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In COVID-19 patients, cytokine storm due to excessive immune responses can cause
severe complications. In this study, we investigated the effect of curcumin
nanomicelles on clinical outcome and cellular immune responses subtypes changes in
COVID-19 patients. A randomized, triple-blinded, placebo-controlled study was done.
Forty COVID-19 patients were included into two groups of nano-curcumin and pla-
cebo. The nano-curcumin group received 40 mg of nano-curcumin capsule, four times
per day for 2 weeks. Clinical signs and gene expression of TBX21, GATA3, RORC and
FOXP3 genes and IFN-y, IL-4, IL-17 and TGF-p cytokines serum levels were mea-
sured at time points of 0, 7 and 14 days. Serum levels of IFN-y (p = .52) and IL-17
(b = .11) decreased, while IL-4 (p = .12) and TGF-B (p = .14) increased in the nano-
curcumin group compared with placebo on day 14. Moreover, gene expressions of
TBX21 (p = .02) and FOXP3 (p = .005) genes were significantly decreased and
increased between nano-curcumin and placebo groups on day 7, respectively. It can
be concluded that administration of nano-curcumin in inflammatory phase of COVID-
19 can accelerate recovering of the acute inflammatory phase by modulating inflam-
matory immune responses. Therefore, it is suggested that this supplement in inflam-
including COVID-19,

inflammatory responses.

matory diseases, can be effective in controlling the
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1 | INTRODUCTION

Acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of
coronavirus 2019 (COVID-19), is associated with broad signs from
mild flu symptoms to high risk of acute respiratory distress syndrome
and mortality (Huang et al., 2020). Patients with COVID-19 may face
excessive immune responses followed by serious and life-threatening
pulmonary damage. In response to the virus, the immune cells may
produce a large amount of inflammatory cytokines, which cause dan-
gerous phenomenon of cytokine storms. In fact, cytokine release syn-
drome is one of the leading causes of severe lungs damage and death
in COVID-19 patients (Conti et al., 2020; Ghaebi, Osali, Valizadeh,
Roshangar, & Ahmadi, 2020).

Curcumin, a traditional herb, is one of the derivatives of Curcuma
longa (turmeric). Several in-vivo and in-vitro studies have shown that
curcumin and its analogs significantly inhibit the production and
secretion of pro-inflammatory cytokines, such as IL-1, IL-6, IL-8 and
TNF-a (Garg, Ahuja, Sankar, Kumar, & Moss, 2012; He et al., 2015). In
this regard, animal studies have investigated the role of curcumin in
inflammatory lung involvement, and their results showed that cur-
cumin could actively reduce IL-1b, IL-6 and TNF-a cytokines following
the infectious lung injuries. In addition, curcumin can reduce produc-
tions of several cytokines and chemokines, such as MCP1, MIPI1,
CXCL family, SDF1 and MMP family (Dai et al., 2018; Sordillo &
Helson, 2015). The mechanism of immunomodulation of curcumin is
McClure,
Rahman, 2005). First, curcumin prevents activation of IKKb (Cohen,

widely investigated (Biswas, Jimenez, Megson, &
Veena, Srivatsan, & Wang, 2009). Second, curcumin increases expres-
sion of 1kBa (Jobin et al., 1999). Third, curcumin activates AMPK (Han,
Xu, Guo, & Huang, 2018) and inhibits nuclear translocation of NF-kB
and P65, which ultimately reduces inflammation (Xu & Liu, 2017).
Another inflammatory mediator regulated by
cycloxygenase 2 (COX-2) (Khan & Khan, 2018). Therefore, curcumin is

probably able to shift immune responses through the above-

curcumin is

mentioned mechanisms. The balance of immune responses in infec-
tious and non-infectious diseases plays an important role in the prog-
nosis of the diseases. The main cellular immune responses are
including T helperl, T helper2, T Regulatory and T helper 17 lympho-
cytes responses, which shifting balances towards each of these
responses can change the immune system condition (McMichael &
Rowland-Jones, 2001). Curcumin can also prevent the accumulation
and migration of a wide range of immune cells, including peripheral
mononuclear cells (PMNs) cells, CD4+ and CD8+ T lymphocytes and
NK cells (Avasarala et al., 2013).

