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Abstract 

Background In the severe forms of COVID‑19 and many other infectious diseases, the patients develop a cytokine 
storm syndrome (CSS) where pro‑inflammatory cytokines such as IL‑6 and TNF‑α play a key role in the development 
of this serious process. Selenium and iron are two important trace minerals, and their metabolism is tightly con‑
nected to immune system function. Numerous studies highlight the role of selenium and iron metabolism changes 
in the procedure of COVID‑19 inflammation. The immunomodulator effect of nanomedicines that are synthesized 
based on nanochelating technology has been proved in previous studies. In the present study, the effects of the com‑
bination of BCc1(with iron‑chelating property) and Hep‑S (containing selenium) nanomedicines on mentioned 
cytokines levels in hospitalized moderate COVID‑19 patients were evaluated.

Methods Laboratory‑confirmed moderate COVID‑19 patients were enrolled to participate in a randomized, double‑
blind, placebo‑controlled study in two separate groups: combination of BCc1 and Hep‑S (N = 62) (treatment) or pla‑
cebo (N = 60) (placebo). The blood samples were taken before medications on day zero, at discharge, and 28 days 
after consumption to measure hematological and biochemical parameters and cytokine levels. The clinical symp‑
toms of all the patients were recorded according to an assessment questionnaire before the start of the treatment 
and on days 3 and discharge day.
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Results The results revealed that consumption of the nanomedicines led to a significant decrease in the mean level 
of IL‑6 cytokine, and at the end of the study, there was a 77% downward trend in IL‑6 in the nanomedicine group, 
while an 18% increase in the placebo group (p < 0.05). In addition, the patients in the nanomedicines group had lower 
TNF‑α levels; accordingly, there was a 21% decrease in TNF‑α level in the treatment group, while a 31% increase in this 
cytokine level in the placebo was observed (p > 0.05). On the other hand, in nanomedicines treated groups, clinical 
scores of coughing, fatigue, and need for oxygen therapy improved.

Conclusions In conclusion, the combination of BCc1 and Hep‑S inhibits IL‑6 as a highly important and well‑known 
cytokine in COVID‑19 pathophysiology and presents a promising view for immunomodulation that can manage CSS.

Trial registration Iranian Registry of Clinical Trials RCT20 17073 10354 23N2. Registered on June 12, 2020.

Keywords COVID‑19, BCc1, Hep‑S, Nanochelating technology, IL‑6, Cytokine storm syndrome

Background
COVID-19 first appeared in China in early 2020 and 
quickly spread all around the world. This eventually made 
the World Health Organization (WHO) formally declare 
the disease as a “Global Pandemic” in March 2020. The 
virus that causes COVID-19 disease is called severe acute 
respiratory syndrome virus No. 2 (SARS-CoV-2) [1] 
which belongs to the coronavirus family [2, 3]. As soon 
as the virus enters the alveolar epithelial cells, it begins to 
multiply, triggering a chain of inflammatory and immune 
responses that lead to cytokine storm syndrome (CSS), 
lung tissue damage, and eventually acute respiratory dis-
tress syndrome [4]. Numerous studies have shown that 
interleukin-6 (IL-6) is the primary mediator of this pro-
cess as a proinflammatory cytokine [5–7]. However, the 
concept of CCS and the critical role of IL-6 is not limited 
to complications of COVID-19 but has been observed in 
diverse infections and immune-mediated diseases [8].

The available therapeutic interventions for COVID-19 
can be classified as antiviral drugs, anti-inflammatory 
drugs, monoclonal antibodies, and plasma therapy, the 
efficacy of which is being studied in various clinical stud-
ies [9], and according to recent WHO reports, there is no 
certain proof of the therapeutic effects of these medicines 
(https:// www. who. int/ publi catio ns/i/ item/ WHO- 2019- 
nCoV- thera peuti cs- 2021.1.) other than antiviral thera-
pies, which can improve clinical outcomes in COVID-19 
patients when administered early after diagnosis. One of 
the major challenges of many of these medicines is their 
side effects [10], which are sometimes exacerbated in 
combination therapies [11].

