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The COVID-19 pandemic occurred and quickly spread throughout the world. To improve the state of
COVID-19 patients, it is important to identify the possible clinical differential diagnostic markers and their
correlation with the severity of SARS-CoV-2 infection. In this study, the serum level of alpha-melanocyte
stimulating hormone (alpha-MSH), vitamin D, calcium, phosphorus and magnesium in the serum of COV-
ID-19 patients were analyzed. Blood samples were collected from 60 patients who attended Isolated Hospital
in Tikrit City/lraq from September to December 2020 and diagnosed by RT-PCR as COVID-19 positive and
from 30 healthy individuals. It was shown that COVID-19 patients revealed high serum levels of a-MSH as
compared with healthy individuals but low serum levels of vitamin D, calcium, and magnesium which may be

recommended as supplements for those patients to increase the innate immune response.
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C OVID-19 virus (SARS-CoV-2) is a member
of the Coronaviridae family. The first infec-
tions were discovered in November 2019 in
Wuhan, Hubei city in the center of China. Then this
pandemic was pervasion to other many countries
around the world [1].

Melanocortins are considered immunomodula-
tory and anti-inflammatory markers. Their physio-
logical role and effectiveness in the treatment of
chronic, acute, and systemic inflammatory disor-
ders were well-documented. Melanocortin pathways
could form a real basis against the negative conse-
quences of respiratory viruses not only for now but
also for feasible future pandemics [2, 3].

Melanocortins are a group of endogenous pep-
tides released by cells of the central and peripheral
nervous systems. Proopiomelanocortin (POMC) was
the precursor of these peptides, which also include
the melanotropins (o, B, and y- MSH) and adrenocor-
ticotropic hormone (ACTH). Even though, MSH has
been identified as a melanogenic hormone and the

action of ACTH is confined to its steroidal effect, the
melanocortins have multiple physiological actions on
the host [4-6].

Melanocortin pathway activates with synthetic
or natural ligands and has beneficial effects in acute
or chronic and systemic inflammatory disorders
[5, 6]. Clinical articles have shown the efficacy of
[Nle4, D-Phe7]-alpha-MSH (NDP-a-MSH) and
ACTH therapies in systemic inflammatory disorders
like kidney diseases, acute respiratory distress syn-
drome (ARDS), rheumatoid arthritis (RA), multiple
sclerosis (MS), systemic lupus erythematosus (SLE),
and nephrotic syndrome (NS) [7-11].

The high evidence of the different immuno-
modulating effects of melanocortins is conducted
among special melanocortin receptor (MCR)
targeting by activation of the MC1R and MC3R,
immunological regulation occurs by MC5R. For
example, inflammatory response inhibited by
macrophages, MC1R and MC3R, while MC5R as-
sociated with differentiation of monocyte toward
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the tolerogenic antigen-presenting cells (APCs) or
myeloid suppressor cells with subsequent decreased
the activation effects of T cells [12-14].

In COVID-19, most studies used corticosteroid-
based therapy in critical and severe patients whose
state could be improved from the action of glucocor-
ticoids. ACTH therapy needs a preventative evalua-
tion to identify the balance between harms and im-
provements of enhancing corticosteroids [15].

The 1,25(0H),D,, which is the active form of
vitamin D, is produced in the immune cells and
stimulated numerous gene expression referred to as
healthy immune responses. The 1,25(CH),D, also
acts on different kinds of epithelial cells and affects
their immune defense mechanisms. In addition, the
important advantage of vitamin D sufficiency may
be its inhibitory effect on increased cytokine produc-
tion that can be a deadly consequence of acute infec-
tions of many respiratory viruses [16-18].

Most calcium of the human body presents in the
bones, while the rest circulates in the blood. About
one-half of the calcium is referred to as “ionized”or
“free” and it is the active form. The other half is
“bound” calcium which is attached to albumin and
other compounds and is the metabolically inactive
form [19]. The total calcium is the calculation of both
previous types. Changes in albumin concentration
cause a change in total calcium without affecting the
physiological and clinical importance of ionized cal-
cium fraction. Therefore, the corrected calcium was
calculated by using different formulas when albumin
was below the reference range. The consumption of
circulating calcium that helps the virus to enter into
host cells may be one of the causes of hypocalcemia;
therefore, this hypocalcemia in COVID-19 hospitali-
zed patients may be a marker of severe illness and
was common in critical patients admitted to the in-
tensive care unit (ICU). Viruses are also can used
the calcium ion signal to create a suitable cellular
environment that associated with their demands [20].