Curcumin also has antiviral effects on, such as, respiratory syn-
drome virus (RSV) (Yang, Li, Li, Wang, & Huang, 2017) different sub-
types of 1AV, HIN1, H2N2, H3N2 and H5N1 influenza (Kannan &
Kolandaivel, 2017) as well as SARS-CoV (Wen et al., 2007) through

various molecular mechanisms.

On the other hand, despite curcumin's enormous beneficial prop-
erties, it has major limitations in administration due to its physico-
chemical properties. Among these limitations are the low aqueous
solubility, low bioavailability and its low absorption from the gastroin-
testinal tract, which prevents its proper functions. Therefore, nano-
formulations of curcumin such as nanomicelles have been synthetized,
which improve absorption, increase bioavailability and thus provide a
suitable replacement for conventional form of curcumin (Gera
et al, 2017; Sahebkar, Alavizadeh, Dorri, &
Jaafari, 2019).

Paying attention to the cytokine storm caused by SARAS-COV-2

virus, as well as the antiinflammatory efficacy of curcumin-containing

Hatamipour,

nanomicelles, in the present study, we studied the effect of curcumin-
containing nanomicelles on the T lymphocyte cells immune responses
balance including T helperl, T helper 2, T regulatory and T helper
17 cells and its clinical outcome in the treatment of COVID-19.

2 | MATERIAL AND METHODS

21 | Study design and patients' selection
The study protocol of the present was published previously
(Hassaniazad et al., 2020). This is a randomized, triple-blinded,
placebo-controlled study. A total of 40 COVID-19 patients were
included, who were referred to COVID-19 wards of Shahid
Mohammadi Hospital, Bandar Abbas, Iran. To have the most baseline
homogeneity, the patients were divided randomly into the groups of
nano-curcumin and placebo using Excel software randomization
method. For this purpose, a participant's variable equal to the number
of participants in the two groups of placebo and nano-curcumin was
defined in Excel software. Then, using the randomization function, the
participants list containing two groups of placebo and nano-curcumin
were randomly assigned, and the patients admitted to the study were
allocated to the groups according to the randomly created list.
Patients in both groups received treatment in accordance with
the latest version of the COVID-19 treatment guideline, and inclusion
into the study did not interfere with the main treatments (Table 1). An
informed consent was obtained from all patients prior to the participa-
tion. The present study was approved by the Research Ethics Com-
mittee of Hormozgan University of Medical Sciences (HUMS.
REC.1399.174) and lIranian Registry of Clinical Trials (IRCT code:
IRCT20200611047735N1,  https://www.irct.ir/trial/48843). The
inclusion criteria of patients were as follows: 18-75 years of age, both
genders, lack of participation in other clinical trials, diagnosis of
COVID-19 infection by a specialist and confirmation with COVID-19
Real-Time PCR test. The exclusion criteria also were as follows: preg-
nancy or lactation, allergy to turmeric or curcumin, smoking, patient

connected to the ventilator, SaO, less than 90% or PaO, less than
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TABLE 1 Medications and

supplements intake in two groups of Medications and supplements Placebo n = 20 Nano-curcumin n = 20 p value®
placebo and nano-curcumin Vitamin D 20 (100%) 20 (100%) >.9999
Vitamin C 20 (100%) 20 (100%) >.9999
Zinc sulfate 20 (100%) 20 (100%) >.9999
L-carnitine 20 (100%) 20 (100%) >.9999
Hydroxychloroquine 9 (45%) 9 (45%) >.9999
Kaletra® 11 (55%) 10 (50%) >.9999
Corticosteroids 17 (85%) 18 (90%) >.9999
Diphenhydramine 13 (65%) 10 (50%) 5231
Enoxaparin 14 (70%) 16 (80%) 7164
Heparin 6 (30%) 4 (20%) 7164
Pantoprazole 20 (100%) 20 (100%) >.9999
“Fishet's exact test was done to compare the frequencies between two groups.
eharactrstcs of COVD-19 patients
nano-curcumin and placebo groups at the Age, years 483+11 487+108 90°
time of enrollment Sex, N (%) Male: 12 (60%) Male: 10 (50%) 29°
Female: 8 (40%) Female: 10 (50%)
Lung involvement (by CT scan finding) Mild: 1 (5%) Mild: 0 (0%) 43°
Moderate: 10 (50%) Moderate: 8 (40%)
Severe: 9 (45%) Severe: 12 (60%)
Length of stay, days 52+29 58+3.1 532

Note: Data presented as mean + SD or percent.
?Independent sample T-test was used to evaluate the mean differences between groups.
bChi-square test was used to evaluate the frequency differences between groups.

