
38
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Elucidation of the pharmacodynamic mechanisms of drugs capable of potentiating the effects 
of non-steroidal anti-inflammatory drugs is an important task. In this in vitro study, the ability 
of Traumeel S to influence the innate and acquired immunity was evaluated. Traumeel S was 
found to reduce activities of NADPH oxidase and neutrophil extracellular traps, as well as to 
evoke anti-inflammatory activity of lymphocyte subpopulations.
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is not fully understood, their function is known to de-
pend on neutrophilic NADPH oxidase activity [10,13]. 
Therefore, this study was aimed at evaluation of ac-
tivity of neutrophilic NADPH oxidase in the presence 
of Traumeel S.

Other important components of the inflammatory 
process are lymphocytes, the main cells of adaptive 
(acquired) immunity. Analysis of the expression of 
lymphocyte surface receptors allows detecting the in-
flammation-induced immunological changes and their 
modification under the influence of the selected phar-
macological agents.

Here we studied NADPH oxidase activity in 
inflammation-activated neutrophils and formation 
of NETs under the influence of Traumeel S and di-
clofenac (control) and evaluated the effect of Traumeel 
S on the population and subpopulation composition of 
cultured blood lymphocytes taken from patients with 
acute infectious inflammation.

MATERIALS AND METHODS

Neutrophil and leukocyte fractions isolated from pa-
tients with infectious inflammation were used in the 
study. Venous blood (10 ml) taken from patients was 
placed in siliconized test tubes with EDTA (anticoa
gulant).

Neutrophilic granulocytes were isolated from 
the venous blood of 12 patients with acute inflam-

Until now, the problem of rational pharmacotherapy 
for infectious and non-infectious inflammatory diseas-
es is highly relevant [1-5]. Non-steroidal anti-inflam-
matory drugs (NSAIDs) are most often used to treat 
inflammatory diseases; in the immunological terms, 
NSAIDs act by suppressing inflammatory mediators. 
In this mechanism, NSAIDs interact directly with the 
inflammatory mediator molecule rather than with the 
immune cells that produce these mediators [2,3,6].

In light of this, identification of pharmacological 
agents capable of modulating activity of mediator-pro-
ducing immune cells and showing no drug-drug inter-
actions with NSAIDs, without strict restriction of the 
duration of application and with a wide spectrum of 
indication seems important [7-9]. Such immunomod-
ulatory drugs are suggested to act synergistically with 
NSAIDs and improve their effectiveness [10,11].

In this scenario, the pharmacological target is neu-
trophils, the most numerous white blood cells. In the 
inflammation focus, neutrophils destroy microorga
nisms using a number of mechanisms, mainly through 
phagocytosis, release of antimicrobial substances, and 
formation of neutrophilic extracellular traps (NET) 
[10,12,13]. Though the mechanism of NET formation 
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matory processes characterized by pronounced leu-
kocytosis. The cells were isolated by centrifugation 
(30 min at 1600 rpm) in double Ficoll gradient (1.077 
and 1.095 g/ml). The interphase ring containing neu-
trophilic granulocytes was collected, transferred to 
centrifugation tubes, and twice washed from Ficoll 
with sodium-phosphate buffer solution (15 min at 1200 
rpm). Neutrophils were aseptically placed in RPMI-
1640 medium (final cell concentrations 2×105/ml) and 
incubated with the test agents at 5% CO2 at 37°C.

NADPH oxidase activity was evaluated using the 
NBT test. Fluorescence microscopy was used to detect 
and count the NETs. The technique was developed in 
our laboratory (application for the Patent of the Rus-
sian Federation No. 2021104936). The results were 
expressed as the percent ratio of the number of NETs 
to the total number of neutrophils.

For in vitro experiments with neutrophils, com-
mercial preparation Traumeel S (sterile solution; Bio
logische Heilmittel Heel) was diluted by factors of 
103, 104, 105, and 106. Diclofenac served as a refer-
ence drug (final concentration 3 μg/ml). Neutrophils 
incubated in the absence of the test drugs served as 
the control.

