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Toxic carbon monoxide in small concentrations has pro-apoptotic, anti-allergic, vasodilator effects, and stimulates angiogenesis. The 
problem with the therapeutic use of low doses of carbon monoxide is that it is difficult to dose. To control the amount and gradual release 
of carbon monoxide, non-toxic preparation is used – CO donor based on carbonyl compound of ruthenium (CORM-2).

The aim – is to identify the effect of CORM-2 on the level of immunoglobulins in the blood serum and bone marrow of mice under 
conditions of inducing an immune response.

Materials and methods. 3 groups of 15 white laboratory mice each were formed. Induction of the immune response was due to 
the intraperitoneal administration of xenogenic red blood cells. The first experimental group on the first day of immunization received 
CORM-2 (20 mg/kg), group No. 2 – on the 5th day after immunization (period of the productive phase). The control group consisted of 
immunized animals that did not receive CORM-2. The amount of IgA, IgM, and IgG in blood serum was determined by ELISA on the 2nd 
and 6th day after immunization. At the end of the experiment, bone marrow cell populations were counted.

Results. After the injection of CORM-2 during the induction phase of the immune response, it inhibits the production of immunoglobulins. In 
comparison with the control, the level of IgA and IgG is reduced, but the amount of IgM remains unchanged. In the bone marrow, the number 
of monocytes, erythroblasts, and normoblasts, as well as lymphoblasts and plasma cells, increased. At the same time, the number of 
myeloblasts, myelocytes, basophilic normoblasts, and megakaryocytes decreased. The use of CORM-2 during the productive phase 
caused a decrease in the level of IgM and IgG with a simultaneous increase in the level of IgA. The number of neutrophils, eosinophils, 
monocytes, polychromophilic and oxyphilic normoblasts, lymphocytes, and plasma cells in the bone marrow increased. However, the number 
of myeloblasts, promyelocytes, myelocytes, metamyelocytes, basophilic normoblasts, and megakaryocytes decreased.

Conclusions. The impact of the CORM-2 on the inductive phase of the immune response leads to inhibition of the production of 
immunoglobulins. The injection of CORM-2 during the productive phase of the immune response decreased the level of IgM and IgG, 
but at the same time, an increase in the level of IgA was observed. After the injection of CORM-2, in the bone marrow, the number of 
monocytes, lymphocytes, and plasma cells increased. The results indicate that CORM-2 is able to modulate the immune response.
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Донор монооксиду вуглецю (CORM-2) впливає на рівень імуноглобулінів сироватки крові та стан кісткового мозку  
в умовах імунної відповіді в мишей
С. П. Бесчасний, О. М. Гасюк

Токсичний монооксид вуглецю в незначних концентраціях характеризується проапоптичною, протиалергійною дією, має вазоди-
лататорний вплив, стимулює ангіогенез. Проблема його терапевтичного застосування полягає у складності точного дозування. 
Для контролю кількості та поступового вивільнення монооксиду карбону застосовують нетоксичний препарат – донор СО на 
основі карбонільної сполуки рутенію (CORM-2).

Мета роботи – виявити вплив CORM-2 на рівень імуноглобулінів сироватки крові та кісткового мозку мишей в умовах індукції 
імунної відповіді.

Матеріали та методи. Сформували 3 групи по 15 білих лабораторних мишей: дві експериментальні й контрольна. Ін-
дукцію імунної відповіді спричиняли шляхом внутрішньоочеревинного уведення ксеногенних еритроцитів. Перша експе-
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риментальна група в перший день імунізації отримала CORM-2 (20 мг/кг), група № 2 – на 5 день після імунізації (період 
продуктивної фази). Контрольна група – імунізовані миші, які не отримували CORM-2. Визначали кількість IgA, IgM, IgG у сиро-
ватці крові методом ІФА аналізу на 2 і 6 дні після імунізації. Наприкінці експерименту підраховували популяції клітин кісткового  
мозку.