Hypophosphatemia in acute respiratory failure
or chronic obstructive pulmonary patients had been
reported in previous studies [21]. Therefore, it is an
important issue to understand the clinical correlation
of calcium and phosphorus levels with the severity
of SARS-CaoV-2 infection and to investigate the use
of COVID-19 clinical differential diagnostic markers
[22].

The functions of magnesium (Mg*?) include
playing a role in the bronchodilatation and relaxa-
tion of bronchial smooth muscle, antihistaminic, an-
ticholinergic, and anti-inflammatory effects. There-

fore, the harmful effect of prolonged magnesium
deficiency on lung function of COVID- 19 patients
can be assumed [23]. To our best knowledge, at the
moment there are no data about magnesium homeo-
stasis in COVID-19 patients, which is not surprising
because magnesemia is not routinely evaluated in
clinical practice [24].

Therefore, the present study aims to evaluate
the alpha-MSH, 1,25(0H),D,, calcium, phosphorus,
magnesium, and albumin serum levels in positively
infected COVID-19 patients.

Material and Methods

The Medical Ethics Committee of Tikrit Uni-
versity College of Medicine had approved this study
with the code number (IQ. TUCOM.REC.2020.C86).
Ethical agreement statement was acquired from all
individuals in this study, according to the World
Medical Association Declaration of Helsinki, revised
in 2000, Edinburgh.

A case-control study includes 60 patients who
developed signs and symptoms that appeared like
fever, cough, fatigue, and headache for at least (5-7)
days after the appearance of these clinical features.
All patients were diagnosed as positive COVID-19
infection with a pharyngeal swab that was positive
by RT-PCR. Blood samples were collected from all
those 60 patients who attended to Isolated Hospi-
tal in Tikrit City/Iraq in the period from Septem-
ber to December 2020 and another 30 samples from
healthy individuals.

Alpha-MSH and 1,25(0H),D, levels were esti-
mated by ELISA kits (Sunlong Company) [25] and
calcium (total, ionized, and corrected), phosphorus,
and magnesium content were measured by BioLabo
kits. All individuals were ranged (20-70) years, and
they were non-diabetics and non-smokers with no
personal and familial history of diabetes, hyperten-
sive, thyroid, and renal diseases.

Statistical analysis was done by using the SPSS
version 25 statistical program, and a comparison was
made between various groups, which were evaluated
by two independent sample t-test. The level of statis-
tical significance was calculated at (P < 0.05).

Results

In the present study, the mean = SD of
a-MSH level in COVID-19 patients was increased
(386.57 = 132.86 pg/ml) with a significant difference
(P = 0.029) when compared with healthy individuals
(330.27 £ 56.4 pg/ml).
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On the other hand, the mean+SD of
1,25(0H),D, level in COVID-19 patients was lower
(24.73 £ 4.16 ng/ml) compared with healthy individu-
als (22.8 + 4.6 ng/ml) with a highly significant differ-
ence (P <0.0001), as shown in Table (1).

In this study, the findings showed that there
was a highly significant difference (P < 0.0001) in
the levels of calcium (total, ionized, and corrected)
(8.28 £ 0.60, 4.24+0.45, and 8.44 + 0.80 mg/dl) re-
spectively in COVID-19 patients when compared
with healthy individuals (9.40 + 0.65, 4.55 + 0.43,
and 9.02 + 0.88 mg/dl) respectively, as seen in Table.

In the current study, the mean+SD of phos-
phorus and magnesium in COVID-19 patients were
(3.94 + 0.40 and 1.78 + 0.11 mg/dl) respectively,
while in healthy individuals were (4.02 + 0.46 and
1.92 + 0.20 mg/dl) respectively. The mean+SD of
albumin in COVID-19 patients was (3.78 £ 0.74 g/
dl) but in healthy individuals was (4.20 £ 0.54 g/dI).
These results showed that there was no significant
difference (P = 0.397) of phosphorus in COVID-19
patients but in magnesium and albumin levels there
was a highly significant difference (P < 0.0001 and
P = 0.007) respectively in COVID-19 patients when
compared with healthy individuals, as revealed in
Table.

