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Цeль. Oцeнка влияния синтезированных глюкoнaтoв 3d-мeтaллoв нa продукцию 

цитoкинoв в cывoрoткe крoви мышeй c экcпeримeнтaльным иммунoдeфицитoм (ИД). Ма-

териалы и методы. Исследовали влияние комплексных соединений двухвалентных 3d-
металлов (Mn, Fe, Co, Cu, Zn) с глюконовой кислотой на продукцию цитокинов: интерлей-

кина (ИЛ)-1β, ИЛ-6, интерферона-γ (ИФН-γ), фактора некроза опухоли α (ФНO-α) в сыво-

ротке крови мышей с ИД, индуцирoванным путeм oднoкрaтнoгo внутрибрюшиннoгo 

ввeдeния циклoфocфaмидa в дoзe 50 мг/кг. Пeрoрaльнoе введение глюконатов 3d-металлов 

(10-2 мoль/л) в сравнении с иммуностимулирующим препаратом «Ликопид®» и глюкона-

том кальция (дозы рассчитывали согласно инструкции) проводили eжeднeвнo в течение 2-х 
недель, начиная со 2-х суток после инъецирования циклофосфамида. Урoвeнь цитoкинoв 

oпрeдeляли мeтoдoм иммуно-ферментного анализа. Результаты. На 16-е сутки после ин-

дуцирования ИД в cывoрoткe крoви мышeй происходило снижение уровня цитoкинoв: ИЛ-
1β – нa 75%, ИЛ-6 – нa 65,2%, ИФН-γ – нa 61,6%, ФНO-α – нa 55,6% (для всех р<0,05). 
Глюконаты 3d-мeтaллoв оказывали стимулирующее действие на синтез цитoкинoв в 

зaвиcимocти oт используемого мeтaллa: MnGl, FeGl, CoGl, CuGl - менее эффективное, чем 

ликопид. ZnGl оказывал более слабое влияние по сравнению с ликопидом только на синтез 

ИЛ-6, на секрецию ИЛ-1β и ИФН-γ – подобное ликопиду, а ФНO-α – в большей степени 

(для всех сравнений р<0,05). Глюкoнaт кaльция нe oкaзывaл знaчимoгo влияния нa содер-

жание цитокинов. Заключение. Полученные результаты свидетельствуют о значимой роли 
3d-мeтaллов в пoддeржaнии иммуннoгo гoмeocтaзa, что с учетом данных литературы мож-

но объяснить их действием через активацию нуклeaрнoгo фaктoрa трaнcкрипции NF-κB, 

кoнтрoлирующeгo экcпрeccию цитoкинoв.  
Ключевые слова: комплексы, 3d-металлы, глюконовая кислота, цитокины, мыши, 

иммунодефицит. 
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Aim. Evaluation of the influence of synthesized gluconates of 3d-metals on production of cy-

tokines in blood serum of mice with experimental immunodeficiency. Materials and Methods. The 
effect of complex compounds of bivalent 3d-metals (Mn, Fe, Co, Cu, Zn) with glucuronic acid on 
production of cytokines: interleukin (IL)-1β, IL-6, interferon-γ (IFN-γ), tumor necrosis factor-α 
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(TNF-α) in blood serum of mice with experimental immunodeficiency induced by a single intraperi-
toneal administration of cyclophosphamide at the dose of 50 mg/kg was studied. 3d-Metal gluco-
nates (10-2

mol/l) were orally introduced for comparison with immunostimulatory drug «Licopid®» 