Lymphocyte fractions were isolated from the ve-
nous blood of 20 healthy donors and 6 patients with 
acute inflammation. The cells were isolated by density 
gradient centrifugation according to A. Böyum (1968) 
under sterile conditions. The content of lymphocytes 
expressing surface antigens CD3, CD4, CD8, CD16, 
CD20, CD72, CD38, CD25, CD71, HLA-DR, CD95, 
and CD54 in samples of peripheral blood or in vitro 
cultures was determined in the reaction of indirect 
immunofluorescence using appropriate monoclonal 
antibodies.

Lymphocyte suspensions (2×105 cells/ml) were 
incubated with Traumeel S (dilution 103) for 2 h at 
5% CO2 at 37°C.

The results were processed statistically, signifi-
cance of differences was evaluated using the Student’s 
t test (for big samples) or Wilcoxon and Mann—Whit-
ney test (small samples and the data that did not fit 
normal distributions, as well as for pairwise com-
parisons. The results are presented as M±m; the dif-
ference from the control were considered significant 
at p<0.05.

RESULTS

Innate immunity system. The incubation with Trau-
meel S in all specified doses significantly reduced 
the content of NBT+ neutrophils and NETs in com-
parison with the control (Table 1). Thus, Traumeel S 
treatment reduced the number of NETs, which from 
a clinical point of view, indicates a direct anti-in-

flammatory effect and control over the overreacting 
immune system.

Acquired immunity system. Analysis of chang-
es in the population and subpopulation composition 
of peripheral blood lymphocytes from patients with 
acute infectious processes under the effect of Traumeel 
S revealed significant (p<0.05) differences from the 
control.

The proportion of T lymphocytes with cytotoxic 
function (CD8+ cells) in patients with infectious inflam-
mation was reduced to 23.63±1.18% (vs 26.18±0.96% 
in healthy donors). Traumeel S had practically no ef-
fect on this parameter: the number of CD8+ cells was 
22.99±1.26%.

In healthy subjects, the subpopulation of acti-
vated NK cells (CD16+ lymphocytes) was relative-
ly small (4.78±0.52%). In patients with infectious 
inflammation, the number of CD16+ cells increased 
to 8.99±1.30%, while under the influence of Trau-
meel S, this parameter practically returned to normal 
(4.26±0.41%).

The number of cells expressing HLA-DR antigen 
(marker of mature cells) was not changed in patients 
with acute infection (11.85±1.10%) in comparison 
with healthy subjects (11.68±0.52%). However, in the 
presence of Traumeel S, the number of HLA-DR+ cells 
increased to 16.33±0.65%. These findings suggest that 
the drug can stimulate lymphocyte differentiation.

In patients with acute infection, the number of 
cells expressing CD95 receptor (marker of pre-apopto-
sis) 2-fold surpassed the corresponding level in healthy 
subjects (9.33±0.69 and 4.66±0.38%, respectively). In 
the presence of Traumeel S, this indicator tended to 
decrease (7.06±0.68%).

The number of activated B cells (CD23+ cells) in 
patients with infection increased from 5.41±0.61 to 
9.16±1.12%, which could indicate the involvement 
of the B-cell immune system into the development of 
inflammation. In the presence of Traumeel S, the frac-
tion of activated B cells increased to 11.33±1.09%, i.e. 

TABLE 1. Effect of Traumeel S in Different Dilutions on the 
Number of NBT+ Cells and NET (M±m)

Group Number  
of NBT+ cells, %

Number  
of NET, %

Control 31.11±3.40 24.02±2.05

Diclofenac N.d. 16.55±1.13*

Traumeel S 103 23.45±1.56* 6.15±0.82*

104 12.45±0.95* 5.03±0.67*

105 8.02±0.84* 2.98±0.75*

106 10.52±1.47* 4.18±0.85* 

Note. N.d. — nor determined. *p<0.05 in comparison with the control.
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almost 2-fold surpassed the level observed in healthy 
controls.