Результати. Введення CORM-2 в індукційну фазу імунної відповіді стримує продукцію імуноглобулінів. Порівнюючи з контролем, 
рівень IgА та IgG знижений, але кількість IgМ незмінна. У кістковому мозку збільшилася кількість моноцитів, еритробластів і нор-
мобластів, а також лімфобластів і плазматичних клітин. Одночасно знизилася кількість мієлобластів, мієлоцитів, базофільних 
нормобластів, мегакаріоцитів. Уведення CORM-2 в період продуктивної фази спричиняло зниження рівня IgМ та IgG з одночасним 
підвищенням рівня IgА. Кількість нейтрофілів, еозинофілів, моноцитів, поліхромнофільних та оксифільних нормобластів, лімфо-
цитів і плазматичних клітин у кістковому мозку збільшилася. Кількість мієлобластів, промієлоцитів, мієлоцитів, метамієлоцитів, 
базофільних нормобластів і мегакаріоцитів зменшилася.

Висновки. CORM-2 в індукційну фазу імунної відповіді спричиняє пригнічення продукції імуноглобулінів. Уведення CORM-2 в 
період продуктивної фази імунної відповіді знижує рівень IgМ та IgG, але одночасно спостерігали підвищення рівня IgА. Після 
застосування CORM-2 у кістковому мозку збільшується кількість моноцитів, лімфоцитів, плазматичних клітин. Результати, що 
отримали, вказують: CORM-2 здатен модулювати імунну відповідь.

Ключові слова: газотрансміттер, монооксид вуглецю, CORM-2, імунна відповідь.
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Донор монооксида углерода (CORM-2) влияет на уровень сывороточных иммуноглобулинов  
и состояние костного мозга при иммунном ответе у мышей
С. П. Бесчасный, Е. Н. Гасюк

Токсический монооксид углерода в незначительных количествах обладает проапоптическим, противоаллергическим действием, 
имеет вазодилататорное влияние, стимулирует ангиогенез. Проблема его терапевтического использования заключается в сложно-
сти точной дозировки. Для контроля количества и постепенного высвобождения монооксида углерода используют нетоксический 
препарат – донор СО на основе карбонильного соединения рутения (CORM-2).

Цель работы – установить влияние CORM-2 на уровень иммуноглобулинов сыворотки крови и костного мозга мышей в условиях 
индукции иммунного ответа.

Материалы и методы. Сформированы 3 группы по 15 белых лабораторных мышей. Индукция иммунного ответа получена путем 
внутрибрюшинного введения ксеногенных эритроцитов. Первая экспериментальная группа в первый день иммунизации получила 
CORM-2 (20 мг/кг), группа № 2 – на 5 день после иммунизации (период продуктивной фазы). Контрольная группа – иммунизиро-
ванные мыши, которые не получали CORM-2. Определяли количество IgA, IgM и IgG в сыворотке крови методом ИФА анализа 
на 2 и 6 дни после иммунизации. В конце эксперимента подсчитывали популяции клеток костного мозга.

Результаты. Введение CORM-2 в индукционную фазу иммунного ответа сдерживает продукцию иммуноглобулинов. В срав-
нении с контролем, уровень IgА и IgG снижен, но количество IgМ неизменно. В костном мозге увеличилось количество моно-
цитов, эритробластов и нормобластов, а также лимфобластов и плазматических клеток. Одновременно снизилось количество 
миелобластов, миелоцитов, базофильных нормобластов и мегакариоцитов. Введение CORM-2 в период продуктивной фазы 
обусловливал снижение уровня IgМ и IgG с одновременным повышением уровня IgА. Количество нейтрофилов, эозинофилов, 
моноцитов, полихроматофильных и оксифильных нормобластов, лимфоцитов и плазматических клеток в костном мозге увеличи-
лось. Количество миелобластов, промиелоцитов, миелоцитов, метамиелоцитов, базофильных нормобластов и мегакариоцитов  
уменьшилось.

Выводы. Введение CORM-2 в период продуктивной фазы иммунного ответа снизило уровень IgМ и IgG, но одновременно 
обуславливает повышение уровня IgА. После введения CORM-2 в костном мозге увеличивалось количество моноцитов, 
лимфоцитов и плазматических клеток. Полученные результаты указывают, что CORM-2 способен модулировать иммунный  
ответ.

Ключевые слова: газотрансмиттер, монооксид углерода, CORM-2, иммунный ответ.
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Among pharmacological drugs, there is a lot that has immu-
nomodulatory properties [1]. These drugs can be divided into 
2 groups: immunostimulants and immunosuppressants. The 
latter is widely used for the treatment of autoimmune diseases 
after an organ transplant procedure. Some antibiotics also be-
long to immunosuppressants, cytostatics, and hormonal drugs 
[1]. All of them cause adverse reactions, which increase with 
increasing dose. That is why search for drugs that can gently 
suppress the activity of the immune system and not cause 
catastrophic changes in other organs and systems of the body 

remains relevant. One of these applicants is a representative 
of the gas transmitter group – carbon monoxide (CO) [2,3].

