation group, there were 222 individuals (119 men and 103 women) with
malignant neoplasms of the colon (ICD-10 code: C.18), 29 individuals (16 men and 13 women)
with malignant neoplasms of the rectosigmoid junction (ICD-10 code: C.19), 138 individuals
(82 men and 56 women) with malignant neoplasms of the rectum (code ICD-10 C.20) and
3 patients (2 men and 1 woman) with malignant neoplasms of the anus (ICD-10 code: C.21).
The age of the examined patients was from 22 to 79 years.

It was found that prior to the initiation of treatment in patients with anemia in neoplastic
disease, regardless of the course of colorectal cancer, there was a significant increase in the
plasma level of free fractions of heparin, histamine and serotonin (p < 0,001); the ratio of hista-
mine: serotonin was also changed in comparison with the values in the control group (p < 0,05),
which indicated both an increased release of heparin, histamine and serotonin from the depot,
and an impaired inactivation processes of these biologically active substances.

It was correctly concluded that in addition to the baseline therapy the administration of
arginine glutamate which causes both antihypoxic and membrane-stabilizing action, reliably
contributes to the normalization of secondary metabolic disorders of histamine, serotonin and
heparin metabolism in anemia in neoplastic disease in patients with colorectal cancer.
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I. Introduction

Anemia is one of the most frequent complications of cancer. It occurs both as a result of
the onset, development and progression of the tumour process, and cytostatic and/or radiation
therapy, which is used to treat cancer, the presence of hemolysis, splenomegaly, hemorrhagic
syndrome, hemodilution, ineffective erythropoiesis, impaired regulation of iron metabolism in
the patient’s body, the key link of which is now considered to be changes in the hepcidin syn-
thesis (Berganaschi, 2017, Vydyborets, 2017, Gordienko, 2018). This type of anemia is called
anemia in neoplastic disease (AND), and the nosological form of this anemia is included in
the headings of the International Classification of Diseases (ICD) under the code D63.0. It
is believed that an essential link in the AND pathogenesis is the absence of a compensatory
increase in the rate of erythrocyte production, as well as a negative effect on the bone marrow
(BM) of cytostatic drugs.

Long-term studies of the causes of tumours have led to the conclusion that tumour pro-
gression is the result of loss of control over cell replication due to mutation, after which the cell
has an inherent potential for uncontrolled proliferation (Weiss G, 2019, Tymchenko A, 2019).

Until now, there is a debate about whether metabolic changes are the primary factor
triggering carcinogenesis, or the tumour transformation of cells initiated due to other rea-
sons triggers pathological variants of cell metabolism (Avni, 2015). But the fact of the strict
dependence of tumour cells on the supply of ATP as a result of intense glycolysis remains such
that there is no doubt. Tumour cells are metabolically heterogeneous, that is, they are able to
change metabolism to adapt to existence in conditions of competition for energy substances
with cells of the normal microenvironment. It is known that different types of tumour cells
can function by different bioenergetic mechanisms, for example, glycolysis and phosphoryla-
tion (Borysenko, 2020). In addition to glucose, tumour cells are able to metabolize alternative
energy sources — fatty acids and amino acids. The mechanisms of regulation of these processes
have not yet been sufficiently studied.

Anemia is accompanied by the development of hemic hypoxia, which in turn causes a
wide range of metabolic disorders characteristic of the common pathophysiological process —
hypoxia, in particular, excessive release of histamine, serotonin, heparin (the metabolism of
which is closely related).

The aim of the work is to improve the efficacy of AND treatment in CRC by improving
the drug therapy regimen with the use of pathogenetically targeted correction of disorders iden-
tified on the basis of a comprehensive study of biochemical parameters of patients’ plasma level
of free fractions of serotonin, histamine, heparin.