Microelements are vital elements whose metabolism 
modifications substantially affect the immune system 
responses [12]. Iron and its homeostasis play a criti-
cal role in the outcome of viral infections. As the virus 
relies on iron for replication, it tends to take this vital 
element out of the body’s physiological cycle and seize 

it for its survival [13]. Changes in the metabolism of 
this element in viral and also inflammatory diseases 
have also been studied and proven in several researches 
[14, 15]. Selenium, on the other hand, is a micromineral 
element whose role in changing the immune response 
pattern and increasing antiviral defense has been exten-
sively studied [16, 17]. Research during the recent pan-
demic shows that the supplementation of this element 
reduces the risk and severity of COVID-19 [18].

Over the last decade, studies on the structures syn-
thesized based on nanochelating technology have dem-
onstrated the therapeutic effects of these medicines in 
cellular and animal models of various diseases [19–21]. 
Through intelligent modification of trace elements 
metabolism and related mechanisms, these medicines 
can induce immunomodulatory behavior and sub-
sequent therapeutic effects [22, 23]. Previous stud-
ies have demonstrated the antioxidant, antineoplastic, 
and immunomodulatory effects of BCc1 nanomedicine 
(which has iron-chelating property) without causing 
any side effects in several cellular and animal models as 
well as clinical trials [21, 24].

Given the established role of iron and selenium 
metabolism in the immune system responses and out-
comes of viral diseases, the current study aimed to 
assess the impact of adding the combination of BCc1 
(having iron-chelating property) and Hep-S (selenium-
containing) nanomedicines to the standard treatment 
of hospitalized COVID-19 patients.

Methods
Trial design
Eligible COVID-19 patients who were hospitalized 
at Masih Daneshvari Hospital in Tehran, Iran were 
enrolled in this randomized, hospital-based, parallel-
group, placebo-controlled trial to evaluate the effects of 

https://en.irct.ir/trial/48049
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2021.1
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the combination of BCc1 and Hep-S nanomedicines on 
moderate COVID-19 patients.

Participants’ inclusion and exclusion criteria
Hospitalized confirmed COVID-19 patients, diagnosed 
via PCR and CT scanning of the lungs by WHO diagno-
sis criteria, were selected and recruited for the present 
study. All the patients filled out a consent form to partici-
pate in this study. Pregnant, lactating, inherited immuno-
deficiency, transplanted, and diabetes type 1 patients, as 
well as alcohol and drug consumers, were excluded from 
the trial.

Study setting
The current study was performed and supervised by 
nurses and doctors at Masih Daneshvari Hospital. The 
comprehensive procedure of the trial was explained to 
the patients by the recruited nurses at the hospital and 
then an informed written consent form was signed by all 
the patients.

Interventions
BCc1 and Hep-S nanomedicines were designed by 
Sodour Ahrar Shargh Company based on nanochelating 
technology [25]. BCc1 characterization and its standard 
median lethal dose (LD50) are reported in previous stud-
ies [21, 26]. Hep-S is a selenium-containing nanochelat-
ing-based structure. The HRTEM image of Hep-S was 
captured using a Philips CM30-250kV model transmis-
sion electron microscope at the University of Tehran Sci-
ence and Technology Park. The HRTEM image of Hep-S 
indicates that the size of this nanomedicine is approxi-
mately 22.7nm (Fig. 1).

Hep-S toxicity was evaluated based on the guidelines of 
the Organization for Economic Co-operation and Devel-
opment (OECD, guideline 420) regulations and by the 

LD50 evaluation test; these tests were conducted in the 
School of Pharmacy at Tehran University of Medical Sci-
ences. The toxicity report of Hep-S shows that i.p LD50 
of this structure is 54 mg/kg. Active pharmaceutical 
ingredient (API) synthesis of BCc1 and Hep-S nanomedi-
cines was carried out by using the nanochelating technol-
ogy in the laboratory of Sodour Ahrar Shargh Company.

The two nanomedicines of BCc1 and Hep-S were used 
at the same time in the form of syrup as a two-medicine 
package to evaluate its effectiveness in comparison with 
a placebo. Two types of placebo syrup were administered 
to the patients in the placebo group. Both the COVID-19 
and placebo syrup were identical in terms of shape and 
size.

Each nanomedicine was provided in a separate bot-
tle along with instructions for each. The patients in the 
treatment group received BCc1 twice a day (1500 mg per 
serving) and Hep-S once a day (1500 μg per serving) for 
28 days.