Another functional lymphocyte marker CD54 
(ICAM-1) correlated with the severity of the inflam-
matory process, because CD54 expression is known 
to be induced by such cytokines as interleukin IL-1β 
and TNFα [14]. In patients with infectious inflamma-
tory process, the number of CD54+ cells was consis-
tently increased by almost 2-fold in comparison with 
the reference values (to 10.37±0.42% vs 5.49±0.98% 
in controls). Traumeel S suppressed the expression 
of the CD54 receptor and practically normalized 
this parameter. These data lead us to a conclude that 
Traumeel S can reduce the severity of inflammation 
presumably by inhibiting the action of inflammatory 
cytokines.

The HLA-DR/CD95 ratio after incubation with 
Traumeel S was 2.31, i.e. close to the value typical of 
healthy subjects (2.50), which indicates normalization 
of the activation processes in the immune system.

The revealed effect of Traumeel S on the cells of 
innate and adaptive immunity reflects the clinical role 
of Traumeel S pharmacotherapy in various types of 
inflammatory process.

In chronic inflammation (aseptic or infectious), 
the control of innate immune cells is more important, 
because they can induce more potent (in comparison 
with adaptive immunity cells) toxic effect on healthy 
tissues, which ultimately can lead to degenerative pro-
cesses in tissues and dysfunction.

In acute aseptic inflammation, controlling the be-
havior of innate immune cells is also important. Sim-
ilar to chronic inflammation, anti-inflammatory drugs 
reducing activity of neutrophils should be used.

In acute infectious inflammation, the role of ac-
quired immunity cells becomes more important than 
cells of innate immunity, because the reactivity of cel-
lular components of the immune system, namely T 
helpers, NK cells, and B lymphocytes against patho-
gens is a decisive factor. Our experiments showed that 
Traumeel S stimulates the antigen-presenting function 
of T cells (which can facilitate the recognition and 
neutralization of the pathogen) and reduces activity of 
NK cells associated with undesirable toxic effects on 
healthy tissue. Thus, the use of Traumeel S protects 
intact cells in the focus of inflammation and prevents 
tissue damage and dysfunction. It is known that the de-
crease in the level of CD54 (ICAM) indicates the end 
of acute inflammation. B lymphocytes are a key factor 
in resolution of prolonged acute inflammation. An in-
crease in the level of immunoglobulins is a marker of 
B lymphocyte activity. The trend to an increase in the 
level of CD72 in the presence of Traumeel S indicates 
a shift from the proinflammatory to anti-inflammatory 
profile at late stages of acute inflammation.

REFERENCES

	 1.	Gromova OA, Torshin IYu, Limanova OA, Tapilskaya NI. A 
systematic analysis of vascular paroxysm pathophysiology in 
perimenopause: methods for nutritional correction. Akush., 
Ginekol. Reprod. 2020;14(3):361-373. doi: 10.17749/2313-
7347/ob.gyn.rep.2020.167. Russian.

	 2.	Gromova OA, Torshin IYu, Naumov AV, Vasilyeva LV, 
Yevstratova YeF, Gromov AN. Acute issues in the pharmaco-
therapy of hand osteoarthritis. Farmakoekonomika. Sovremen. 
Farmaekonomika Farmakoepidemiologiya. 2020;13(4):452-
462. doi: 10.17749/2070-4909/farmakoekonomika.2020.067. 
Russian.

	 3.	Gromova OA, Torshin IYu, Naumov AV, Maksimov VA. 
Chemomicrobiomic analysis of glucosamine sulfate, prebiot-
ics and non-steroidal anti-inflammatory drugs. Farmakoeko-
nomika. Sovremen. Farmaekonomika Farmakoepidemiologiya. 
2020;13(3):270-282. doi: 10.17749/2070-4909/farmakoeko-
nomika.2020.049. Russian.