2. Material and methods of research

This clinical study was conducted on the basis of the Kyiv Regional Oncological
Dispensary. The material for the study was the blood plasma of 445 patients (228 men and
217 women). Among them, 53 patients (31 women and 22 men) with iron deficiency ane-
mia (IDA) were examined and included in the first observation group (I) and 392 patients
(206 men (52,55 %) and 186 women (47.45 %)) with colorectal cancer (CRC) whose course of
the underlying disease was burdened with anemia in neoplastic disease (AND) were included
in the second observation group (II). Among the patients in the second (II) observation group,
there were 222 individuals (119 men and 103 women) with malignant neoplasms of the colon
(ICD-10 code: C.18), 29 individuals (16 men and 13 women) with malignant neoplasms of
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the rectosigmoid junction (ICD-10 code: C.19), 138 individuals (82 men and 56 women) with
malignant neoplasms of the rectum (code ICD-10 C.20) and 3 patients (2 men and 1 woman)
with malignant neoplasms of the anus (ICD-10 code: C.21). The age of the examined patients
was from 22 to 79 years. The mean age of the patients was (63,3 £ 1,2) years. Anemic syndrome
was present in the examined patients upon admission to the hospital. The presence of CRC of
Stage II-1V according to S. E. Dukes (1956) was determined histochemically. All patients were
examined prior to the initiation of any treatment.

The severity of anemia was determined according to the criteria proposed by the National
Cancer Institute (USA) and was allocated as: mild anemia — hemoglobin 10-12 g/dL; moderate
anemia — 8—10 g/dL; severe anemia — 6.5-8 g/dL; life-threatening anemia — below 6,5 g/dL.
Among patients with IDA, 19 people were diagnosed with mild IDA, 15 people — with mod-
erate IDA, 11 people — with severe IDA and 8 people — with life-threatening IDA. Mild AND
in CRC was diagnosed in 172 patients (92 men and 80 women), moderate — in 114 patients
(66 men and 48 women), severe — in 78 people (32 men and 48 women) and life-threatening —in
28 patients (16 men and 12 women). The control group consisted of 50 primary blood donors
who had no history of oncological or chronic inflammatory diseases.

The plasma level of free fraction of heparin (FHN) of the examined patients was deter-
mined using the photocolorimetric method on photoelectric colorimeter FEC 56-M after its pre-
liminary isolation by electrophoretic method according to the appropriate procedure. The plasma
level of free fractions of histamine (FH) and serotonin (FS) of the examined patients was studied
using the method of fluorometric analysis on the analyzer “BIAN-130"-"BIAN-100" according
to the procedure of B. V. Mykhailychenko, S. V. Vydyborets (1999).

Patients with mild and moderate anemia (n=286) received basic therapy with iron prepa-
rations intravenously under the control of peripheral blood parameters; in addition to the admin-
istration of iron preparations patients with severe AND (n=78) received erythropoietin prepa-
ration; and in addition to iron and erythropoietin preparations patients with life-threatening
anemia (n=28) received transfusions of erythrocytes. Depending on the therapy, some patients
(observation group IIA) with AND in CRC, in addition to the basic therapy, received arginine
glutamate, which is well-known and has proven itself as a hepatoprotector, which is positive
in this clinical situation and due to its composition causes both antihypoxic and membrane
stabilizing action. The study results were processed using the methods of variation statistics by
calculating the Student t-test (p<0,05).

3. Results and its discussion

Data on the parameters of the plasma level of FHN, FH, FS of primary blood donors
(control group) are given in Table 1.

The obtained data of biochemical parameters of blood on the plasma level of FHN, FH,
FS of primary donors can be used as controls when conducting a comparative analysis.

The biochemical values of the plasma level of FHN, FH, FS prior to the initiation of
treatment in patients with mild AND in CRC are given in Table 2.

As can be seen from Table 2 prior to the initiation of treatment in patients with mild ADN
in CRC, there was a significant increase in the plasma level of FHN, FH, FS (p<0,001); the ratio
of FH:FS was also changed in comparison with the values in the control group (p0,05), which
indicated both an increased release of heparin, histamine and serotonin from the depot, and an
impaired inactivation processes of these biologically active substances.