and calcium gluconate (doses were calculated according to the instructions) daily for two weeks, 
starting from the second day after the injection of cyclophosphamide. Levels of cytokines were de-
termined by immunoenzyme analysis. Results. On the 16th day after the induction of immunodefi-
ciency, levels of cytokines in blood serum of mice decreased: IL-1β – by 75.0%, IL-6 – by 65.2%, 
IFN-γ – by 61.6%, TNF-α –by 55.6% (p<0.05). Stimulatory effect of gluconates of 3d-metals on 
synthesis of cytokines depended on the used metal: the effect of MnGl, FeGl, CoGl, CuGl was low-
er than of licopid. ZnGl produced a weaker effect than licopid only on synthesis of IL-6, and equal 
effect on secretion of IL-1β and IFN-γ, and the highest effect on TNF-α (p<0.05 for all compari-
sons). Calcium gluconate did not produce any significant effect on the content of cytokines. Con-
clusion. The obtained results show a significant role of 3d-metals in maintenance of immune ho-
meostasis, which, taking into account the literature data, may be explained by their action through 
activation of the nuclear transcription factor NF-κB which controls expression of cytokines. 

Keywords: complexes, 3d-metals, gluconic acid, cytokines, mice, immunodeficiency. 
______________________________________________________________________________ 

 
Synthesis and study of the effect of 

complexes of 3d-metal ions with gluconic 
acid, their participation in the vital processes, 
and their probable application in medicine, is 
one of priority directions of modern bioche-
mistry. 

Cytokines are a group of hormone-like 
proteins and peptides with a low molecular 
weight (<30 kDa) that model interactions of 
cells in different immune and inflammatory 
processes in an organism, and link congenital 
immunity with adaptive immunity [1]. At 
present there is no doubt that the system of 
cytokines plays a defining role in develop-
ment of different diseases involving the im-
mune system. 

Aim of study was to evaluate the influ-
ence of synthesized 3d-metal gluconates on 
production of cytokines in blood serum of mice 
with experimental immunodeficiency (ID).  

Materials and Methods 
The work was conducted on sexually 

mature mice – 2.5-3-month males of 25-28 g 
mass obtained from the mouse bank «Immu-
nopreparat» (Ufa). Gluconates of 3d-metals 
were synthesized by us in advancein Ufa In-
stitute of Chemistry UFRS RAS [2]. Experi-
mental ID was induced by a single intraperi-
toneal introduction of cyclophosphamide 
(Endoxan®, Baxter AG, Switzerland) at the 

dose of 50 mg/kg. 

For comparison, licopid [4-O-(2-
acetylamino-2-deoxy-β-D-glucopyranosyl)-
N-acetylmuramil]-L-alanyl-D-α-
glutamylamide) (OOO Peptek, Russia) – a 
synthetic analog to glycopeptides of bacterial 
wall possessing a high immunomodulatory 
activity, and also calcium gluconate were 
used. The choice of the second comparison 
drug was based on the fact that in the com-
plexes of the studied gluconates of 3d-metals, 
gluconic acid is present in the form of gluco-
nate-ion, and for comparison a compound 
should be used containing gluconate-ion 
without 3d-element. 

The mice were divided into 9 groups 
(n=12 each): the 1st group included intact  
animals; the 2nd group included animals with 
ID without treatment, 3d group – animals with 
ID and introduction of licopid, 4th group – 
with ID and introduction of calcium gluco-
nate, 5th-9th groups with ID and 3d-metal  
gluconates ((5th group – manganese gluconate 
(MnGl), 6th group – ferrum gluconate (FeGl), 
7th group – cobalt gluconate(CoGl), 8th group 
– copper gluconate (CuGl), 9th group – zinc 
gluconate (ZnGl)).  

Peroral introduction of 3d-metal gluco-
nates and of comparison drugs started on the 
2nd day after injection of cyclophosphamide 
and then daily within 14 days. 
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All drugs were diluted in distilled water 
and introduced perorally 0.2 mL daily, in a 
day after intraperitoneal introduction of cyc-
lophosphamide in the calculated doses: lico-
pid – 0.025 mg/mL according to the instruc-
tion (0.14-0.28 mg/kg); calcium gluconate – 
on the basis of the daily dose for a human 
(according to the instruction 5-6 g) with re-
calculation for an average weight of a mouse 
(25 g) – 2.15 mg, or 5∙10

-6mol; 3d-metal glu-
conates (3d MeGl) in the concentration of  
10-2mol/L, according to the published data 
and doses accepted in medical practice.  