	 4.	Gromova OA, Torshin IYu, Shapovalova YuO, Kurtser MA, 
Chuchalin AG. COVID-19 and iron deficiency anemia: rela-
tionships of pathogenesis and therapy. Akush., Ginekol. Re-
prod. 2020;14(5):644-655. doi: 10.17749/2313-7347/ob.gyn.
rep.2020.179. Russian.

	 5.	Kobaidze EG. Microflora of the urinary tract and intestines 
in patients without and with chronic endometritis. Akush., 
Ginekol. Reprod. 2018;12(4):21-29. doi: 10.17749/2313-
7347.2018.12.4.021-029. Russian.

	 6.	Lipatova LV, Serebryanya NB, Sivakova NA, Vasilenko AV, 
Kapustina TV. Immune disturbances in patients with epilepsy 
and opportunity of immunomodulation by recombinant human 
IL-2. Epilepsiya Paroksozmal. Sostoyaniya. 2014;6(3):6-12. 
Russian.

	 7.	Makatsariya AD, Bitsadze VO, Khizroeva JKh, Vikulov GKh,  
Gomberg MA, Khryanin AA. Efficacy and safety of glu-
cosaminylmuramyl dipeptide in treatment of human papil-
lomavirus-associated diseases: a systematic review. Akush., 
Ginekol. Reprod. 2019;13(2):132-154. doi: 10.17749/2313-
7347.2019.13.2.132-154. Russian.

	 8.	Podgornaya AV, Makhmutkhodzhaev ASh. Vaginal biocenosis 
in pregnant women with recurrent bacterial vaginosis after 
treatment with recombinant human interferon alpha-2b. Akush., 
Ginekol. Reprod. 2019;13(3):211-216. doi: 10.17749/2313-
7347.2019.13.3.211-216. Russian.

	 9.	Poryadin GV, Salmasi JM, Kukes IV, Kazimirsky AN, Danilov 
AnB, Lazareva NB, Danilov AB. Modern knowledge of in-
flammatory diseases of various localization and etiology: new 
possibilities of pharmacotherapy. Farmateka. 2020;27(14):37-
46. doi: 10.18565/pharmateca.2020.14.37-46. Russian.

10.	Slukhanchuk EV. NETs and oncologic process. Akush., 
Ginekol. Reprod. 2021;15(1):107-116. doi: 10.17749/2313-
7347/ob.gyn.rep.2021.204. Russian.

11.	Tsibulkin AP, Khaertynova IM, Leonova GF, Maltseva LI. In-
teraction of hepatitis c virus with the immune system in preg-
nant women with chronic hepatitis C. Akush., Ginekol. Reprod. 
2019;13(1):43-49. doi: 10.17749/2313-7347.2019.13.1.043-
049. Russian.

12.	Manfredi AA, Ramirez GA, Rovere-Querini P, Maugeri N. 
The Neutrophil’s Choice: Phagocytose vs Make Neutrophil 
Extracellular Traps. Front. Immunol. 2018;9:288. doi: 10.3389/
fimmu.2018.00288

Bulletin  of  Experimental  Biology  and  Medicine,  Vol.  172,  No.  1,  November,  2021 PHARMACOLOGY AND TOXICOLOGY



41

13.	Maugeri N, Rovere-Querini P, Evangelista V, Covino C, 
Capobianco A, Bertilaccio MT, Piccoli A, Totani L, Cian-
flone  D, Maseri A, Manfredi AA. Neutrophils phagocytose 
activated platelets in vivo: a phosphatidylserine, P-selectin, 
and {beta}2 integrin-dependent cell clearance program. Blood. 
2009;113(21):5254-5265. doi: 10.1182/blood-2008-09-180794

14.	Mitachi T, Kouzui M, Maruyama R, Yamashita K, Ogata S, Ko-
jima H, Itagaki H. Some non-sensitizers upregulate CD54 ex-
pression by activation of the NLRP3 inflammasome in THP-1  
cells. J. Toxicol. Sci. 2019;44(3):213-224. doi: 10.2131/
jts.44.213

А. N. Kazimirskii, Z. М. Salmasi, et al.


	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