CO is known as poison gas, however, in 1968, Tenhunen 
et al. reported that this gas is formed in the body during 
the breakdown of heme. After that, the period of studying 
the physiological effects of CO began [4,5]. Today, it is 
known that CO in a picomolar amount is able to suppress 
cell apoptosis [6], stimulates Ca2+ dependent K-channels [7], 
blocks T-cell proliferation [8], and is able to affect mitochon-
drial activity [9].
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The donor of carbon monoxide (CORM-2) affects the level of serum immunoglobulins and the state of the bone marrow during the immune response...

The only problem with using CO was that the dosage of 
this gas is difficult to carry out, poisoning is possible. In 
this regard, further studies of the therapeutic effects of CO 
are inhibited. This problem was solved by creating com-
pounds – donors of CO [10]. After the introduction of such 
a compound into the body, a slow release of CO occurs in 
insignificant, controlled amounts. One of the representatives 
of these compounds is CORM-2 (tricarbonyldichlororuthe-
nium (II) dimer), which is based on the carbonyl compound 
of ruthenium. Among several different CORMs synthesized, 
CORM-2 has been used extensively in vivo studies. CORM-
2 rapidly liberates CO in physiological buffers (half-life 
of about 1 min at 37 °C, pH 7.4). Due to the fact that this 
compound is not toxic, it is therefore used in experimental 
studies. Its advantage is that this drug does not affect changes 
in carboxyhemoglobin levels. CORM-2 serves an important 
role in CO-mediated pharmacology.

It has been proven that CORM-2 has antioxidant activity 
in plasma [11], accelerates the healing of gastric ulcers [12], 
regulates the permeability of the mitochondrial membrane 
[13], and affects the duration of the cell cycle [14,15]. The 
above confirms the relevance of the study of the CO donor 
and the effect of this compound on bone marrow and the pro-
duction of immunoglobulins under conditions of antigenic 
stimulation.

Aim
To reveal the effect of CORM-2 on the level of immuno glo-
bulins in the blood serum and bone marrow of mice under 
conditions of inducing an immune response.

Materials and research methods
The study was conducted on white outbred laboratory mice 
weighing 22 ± 3 g. 2 experimental groups of 15 males each 
were formed. Sheeps red blood cells were intraperitoneally in-
jected into all animals to induce an immune response (“Pharm-
standard Biolek”, Ukraine) at a dose of 100 cells per 1 kg of 
body weight. In the first experimental group, during the in-
ductive phase (1st day of immunization), CORM-2 (20 mg/kg) 
dissolved in dimethyl sulfoxide (DMSO) and physiological 
saline was administered. The animals of the experimental group 
No. 2 were injected with the same solution but during the pe-
riod of the productive phase (5th day after immunization). The 
control group consisted of 15 male white mice that were also 
immunized but did not receive CORM-2. The study was con-
ducted on white outbred laboratory mice weighing 22 ± 3 g.  
Two experimental groups of 15 males each were formed. 
Sheeps red blood cells were intraperitoneally administered to 
all animals to induce an immune response.

To determine the amount of IgA, IgM, and IgG immuno-
globulins, an enzyme-linked immunosorbent assay kit (“Gra-
num”, Ukraine) was used. Detection of the results of the study 
was performed using an ELISA analyzer Immunohem-21100, 
HTI (USA) on the 2nd and 6th day after immunization.

At the end of the experiment (6th day), euthanasia was 
performed by an overdose of isoflurane. Femur bones were 

isolated and bone marrow imprints were obtained. The 
obtained imprints were stained with Romanovsky–Giemsa 
paint and bone marrow cell populations were counted using 
a microscope.

All procedures with laboratory animals were carried out in 
compliance with the Council of Europe directives of the EU 
in 2010/63/EU and were approved by the bioethical commis-
sion of Kherson State University. Statistical processing was 
performed using the Mann–Whitney and Wilcoxon criteria. 
In this case, the result was considered reliable at P ≤ 0.05. 
The degree of correlation of indicators was calculated using 
the Pearson correlation coefficient.

