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The health crisis caused by the new coronavirus SARS-CoV-2 highlights the need to identify new treatment
strategies for this viral infection. During the past year, over 400 coronavirus disease (COVID-19) treatment
patents have been registered; nevertheless, the presence of new virus variants has triggered more severe disease
presentations and reduced treatment effectiveness, highlighting the need for new treatment options for the
COVID-19. This study evaluates the Metformin Glycinate (MG) effect on the SARS-CoV-2 in vitro and in vivo viral
load. The in vitro study was conducted in a model of Vero E6 cells, while the in vivo study was an adaptive, two-
armed, randomized, prospective, longitudinal, double-blind, multicentric, and phase IIb clinical trial. Our in vitro
results revealed that MG effectively inhibits viral replication after 48 h of exposure to the drug, with no cytotoxic
effect in doses up to 100 uM. The effect of the MG was also tested against three variants of interest (alpha, delta,
and epsilon), showing increased survival rates in cells treated with MG. These results are aligned with our clinical
data, which indicates that MG treatment reduces SARS-CoV2-infected patients viral load in just 3.3 days and
supplementary oxygen requirements compared with the control group. We expect our results can guide efforts to
position MG as a therapeutic option for COVID-19 patients.

1. Introduction

A novel coronavirus was recently discovered and termed SARS-CoV-
2. Human infection can cause coronavirus disease 2019 (COVID-19), for
which, at this point, over 510 million cases have resulted in more than 6
million deaths in over 40 countries; in Mexico, there are over 5 million
cases with more than 300,000 deaths [1]. SARS-CoV-2 infects different
organs and causes a systemic disease; as clearance of the virus occurs,
the symptoms tend to worsen, implicating an aberrant immune response
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as pathogenesis of infection [2]. COVID-19 has presented one of the
most significant challenges to humanity concerning the development of
diagnostic systems, vaccines, and new treatments. A detailed search in
the Orbit database indicated that between January 2020 to August 2021,
439 relevant patents and applications were registered relating to the
treatment of the infection caused by the coronavirus SARS-CoV-2,
including compounds of traditional Chinese medicine, as well as a
wide variety of treatments comprising placenta-derived natural killer
cells, ILC3 cells derived from a population of hematopoietic stem or
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progenitor cells, antibodies, an alpaca nanobody, modified viruses,
bacteria (Pseudomonas), recombinant plasmids, oligomannuronic acid
phosphate, chitosan, ketoamide-based compounds, extracellular poly-
saccharide metabolite of yeast, "halogen or halogenated" compounds for
inhibiting ion channel activity of SARS-CoV-2E protein, thio-
imidazolidinone to dysregulate Angiotensin-converting enzyme (ACE)
and TMPRSS2 (Spike) proteins, GP73 inhibitor to reduce the enrichment
of ACE2 in the cell membrane preventing the virus infection, xanthine
oxidase inhibitor and an active oxygen scavenger that modifies disulfide
bonds in viral receptors, altering the affinity between the viral receptor
and the spike protein (S), inhibiting the virus proliferation, membrane
fusion inhibitor polypeptide, viral replication inhibitors, pinocytosis
inhibitors of the virus in host cells, activity inhibitor of virus protease
3CL pro and viral RNA-dependent RNA polymerase (RdRp) inhibitor.
Treatments involving drug repositioning also stand out, such as
Remdesivir, Ivermectin, and their respective modifications. However,
the presence of mutations or substitutions in amino acids of the S protein
give place to new virus variants with implications for public health such,
as an increase in transmissibility, more severe disease presentations, and
reduced effectiveness of treatments or vaccines; highlighting the need to
identify new treatment strategies for these viral infections.

Metformin (Met) is a biguanide widely used to treat type 2 diabetes
[3], a disease that increases the risk of mortality in patients with
COVID-19 infection. Recently, metformin glycinate (MG), a new drug
derived from Met, has been shown to have better bioavailability, ab-
sorption, and safety profile than Met, with comparable anti-
hyperglycemic effects [4,5]. Met and MG have different mechanisms of
action: Met has been shown to selectively inhibit mitochondrial complex
I (NADH dehydrogenase), leading to less oxygen consumption rate,
lower ATP levels, and the activation of AMP-activated protein kinase
(AMPK) [6].

On the other hand, four lines of work characterize the mechanism of
action of MG. They are a function of different proteins: Goodpasture
antigen-binding Protein (GPBP), Liver Kinase B1 (LKB1), AMPK, and Akt
substrate of 160 kDa (AS160), which are essential in regulating the ac-
tivity of the ceramide transporter (CERT), energy, and glucose meta-
bolism [6,7]. So far, based on the evidence [8-14] it has been
determined that: it inhibits kinase activity GPBP/CERT activity.
GPBP/CERT and LKB1 synergistically enhance their kinase activity,
AMPK increases GPBP/CERT activity, increases the activity of LKB1
(metformin does not), and inhibits the cross-activation of GPBP/CERT
and LKBI1. Provides a different profile modulation of the immune
response, especially with the migration of M1 to M2 by inhibiting the
synthesis of Interleukin 10 (IL10), translocate the Glucose transporter
(GLUT4) more efficiently, consequently acts via the VAPA-VAMP2
interaction, and participates in the regulation of AS160. Metformin
glycinate is the only commercially available inhibitor of kinase activity
CERT with safety and efficacy studies.

In this study, we established a human cell culture model for infection
of lung cells H1299 with SARS-CoV-2 clinically isolated. Employing this
system, we determined the SARS-CoV-2 viral load at different times after
infection. In the context of our drug repositioning hypothesis, we tested
the capacity of MG to inhibit infection by SARS-CoV-2 in an in vitro
model of Vero E6 cells. Furthermore, we studied the efficacy and safety
of MG for the treatment of hospitalized patients with acute severe res-
piratory syndrome secondary to SARS-CoV-2, in a randomized, double-
blind, phase IIb clinical trial. The fact that MG reduces the protein
secretion pathway led us to hypothesize it could also inhibit the secre-
tion of viral particles from infected cells and thus be a candidate for drug
repositioning against SARS-CoV-2.