8 kPa, having comorbidities (such as severe renal failure, glomerular
filtration rate less than 30 ml/min, liver failure, congestive heart fail-
ure or chronic obstructive pulmonary disease), history of gallstones,
history of gastritis or active gastrointestinal ulcer. The obtained demo-
graphic data, clinical and laboratory parameters are summarized in
Tables 2 and 3.

2.2 | Study design

The sample size was calculated according to the Sakpal et al.'s study
(Sakpal, 2010) and based on the comparing two proportions formula.
To have a two arm designed clinical trial with 80% power and two-
sided 5% significance, and given the efficacy of nano-curcumin in pre-
vious COVID-19 clinical trial study (Saber-Moghaddam et al., 2021),
20 sample size in each arm of the study was calculated.

The tested medication in this trial was an herbal supplement con-
taining soft gels containing curcuminoids nanomicelles. This drug has
been commercialized and registered as the Sinacurcumin® soft gel
40 mg by Exir Nano Sina Company, Tehran, Iran (IRC:1228225765).

The nano-curcumin group participants received Sinacurcumin®
soft gel 40 mg, four times per day (after breakfast, lunch, dinner and
before bedtime) for 2 weeks. In the placebo group, capsules with the

same appearance and characteristics (placebo capsules, Exir Nano Sina

Company, Tehran, Iran) were prescribed, similar to the nano-curcumin
administration. In order to blind, the coded capsule containers method
for nano-curcumin and placebo capsules were used to have the triple-
blinded RCT for the participants, physicians and nurses collaborating
in the study and data collectors. The capsule containers were coded in
such a way that none of the participants, physicians and nurses collab-
orating in the study and data collectors knew about the coding. The
capsules were then given in order of their codes to the patients
entered the study. Assessing participant compliance was also done by
methods of patient self-reporting of medication use as well as cou-
nting of unused capsules in every visit by the physician and calculating
the patient's compliance (Lafleur & Oderda, 2004). In case of deterio-
ration of the patient and inconsistency with the inclusion criteria of
the study, the patient was excluded from the study and received the
necessary treatment according to the guidelines. Also, there were no
co-interventions for the participants in the present trial (Figure 1).
Blood samples of all participants were collected three times of
days O, 7 and 14 after administration of the nano-curcumin or pla-
cebo. Bloods were centrifuged at 3000 rpm, and serum was separated
in different microtubes and stored at —80°C until cytokine assay.
Complete clinical symptoms and laboratory findings including periph-
eral blood and serum parameters including lactate dehydrogenase
(LDH), white blood cells (WBC) count, prothrombin time (PT), partial
thromboplastin time (PTT), international normalized ratio (INR) and C-
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TABLE 3

Fever (°C)

Oxygen saturation level %

Myalgia, N (%)

Cough, N (%)

Headache, N (%)

Sore throat, N (%)

Chills, N (%)

Anosmia, N (%)

PT, seconds

PTT, seconds

International normalized

ratio (INR)

Qualitative C-reactive
protein (CRP)

Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin
Placebo
Nano-curcumin

Placebo

Nano-curcumin

*Data presented as mean * SD or percent.
#Independent sample T-test was used to evaluate the mean differences between groups.
bChi-square test was used to evaluate the frequency differences between groups.

Day 0*
36.7+0.3
36.5+0.3
92+55
93534
11 (55%)
15 (75%)
10 (50%)
13 (65%)
8 (40%)
11 (55%)
9 (45%)

5 (25%)

9 (45%)
13 (65%)
5 (25%)

8 (40%)
139+1
13.01+1
3395
34+6
1.12+0.13
1.04 £ 0.12

Zero: 2 (10%)
+1: 3 (15%)
+2:5(25%)
+3: 10 (50%)

Zero: 2 (10%)
+1: 3(15%)
+2: 6 (30%)
+3: 9 (45%)