The biochemical values of the plasma level of FHN, FH, FS prior to the initiation
of treatment in patients with moderate AND in CRC are given in Table 3.
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Table 1
Plasma level of FHN, FH, FS of healthy subjects (M £+ m)
paraslzllz(:iidunit Total Men Women Significance
of measure’ment (n =50) (n=29) (n=21) of differences (p)
Level of FHN, (ug/g) 21,28 £0.51 21,41 +0,75 20,96 + 1,15 p>0.1
Level of FH, (nmol/g) 1,45+0,14 1,45+0,16 1,46 £ 0,30 p>0.1
Level of FS, (nmol/g) 0,59 £ 0,05 0,59 £ 0,09 0,57 £ 0,07 p>0.1
Ratio
FH: FS 2,8+0,25 2,79+0,30 2,76 0,49 p>0.1
Note: p — the significance of differences between values depending on gender.
Table 2

The plasma level of FHN, FH, FS of patients with AND in CRC (mild course) and
determination of their ratio in the period before the initiation of treatment (M + m)

Studied parameter, Total Men Women Significance

unit of measurement (n=172) (n=92) (n = 80) of differences (p)
Level of FHN, (ug/g) 26.04+035 | 26174061 | 2609041 pf)1<>0?6(1)1
Level of FH, (nmol/g) 3242077 | 3354039 | 3,17+0,52 pzpljo(”élm
Level of FS, (nmol/g) 1594004 | 165023 | 1.54%008 p?1<>0?0’(1)1
Ratlo 2044003 | 2034008 | 2.06+0,07 o001

Notes: p, — the significance of differences between values depending on gender;
p, — the significance of differences between values in comparison with the control group.

Table 3
The plasma level of FHN, FH, FS of patients with AND (moderate course) in CRC and
determination of their ratio in the period before the initiation of treatment (M + m)

Studied parameter, Total Men Women Significance
unit of measurement (n=114) (n = 66) (n =48) of differences (p)
p,> 0,1
Level of FHN, (ng/g) 28,69 + 0,39 28,17+ 0,61 28,74 + 0,41 p, < 0,001
p, <0,001
p,>0,1
Level of FH, (nmol/g) 3,84 +£0,75 3,85+0,64 3,83 +£0,52 p, <0,001
p, <0,001
p,>0,1
Level of FS, (nmol/g) 1,68 + 0,02 1,75 £ 0,21 1,59 £ 0,07 p, <0,001
p, <0,001
Ratio p, > 0.1
. 2,29 + 0,04 2,20 + 0,08 2,41 £0,07 p, <0,001
FH:FS 2
p, <0,001

Notes: p, — the significance of differences between values depending on gender;
p, — the significance of differences between values in comparison with the control group;
p, — the significance of differences between values in comparison with the group
of patients with mild AND.
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As can be seen from the data given in Table 3, there were more significant impairments
in the plasma level of the substances studied in patients with moderate AND in CRC in compar-
ison with patients with mild anemia.

The biochemical values of the plasma level of FHN, FH, FS prior to the initiation of
treatment in patients with severe AND in CRC are given in Table 4.

Table 4
The plasma level of FHN, FH, FS of patients with AND (severe course) in CRC and
determination of their ratio in the period before the initiation of treatment (M + m)

araslzll:g(i;dunit Total Men Women Significance
(I))f measurement (n=178) (n=32) (n=48) of differences (p)
p,> 0,1
Level of FHN, p. <0,001
(ng/g) 36,49 £0,37 37,01 £ 0,64 36,14 +0,15 pi <0.001
p, <0,001
p,>0,1
Level of FH, p. <0,001
(nmol/g) 5,11+0,15 5,15+ 0,64 5,03 +£0,51 p23 <0,001
p, < 0,001
p,> 0,1
Level of FS, p, <0,001
(nmol/g) 1,64 +0,02 1,71 £ 0,11 1,51 +0,08 pj <0001
p, <0,001
p,> 0,1
Ratio p, <0,001
FH-FS 3,11 £0,08 3,01 £0,05 3.33+0,09 pi <0001
p, < 0,001

Notes: p, — the significance of differences between values depending on gender;
p, — the significance of differences between values in comparison with the control group;
p, — the significance of differences between values in comparison with the group of patients with
mild AND; p, — the significance of differences between values in comparison with the group
of patients with moderate AND.

As can be seen from Table 4 prior to the initiation of treatment in patients with severe
ADN in CRC, there was a significant increase in the plasma level of FHN, FH, FS compared
with the control group and patients with mild and moderate ADN; the ratio of FH:FS was also
changed (p<0,001), which indicated both more significant impairments of heparin, histamine
and serotonin release from the depot, and an impaired inactivation processes of these biologi-
cally active substances.