Outcomes
IL6 level was defined as the primary outcome of the pre-
sent study and clinical score was mentioned as the sec-
ond outcome.

Randomization, blinding, and allocation
All patients, clinicians, nurses, and researchers were 
blinded to the allocation of treatments. The patients 
were assigned to the study after the clinicians screened 
them based on the inclusion and exclusion criteria. 
They were then randomly assigned to the treatment or 
placebo group based on a block randomization form 
prepared and given to the nurses by the researcher in 
charge. All the patients signed an informed written 
consent form.

Sample size
The sample size was determined by the number of eligi-
ble participants who agreed to participate in the study 
between October 2 and March 20, 2020, ensuring that 
the entire population of interest was allocated. So, 62 
patients in the treatment and 60 patients in the placebo 
groups participated in the present study. The decision to 
use all available patients in the study was based on simi-
lar studies in the literature that investigated changes in 
cytokine levels over time and often employed a similar 
approach, utilizing the available participants who met 
the inclusion criteria [27, 28]. This allows for a more 
comprehensive analysis of the specific population under 
investigation.Fig. 1 TEM image of Hep‑s
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Withdrawal
At any point during the study, the patients were all 
allowed to withdraw from the experiment and were not 
asked to provide the reason, but in case of withdrawal, 
they allowed the continuation of data collection.

Follow‑up
During the hospitalization period, the medicines were 
administered to the patients by the nurses according 
to the clinicians’ prescriptions. The patients were fol-
lowed up 24 h after being discharged from the hospital. 
They were also contacted on days 10, 15, 20, and 27 by 
the study team to assure that the patients had taken the 
medicines.

Besides, the patients had access to the researcher in 
charge by phone calls to consult with her for any reason 
at any time. Trial completion was defined as consuming 
the nanomedicines for 28 days or discontinuation of the 
follow-ups for any cause.

Data collection
During the study, the researcher in charge collected the 
information and checked for any missing values and 
inconsistencies. Full details of the data collection proce-
dure are available upon request.

Assessments

• Blood samples were taken from all 122 patients in the 
treatment and placebo groups on day zero (before 
medicines consumption), at discharge, and 28 days 
after consumption (end of the treatment) to measure 
biochemical indices (Table 1). All tests were carried 
out in the clinical laboratory of Masih Daneshvari 
Hospital according to the standard protocols of the 
hospital.

• Eleven patients from each group (22 samples in total) 
were randomly selected to measure serum levels of 

INF-γ, TNF-α, and IL-6 cytokines before the start 
of the study, at discharge, and after the end of the 
treatment. ELISA kits were used to measure TNFα 
(R&D Systems, UK), IFNγ (Thermo Fisher, Waltham, 
Massachusetts, USA), and IL-6 (R&D Systems, UK) 
according to the manufacturer’s instructions [29].

• The clinical symptoms of all the patients were 
recorded according to an assessment questionnaire 
(Table  2) before the start of the treatment and on 
days 3, and discharge date, which was on day 6 or 7 
of hospitalization. The responses were then scored 
with the highest number representing better health 
conditions. As this study was conducted on the third 
peak of COVID-19 disease (in autumn and winter, 
2020–2021), the patients were discharged from the 
hospital as soon as their standard treatment period 
(remdesivir, etc.) was finished (day 6 or 7 of hospi-
talization) so that new COVID-19 patients could be 
hospitalized. Therefore, it was practically impossible 
to compare the hospitalization period of the patients 
in both groups.

Statistical analysis
Descriptive statistics were expressed using mean ± stand-
ard deviation (SD), median (Q1, Q3), and minimum–
maximum. The mean difference of variables between the 
nanomedicines and placebo was evaluated using an inde-
pendent t-test or Mann–Whitney U test. The repeated 
measure analysis was used to assess the impact of time 
and treatment on the markers. The post hoc analysis 
was performed between times using Bonferroni multiple 
comparisons. The estimated marginal means of mark-
ers are shown using a profile plot by time and treatment. 
The Wilcoxon signed ranks test was used to compare 
the markers at different times relative to the value of the 
marker in the baseline. All analyses were performed by 
R (version 4.0.2) and SPSS (version 26). P-values of less 
than 0.05 were regarded as statistically significant.