On the 16th day the animals were with-
drawn from the experiment, and blood was tak-
en with separation of serum by centrifugation.  

All manipulations with animals were 
conducted according to Declaration of Hel-

sinki on humane treatment of animals and to 
Order №267 «Of Rules of Good Laboratory 
Practice» of June 19, 2003. 

The level of cytokines: interleukin-1β 
(IL-1β), interleukin-6 (IL-6), interferon-γ 
(IFN-γ) and tumor necrosis factor-α (TNF-α) 
was determined by IFA method using test kits 
(FSUIIHPBFMBA, St. Petersburg, Russia).  

Statistical processing of the obtained re-
sults was conducted using Statistica 10.0 pro-
gram (Stat Soft Inc., USA), with determina-
tion of median (Ме) and interquartile range 
(Q1-Q3). Statistical significance of differences 
between the groups was evaluated using non-
parametric Mann-Whitney test. The values were 
considered statistically significant at р<0.05. 

Results and Discussion 
The results of study are given in Table 1. 

  

Table1 
Influence of 3d-Metal Gluconates on Production of Cytokines 

(IL-1β, IL-6, IFN-γ, TNF-α) in Blood Serum of Mice with Experimental ID 
 

Groups  
of Mice 

Statistical  
Parameter 

Cytokines 
IL-1β, 
pg/mL 

IL-6, 
pg/mL 

IFN-γ, 
pg/mL 

TNF-α, 
pg/mL 

1. Control - 
Intact animals 
(n=12) 

M±σ 
Me 

[Q1-Q3] 

5.6±0.6 
5.64 

[5.0-6.2] 

47.5±4.8 
48.2 

[42.9-52.3] 

7.5±0.8 
7.6 

[6.7-8.3] 

30.9±3.2 
31.3 

[27.8-34.1] 
2. Control - ID 
without treatment 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р1-2 

1.4±0.2 
1.41 

[1.2-1.6] 
0.00003 

16.6±1.7 
16.8 

[15.0-18.3] 
0.00003 

2.9±0.4 
2.92 

[2.5-3.3] 
0.0326 

13.4±1.4 
13.6 

[12.1-14.8] 
0.00003 

3. ID + licopid 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-3 

4.8±0.6 
4.84 

[4.2-5.4] 
0.00003 

42.5±4.5 
43.1 

[38.2-47.0] 
0.00003 

7.2±0.8 
7.3 

[6.4-8.0] 
0.00003 

24.5±2.6 
24.6 

[23.1-27.1] 
0.00003 

4. ID + CaGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-4 

1.5±0.16 
1.5 

[1.3-1.6] 
0.1939 

17.3±1.8 
17.5 

[15.6-19.1] 
0.2482 

3.2±0.4 
3.22 

[2.8-3.6] 
0.0734 

13.8±1.5 
14.0 

[12.3-15.3] 
0.3263 

5. ID + MnGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-5 

р3-5 

р4-5 

2.7±0.3 
2.73 

[2.4-3.0] 
0.00003 
0.00003 

0.00003 

26.3±2.7 
26.6 

[23.7-29.0] 
0.00003 
0.00003 

0.00003 

4.9±1.6 
5.1 

[3.3-6.5] 
0.0014 
0.0008 

0.0055 

20.9±2.1 
21.2 

[18.9-23] 
0.00003 
0.0018 

0.00003 
6. ID + FeGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-6 

р3-6 

р4-6 

2.3±0.3 
2.33 

[2.0-2.6] 
0.00003 
0.00003 

0.00003 

20.4±2.2 
20.7 

[18.3-22.6] 
0.0004 
0.0004 

0.0038 

3.5±0.4 
3.52 

[3.1-3.9] 
0.0038 

0.00003 

0.0734 

14.3±1.5 
14.5 

[12.8-15.8] 
0.119 

0.00003 

0.3263 
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7. ID + CoGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-7 