Laboratory and clinical findings in nano-curcumin and placebo patients in three time points following intervention

p value Day 7* p value Day 14* p value

.3688° 36.6 +0.2 24212 36.5+0.2 78572
36.5+0.2 36.6 +0.2

67512 96+ 2 99982 97.1+12 .99032
95.9 + 2.4 97 £2.1

.3203° 0 - 0 -
0 0

.5231° 1 (5%) - 0 -
1(5%) 0

5273° 0 - 0 -
0 0

.3203° 0 - 0 -
0 0

.3406° 0 - 0 -
0 0

.5006° 0 - 0 -
0 0

.1096? 14+1 6377° 139+ 1 40822
135+ 1.2 1321

99982 34.1+10 .7877° 338+8 99942
31.9+8 33.6+8

17522 1.18 + 0.23 15672 1.16 +0.21 .19482
1.06 + 0.12 1.05 + 0.08

.986° Zero: 11 (55%) .931b Zero: 16 (80%) 1712
+1: 4 (20%) +1: 0 (0%)
+2: 3 (15%) +2: 3 (15%)
+3: 2 (10%) +3:1(5%)

Zero: 11 (55%)
+1: 5(25%)
+2: 3(15%)
+3:1(5%)

Zero: 16 (80%)
+1: 3(15%)
+2:1(5%)
+3: 0 (0%)

reactive protein (CRP qualitative measurement kit, ENISON, Tehran,
Iran) were measured and recorded in mentioned time points as seen
in Table 3. To study the immune response balance changes, gene
expressions containing T helper 1 cells transcription factor TBX21, T
helper 2 cells transcription factor GATA-3, regulatory T cells transcrip-
tion factor FOXP3 and T helper 17 cells transcription factor ROR-yT
as well as serum level of IFN-y, IL-4, IL-17 and TGF-p cytokines levels
in both groups of nano-curcumin and placebo were measured in three

time points of O, 7 and 14 days after treatments.

2.3 | Analysis of TBX21, GATA-3, FOXP3 and
ROR-yT mRNA expression by real-time PCR

Total RNA was extracted from whole blood samples using the
RiboEXTM kit (Geneall, Seoul, South Korea), according to the manufac-
turer's instructions. Subsequently, complementary DNA (cDNA) was

synthesized using SMOBIO Reverse Transcription Kit Il (SMOBIO,
SMOBIO Technology, Hsinchu, Taiwan). For gene expression study by
real-time PCR, a total volume of 25 pl, containing primers, cDNA, and
the SYBR Green Master Mix, was used. The optimal conditions for
amplification of each gene expression were calculated separately based
on the annealing temperature of each primer pairs. The sequences of
the primers are presented in Table 4. The GAPDH, as the housekeeping
gene, was also used to normalize the transcript level of the target genes.
Real-time PCR was performed triplicates for every sample. Finally,
mRNA expression levels were obtained using the 2722¢T method,
where ACt = target gene Ct — housekeeping gene Ct.

24 | Measurement of serum cytokine level

To evaluate the COVID-19 patients' serum level of IFN-y, IL-4, IL-17
and TGF-p cytokines at days O, 7 and 14 following treatments by
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FIGURE 1 Flowchart of the designed

trial on the COVID-19 patients Enrollment

Randomization

Evaluation of eligibility

(n=51)
( Not meeting inclusion
> criteria
L (n=11)
v
Enrollment to the trial
(n=40)

Allocation \

Allocated to Nano-curcumin

group
(n=20)

Allocated to Placebo
group

Completion of the study
and data analysis

(n=20)

(n=20)
Follow-up & Analysis
Completion of the study
and data analysis
(n=20)

nano-curcumin or placebo, an enzyme-linked immunosorbent assay
(ELISA) method was used by Karmania Pars Gene ELISA kits
(Karmania Pars Gene Co, Kerman, Iran) according to the manufac-
turer's instructions. The developed color was finally read using a plate
reader (Biotek, Winooski, VT) at the wavelength of 450/620 nm, and
the serum concentration of cytokines was measured according to the

cytokine's standards of each cytokine kit.

2.5 | Statistical analysis

The statistical analysis was performed by GraphPad PRISM software,
version 8. Results have been reported as percentage or mean + SD.
Kolmogorov-Smirnov test was used to check the normality distribu-
tion of the variables. Independent sample t test and its nonparametric
Mann-Whitney U test (if applicable) were used to compare mean dif-
ference of variables between two groups. The analysis of variance
(ANOVA) and Kruskal-Wallis tests (if applicable) as well as Bonferroni
Post-Hoc tests were also used to compare mean difference of vari-
ables. Fisher's exact and Chi square tests were also used to compare
proportions between the groups. The p value lower than .05 was con-
sidered as significant.