2. Materials and methods
2.1. Viral isolation and cell culture

Cell line H1299 (carcinoma; non-small cell lung cancer) and Vero E6
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cell line were obtained from ATCC. Cells were maintained in a Dulbec-
co’s Modified Eagles Medium (DMEM) medium (Corning) containing 10
% of fetal bovine serum (FBS) (Biowest), and 1 % antibiotic/antimycotic
(Gibco, 10,000 units/mL of penicillin, 10,000 pg/mL of streptomycin,
and 25 pg/mL of Fungizone).

Nasopharyngeal swabs were obtained from patients and identified as
positive for SARS-CoV2 infection after RNA extraction with QIAamp
Viral RNA Mini Kit (Qiagen) and positive amplification of RNA-
dependent RNA polymerase (RARP) gene by qPCR using qPCRBIO
probe 1 step Go No-ROX (PCR biosystems). For viral isolation, the Vero
E6 cell line was used at confluency in a T25 cm? flask in a modified
protocol [15]. Briefly: complete media was removed, and the monolayer
was washed twice with phosphate buffer solution (PBS), trypsinized and
counted; for infection, a total of 3 x 10° cells were seeded in DMEM 2 %
FBS + 1 % antibiotic/antimycotic (infection media) for each nasopha-
ryngeal swab, a control of mocked cell was seeded in parallel. After 24 h,
cells reached 80 % confluence and the monolayer was infected with 50
uL of the nasopharyngeal swab in 800 pL of infection media, flask were
incubated at 37 °C and 5 % CO and manually moved every 20 min for 2
h; after incubation supernatant was removed and 5 mL of new infection
media were added. Cultures were monitored every 24 h for cytopathic
effects (CPE). Isolated supernatant was used for sequencing and further
experiments; Tissue Culture Infectious Dose 50 % (TCIDso) and Multi-
plicity of Infection (MOI) were calculated in Vero E6 cells [16-18].
SARS-CoV2 variants were identified by whole-genome sequencing using
Illumina COVIDSeq Assay (Illumina), from viral amplifications of
nasopharyngeal swabs with low Cq value; complete viral sequences
were assembled and characterized using the Illumina® DRAGEN COVID
Lineage App version 3.5.4 (Illumina) and submitted to GISAID.

2.2. Invitro effect of metformin glycinate

For viral load assays in H1299 cells, a total of 5 x 10* cells/well were
seeded 24 h before infection with SARS-CoV-2 MX/BC1/2020 at a MOI
of 100:1 particle per cell for 2 h in DMEM 2 %FBS + 1 % antibiotic/
antimycotic (infection media). After incubation, the supernatant with
the inoculum was removed and 500 pL of new infection media was
added containing 0, 0.1, 1 or 10 uM of MG. At 24 and 48 h after the
drug’s addition, the cell supernatant was collected and centrifuged for 5
min at 300 g to remove debris and stored at — 80 °C. Cell monolayers
were collected by scraping and resuspending in 500 pL of infection
media.

2.2.1. Dose effect of MG on SARS-CoV-2 viral load and cell survival
Both cell monolayers and supernatant were used to isolate RNA using
the QIAamp Viral RNA Mini Kit (Qiagen). The obtained RNA was used as
a template in the reverse transcription and amplification of the SARS-
CoV-2 E gene [19]. For this amplification, the qPCRBIO probe 1 step
Go No-ROX (PCR biosystems) kit was used in a final volume of 20 pL
contained 1X reaction buffer, 0.4 uM of the forward
(5’-ACAGGTACGTTAATAGTTAATAGCGT-3') and reverse
(5'-ATATTGCAGCAGTACGCACACA-3’) primers, 0.2 uM Probe
(5'-FAM-ACACTAGCCATCCTTACTGCGCTTCG-BHQ1-3), 0.2 x of
RTase Go, and 5 uL of RNA. Amplification conditions were,
Retro-transcription at 50 °C for 15 min, denaturation at 95 °C for 2 min,
followed by 45 cycles for 15 s at 95 °C, 30 s at 60 °C acquiring the
fluorescence at this step. The RT-qPCR reactions were conducted in
duplicate for all samples using a 96-well and optical adhesive film
(Bio-Rad, CA, USA) on a CFX96 Real-Time PCR Detection System
(Bio-Rad). The determination of the copy numbers was obtained by
extrapolation of Cq values in the linear regression curve. The standard
curve was obtained from 5 serial dilutions (dilution factor 1:10) of a
Synthetic RNA transcribed in vitro, ranging from 10° to 102 molecules
SARS-CoV-2 per uL. The synthesized RNA corresponds to a 1000 bp
sequence with the SARS-CoV-2 RARP and E genes inserted. For the
statistical analysis, a factorial ANOVA was used to establish differences
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between drug concentration, and significance was established at P <
0.05.

To evaluate cell death due to the active principle, toxicity controls
were set up in parallel with the infection experiments without infection.
In short, 0.1, 1.0,10 and 100 uM of MG were added to 5 x 10* H1299
cells/well in cell culture conditions using 10 % DMSO as a dead control,
and PBS as a negative control. The final viability of cells after 48 h of
exposure was measured in a parallel experiment by a colorimetric
method [20,21] using the CellTiter 96® AQueous One Solution Cell
Proliferation Assay (Promega). Half-maximal inhibitory concentration
(IC50) values were fitting using a dose-response curve in GraphPad
prism 9.