Table 1 Titles of laboratory tests

Laboratory 
features

Before 
medicine 
consumption

At 
discharge 
of hospital

28 days after 
consumption

1 AST * * *

2 ALT * * *

3 Ferritin * * *

4 Total Bilirubin * * *

5 Serum Iron * * *

6 TIBC * * *

7 ESR * * *

8 CRP * * *

Table 2 Titles of clinical score

Title Not (2) Sometimes (1) Yes (0)

Headache

Need to oxygen 
therapy

Anosmia

Cough

Fatigue
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Results
Patients’ disposition and characteristics
The patients were recruited between Oct 2, 2020, and 
March 20, 2021. Initially, 132 patients were randomly 
recruited. Due to ineligibility, and incomplete histologi-
cal confirmation, among other reasons, ten of those were 
excluded from the study (Fig.  2, prepared according to 
the consolidated Standards of Reporting Trials Form) 
[30]. The patient’s demographic information is shown in 
Table 3. All the patients received similar antiviral therapy, 
including remdesivir, dexamethasone, and prednisolone.

Outcome and estimation
Serum cytokine levels
Measuring biomarkers before the start of the study, 
at discharge, and at the end of the treatment showed 
changes in their levels in the treatment group, especially 
the levels of IL-6 (Fig. 3 and Table 4).

IL-6: There was a significant main effect of time 
(F = 1.580, p = 0.219, partial eta squared = 0.077), indi-
cating that IL-6 levels changed over time. Additionally, 
the interaction effect of time and group was significant 
(F = 3.493, p = 0.041, partial eta squared = 0.155), suggest-
ing that the change in IL-6 levels differed between the 
treatment and placebo groups. Numerically, there was a 
77% downward trend in IL-6 during the nanomedicine 
consumption and an 18% increase in the placebo group.

TNF: The main effect of time was not significant 
(F = 0.440, p = 0.953), indicating no significant change 
in TNF levels over time. The interaction effect of time 
and group was also not significant (F = 2.059, p = 0.153), 
suggesting no differential impact of the treatment on 
TNF levels between the groups. Numerically, there was 
a 21% decrease in TNF-α cytokine level in the treatment 
group, while there was a 31% increase in the level of this 
cytokine in the placebo.

Fig. 2 Consort flow diagram of study
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INF-Gama: Similar to TNF, there was no significant 
main effect of time (F = 1.102, p = 0.321) or interaction 
effect of time and group (F = 0.380, p = 0.595) for INF-
Gama levels. This implies that there were no significant 
changes in INF-Gama levels over time and no differential 
impact of the treatment between the groups.

Biochemical parameters
The results indicated that all the measured biological and 
laboratory parameters according to Table 1 were at nor-
mal range on day 28, and there was no significant differ-
ence between the treatment and placebo groups (Table 5).

Clinical score
All patients’ clinical symptoms were documented using 
an assessment questionnaire (Table  2) before the start 
of therapy, on days 3 and on their discharge date, which 

was on days 6 or 7 of hospitalization. The responses 
were then scored, with the highest score indicating 
the highest health condition. The clinical score evalu-
ation showed that the mean score of cough and fatigue 
on discharge day in the nanomedicines-treated group 
improved by 60% and 100%, respectively, compared 
to day 0; however, in the placebo group, these param-
eters increased by 20% and 78%. In addition, the mean 
score of need for oxygen therapy on discharge day in 
the nanomedicines-treated group ameliorated by 27% 
while it was 5% in the placebo group (Fig. 4A–E).

Survival
The results of the statistical analyses showed two and 
three death cases in the treatment and placebo groups, 
respectively. The comparisons also indicated that the 
deceased patients in the treatment group lived 4  days 

Table 3 Descriptive statistics of patients in the combination of BCc1 and Hep‑S group with patients in the placebo group

a The exact Pearson chi-square
b the independent t-test
c the exact Mann–Whitney test

Variable Level Nanomedicines (N = 62) Placebo (N = 60)

Sex Male 29 (44.6%) 37 (64.9%)

Female 36 (55.4%) 20 (35.1%)

Age Mean ± SD 50.65 ± 11.82 52.23 ± 13.46

Median (IQR) 53.00 (39.50, 59.50) 42.00 (53.00, 61.00)