3 | RESULTS
3.1 | Clinical manifestation and overall
improvement

According to the inclusion criteria, 40 patients were eligible to enroll
in the study, 20 patients in nano-curcumin and 20 patients in placebo
group completed the 2 weeks duration trial. As seen in Table 1, there
were no significant differences between prescribed medications and
supplements between placebo and nano-curcumin groups. Also, the
baseline-characteristics of patients at the time of enrollment are sum-
marized in Table 2. The demographics and clinical characteristics were
not statistically different between nano-curcumin and placebo groups

at the time of enrollment.

3.2 | Clinical outcome of nano-curcumin or
placebo administrations in COVID-19 patients

All the subjects were evaluated in terms of clinical signs and symp-
toms including fever, oxygen saturation level, myalgia, cough, sore
throat, headache, anosmia and laboratory indices such as cell blood
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TABLE 4 Quantitative real-time PCR primers sequences and their
annealing temperature

Annealing
Gene Sequence (5'-3’) temperature °C
TBX21 F: ATTGCCGTGACTGCCTACCAGA 62

R: GGAATTGACAGTTGGGTCCAGG

GATA3 F: ACCACAACCACACTCTGGAGGA 63
R: TCGGTTTCTGGTCTGGATGCCT

RORC F: GAGGAAGTGACTGGCTACCAGA 62
R: GCACAATCTGGTCATTCTGGCAG

FOXP3 F: GGCACAATGTCTCCTCCAGAGA 62
R: CAGATGAAGCCTTGGTCAGTGC

GAPDH F: GGTGTGAACCATGAGAAGTAT 62

R: AGTCCTTCCACGATACCAA

count (CBC), lactate dehydrogenase (LDH) activity, PT, PTT, INR and
CRP, at three time points of 0, 7 and 14 days in both nano-curcumin
and placebo groups.

As shown in Table 3, there were no statistically significant differ-
ences in the clinical manifestations between nano-curcumin and pla-
cebo groups after the treatment at O, 7 and 14 days. As seen in
Table 3, despite the lack of significant differences, the CRP level in
patients decreased in the second week after nano-curcumin adminis-
tration compared with placebo group, so that 5% of patients in nano-
curcumin group had the CRP level more than +2, compared with 20%
of patients in placebo group.

The laboratory findings are also shown in Figure 2. One of the
remarkable findings, despite the lack of statistically significant differ-
ence between the placebo and nano-curcumin groups, was the
increase in the mean percentage of lymphocytes in the nano-curcumin
group compared with the placebo. The mean percentage of lympho-
cytes in nano-curcumin group on days 7 and 14 was 31.6% + 13.3
and 32.6% * 12.8, respectively, while this frequency was observed in
the placebo group as 23.5% + 13.3 and 29.7 + 11.8 on days 7 and
14, respectively. This trend was also observed for other laboratory
indices such as neutrophils percent, neutrophil to lymphocyte ratio
(NLR) and LDH activity (Figure 2). It should be mentioned that no spe-
cific adverse reactions related to curcumin were observed in nano-

curcumin receiving patients.

3.3 | mRNA expression study of TBX21, GATAS,
RORC and FOXP3 genes

TBX21, GATAS3, RORC and FOXP3 mRNA expression levels in
COVID-19 patients were assessed and compared between nano-
curcumin and placebo groups in time points of days 0, 7 and 14 follow-
ing treatment. As shown in Figure 3a, TBX21 gene expression
decreased at days 7 and 14 time points in the nano-curcumin group
compared with the placebo group. This decrease at day 7 showed a

significant difference between two groups (p value: .0252). RORC

gene expression also downregulated in nano-curcumin group com-
pared with placebo group at days 7 and 14 time points. However, this
reduction in RORC gene expression between the two groups was not
statistically significant in none of the time points (p value >.05). More-
over, as shown in Figure 3d, upregulation of FOXP3 and GATA3
genes was seen in the nano-curcumin group compared with the pla-
cebo group. The difference in FOXP3 gene expression on day
7 between placebo and nano-curcumin groups was also statistically

significant (p value: .005).

34 | Serum level of IL-17, IL-4, IFN-y and TGF-p
cytokines

Based on the results shown in Figure 4a, serum IFN-y cytokine levels
were not significantly different between nano-curcumin and placebo
groups at days of 0, 7 and 14 time points (p value>.05). However,
IFN-y serum level was higher in the placebo group
(195.5 + 69.3 pg/ml) on the time point of day 7 compared with the
nano-curcumin group (182 + 60.7 pg/ml). Moreover, despite the lack
of statistical significance differences, IL-4 serum cytokine increased at
times points of 7 and 14 days in the nano-curcumin group compared
with the placebo group (p value>.05) (Figure 4b).