Results
Comparison of serum immunoglobulin levels under 
conditions of induction an immune response showed dif-
ferences. In the control group, the level of IgA increased 
by 81.0 ± 4.0 %, IgM – by 35.3 ± 1.8 %, and IgG – by 
47.0 ± 1.9 % (Fig. 1).

The result of the level of immunoglobulins in the serum 
of animals that were injected with CORM-2 on the first day 
of the immune response turned out to be interesting. In this 
group, the content of IgA increased by 100 ± 5 %, IgM re-
mained at the same level, IgG increased only by 6.8 ± 0.3 % 
(Fig. 2).

But, after comparing this group with the control group, 
it was found that the level of IgA on the next day (after 
CORM-2 injection) was reduced by 22.0 ± 1.1 % (1.09 g/L  
versus 1.41 g/L of the control group). On the 6th day, it was 
reduced by 15.0 ± 0.75 % (2.18 g/L versus 2.56 g/L of 
the control group).

The IgM level (on the 2nd day) after comparison with 
the control group was reduced by 12.0 ± 0.6 % (1.49 g/L 
versus 1.7 g/L of the control). On the 6th day, it was reduced by 
35.0 ± 1.75 % (1.49 g/L versus 2.3 g/L of the control group). 
Similar results were obtained after comparing the IgG values. 
Its level was reduced on the 2nd day by 10.5 ± 0.5 % (9.32 g/L  
versus 10.42 g/L of the control). On the 6th day, the level was 
also reduced, but already by 35.0 ± 1.75 % (9.95 g/L versus 
15.32 g/L of the control group).

The level of immunoglobulins in the serum of the group 
of mice that were injected with CORM-2 in the productive 
period of the immune response was radically different from 
the other two (Fig. 3). The amount of IgA in serum increased 
by 67.0 ± 3.3 %, while IgM decreased by 48.7 ± 2.4 %, 
IgG decreased by 17.0 ± 0.8 %.

A study of bone marrow changes showed that the injection 
of CORM-2 influenced the proliferation of individual cell 
types after stimulation of the immune response (Fig. 4).

Compared with the control, in the group of animals to 
which CORM-2 was injected on the first day of the induc-
tion of the immune response (group No. 1), the number of 
myeloblasts decreased by 34.0 ± 1.7 %, myelocytes by 
42.5 ± 1.7 %, basophilic normoblasts by 73.0 ± 3.6 %, 
megakaryocytes – by 76.0 ± 3.8 %. At the same time, 
there was an increase in the content of the following bone 
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marrow cells: monocytes by 56.0 ± 2.8 %, erythroblasts by 
57.0 ± 2.8 %, polychrome normoblasts by 171.0 ± 8.5 %, 
lymphocytes/lymphoblasts by 56.0 ± 2.8 %, plasma cells 
by 70.0 ± 3.5 %. Against this background, the content of 
promyelocytes, metamyelocytes, oxyphilic normoblasts, 
eosinophils, and basophils did not change.

In the bone marrow of mice that were injected with 
CORM-2 during the productive period of the immune re-
sponse (group No. 2), a decrease in myeloblast levels by 
25.0 ± 1.0 %, promyelocytes by 52.0 ± 2.6 %, myelocytes 
by 51.0 ± 2.4 %, and metamyelocytes by 58.0 ± 3.5 %, 
basophilic normoblasts by 83.0 ± 4.2 %, megakaryo-
cytes – by 99.0 ± 4.9 % was observed. Moreover, 
the content of the following cells was increased: neutrophils 
by 42.0 ± 2.1 %, eosinophils by 178.0 ± 8.9 %, mono-
cytes by 22.0 ± 1.1 %, polychromophilic normoblasts by 
146.0 ± 7.3 %, oxyphilic normoblasts by 65.0 ± 3.2 %, 
lymphocytes/lymphoblasts by 73.0 ± 3.6 %, plasma cells 
by 35.0 ± 1.7 %. At the same time, the level of basophils 
and erythroblasts did not change (compared with the control 
group).

A correlation analysis revealed a direct, close relationship 
between immunoglobulin counts and a decrease in the popu-
lation level of certain bone marrow cells. In group No. 1, a 
close correlation was observed between the level of serum 
immunoglobulins and the content of polychromic and oxy-
philic normoblasts, lymphocytes/lymphoblasts, plasma cells, 
megakaryocytes. 