Discussion

In this study, a-MSH was increased in
COVID-19 patients but vitamin D was decreased
when compared with healthy individuals. Like
ACTH, it is expected that the anti-inflammatory
effect of a-MSH may be stimulated by particular
MCRs expressed in hypothalamic neurons and pe-
ripheral immune cells. The inflammation modula-

tory signaling pathways were stimulated by a-MSH
in the central nervous system which is expected to
act through neural MC4R [26,27]. MC1R and MC5R
can play an important role in the modulation of pro-
inflammatory cytokines and collagens by a-MSH in
human articular chondrocytes. Moreover, beneficial
effects influence a-MSH is an autoimmune uveoreti-
nitis needed a functional MC5R [28].

In COVID-19 patients, the innate immune sys-
tem develops both the pro-inflammatory and the
anti-inflammatory specific cytokines. Vitamin D
has been revealed to decrease the formation of T
helper cell type 1 (Thl) to cytokines like interferon
and tumor necrosis factor-alpha (TNF-a). Further-
more, vitamin D administration reduces the produc-
tion of pro-inflammatory cytokines in macrophage
cells while increasing the expression of anti-inflam-
matory cytokines [29, 30]. Therefore, the low level
of 1,25(CH),D, in the current study may be due to
the inflammatory process that needs a great amount
of active form of vitamin D because of its anti-in-
flammatory role. Ultimately, the consumption of
vitamin D in the cells implicated in immunomodu-
lation is increased, resulting in reduction of its inac-
tive form level in serum. From this perspective, the
low level of 1,25(0OH),D, in severe disease such as
COVID-19 may be probably due to the impaired bio-
synthesis of the hormonally active form of vitamin
D and not a predisposing factor for the inflammatory
reactions [31, 32].

In this study, decreased calcium (total, ionized,
and corrected) and serum albumin in COVID-19 pa-
tients was observed when comparing with healthy
individuals. Several studies have shown that the
SARS-CoV-2 E gene encodes a few trans-membrane

Table. Comparison between COVID-19 patients and healthy individuals for all study parameters, (n = 90)

Tests QOVI D-19 Healthy individuals, P value
patients, n = 60 n=30
Mean age, year 38.7+£5.2 35.2+48 P =0.0027
a-MSH, pg/ml 386.57 + 132.86 330.27 + 56.40 P =0.029
1,25(OH),D,, ng/ml 1473 £ 4.16 22.8+4.6 P <0.0001
Calcium, mg/dl 8.28 £ 0.60 9.40 + 0.65 P < 0.0001
lonized calcium, mg/dl 4,24 +£0.45 455+ 0.43 P =0.0024
Corrected calcium, mg/dl 8.44 + 0.80 9.02+ 0.88 P =0.0023
Albumin, g/dI 3.78 £ 0.74 4.20 £ 0.54 P =0.007
Phosphorus, mg/dl 3.94 £ 0.40 4.02 +£0.46 P =0.397
Magnesium, mg/dl| 178 £0.11 192 +0.20 P <0.0001
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proteins with ion channel activities that are highly
expressed through infection. The ion channels are
absorbent of calcium, and the impairments in cal-
cium homeostasis can lead to the stimulation of in-
flammatory processes, producing edema and leading
to damage of lung cells [33].

In hospitalized patients with COVID-19, hy-
pocalcemia commonly occurs and leads to an unfa-
vorable prognosis. The etiology of hypocalcemia in
patients with COVID-19 is still cloudy but is likely
multifactorial. Further research is urgently needed
to know the causes of hypocalcemia in hospitalized
COVID-19 patients. Calculation of the ionized cal-
cium should be done because it is more accurate than
corrected form of calcium in critically ill patients.
However, calcium is mainly bind with plasma albu-
min, and reduction of albumin in serum may be one
of the causes of low calcium. Also, hypoxia in lung
tissue results in calcium influx and cell membrane
damage. In COVID-19 patients, the pro-inflammato-
ry cytokines cause the imbalance of calcium because
of inhibition of the secretion of parathyroid hormone
(PTH) and it is an impaired response [19,22,34].