2.2.2. Inhibition of SARS-CoV-2 variants cytopathic effects by MG

Atotal of 1.5 x 10* Vero E6 cells/well were seeded in a 96 well plate
for 24 h in infection media as pre-conditioning. After this time, media
was removed and cells were pre-incubated with 300 uM of MG for 1 h
prior to virus infection with 0.01 pfu/cell of isolated viral strains B.1.387
(D614G); B.1.429 + B.1.427 (Epsilon); B.1.1.7 (alpha) or B.1.617.2
(delta). After 96 h incubation, cytopathic effect on cells was measured
by neutral red uptake assay and viral mediated cell death was compared
among variants. The nucleoside GS-441524 were used as a positive
control for inhibition of viral replication in the same conditions. Dif-
ferences between the media was evaluated by unpaired student t-test
with p < 0.0001 with the software GraphPad prism 9.

2.3. (Clinical study

An adaptive, two-armed, randomized, prospective, longitudinal,
double-blind, multicentric and phase IIb clinical trial was performed,
with the main objective of evaluating the efficacy and safety of MG
treatment vs placebo (Treatment A: Metformin Glycinate 620 mg,
administered orally, twice a day for 14 days, Treatment B: Placebo,
administered orally, twice a day for 14 days) in patients with severe
acute respiratory syndrome secondary to SARS-CoV-2 infection and
diagnosis of type 2 diabetes mellitus. The study was conducted from July
2020 to March 2021, with a follow-up period of 14 days. The evaluation
criteria were: a) Comparing the viral load between groups; b) analyzing
the viral load in the same group at days 0 (basal), 2, 5, 7, 9, and at the
end of the study; c¢) comparing the use of supplementary oxygen, arti-
ficial mechanical ventilation, duration of hospital stay, normalization of
body temperature, oxygen saturation, and number of deaths, between
groups; d) evaluating the change in basal and final levels of serum
creatinine, aspartate aminotransferase, and creatine kinase MB (CK-
MB); e) and prevalence of grades 3 and 4 adverse events at the beginning
and end of the study.

2.3.1. Study subjects

Twenty patients, over 18 years of age, both genders with coronavirus
infection, severe acute respiratory syndrome (SARS-CoV)-2 confirmed
by polymerase chain reaction (PCR) test < 4 days before randomization,
hospitalized and with radiographic evidence of pulmonary infiltrates,
were recruited. Patients with multiorgan failure, with mechanical
ventilation during the randomization and pregnant women were
excluded from the study. Patients were randomly and blindly distributed
into “group A” (treatment group that received 620 mg of MG, twice a
day) and “group B” (placebo), with 10 patients in each group. All pa-
tients signed their informed consent form. This study was conducted in
the American British Cowdray Medical Center and was accepted by the
Ethical Research Committee of the institution: with approval number
ABC-20-16. The study was registered in the Clinical Trials System (NC
T04625985) in October 2020, during the enrollment of participants,
as well as in the Clinical Trials National Registry (RNEC by its Spanish
acronym) with the number 203301410A0085 registered on June 30 of
2020.
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2.3.2. Randomization and blinding

Randomization of the treatment group was performed by the prin-
cipal investigator using a randomization list generated by randomizer.
org. Allocation was done by simple random sampling, balanced by
treatment. During the enrollment and randomization, no participants
were excluded, all 20 participants were randomized and started the
study treatments. The blinding of the study was carried out by homol-
ogating the tablets and the packaging. The packages were identified by
kit number, both the patient and the principal investigator were un-
aware of the allocation of participants. Breaking of blinding of the study
was not required.

2.3.3. Statistical analysis

The efficacy of the treatment was statistically analyzed in “all treated
patients” (ATP), a group of all the randomized patients that received at
least one dose of MG, and that had a basal and subsequent reading.
Missing data were managed using the “last observation carried forward”
method. The comparison between the groups of viral load, oxygen
supplementation and days of hospital stay was carried out using Stu-
dent’s t-tests for independent samples. The comparison between the
groups of the laboratory variables was carried out using the non-
parametric Mann Whitney U test. Qualitative variables were analyzed
using Fisher’s exact-tests. All tests were performed with IBM SPSS Sta-
tistics for Windows, version 25 (IBM Corp., Armonk, N.Y., USA). Values
of p < 0.05 were considered significant.

The sample size was selected to evaluate the primary efficacy in 10
patients infected by SARS-CoV2 vs 10 patients with personalized treat-
ment for COVID-19 according to the criteria of the treating physician.
Using an adaptive model.

3. Results
3.1. In vitro effect of metformin glycinate

3.1.1. Dose effect and IC50

To test the antiviral effect, three doses of MG 0.1, 1, and 10 pM were
added to H1299 cells for 24 and 48 h. Quantification of the extracellular
viral load was performed in at least 6 independent replicates. At 24 h
after exposition to the drug, no significant differences were observed
neither in the cell culture nor in the supernatant (data not shown). As
shown in Fig. 1, the major inhibition effect for the presence of virus in
the supernatant and cell-associated virus was observed at 48 h. MG
shows at 48 h, a 98 % decrease in the viral load in the cell-associated
virus (Fig. 1A); and a 86 % decrease of the viral load in the superna-
tant medium (Fig. 1B). The IC50 value to decrease the cell-associated
virus load was 189.8 uM of MG (Fig. 1C), and the IC50 value to
decrease the supernatant viral load was 355.4 uM of MG (Fig. 1D).

3.1.2. MG inhibits cytopathic effects mediated by SARS-CoV2 variants
After 48 h of exposure, the drug MG potently inhibits SARS-CoV-2
replication, and cytopathic effects in vitro with doses up to 100 pM
showing a survival percentage of 100 % (Fig. 2A). Furthermore, the
effect of MG was tested against three variants of concern: B.1.387
(D614G), B.1.429 + B.1.427 (Epsilon), B.1.1.7 (alpha) and B.1.617.2
(delta) showing a significant cell survival after 96 h incubation
compared to infected cells with no MG administration (Fig. 2B).