In group No. 2, the level of immunoglobulins correlates 
with the levels of myeloblasts, basophilic normoblasts, 
polychrome, and oxyphilic normoblasts, lymphocytes, and 
plasma cells.

Discussion
The results indicate that intraperitoneal injection of CORM-2 
directly affects the course of the immune response. CORM-2 
inhibits the production of immunoglobulins during the in-
duction phase of the immune response. In comparison 
with the control, the level of IgA and IgG was reduced, but 
the amount of IgM did not change. It is known that an in-
crease in serum IgM is characteristic of the primary immune 
response stage. This indicates that CORM-2 is a promising 
anti-inflammatory agent. This property of CORM-2 indicates 
the possibility of its use in autoimmune diseases or to prevent 
the development of chronic inflammation.

The injection of CORM-2 during the productive phase 
of the immune response decreased the level of IgM and 
IgG, however, an increase in the level of IgA was observed 
at the same time (it is known that IgA is “responsible” for 
the so-called local immunity). This property of CORM-2 is 
promising to use in cases of immunodeficiency, reactions 
after transfusion measures, or medications that cause selective 
IgA deficiency.

Injection of CORM-2 during the inductive period of 
the immune response stimulated (or led to a delay in the bone 
marrow) separation of monocytes, erythroblasts and normo-
blasts, as well as lymphoblasts, and plasma cells. This was 
observed against a background of a decrease in the number 
of myeloblasts, myelocytes, basophilic normoblasts, and 
megakaryocytes. Injection of CORM-2 during the productive 
period also showed a decrease in the number of myeloblasts, 
promyelocytes, myelocytes, metamyelocytes, basophilic 
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the CORM-2 on the 5th day.

*: differences from the indicator that were obtained on the 2nd day, 
P ≤ 0.05.



419Актуальні питання фармацевтичної і медичної науки та практики. – 2020. – Т. 13, №3(34)ISSN 2306-8094

The donor of carbon monoxide (CORM-2) affects the level of serum immunoglobulins and the state of the bone marrow during the immune response...

normoblasts, and megakaryocytes. At the same time, the level 
of neutrophils, eosinophils, monocytes, polychromophilic 
and oxyphilic normoblasts, lymphocytes and plasma cells 
increased. Thus, it was found that CORM-2 stimulates an 
increase in the number of monocytes, lymphocytes, and 
plasma cells, regardless of the stage of the immune response.

After the action of CO, which is released from CORM-2, in-
ducible heme oxygenase (HO-1) is activated. It should be noted 
that inhalation of CO does not increase the activity of HO-1 
[14]. Its activity is enhanced only by CORM-2, which once 
again confirms that CORMs are suitable for these purposes.

Thus, the release of CO leads to the activation of 
the HMOX1 gene. Activation of this gene increases HO-1 
activity. HO-1 is known to be a metabolite to fight inflam-
mation. The anti-inflammatory ability of HO-1 is realized 
by increasing the expression of interleukin 10 (IL-10) and 
an antagonist of the pro-inflammatory interleukin 1 receptor 
(IL-1RA) [9].

After we stimulated the immune response and introduced 
anti-inflammatory CORM-2, HO-1, likely, affects the cells of 
the immune system, bone marrow stem cells. This mechanism 
may explain the findings of the study.

Conclusions
1. The injection of CORM-2 during the induction phase of 

the immune response enhances the production of IgA and IgG. 
The amount of IgM remained at the same level. An increase 
in the number of monocytes, erythroblasts, and normoblasts, 
as well as lymphoblasts and plasma cells, was observed in 
the bone marrow. At the same time, there was a decrease in 
the number of myeloblasts, myelocytes, basophilic normo-
blasts, and megakaryocytes.

2. During the productive phase of the immune response, 
CORM-2 lowered the level of IgM and IgG with a simul-
taneous increase in IgA level. The number of neutrophils, 
eosinophils, monocytes, polychromophilic and oxyphilic 
normoblasts, lymphocytes, and plasma cells in the bone mar-
row increased. However, there was a decrease in the number 
of myeloblasts, promyelocytes, myelocytes, metamyelocytes, 
basophilic normoblasts, and megakaryocytes.

Prospects for further research. In the future, a study of 
the properties of CORM-2 regarding the processes of tissue 
regeneration and healing will be conducted in vivo.
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