In this study, phosphorus and magnesium levels
in COVID-19 patients were decreased when com-
pared with healthy individuals. Hypophosphatemia
can be caused by one of three mechanisms: decrease
phosphate intestinal absorption, phosphate transfer
from the extracellular to the intracellular compart-
ment (trans-cellular shift), increased phosphate renal
excretion, or any variation of these mechanisms. The
mechanisms that lead to hypophosphatemia in ex-
treme COVID-19 patients remain cloudy. According
to preview, the immunological activity of elderly pa-
tients with hypophosphatemia or severe pneumonia
is lower than that in younger, and patients with hy-
pophosphatemia are usually immunocompromised.
[35-37].

Magnesium deficiency may reduce the
resistance against infection with SARS-CoV-2
and, most notably, may enhance the severity of
COVID-19. This condition leads to diabetes, cardio-
vascular diseases and chronic respiratory disorders
in older age patients. When taking vitamin D supple-
ments, magnesium supplementation is advised. Be-
cause it helps in the stimulation of vitamin D action
that aids to regulate phosphate and calcium homeo-
stasis, then eventually affects bone growth. All vi-
tamin D metabolizing enzymes require magnesium
for their activity, which works as a for enzymatic
reactions in the liver and kidneys [38].

The major limitation during this study was the
sample collection from patients in the isolated hos-
pital during the COVID-19 pandemic that required
special permission from the health ministry and it
was a slow bureaucratic process.

In general, the results of this article focused on
the serum level changes of alpha-MSH, vitamin D,
calcium, phosphorus, and magnesium in COVID-19
patients. Therefore, these findings may be taken into
consideration in the next updating protocols of the
COVID-19 management and contribute to the cut-
ting-edge field of molecular mechanisms of SARS-
CoV-2 influence on the overall state of patients.

Conclusions. In the current study, the COV-
ID-19 patients revealed low serum levels of vitamin
D, calcium, and magnesium that may recommend
them as supplements for those patients to increase
the innate immune response against this virus. On
the contrary, the a-MSH level was high among
COVID-19 patients.
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CUPOBATII KPOBI MTAIIEHTIB I3
COVID-19
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IMaggemis COVID-19 BuHMKIA 1 WIBUI-
KO TOIIHMpHUiacs CBITOM. 3 METOI0 TMOKpAIIeHHS
crany mnanieHtiB i3 COVID-19 BaxiauBo Bu3-
HAUUTH MOXJIMBI  KJIIHIYHI  JgudepeHIiaibHO-
JMIarHOCTHYHI Mapkepu Ta iX KOpelsiilo 3
TsokkicTio  iH(eknii SARS-CoV-2. V  ubomy
JIOCTI/KeHHI ~ OyJI0  MPOaHalli30BaHO  PiBCHB
0-MEJIAHOI[U TCTUM YJTFOBAJIBHOT'O TOPMOHY
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(0a-MCT"), Bitaminy D, xansiito, ¢ochopy Tta
MarHito y cupoBarili kpoBi namiesTis i3 COVID-19.
3pa3ku KpoBi Oyino B3sATo y 60 maIrieHTiB, sKi
BiJIBITyBaJIM i30JIbOBaHy JIiKapHIO B MicTi Tikpit/
Ipax 3 BepecHs mo rpyaerb 2020 poky i Oymm
niarHocroBaHi 3a gomomoror [IJIP Ttecty sk
no3utuBHi Ha COVID-19, a takox y 30 3mopo-
Bux mroaeil. Y mamiedris 13 COVID-19 Busas-
neHo Bucoki piBHi o-MCI' y cupoBarui Kposi y
TOPIBHAHHI 31 3J0POBUMHU JIOABMH, aJlé HU3BKI
piBHi BiTaminy D, Kalbplito Ta MarHito, siki MOXYTb
OyTH pEeKOMEHIOBaHI K JTOOABKH I ITiABUIICHHS
IMYHHOT BIJINOBIII IIUX MAI[I€HTIB.

Knmwuosi cmosa: COVID-19, ambpda-
MCT, xanbliiii, Maruii, sitamin D.
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