р3-7 

р4-7 

2.8±0.3 
2.83 

[2.5-3.1] 
0.00003 
0.00003 

0.00003 

19.6±2.0 
19.8 

[17.7-21.6] 
0.0026 

0.00003 

0.0209 

4.9±0.5 
5.0 

[4.4-5.4] 
0.00003 
0.00003 

0.00003 

16.4±1.7 
16.6 

[14.8-18.1] 
0.00003 
0.00003 

0.0022 
8. ID + CuGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-8 

р3-8 

р4-8 

3.9±0.5 
4.0 

[3.4-4.4] 
0.00003 
0.0029 

0.00003 

29.2±3.0 
29.6 

[26.3-32.2] 
0.00003 
0.00003 

0.00003 

5.6±0.6 
5.64 

[5.0-6.2] 
0.00003 
0.0001 

0.00003 

21.8±2.2 
22.1 

[19.7-24.0] 
0,00003 
0,0153 

0,00003 
9. ID + ZnGl 
(n=12) 

M±σ 
Me 

[Q1-Q3] 
р2-9 

р3-9 

р4-9 

4.7±0.5 
4.8 

[4.2-5.2] 
0.00003 
0.5833 

0.00003 

38.2±3.9 
38.7 

[34.5-42.1] 
0.00003 
0.0326 

0.00003 

7.1±0.8 
7.19 

[6.2-7.9] 
0.00003 
0.6236 

0.00003 

27.4±2.8 
27.8 

[24.7-30.2] 
0.00003 
0.0326 

0.00003 

 
Note: р2-n<0.05 – statistically significant differences with the control group «ID without 

treatment»; р3-n and р4-n<0.05 – statistically significant differences with comparison groups: 
«ID + Licopid» and «ID + CaGl» 
 

It is seen from Table 1, that in ID in-
duced by injection of cyclophosphamide, the 
level of cytokines in blood serum of mice de-
creased: IL-1β – by 75.0%, IL-6 – by 65.2%, 
IFN-γ – by 61.6%, TNF-α –by 55.6% (for all 
p<0.05). 

After a course of treatment with Licopid 
drug, production of cytokines in comparison 
with control group «ID without treatment» 
increased: IL-1β – by 61.8%, IL-6 – by 
54.6%, IFN-γ – by 57.6%, TNF-α – by 35.2% 
(for all р<0.05). Here, calcium gluconate did 
not produce any significant effect on the con-
centration of the studied cytokines (for all cy-
tokines р>0.05). 

Introduction of 3d-metal compounds 
with gluconic acid induced production of  
cytokines, both of proinflammatory (IL-1β, 
IL-6, TNF-α), and of anti-inflammatory (IFN-
γ), depending on the metal used: the effect of 
MnGl, FeGl, CoGl, CuGl was lower (р<0.05) 
than in the group «ID + licopid». Here, the 
effect of ZnGl was weaker than of licopid on-
ly on synthesis of IL-6; its action on secretion 
of IL-1β and IFN-γ was comparable to that of 
licopid, and was strongest on secretion of 
TNF-α (р<0.05). 

In comparison with the control group 
«ID without treatment», synthesis of cyto-

kines under influence of 3d-metal gluconates 
increased in the following way: 

1) under action of MnGl: IL-1β – by 
23.4%, IL-6 – by 20.4%, IFN-γ–by 28.7%, 
TNF-α – by 24.3%;  

2) under action of FeGl: IL-1β – by 
16.3%, IL-6 – by 8.1%, IFN-γ–by 7.9%, 
TNF-α – without change;  

3) under action of CoGl: IL-1β – by 
25.2%, IL-6 – by 6.3%, IFN-γ–by 27.3%, 
TNF-α – by 9.6%;  

4) under action of CuGl: IL-1β – by 
45.9%, IL-6 – by 26.6%, IFN-γ–by 35.8%, 
TNF-α – by 27.2%;  

5) under action of ZnGl: IL-1β – by 
60.1%, IL-6 – by 45.5%, IGN-γ–by 56.2%, 
TNF-α – by 45.4% (р<0.05).  