Also, as seen in Figure 4c, the serum level of IL-17 in the nano-
curcumin group increased at day 7 time point (95.3 + 37.2 pg/ml), but
decreased at day 14 time point (116.8 + 36.2 pg/ml) compared with
the placebo group (74.8 + 21.3 g/ml and 139.3 + 28.4 g/ml at days
7 and 14 time points, respectively; p value >.05).

Serum levels of the cytokine TGF-§ also decreased at time point
of day 7 in the curcumin group (62.9 + 55.1 pg/ml) but increased at
time point of day 14 (169.3 + 90.3 pg/ml) compared with the placebo
group (80.2 +84.1 pg/ml and 115.8 + 76.2 pg/ml at days 7 and
14 time points, respectively) (p > .05) (Figure 4d).

4 | DISCUSSION

COVID-19 outbreak, which has been a pandemic since 2020, has cau-
sed many deaths worldwide by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Many efforts have been made to achieve
an effective therapeutic strategy for it, but no definitive approach has
been reached to date. It has been shown that the excessive immune
response and the development of cytokine storms are the key factor
for the development of severe forms of the COVID-19 disease and
broad lung damage and mortality in COVID-19 patients (Rodriguez-
Morales et al., 2020).

In the present study, we investigated the therapeutic role of
curcumin-containing nanomicelles as modulator of inflammatory
immune responses in COVID-19 patients. For this purpose, in the pre-
sent clinical trial in two groups of placebo and nano-curcumin, gene
expression and cytokines serum levels related to cellular immune
responses subgroups including Th1, Th2, Th17 and T regulatory were
studied.
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Despite curcumin's enormous beneficial properties, it has major
limitations in administration due to its physicochemical properties.
Among these limitations are the low aqueous solubility, low bioavail-
ability and its low absorption from the gastrointestinal tract, which
prevents its proper functioning. Therefore, biodegradable
nanomicelles containing curcumin, which was used in our trial, have
been synthetized to overcome these obstacles (Dei Cas &

Ghidoni, 2019; Gera et al., 2017).

The positive effects of curcumin on controlling inflammation have
been reported (Banez et al., 2020; Farhood et al., 2019; Kahkhaie
et al., 2019; Shimizu et al., 2019). Saadati et al. (2019) studied the
effect of curcumin on the non-alcoholic fatty liver disease (NAFLD)
patients and reported that curcumin administration reduced fibrosis,
nuclear factor-kappa B activity, liver enzymes and TNF-a serum level
(Saadati et al., 2019). In another study by Adibian et al., curcumin
reduced the serum lipid profile as well as CRP and adiponectin of
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Type-2 diabetes patients (Adibian et al., 2019). These results confirm
the role of modulating the immune responses of curcumin in diseases
of inflammatory origin.

Based on the prominent immunomodulatory role of curcumin,
from the onset of the COVID-19 pandemic, studies have been con-
ducted on the therapeutic role of curcumin in COVID-19 patients.
Saber-Moghaddam et al. (2021) reported that nano-curcumin adminis-
tration to COVID-19 patients significantly improved clinical indices
including length of hospital stay and blood oxygen level compared
with placebo group due to antiinflammatory effects of curcumin on
the recovery of COVID-19 patients, confirming the results of our
study (Saber-Moghaddam et al, 2021). However, they did not

perform molecular studies and focused on the clinical outcome of
nano-curcumin administration in COVID-19 patients.

A study also was done by Valizadeh et al. on the effect of nano-
curcumin on the mRNA expression and cytokine secretion of IL-1p,
IL-6, TNF-a and IL-18 on COVID-19 patients, and the results showed
that nano-curcumin significantly reduced secretion of IL-6 and IL-1§
and gene expression of these cytokines, which was consistent with
our results, indicating the antiinflammatory effect of nano-curcumin
(Valizadeh et al., 2020). Tahmasebi et al. studied the role of curcumin
on the frequency of Th17 cells in patients with COVID-19, and they
showed that nano-curcumin significantly reduced the frequency of
Th17 cells. This study is also consistent with our obtained results
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about reduction of interleukin-17 serum level and its gene expression,
which indicates the antiinflammatory role of curcumin. Roy et al. also
stated possible role of curcumin in improving the severe side effects
of COVID-19 by the anticoagulant effects of curcumin on platelets,
calcium and cyclooxygenase pathways. In COVID-19 patients, coagu-
lation disorders such as disseminated intravascular coagulopathy (DIC
(can pose a significant risk to the COVID-19 patient, so anticoagulant
properties of curcumin may have a role in preventing coagulopathy
complications (Roy et al., 2020). One of the strengths of our trial com-
pared to the mentioned studies was the investigation of the immuno-
modulatory role of nano-curcumin in patients with COVID-19 by
studying its effect on main subtypes of cellular immune response
(Th1, Th2, Th17 and Treg in terms of gene expression and serum