The biochemical values of the plasma level of FHN, FH, FS prior to the initiation of
treatment in patients with life-threatening AND in CRC are given in Table 5.

As can be seen from Table 5 prior to the initiation of treatment in patients with life-threat-
ening ADN in CRC, there was a significant increase in the plasma level of FHN, FH, FS com-
pared with the control group and patients with moderate and severe ADN; the ratio of FH:FS
was also changed (p<0,001), which indicated both more significant impairments of heparin,
histamine and serotonin release from the depot, and impaired inactivation processes of these
biologically active substances. Attention is drawn to the fact that the FH:FS ratio in this group
of patients decreased in comparison with its values in patients with the severe course.
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Table 5
The plasma level of FHN, FH, FS of patients with AND (life-threatening course) in CRC
and determination of their ratio in the period before the initiation of treatment (M + m)

Significance
of differences

(p)

p,>0,1
p, <0,001
Level of FHN, (ng/g) | 41,03+ 1,31 39,97 £ 1,69 42,19 £2,43 p, <0,001
p, <0,001
p, <0,001

Studied parameter, Total Men Women
unit of measurement (n=392) (n =206) (n=186)

p,>0,1
p, <0,001
5,46 +0,48 5,45+0,39 5,47 +0,59 p, <0,001
p, <0,001
p, < 0,001

Level of FH,
(nmol/g)

p,>0,1
p, <0,001
2,49+0,19 2,45+0,29 2,44 +£0,07 p, <0,001
p, <0,001
p, <0,001

Level of FS,
(nmol/g)

p,>0,1
p, <0,001
2,19 +£0,07 2.22 £0,05 2,24 + 0,08 p, <0,001
p, < 0,001
p, < 0,001

Notes: p, — significance of differences between values depending on gender; p, — significance of
differences between values in comparison with the control group; p, — significance of differences
between values in comparison with the group of patients with mild AND; p, — significance of
differences between values in comparison with the group of patients with moderate AND;

p, — significance of differences between values in comparison with the group of patients with
severe AND.

Ratio
FH:FS

It is known that there is a serotonergic regulation of the gastrointestinal motor function in
the human body. The gastrointestinal motor function is an important component of the digestion
process which ensures the uptake of food, its mechanical processing, movement along the ali-
mentary canal in a strict sequence in accordance with the periods of chemical digestion of food
ingredients in its segments. The large intestine, as an object of regulatory influence, carried out
by serotonin, takes the leading place since the process of digestion in humans ends precisely in
the distal colon.

Serotonin is one of the main intestinal neurotransmitters. A significant amount of sero-
tonin is synthesized and accumulated in the mucosa of the large intestine. Serotonin is synthe-
sized and deposited in enterochromaffin cells, the maximum content of which is found in the
rectum and duodenum. Mechanical deformation of enterochromaffin cells with an increase in
pressure inside the intestine causes the release of serotonin, which is confirmed by an increase
in its amount, which is released into the intestinal cavity. In this case, the release of serotonin
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is considered one of the intermediate stages in the action of various stimulating factors on the
intestinal wall. Serotonergic neurons are widely represented in the enteric nervous system, in
particular, in the Auerbach’s plexus of the human intestine. Serotonergic preganglionic fibers
are located mainly in the myenteric nervous plexus; a connection of this type of fibers with
postganglionic neurons has been revealed. Serotonin-immunoreactive fibers form a plexus and
can be traced to the circular muscle layer and submucosa of the intestine.

Considering the role of serotonin in peristalsis, one should take into account its ability to
stimulate the excitability of myenteric neurons. The effect of serotonin is mediated by the acti-
vation of the corresponding 5-HT receptors. 5-HT 1A, 5-HT 3, 5-HT4 receptors are found on
enteric neurons. Activation of receptors by serotonin stimulates the motor activity of the large
intestine. Serotonin plays an important role in the regulation of afferent signals, motility and
secretion in the digestive tract, and accordingly, disruption of biosynthesis, content, release and
reuptake negatively affects the functions of the digestive tract. Serotonin is removed from the
interstitial space by reuptake with the specialized transport protein SERT. The SERT transporter
is characterized by a high affinity for serotonin, is a presynaptic protein that specializes in the
removal of serotonin from the synaptic cleft. It is presented not only in central and peripheral
neurons but also in intestinal epithelial cells and platelets. Serotonin binding systems are also
found in the enteral sympathetic endings which release serotonin upon stimulation. It should be
remembered that serotonin is not only a transmitter but also an important mediator of inflam-
mation and immunity.