3.2. In vivo effect of metformin glycinate

3.2.1. Demographic and basal characteristics from the clinical study
patients

The study included 20 patients (Fig. 3 shows the selection and
allocation of the participants) recruited from July 2020 to March 2021,
with a follow-up period of 14 days. The mean age was 47.48 (42.83 in
group A; 49.38 in group B), 85 % of the patients were male and the
average BMI was 28.54 kg/m?. Table 1 shows the basal parameters and
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Fig. 1. Metformin glycinate (MG) Inhibition effect on SARS-CoV-2 clinical isolated (MX/BC1/2020). Metformin Glycinate effect on the SARS-CoV-2
(MOI = 100) viral load (RNA copies per mL) determined 48 h after infection in (A) supernatant and (B) whole cells (carcinoma; non-small cell lung cancer; Cell
line H1299). Half-maximal inhibitory concentration (IC50) of MG on cell viability in whole cells (C) and supernatant (D).
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PBS a negative control (NT). (B) Cell viability of Vero E6 cells treated with MG (300 uM) and infected with 0.01pfu/cell of isolated viral strains B.1.387(D614G);
B.1.429 +B.1.427 (Epsilon); B.1.1.7 (alpha) or B.1.617.2 (delta).
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Fig. 3. Flowchart of the selection and allocation of study participants. *No patients were excluded from the statistical analysis since the data obtained was

sufficient to be included in the final analysis.

clinical characteristics of the patients. The comorbidities detected were:
diabetes 20.0 % (10 % per treatment group), hypertension 20.0 %
(group A, 5.0 %; group B, 15.0 %), dyslipidemia 15.0 % (group A, 5.0 %,
group B, 10.0 %). There were no important differences between groups,
except in the percentage of oxygen saturation, where group B had 93.0
and group A had 89 (the mean percentage was 92.0).

3.2.2. Comparison of the basal main biochemical and immunological
parameters between groups of patients from the clinical trial

Table 2 shows the biochemical data for both groups. Essentially,
there were no differences between the groups, except in the levels of
alkaline phosphatase, where group A had a basal level of 90.5 UI/L and
B group had 66.5 UI/L (mean from both groups was 70.5 UI/L), which
represents a statistically significant difference (p = 0.011).

3.2.3. Basal covid-related symptoms from each group of patients

Table 3 shows that both groups of patients entered the study with
similar covid-related symptoms. There were no significant differences in
these variables, which included cough, fever, dyspnea, headache, my-
algias/arthralgias, diarrhea and a disturbance to the general condition
(loss of appetite, fatigue, and weight loss). Additionally, the frequency of
other symptoms, such as pharyngitis, tachycardia, abdominal pain,
nasal congestion, and abdominal distention, among others, were

studied. We did not find significant differences in the basal frequency or
percentage of these symptoms between groups.

3.2.4. Comparison of other basal biochemical and immunological
parameters between groups of treatment

In addition to analyzing the main biochemical and immunological
parameters shown in Table 2, we compared the levels of other variables
indicative of inflammation, tissue damage, and severe disease. The re-
sults in Table 4 show that both groups of patients entered the study with
very similar basal levels of immunoglobulins (IgG and IgM), reactive C
protein (RCP), lactate dehydrogenase (DHL), and creatine phosphoki-
nase (CPK).

3.2.5. Comparison of biochemical and immunological parameters in the
same group at the beginning and end of the clinical study

There were statistically significant changes in the levels of AST,
lymphocytes, neutrophils, D dimer, CRP, DHL, and IgG in the group
treated with MG in the beginning and end of the study. In the control
group, we observed significant differences at the basal and final state in
ALT, ferritin, CRP, and IgG (Table 5).

3.2.6. Evaluation of the need for external oxygen supplementation
Supplementary oxygen requirements were evaluated daily for each
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Table 1
Basal demographic and clinical characteristics in each group.
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Variable Treatment A Treatment B Totaln=20 p
n=10 n=10
Age (years) 42.83 (32.2; 49.38 (45.7; 47.48 0.247
65.0) 61.2) (39.83;
63.0)
Sex
Male (n, %) 8 (40.0) 9 (45.0) 17 (85.0) 1.000
Female (n, %) 2 (10.0) 1(5.0) 3(15.0)
Weight (kg) 84.50 (71.5; 85.50 (74.5; 84.50 0.684
95.0) 95.0) (73.25;
95.0)
Height (m) 1.72 (1.65; 1.75 1.74 (1.68; 0.579
1.79) (1.71-1.77) 1.78)
BMI (kg/m?) 29.1 (22.75; 27.72 (25.51; 28.54 0.684
31.93) 30.81) (24.83;
31.0)
Clinical
characteristics
SBP (mmHg) 113.0 (109.2; 120.0 (118.0; 120.0 0.165
125.0) 128.0) (112.0;
125.0)
DBP (mmHg) 70 (65.0; 70 (69.0; 78.0) 70.0 (68.0; 0.579
73.0) 76.0)
CF (Ipm) 79 (67.0; 70 (66.0; 85.0)  70.0 (67.0; 0.684
84.0) 84.0)
RF (rpm) 20 (18.0; 19 (18.0; 20.0) 20.0 (18.0; 0.393
20.0) 20.0)
02 saturation (%) 89 (88.0; 93 (90.0; 92.0 (88.0; 0.165
95.0) 96.0) 96.0)
Temperature (°C) 36.5 (36.0; 36.2 (36.0; 36.4 (36.0; 0.529
37.5) 36.7) 37.4)
Comorbidities
Diabetes (n, %) 2(10) 2(10) 4 (20) 1.000
Hypertension (n, %) 1) 3(15) 4 (20) 0.582
Dyslipidemias (n, 105 2(10) 3(15) 1.000
%)
Respiratory disease 2(10) 0 (0) 2(10) 0.474
(n, %)
Autoimmune 1(5) 105 2 (10) 1.000
disease (n, %)
Tabaquism (n, %) 1(5) 1) 2(10) 1.000