Difference time of discharge and hospi‑
talization

Mean ± SD 6.92 ± 4.09 6.25 ± 1.71

Median (IQR) 6.00 (5.00, 7.00) 6.00 (5.00, 7.00)

Difference time of discharge and taking 
intervention

Mean ± SD 5.78 ± 4.16 5.19 ± 1.59

Median (IQR) 5.00 (4.00, 6.00) 5.00 (4.00, 6.00)

Fig. 3 Comparison of dot plot diagram of three cytokines (IL6, TNFα, and TNFγ) of patients in the combination of BCc1 and Hep‑S group 
with patients in the placebo group before medicine consumption, at discharge of hospital and 28 days after consumption
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longer than the deceased in the placebo group, but the 
change was not significant (Table 6).

Discussion
CCS is a pathological and systemic inflammatory syn-
drome involving increased levels of circulating cytokines 
and immune-cell hyperactivation which can be triggered 
by various therapies, pathogens, cancers, autoimmune 
conditions, etc.

The clinical signs of COVID-19 range greatly, from 
moderate to severe cases of atypical pneumonia, with 
some developing acute respiratory distress syndrome 
(ARDS), which frequently necessitates invasive mechani-
cal ventilation and is the major cause of mortality. The 
severity of the respiratory disease caused by SARS-CoV-2 
is thought to be largely owing to an increased immuno-
logical response to the virus and CCS [5, 31–34].

Oxidative stress is a hallmark of inflammation and 
COVID-19 disease, which is connected to the CSS seen 
in patients with severe COVID-19 [35, 36]. Selenium is 
essential to boost immunity, lower oxidative stress, and 
prevent viral infections, resulting in the amelioration of 
severe diseases [18]. As a result, selenium supplementa-
tion can be used as a supportive treatment for COVID-19 

infection, and various researchers have therefore looked 
into a justification for randomized, controlled trials 
of selenium supplementation in the disease caused by 
SARS-CoV-2 [18, 37, 38].

In viral infections, changes occur in the body’s iron 
metabolism aiming to seize iron and limit the virus’s 
access to this vital metal. However, these events, which 
are centered on proinflammatory cytokines including 
IL-6, lead to altered iron metabolism and increased 
oxidative stress via the Fenton reaction, which results 
in ferroptosis and the continuation of oxidative harm 
to biomolecules that finally damage the organs in the 
body [39, 40].

Inflammation, oxidative stress, and altered iron home-
ostasis are inextricably connected at a systemic level [41].
This viewpoint emphasizes the possible role of altered 
iron homeostasis as well as its potential significance in 
viral diseases’ pathogenesis and management strate-
gies [42, 43]. Surprisingly, in the natural immunity of 
the body, there are iron chelators whose antiviral effects 
are proven in numerous studies. Lactoferrin (Lf ) is a 
widely distributed glycoprotein generated by a variety of 
mucosal epithelial cells and is an important component 
of natural immunity. This protein can chelate iron and 

Table 4 Descriptive statistics of cytokine tests by group (drug vs. placebo)

A. Mauchly’s test of sphericity for IL‑6, TNF‑α, and IFN‑γ

Within Subjects Effect Mauchly’s W Approx. chi‑
square

df Sig Epsilonb

Greenhouse–
Geisser

Huynh–Feldt Lower‑bound

IL‑6 Time .903 1.844 2 .398 .911 1.000 .500

TNF Time .710 6.508 2 .039 .775 .870 .500

INFGama Time .438 15.699 2 .000 .640 .699 .500

B. Tests of within‑subjects effects

Variable Source Correction Type III sum 
of squares

df Mean square F Sig Partial eta 
squared

Observed 
 powera

IL‑6 Time Sphericity 
Assumed

37.497 2 18.748 1.580 .219 .077 .314

Time * Group Sphericity 
Assumed

82.868 2 41.434 3.493 .041 .155 .617

Error(Time) Sphericity 
Assumed

450.792 38 11.863

TNF Time Greenhouse–
Geisser

.682 1.550 .440 .023 .953 .001 .053

Time * Group Greenhouse–
Geisser

61.539 1.550 39.693 2.059 .153 .093 .347

Error(Time) Greenhouse–
Geisser

597.626 31.007 19.274

INFGama Time Greenhouse–
Geisser

1945.471 1.280 1519.712 1.102 .321 .052 .188

Time * Group Greenhouse–
Geisser

670.163 1.280 523.501 .380 .595 .019 .095

Error(Time) Greenhouse–
Geisser

35297.486 25.603 1378.638
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its antiviral capacity is demonstrated in previous stud-
ies [44], and even several researches have discussed its 
potential for antiviral therapy.