To date, the presence of 12 histamine derivatives has been discovered and identified in
living organisms. Their presence is explained by the presence of two reactive centers in the
histamine molecule: the nuclei of the amino group (NH-) and the side chain of the amino group
(NH,-), thanks to which there is a certain spectrum of histamine derivatives. The existence of
a certain relationship between the conformation of the histamine molecule and its biological
activity has been established. It is believed that the histamine molecule is only active when the
side chain is completely bent and is in transform, and the C atoms are coplanar with the imi-
dazole ring, which provides the maximum distance between the nitrogen of the imidazole ring
and the nitrogen atom of the amino group. Substitution of hydrogen in the presence of nitrogen
atoms makes histamine inactive to the receptor.

Histamine is a constituent part of almost all tissues, biological fluids and faeces of ani-
mals and humans. Most of all it is in the skin, tissues of the digestive tract, lungs, that is, in the
tissues which are in maximum contact with the external environment. Most often, histamine is
determined in blood, plasma, urine, saliva, cerebrospinal fluid, tissues, less often — hair, sweat,
mucus of the nasal passages, bile. In the blood, histamine is localized mainly in basophilic and
eosinophilic leukocytes. The normal blood level of histamine in human is 40-70 ng/mL, and the
plasma level — 1-2 orders of magnitude lower.

In animals and humans, histamine is synthesized from food proteins during the decar-
boxylation of histidine with bacteria of the intestinal flora of the E. coli group, and partially,
in small quantities, directly from food — exogenously, and by intracellular decarboxylation of
histidine with histidine decarboxylase — endogenously.

Histamine, released into the blood and tissues, is metabolized in three ways: deamination
with diamine oxidase or histaminase with the formation of imidazole acid via 4-imidazolecar-
boxaldehyde; methylation with the formation of 1-methylhistamine or N-methylhistamine using
the histamine-N-methyltransferase enzyme; acylation with the formation of 4-(beta-acetylami-
noethyl)imidazole using the acetylase enzyme (in bacteria, not detected in vertebrates).
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Histamine is a tissue hormone, a mediator in the nervous system, a stimulant and inhibitor
of intracellular, tissue and organ transformations, as well as a pharmacological drug. The reac-
tions caused by histamine often go beyond homeostasis and are accompanied by pathological
disorders both in organs and in the body as a whole. Its presence in quantities exceeding the
“pharmacological” ones often cause impairment in the normal vital functions. The toxic effect
of histamine is enhanced by drugs such as monoaminooxidase inhibitors, alcohol and other
biologically active amines.

The heparin synthesis in the human body mainly occurs in the cytoplasm of mast cells,
where it can be in a free state or in the form of a heparin-zinc-histamine complex. In the periph-
eral blood, the depot of heparin is neutrophilic leukocytes. Heparin is part of the sulfated pol-
ysaccharides of tissues and its specific gravity is up to 5 %. In response to various stimuli, in
particular, hypoxia, heparin is released from the depot granules. At the same time, eosinophil
chemotactic factor, histamine, serotonin, dopamine, proteases (tryptases and chymases) and
so on are simultaneously released. Mast cells are able not only to synthesize but also to absorb
heparin from the blood circulation and incorporate it in the granules, as well as glycogen, inulin,
dextrin, carboxymethyl cellulose. Depending on the structural characteristics of the polysac-
charide part of the heparin molecule, the manifestation of the relationship between the internal
structures of labrocytes and polymers, which have penetrated to them, are different; with the
help of non-fractional 35S-heparin, it was demonstrated that heparin, which is accumulated by
mast cells of the connective cell type, with increased coagulant potential of the blood, is released
from them into the blood circulation and is involved in the reactions of providing hemostasis.
The release of heparin from mast cells occurs with endocytosis and exocytosis. As we have
already noted, one of the factors which can initiate processes of mast cell degranulation is hypoxia.