SBP: systolic blood pressure; DBP: diastolic blood pressure; CF: cardiac fre-
quency; RF: respiratory frequency; BMI: body mass index. Medians and inter-
quartile range were used for continuous variables, comparisons between the
groups were made through the Mann Whitney U test and for qualitative vari-
ables in frequencies and percentages the Fisher’s exact-tests were used.

patient during their hospitalization, using the system shown in Table 6.
At the end of the study, the points were added and the mean values were
compared between groups.

3.2.7. Evaluation of the main efficacy variables between groups

We analyzed three main variables indicative of treatment efficacy:
duration of hospitalization, oxygen requirement, and reduction of the
percentage of viral load. In the MG-treated group, we observed a sig-
nificant reduction in the viral load (93.2 %) from the beginning to the
end of the study. In the control group, there was only a 78.3 % decrease
in the viral load, importantly (Table 7).

Analyzing the number of days necessary to demonstrate an unde-
tectable viral load, it was found that, group A needed only 3.3 days while
group B 5.6 days (p = 0.043) (Table 8), the average hospitalization was
8.8 days for group A and 9.8 days for group B, in relation to the need for
supplemental oxygen intake, it was found that group A required a lower
intake on days 2, 5 and 7 than group B (5.9 vs 10.6 points). The differ-
ences were statistically significant for all the variables except for the
days of hospitalization (Table 7).

It was also determined that patients in group B are 6 times more
likely to have a detectable viral load after 4 days (OR = 6.667)
compared to group A (Table 8).

Finally, in relation to safety, the number and type of adverse events

Table 2
Basal main biochemical parameters between groups.
Variable Treatment A Treatment B Total P
Glucose (mg/dL) 151.5 (124.9; 148.9 (135.0; 148.9 0.796
184.3) 187.7) (129.4;
177.3)
HBAlc (%) 5.95 (5.65; 5.8 (4.40; 5.8(5.4;6.1) 0.529
6.50) 6.10)
Total cholesterol 151.5 (143.0; 156.5 (147.2; 154.5 0.796
(mg/dL) 189.2) 173.5) (147.0;
176.5)
HDL cholesterol 37.5 (26.7; 37.5(32.2; 37.0 (29.7; 0.529
(mg/dL) 42.7) 43.0) 42.5)
LDL cholesterol 91.0 (75.2; 102.5 (86.7; 97.5 (86.7; 0.684
(mg/dL) 125.2) 105.2) 107.2)
Triglycerides (mg/ 169.0 (138.5; 137.0 (100.0; 157.5 0.529
dL) 180.0) 207.5) (104.7;
176.5)
ALT (U/L) 62.5 (30.0; 44.0 (30.7; 53.0 (30.7; 0.436
83.0) 63.0) 66.2)
AST (U/L) 33.8 (23.2; 26.4 (21.8; 27.6 (22.1; 0.089
92.0) 35.0) 50.6)
GGT (U/L) 89.5 (56.7; 99.0 (36.0; 94.5 (39.2; 0.780
112.7) 134.7) 129.5)
Serum creatinine 0.73 (0.61; 0.81 (0.73; 0.79 (0.67; 0.156
(mg/dl) 0.81) 0.93) 0.87)
Total bilirubin (mg/ 0.29 (0.16; 0.37 (0.28; 0.31 (0.27; 0.315
dn) 0.48) 0.52) 0.50)
Albumin (g/L) 3.4 (3.8;3.8) 3.3(3.0;3.4) 3.4(3.0;3.6) 0.089
Alkaline 90.5 (71.2; 66.5 (56.0; 70.5 (64.2; 0.011
phosphatase 114.5) 73.2) 91.2)
(U1/L)
Leukocytes (Cell/ 12.6 (9.3; 10.1 (6.6; 10.8 (6.7; 0.579
ul) 15.0) 12.9) 13.6)
Erythrocytes (Cell/ 4.8 (4.3;5.2) 4.6 (4.2;5.0) 4.8(4.2;5.1) 0.315
ul)
Hemoglobin (g/dl) 15.2 (13.5; 14.3 (13.4; 14.5 (13.5; 0.315
15.6) 15.1) 15.4)
Hematocrit (%) 43.4 (40.1; 42.6 (39.9; 42.9 (40.4; 0.247
44.6) 43.8) 44.2)
MCV (fL) 89.6 (84.4; 91.6 (87.3; 90.4 (87.3; 0.247
91.7) 92.9) 92.3)
MCH (pc) 31.2 (29.3; 30.9 (29.7; 31.0 (29.7; 0.684
31.7) 31.8) 31.8)
Platelets (IOQ/L) 257.0 (205.2; 268.5 (214.5; 266.0 1.000
339.7) 307.5) (211.7;
307.5)
Lymphocytes (%) 8.1 (4.0; 11.8) 8.2 (6.7; 11.6) 8.2 (6.0; 0.971
11.6)
Neutrophiles (%) 85.2 (83.4; 87.2 (82.5; 86.1 (83.2; 0.529
89.3) 89.2) 89.2)
Monocytes (%) 4.0 (3.4, 5.7) 3.8(2.7;4.4) 3.9(3.3;5.0) 0.280

HBAlc: glycated hemoglobin; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; GGT: gamma-glutamyl transferase; MCV: mean corpuscular
volume; MCH: mean corpuscular hemoglobin. Medians and interquartile range
were used for continuous variables, the Mann Whitney U test was for compari-
sons between treatment groups, qualitative variables frequencies and percent-
ages were used, comparisons were made using the Fisher’s exact-tests.