As a result, given the vital role of this element for 
hemoglobin synthesis and other physiological processes, 

iron chelation therapy can be used as a strategy for man-
aging iron dis-homeostasis with the aim of iron redis-
tribution and sequestration to make iron inaccessible 
to viruses, while preventing its excretion. It should be 
noted that the existing iron chelators have many limita-
tions making them incapable of such smart therapeutic 
behavior. Among the existing chelators, deferiprone has 
shown higher capability to redistribute iron in various 
experiments [45, 46]. However, although the existing iron 
chelators have demonstrated promising impacts on viral 
diseases—mostly in vitro and rarely clinical studies—they 
are not yet nominated as serious operational candidates 
for the treatment of viral diseases due to their side effects 

Fig. 4 Clinical score in placebo and nanomedicines‑treated groups. The higher number represents better health conditions. The clinical score 
evaluation showed that the mean score of coughing, fatigue, and need for oxygen therapy on discharge day in the nanomedicines‑treated group 
improved more than the placebo group

Table 6 Statistical analyses of death cases in the treatment and 
placebo groups

Group N Mean Std. deviation Std. error mean

Time 4, 5 2 15.0000 4.24264 3.00000

6, 7 3 11.0000 5.19615 3.00000
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and structural limitations. These limitations are to such 
an extent—even in their specific field of application (i.e., 
iron excretion in diseases caused by iron overload)—that 
there is a serious need for more efficient chelators [47].

In the previous studies, we reported the success-
ful effects of BCc1 nanochelating-based iron chela-
tor in animal and clinical studies. This nanomedicine 
increased the survival and quality of life of metastatic 
and non-metastatic gastric cancer patients without any 
side effects [21, 48] and showed nephroprotective and 
antioxidative effects in the animal model of chronic 
kidney disease [22].

Given the proven impact of iron and selenium on the 
immune system and in light of the results of the previ-
ously reported study on BCc1 nanomedicine (Fig. 5), the 
effect of the combination of BCc1 and selenium-contain-
ing Hep-S nanomedicines on hospitalized COVID-19 
patients were evaluated in the current study.

The results showed that adding the combination ther-
apy of BCc1 and Hep-S nanomedicines to the standard 

treatment of hospitalized COVID-19 patients had no 
negative effect on their hematological and biochemi-
cal parameters. As explained in the “Results” section, 
the characteristics linked to the physiological function 
of iron, such as hemoglobin, red blood cell count, and 
hematocrit, were assessed in this study, and the results 
showed that despite the iron-chelating property of BCc1, 
the combination therapy of BCc1 and Hep-S had no 
negative impact on the indices. The results of this study 
were in line with the results of the study on gastric cancer 
patients conducted by Hafizi et  al., demonstrating that 
the 18-month consumption of BCc1 nanomedicine had 
no negative effect on hematological indices compared to 
the placebo group [21].

Studies have reported an increase in the plasma lev-
els of IL-6 and TNF-alpha in hospitalized COVID-19 
patients [49]. The higher level of IL-6 concentration is 
closely related to the requirement for ventilatory assis-
tance and the development of respiratory failure [50]. 
Suppressing this cytokine, therefore, results in managing 

Fig. 5 The schema of the proposed mechanism for the inhibitory effects of combination therapy by BCc1 and Hep‑S nanomedicines on COVID‑19. 
According to the previous studies conducted on BCc1 nanomedicine and the well‑known role of selenium and iron elements on inflammatory 
cytokines level regulation, the immune system response against viral infection and the activity of antioxidant enzymes, the above pathways are 
suggested as effective mechanisms in combination therapy by these nanomedicines
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clinical symptoms, shortening the hospitalization period, 
and decreasing the need for oxygen therapy [51]. Accord-
ing to the CSS pathogenesis in COVID-19, immu-
nomodulatory therapy can be a proper consideration 
in this disease [52]. Immunomodulatory medications, 
which operate by modifying or harnessing the immune 
responses, come with several disadvantages and side 
effects that can negatively impact patients’ quality of life. 
Unwanted side effects, such as severe infections, cytokine 
release syndrome, anaphylaxis, and hypersensitivity as 
well as immunogenicity, make developing novel and safer 
immunomodulatory structures difficult [53, 54].