Hypoxia is a typical pathological condition that always accompanies anemic syndrome.
Of course, the assumption about the importance of pathophysiological changes in the plasma
level of histamine, serotonin and heparin in patients with colorectal cancer accompanied by the
development of anemia of neoplasm disease will be reasonable. In our opinion, special atten-
tion should be paid to the correction of the detected secondary metabolic disorders at the stage
of preparing patients for further treatment. Since such a correction should be a separate stage
in the patient’s treatment.

Currently, the main methods to treat anemia in oncological diseases, in particular, caused
by chemotherapy, is the transfusion of media containing erythrocytes and/or the administration
of preparations of erythropoietin which stimulate erythropoiesis in combination (or without)
with iron preparations for parenteral (intravenous) administration.

Considering all of the above and the quite obvious reasons, namely, the secondary met-
abolic disorders of serotonin, histamine, heparin which manifested by a significant increase
in their plasma level of patients with AMN in CRC, we suggested the need to use a medicinal
product in a complex of therapeutic measures which can cause antihypoxic, membrane stabiliz-
ing and anti-edema action. Since we did not find such works in the scientific literature available
to us, it was decided on the basis of clarifying the state of serotonin, histamine, heparin metab-
olism in the blood plasma of patients with AND in CRC, to increase the treatment efficacy by
improving the drug therapy regimen.

As we noted above, all patients with AND in CRC were divided into two subgroups
depending on the inclusion of arginine glutamate, which causes both antihypoxic and mem-
brane stabilizing action, in addition to the basic therapy. The following groups were formed: a
group of patients who received the indicated drug (IIA, (n = 180, 98 men and 82 women) and a
group of patients who received the basic therapy only (IIB, (n =212, 108 men and 104 women).
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The safety study results of the arginine glutamate use in the treatment of patients with
AND with CRC at the stage of preparation for further treatment are given in Table 6.

Table 6
The plasma level of FHN, FH, FS of patients with AND in CRC
after treatment with arginine glutamate use (M + m)
Studied parameter, Patients of IA group Patients of IB group Significance
unit of measurement (n =180) (n=212) of differences (p)
p,>0,1
(Lev/el)"f FHN, 23,54+ 0,51 27,83 40,51 p, < 0,001
ng/g p, < 0,05
p,>0,1
E}‘g‘z}l /01; FH, 1,74+0,18 2,84+ 0,38 p, <0,001
& p.<0,01
p,>0,1
{ﬁill /OgFS’ 1214010 145+0,11 p, < 0,001
g p. <0,05
. p,> 0,1
Ratio 1,43 = 0,04 1,96 £ 0,05 p. 0,001
FH:FS 2
p, <0,05

Notes: p, — the significance of differences between values depending on gender;
p, — the significance of differences between values in comparison with the control group;
p, — the significance of differences between values of patients in IIA and IIB groups.

As can be seen from Table 6, after the inclusion of arginine glutamate, which was admin-
istered at the beginning of treatment at a dose of 0,25 g orally three times a day after a meal for
14 days, in concomitant therapy of patients from IIA group, the plasma level of FHN, FH, FS
significantly decreased (p<0,05) after 2 weeks and the FH:FS ratio in blood plasma normalized
(p<0,05), which was indirect evidence of reduced severity of intoxication syndrome in patients
of IIA group.

4. Conclusion

Anemia in neoplastic disease in CRC is accompanied by significant changes in the
metabolism of biologically active substances — free fractions of heparin, histamine, serotonin,
and the ratio of free histamine to serotonin.

The main methods of treating anemia in cancer are the administration of iron prepara-
tions parenterally (intravenously), erythropoietin preparations, transfusion of erythrocyte-con-
taining media.

The pathogenetically oriented method of treatment of patients with anemia in neoplasm
disease in colorectal cancer has been improved and introduced into practice. It has a good per-
spective and consists of administration of a drug, which has an antioxidant, anti-edemic and
membrane-stabilizing action, in the addition to the basic therapy.

The administration of arginine glutamate, which causes both antihypoxic and mem-
brane-stabilizing action, in addition to the baseline therapy reliably contributes to the normal-
ization of secondary metabolic disorders of histamine, serotonin and heparin metabolism in
anemia in neoplastic disease in patients with rectal cancer.
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