Table 3
Covid-related variables.
Variable Treatment Treatment Total p
A B
n=10 n=10 n=20
Cough (n, %) 8 (40) 7 (35) 15(75)  1.000
Fever (n, %) 9 (45) 6 (30) 15(75)  0.303
Dyspnea (n, %) 4 (20) 7 (35) 11 (55) 0.370
Headache (n, %) 7 (35) 3(15) 10 (50) 0.179
Myalgias/arthralgias (n, %) 6 (30) 6 (30) 12(60)  1.000
Diarrhea (n, %) 4 (20) 2 (10) 6 (30) 0.628
General condition disturbances 5(25) 7 (35) 12(60)  0.650
(n, %)

%, percentage. Data presented as frequencies and percentages. Differences be-
tween groups were analyzed with the Fisher’s exact-tests.
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Table 4
Other biochemical and immunological parameters at the beginning of the trial
(basal).
Variable Treatment A Treatment B Total P
n=10 n=10 n=20
D dimer (ng/mL) 533.0 (233.5; 480.0 (233.5; 511.5 (322.5; 0.739
703.5) 703.5) 756.5)
Ferritin (ng/mL) 1335.0 (298.5; 1473.5 (991.2; 1473.5 0.853 Table 6
2102.0) 2003.0) (754.5; Point system for evaluating the need for supplementary oxygen.
1987.5) -
Procalcitonin 0.04 (0.02; 0.08 (0.04; 0.06 (0.04; 0.481 Need for supplementary oxygen Points
(ng/mL) 0.13) 0.22) 0.17) 1 Not hospitalized 0
RCP (mg/L) 1.83 (0.47; 4.16 (1.47; 2.28 (0.74; 0.063 2 Hospitalized without oxygen supplementation 1
2.30) 11.13) 7.58) 3 Hospitalized with the requirement of supplementary oxygen (not high 2
DHL (UI/L) 326.5 (255.2; 257.5 (237.7; 305.5 (241.7; 0.105 flux, non-invasive ventilation).
464.0) 334.7) 366.0) 4 Hospitalized with the requirement of non-invasive ventilation and/or 4
Interleukin 6 13.7 (2.20; 8.9 (2.07; 10.1 (2.17; 0.631 high flux oxygen).
(pg/mL) 67.35) 30.62) 47.0) 5 Hospitalized with the requirement of extracorporeal membrane 8
Vitamin D (ng/ 19.1 (15.2; 23.2(19.3; 20.1 (18.4; 0.043 oxygenation and/or invasive mechanical ventilation.
mL) 22.8) 28.0) 24.3) 6 Death 10
IgG (mg/dl) 1012.0 (753.0; 969.0 (819.0; 1012.0 0.912
1106.7) 1151.7) (819.0;
1116.5)
IgM (mg/dl) 91.7 (66.4; 82.5 (69.0; 91.1 (69.1; 0.631 Table 7
119.0) 115.7) 115.1) Description of the main efficacy variables.
CPK (U/L) 41.0 (28.5; 35.5 (25.7; 39.0 (28.8; 0.684 K
72.7) 122.7) 80.5) Variable Treatment A Treatment B P*
ng/mL, nanograms per milliliter; mg/L, milligrams per liter; IU/L, international ]c))ays of hos;:i]t(ah%atu)m gg i ié ?':Gi i5'642 8(3):(2)
units per liter; CRP, C-reactive protein; IgG, immunoglobulin G; IgM, immuno- L\);Zf;z;:ceﬁo:om s 9'3_2 L '15. 4 78:3 i 6'2_7 0:013

globulin M; CPK, creatinine phostokinase. Medians and interquartile range were
used for continuous variables and comparisons between treatment groups were
made with the Mann Whitney U test.

Expression of results as mean and standard deviation. * Student’s t-tests for
independent samples were used to compare treatment groups. LV% Percentage

viral load.
Table 5
Biochemical and immunological parameters at the beginning and end of the trial.
Variable Treatment A Treatment B
Basal Final p+ Basal Final p+ p*