IL-1 is the first representative of the 
family of structurally related cytokines having 
two isoforms – α and β. It is shown that IL-1β 
is a key activator of NFκB – regulated (kap-
pa-B complex of nuclear factor) genes, and 
triggers transcription under action of different 
agents [3] including immunostimulatory ones 
which are compounds with gluconic acid used 
in the given work [4]. 

IL-6 is one of the key proinflammatory 
cytokines playing a significant role in devel-
opment of many diseases since increase in its 
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level is noted in many inflammatory 
processes and malignant diseases [5]. At the 
same time it can manifest anti-inflammatory 
properties because it is synthetized by acti-
vated macrophages and T-cells and stimulates 
immune response of an organism.  

IFN-γ activates normal killer cells, pha-
gocytes and induces formation of granulomas 
that play a barrier function against intracellu-
lar pathogens. 

ТNF-α is a proinflammatory cytokine 
synthesized by hematopoietic and non-
hematopoietic cells and is considered to be 
an agent that links inflammation with de-
velopment of tumor [6]. ТNF-α mostly acts 
through ТNFR1 receptor and activates  
NF-kB transcription factor [7] inducing cell 
apoptosis through activation of caspases [8]. 
Proinflammatory action of ТNF-α consists 
in increase in production of different mole-
cules: protein growth factors, metallopro-
teinase enzymes, eicosinoids of prostaglan-
dins and leukotrienes, and of proinflamma-
tory cytokines [9].  

It is known that a significant role in the 
immune response is played by NF-κB nuc-
lear transcription factor that consists of a 
combination of proteins binding with DNA 
[10]. It was shown that production of proin-
flammatory cytokines (TNF-α, IL-1, IL-6) 
depends on expression of synthesis of this 
nuclear factor which is normally bound with 
IκB protein. Proinflammatory cytokines 
(e.g., TNF-α, IL-1, IL-6) activate complex 
IкB kinase which catalyzes reaction of phos-
phorylating of IκB protein on its serine resi-
due (in positions 32 and 36) which leads to 
activation of NF-kB factor and to breakage 
of its bond with IκBα. In turn, NF-kB activa-
tion increases synthesis of TNF-α and IL-6, 
and, accordingly, promotes increase in pro-
duction of other cytokines [11]. 

The results of this work showed that 
the most evident effect on production of cy-
tokines was produced by zinc gluconate. It 
is known from the literature that activation 
of NF-κB factor is determined by the pre-
sence of zinc ions [12]. Comparison of 
these results about the role of NF-κB factor 
controlling expression of cytokines and ac-
tivated by zinc ions, permits to make a con-
clusion about immunostimulatory action of 
zinc gluconate through production of cyto-
kines which, in turn, induces production of 
antibodies through activation of the nuclear 
transcription factor. 

Significant influence of other 3d-metal 
gluconates on increase in the level of cyto-
kines in blood serum of immunodeficient 
mice shows that they also play an important 
role in the activation of synthesis of cyto-
kines. Here, introduction of calcium gluco-
nate did not reveal any differences with the 
parameters of the group of immunodeficient 
mice «without treatment» which emphasizes 

the defining role of the above compounds of 
3d-metals. 

Conclusion 
3d-Metal gluconates induce produc-

tion of cytokines (interleukin 1β, interleukin 
6, interferon γ, tumor necrosis factor α) in 
mice with experimental immunodeficiency, 
and to a larger extent in the immune ho-
meostasis. 

Comparison of the obtained results with 
the literature data about the role of NF-κB 
nuclear transcription factor that controls ex-
pression of cytokines and is activated in the 
presence of zinc ions, indicates a probable 
mechanism of the immunocorrecting effect of 
these compounds mediated through activation 
of transcription factor that induces synthesis 
of cytokines which in turn stimulate produc-
tion of antibodies. 

 
______________________________________________________________________________ 
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