cytokines levels), which has not been performed specifically in other
studies on COVID-19.

The effect of nano-curcumin on the improvement of laboratory
indices, such as lymphocyte percentage, neutrophils percentage, LDH
level and neutrophil to lymphocyte (NLR) ratio from the time point of
day 7 after treatment, can be considered as one of our main findings.
Based on the previous reports, the NLR, decreased lymphocytes and
increased neutrophils count are diagnostic and prognostic factors for
the assessment of infections severity (Berhane et al., 2019; Liu
et al,, 2017; Wang et al., 2020; Zhang et al., 2020). In this regard, Liu
et al. reported that aged = 50 and NLR 2 3.13 were the key indices
for prediction of severe condition of COVID-19 patients (Liu
et al,, 2020).
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Another major part of our study was related to the effect of
nano-curcumin on the immune responses balance in COVID-19
patients by studying of cellular immune responses' subgroups tran-
scription factors gene expression. According to our results, nano-
curcumin significantly downregulated TBX1 gene of Thl responses
and upregulated FOXP3 gene of regulatory T cell population in
COVID-19 patients. Th1 responses intensify inflammatory responses
centered on CD8 T lymphocytes, macrophages, due to IFN-y and IL-
12 cytokine secretions (Bruder, Srikiatkhachorn, & Enelow, 2006;
Farhood et al., 2019; Farrar & Schreiber, 1993). In COVID-19 patients,
one of the main causes of lung tissue destruction is cytokine storm
related to severe cellular immune responses to virus-infected lung
cells, so one way to control the exacerbation of COVID-19 is to mod-
ulate cellular immune responses (Rodriguez-Morales et al., 2020).
According to obtained results, curcumin nanomicelles modulated cel-
lular immune responses by reducing TBX1 gene expression associated
with Th1l response. Furthermore, the expression of RORC gene
related to Th17 responses and the expression of GATA3 gene related
to Th2 response showed that nano-curcumin can not only modulate
inflammatory immune responses through Thl and T regulatory
responses, but also modulates the immune responses through Th17
and Th2 responses. Therefore, according to previous reports and our
current findings, it seems that curcumin can modulate T cell-mediated
immune responses in COVID-19 patients.

According to our results, inflammatory cytokines including IL-17
and IFN-y were decreased, but TGF-f and IL-4 cytokines were ele-
vated in the serum of nano-curcumin-receiving COVID-19 patient. In
support of our findings, Djalali et al. studied the effect of nano-
curcumin on Th1/Th17 balance and serum level of IFN-y and IL-17 in
migraine patients, and they stated that using nano-curcumin in these
patients significantly reduced the gene expression of IL-17 compared
with control (Djalali et al., 2020). Based on our findings, nano-
curcumin downregulated the expression of RORC gene of Th17
response in COVID-19 patients. This finding indicates an immuno-
modulation in neutrophil-rich inflammatory responses and inflamma-
tion following Th17-related responses.

However, the limitations of the present study were the small sam-
ple size as well as the short treatment time. The short duration of
treatment time was due to short duration of the disease and limita-
tions of patients' follow-up after discharging from the hospital.

In conclusion, the results of the present clinical trial study suggest
that the use of nanomicelles containing curcumin in COVID-19 patients
can improve peripheral blood inflammatory indices 7 days after inter-
vention. Also, using nano-curcumin can modulate the immune
responses by decreasing Th1 and Th17 responses and increasing T reg-
ulatory responses and further reducing the IL-17 and IFN-y and increas-
ing the suppressive cytokines TGF-p and IL-4. Therefore, it can be
concluded that nano-curcumin can accelerate the process of recovery
from the acute inflammatory phase of COVID-19 disease.
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