Glucose (mg/dL) 151.5 (124.9; 184.3) 110.3 (78.3;136.2) 173 148.9 (135.0; 187.7) 139.0 (126.8;173.4) .345 .093
Total cholesterol (mg/dL) 151.5 (143.0; 189.2) 160.0 (132.2; 174.5) .400 156.5 (147.2; 173.5) 185.5 (164.0;203.0) .069 142
HDL cholesterol (mg/dL) 37.5(26.7; 42.7) 35.5 (21.0; 42.7) 917 37.5(32.2; 43.0) 51.5 (36.0; 54.2) .050 .081
LDL cholesterol (mg/dL) 91.0 (75.2; 125.2) 92.5 (74.7; 114.7) .599 102.5 (86.7; 105.2) 122.5 (46.9; 138.7) 484 414
Triglycerides (mg/dL) 169.0 (138.5; 180.0) 147.5 (113.2; 246.0) .599 137.0 (100.0; 207.5) 114.0 (99.2; 251.25) 944 .573
ALT (U/L) 62.5 (30.0; 83.0) 85.5 (35.0; 165.2) .075 44.0 (30.7; 63.0) 92.0 (78.0;110.0) .017 .662
AST (U/L) 33.8 (23.2; 92.0) 31.5 (22.1; 49.7) .028 26.4 (21.8; 35.0) 22.2 (17.9; 29.8) .889 491
GGT (U/L) 89.5 (56.7; 112.7) 84 (33.7; 148.5) 1.000 99.0 (36.0; 134.7) 128.5 (102.7; 175.0) .262 142
Serum creatinine (mg/dl) 0.73 (0.61; 0.81) 0.74 (0.60; 0.84) .600 0.81 (0.73; 0.93) 0.84 (0.72;0.92) .575 142
Total bilirubin (mg/dl) 0.29 (0.16; 0.48) 0.35 (0.23; 0.58) .528 0.37 (0.28; 0.52) 0.47 (0.36; 0.73) .069 .228
Albumin (g/L) 3.4 (3.8; 3.8) 3.15 (3.07; 3.48) .345 3.3(3.0;3.4) 3.48 (2.95; 3.77) 440 .662
Alkaline phosphatase (UI/L) 90.5 (71.2; 114.5) 69.0 (56.7; 76.5) .116 66.5 (56.0; 73.2) 62.0 (59.5; 79.5) 726 .755
Leukocytes (Cell/uL) 12.6 (9.3; 15.0) 9.4 (6.9; 13.3) .345 10.1 (6.6; 12.9) 9.9 (6.7;13.8) .674 .852
Erythrocytes (Cél/uL) 4.8 (4.3;5.2) 5.0 (4.17; 7.96) .345 4.6 (4.2; 5.0) 4.6 (4.4; 4.9) 441 .282
Hemoglobin (g/dl) 15.2 (13.5; 15.6) 14.8 (12.7; 15.3) .293 14.3 (13.4; 15.1) 14.5 (13.8; 15.6) 1.000 .852
Hematocrit (%) 43.4 (40.1; 44.6) 43.7 (38.7; 44.8) 674 42.6 (39.9; 43.8) 41.3 (38.7; 44.7) .208 491
MCV (fL) 89.6 (84.4; 91.7) 88.5 (84.8; 91.5) .345 91.6 (87.3; 92.9) 89.4 (85.4; 92.1) .208 .573
MCH (pc) 31.2(29.3; 31.7) 30.8 (27.2; 32.2) 917 30.9 (29.7; 31.8) 31.3 (29.8; 32.8) .671 .662
Platelets (10°/L) 257.0 (205.2; 339.7) 260 (190.7; 346.7) 916 268.5 (214.5; 307.5) 324.5 (228.5; 441.7) .208 491
Lymphocytes (%) 8.1 (4.0; 11.8) 17.0 (5.7; 36.52) .028 8.2 (6.7; 11.6) 8.0 (5.7;12.4) .263 491
Neutrophiles (%) 85.2 (83.4; 89.3) 76.2 (42.3; 88.7) .046 87.2(82.5; 89.2) 85.5 (80.9; 87.8) .293 .755
Monocytes (%) 4.0 (3.4;5.7) 7.0 (4.7;11.0) 173 3.8(2.7;4.4) 3.9(3.5;5.8) .207 181
D Dimer (ng/mL) 480.0 (233.5; 703.5) 634.0 (171.7; 1315.0) .028 480.0 (233.5; 703.5) 356.0 (153.5; 1585.09 .237 491
Ferritin (ng/mL) 1401.5 (360.2; 2523.0) 1289.5 (260.25; 3483.2) .600 1709.0 (1199.2; 2179.0) 1381.0 (1205.2; 1899.2) .036 .852
Procalcitonin (ng/mL) 0.08 (0.04; 0.22) 0.04 (0.02;0.21) .916 0.08 (0.04; 0.22) 0.04 (0.03;0.05) .018 .755
CRP (mg/L) 4.16 (1.47; 11.13) 0.10 (0.02;0.41) .046 4.16 (1.47; 11.13 0.09 (0.05; 1.10) .012 .662
DHL (UI/L) 257.5 (237.7; 334.7) 256.5 (223.7; 295.7) .028 257.5 (237.7; 334.7) 244.5 (211.0; 296.5) .208 .852
Interleukin 6 (pg/mL) 8.9 (2.07; 30.62) 2.10 (2.0; 26.2) .346 8.9 (2.07; 30.62) 2.4 (1.82; 23.8) .050 .662
Vitamin D (ng/mL) 23.2(19.3; 28.0) 19.6 (18.5; 31.0) .249 23.2 (19.3; 28.0) 29.2 (22.1; 36.7) .484 .345
1gG (mg/dl) 969.0 (819.0; 1151.7) 781.0 (550.0; 873.2) .028 969.0 (819.0; 1151.7) 800.5 (643.7; 997.7) .017 .662
1gM (mg/dl) 82.5 (69.0; 115.7) 220.1 (81.0; 133.99 116 82.5 (69.0; 115.7) 98.2 (80.9; 147.8) .327 573
CPK (U/L) 35.5(25.7; 122.7) 47.0 (20.7; 76.2) .833 35.5(25.7; 122.7) 48.5 (25.7; 76.5) .674 .950

ng/mL, nanograms per milliliter; mg/L, milligrams per liter; IU/L, international units per liter; CRP, C-reactive protein; IgG, immunoglobulin G; IgM, immunoglobulin
M; CPK, creatinine phostokinase. Medians and interquartile range were used for continuous variables * Mann Whitney U test was use to observe differences between
treatment groups.

1 Wilcoxon test was used for comparisons of changes within groups — 6 cases where no laboratories were performed were excluded from the count.
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Table 8
Comparison of negative viral load by treatment group.
Variable Treatment Treatment P OR (95 %IC)
A B
n=10 n=10
Negative viral load 3.3+216 5.6 + 0.89 0.029
(days)
Negative viral load 4.0 (40.0) 0.0 (0.0) 0.043 6.667

< 3.3 days (n, %)
Negative viral load
> 4.0 days (n, %)

(0.596-74.490)
6.0 (60.0) 10.0
(100.0)

Expression of results as mean and standard deviation. * For quantitative vari-
ables the Student’s t-tests for independent samples was used to compare treat-
ment groups. For qualitative variable the Fisher’s exact-tests was used for the
comparison between treatment groups.

found were similar in both treatment groups, all of them of mild
severity. There were no patients with hypoglycemia.