Since IL-6 is a relevant cytokine in acute respira-
tory distress syndrome, the blockade of its receptor 
with tocilizumab (TCZ) in COVID-19 patients has 
been evaluated in numerous studies. Some showed the 
beneficial effect of this medicine on reducing mortal-
ity rate and hospitalization time [55], while several 
experiments showed its failure [56, 57] and even did 
not support its use for the management of cytokine 
storm in COVID-19 patients [58]. Also, several studies 
reported that the incidence of infectious complications 
in patients receiving TCZ was higher than in patients 
receiving standard therapies [55].

In the present study, consuming the combination of 
BCc1 and Hep-S nanomedicines reduced IL-6 cytokine 
significantly and could also reduce the numeral value of 
TNF-α. In addition, the comparison of the treatment and 
placebo groups showed that these two nanomedicines 
could decrease the IL-6/IFN-γ ratio; the higher this ratio 
is, the more serious the CSS and damage to the lungs will 
be [59].

According to studies on the prevalence of clini-
cal symptoms of COVID-19, cough, fatigue, fever, and 
dyspnea are the most common hallmarks in COVID-19 
patients [60]. The results of the patients who received 
nanomedicine in the current study showed decreased 
fatigue, coughing, and the need for oxygen therapy. In the 
study by Larvie et al., selenium consumption was shown 
to be inversely associated with the severity of COVID-19 
symptoms, emphasizing the relationship between sele-
nium consumption and the inflammatory response in 
COVID-19 patients [61]. Researchers found that alter-
ing metal element metabolisms, such as selenium and 
iron, can interrupt the infectious relationship between 
the virus and the host, alleviating COVID-19 symptoms 
[62, 63]. One reason for the immunomodulatory effect of 
these two nanomedicines, without causing any abnormal 
changes in blood haemato- and biochemical parameters 
or clinical symptoms, etc. during consumption, is their 
smart impact on the metabolism of two vital elements of 
iron and selenium by benefiting from their unique high-
tech structure. These effects of nanomedicines on clinical 

symptoms can be evaluated in larger studies to show the 
repeatability of the results.

Studies show that iron chelation exhibits antiviral and 
immunomodulatory effects in  vitro [64] and in  vivo, 
can attenuate ARDS and help control SARS-CoV-2 [42]. 
In addition, there is a risk of selenium insufficiency in 
immunopathological conditions, and as a result of this, 
blood selenium levels are more likely to decline. Accord-
ing to studies, serum IL-6 concentrations are inversely 
linked to serum selenium [65, 66]. Selenium-deficient 
cells generate more IL-6 in human bronchial epithe-
lial cell lines infected with influenza virus [67]. There is 
also evidence that selenium supplementation can reduce 
excessive cytokine production [68].

Previous studies on nanochelating-based structures 
have evaluated and proved the immunomodulatory 
effects of these structures. In an animal model of mul-
tiple sclerosis as an autoimmune disorder, Fakharzadeh 
et al. showed that MSc1 nanochelating-based iron che-
lator could prompt therapeutic behavior, improve the 
disabling features of experimental autoimmune enceph-
alomyelitis, and decrease lymphocyte infiltration in the 
central nervous system [23]. In another study, selenium 
and zinc-containing DIBc metal–organic framework 
demonstrated antidiabetic effects and lowered TNF-α 
levels efficiently [69].

Thus, it seems that the nanochelating technology has 
presented a new generation of immunomodulators with 
unique structures that do not suffer from limitations such 
as adverse reactions.

Conclusion
The present study showed that the combination of 
BCc1 and Hep-S nanomedicines along with the stand-
ard treatments of COVID-19 reduced IL-6 as an 
important mediator of CSS and can be studied and 
evaluated in future clinical phases to present a novel 
immunomodulator.
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