4. Discussion

The potential role of metformin in COVID-19 disease has been
elucidated in diverse research highlighting its antioxidant, anti-
inflammatory, immunomodulatory, and antiviral effects [22-24]. Our
results demonstrate that MG has anti-viral action against the
SARS-CoV-2 clinical isolate in vitro, with a single dose able to control
viral replication within 48 h. SARS-CoV-2 is a positive single-strain RNA
virus (4 ssRNA) and depends on cellular membranes in all steps of the
viral life cycle and immunologically have similar characteristics con-
cerning host immune response with other +ssRNA viruses, which might
offer some insight into the treatment of COVID-19 [25,26].
Plus-stranded RNA viruses share the characteristic of remodeling
intracellular membranes in order to create membrane replication fac-
tories or replication organelles, which are vesicles where viral RNA
replication occurs [27,28]. These vesicles not only represent the site of
viral replication but also act as one of the strategies of viral immune
evasion mechanisms, shielding the viral RNA from cellular innate im-
mune sensors [29-32]. We hypothesize that MG inhibits the replication
of SARS-CoV-2 by the inhibition of protein synthesis as has been
described for other RNA viruses. Sphingomyelin (SM) is required for the
replication of some RNA viruses as the hepatitis C virus (HCV); the
biosynthesis starts in the endoplasmic reticulum (ER) and gives rise to
ceramide, which is transported from the ER to the Golgi by the action of
ceramide transfer protein (CERT), where it can be converted to a SM. For
HCYV, it has been demonstrated that inhibition of SM biosynthesis, either
by using small-molecule inhibitors or by knockout (KO) of CERT, sup-
pressed HCV replication in a genotype-independent manner. This
reduction in HCV replication was rescued by exogenous SM or ectopic
expression of the CERT protein, but not by ectopic expression of
nonfunctional CERT mutants. Observing low numbers of DMVs in stable
replicon cells treated with a SM biosynthesis inhibitor or in CERT-KO
cells transfected with either HCV replicon or with constructs that
drive HCV protein production in a replication-independent system
indicated the significant importance of SM to DMVs. The degradation of
SM of the in vitro-isolated DMVs affected their morphology and
increased the vulnerability of HCV RNA and proteins to RNase and
protease treatment, respectively [33,34].

The SARS-CoV-2 can induce cell death after 48-72 h of infection;
therefore, the cell viability is a surrogate measure of viral replication in
vitro. Pre-treatment of cells with a single-dose of 300 uM MG was able to
reduce cell death among different SARS-CoV2 variants, indicating that
MG cellular mechanism is kept despite differences in SARS-CoV2 spike.

The in vitro results are in line with our clinical study where we
demonstrated that MG reduces the viral load of Covid-19 patients to
undetectable levels in only 3.3 days. This reduction of infection is
associated with shorter hospitalization and less dependence on
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supplementary oxygen. Except for a mildly elevated GGT in both groups,
in the basal and final state, most of the biochemical parameters evalu-
ated at the beginning and end of the clinical study were normal for the
MG and control group. The only two-biochemical markers that changed
significantly with MG treatment were AST and LDH levels. AST levels
were significantly reduced at the end of the study in the group treated
with MG (33.8-31.5 U/L, basal vs final, respectively), but both levels are
in the normal range (8-48 U/L). Similarly, LDH levels decreased in the
MG group from 257.5 to 256.5 IU/L, both of which are within the
normal range for this enzyme. D dimer was above the normal range in
both groups at the beginning of the study (480.0 ng/mL for both
groups), as can be expected for Covid-19 patients [35]. Interestingly, D
dimer increased significantly only in the MG group at the end of the
treatment (480.0-634.0 ng/mL), while a non-significant decrease was
observed for the control group (480.0-356.0 ng/mL).

Even though the majority of patients from both groups entered the
study with moderate disease, we did not observe the expected elevated C
reactive protein level for Covid patients (20-50 mg/L) [36]. In fact, both
groups had normal CRP levels at the beginning (4.16 mg/L, both groups)
and these levels decreased significantly in all patients at the end of the
study (0.10 and 0.09 mg/L, MG and control groups, respectively). This
could be explained by the fact that none of the patients that entered this
study presented with severe Covid symptoms. Basal fasting glucose
levels were elevated in both groups (151.5 and 148.9 mg/dL, respec-
tively). This is not surprising, as 50 % of hospitalized Covid patients
develop acute hyperglycemia, and 7 % of this population has diabetes
[37]. At the end of the study, glucose levels in the MG-treated group
were close to normal (110.3 mg/dL), as was expected from the
anti-hyperglycemic mode of action of the drug.

5. Conclusions

In the present study, we demonstrated the in vitro effect of metformin
glycinate on the viral load of SARS-CoV-2. The antiviral effect of MG was
supported by in vivo results according to biochemical and immunolog-
ical parameters; 620 mg of MG administered orally every 12 h signifi-
cantly and safely decreased viral load in Covid 19 patients. Although
these results strongly suggest that MG could be repositioned for the
treatment of SARS-CoV2, further clinical studies need to be assessed to
establish the safety and efficacy of MG in large populations. The hos-
pitalization condition of the patients was one of the limitations of the
clinical study, which made the collection of complete data and follow-up
of subjects more complicated. A longer follow-up could elucidate if the
biochemical alterations found in this study (reduced AST and reduced
DHL) are clinically relevant or are the only biochemical modifications.
Finally, the longer follow-up could determine if the ability to decrease
viral replication of MG would have an implication on subacute and/or
chronic complications of the COVID-19 patients.
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