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Abstract

Background. This retrospective study evaluates the efficacy of inhalation therapy with alkaline hypertonic ibuprofen (AHI) in
COVID-19 positive patients compared to a control group of patients who received conventional treatment. The study was carried out
at the Orias Hospital in Jujuy Province, Argentina, from June to September 2020, with final follow-up on September 30. Methods. The
study included 99 COVID-19 positive patients with moderate to severe disease (respiratory distress and/or hypoxemia). The control
group of 62 patients were treated with the protocols in force at that time, oxygen, dexamethasone and enoxaparin. The group under
evaluation comprised 37 patients treated with AH), in addition to standard treatment. Findings. Result shows that the treatment with
AHI formulation is safe and effective. The mean respiratory rate (RR) of the patients went from 26.3 before treatment with AHI to
19.8 after treatment. On the other hand, the O2 saturation of patients before treatment with AHI showed a mean of 89.0%; at the end of
treatment, the mean was 95.8%. In patients treated with AHI, on day 14, 85% had been discharged, while in patients not treated with
AHI, only 36-37% were discharged on day 23. Patients with standard treatment, without AHI, show a mortality of 38.7%, distributed
evenly in the 25 days of hospitalization. The mortality of patients treated with AHI was 8.1%, observed within the first 10 days of hos-

pitalization. Interpretation. Results show that nebulization with AHI is an anti-inflammatory therapeutic alternative for the treatment

of COVID-19 positive patients.

Keywords: hypertonic alkaline ibuprofen, nebulization, COVID-19 treatment, anti-inflammatory

Introduction

The coronavirus disease 2019 (COVID 19) caused by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
shows high rates of transmission and substantial mortality. The
symptoms can range from mild respiratory disease to severe
pneumonia with other affected organs that, in some patients, can
induce death [1,2].

Initial treatment is symptomatic; oxygen therapy is the first
step to improve respiratory symptoms. However, in those pa-

tients whose oxygen therapy does not lead to improvement,
mechanical ventilation procedures are necessary, which requires
transfer to intensive care units.

Different treatments have been used to control the infection
and the evolution of the disease. However, poor effectivity was
observed. This includes Convalescent Plasma treatment [3-6] or
antiviral treatments such as Remdesivir, Ritonavir, Litonavir or
Hydroxychloroquine [7-9]. To date, dexamethasone and mono-
clonal antibody therapies have shown partial benefits in patients
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with severe illness [10], while benefit from other drugs remains
unknown [11].

The solubility of this alkaline hypertonic ibuprofenate (AHI)
also retains the classical anti-inflammatory properties of ibupro-
fen, the non-selective and reversible inhibitor of cyclooxygenase
(COX1 and COX2) that reduces the production of prostaglan-
dins GE2, PGD2, PGF2a, PGI2) and platelet thromboxane A2,
a vasoconstrictor that is pro-platelet aggregating and pro-inflam-
matory. Ibuprofen also shows anti-inflammatory activity through
inhibition of neutrophil recruitment, activation and generation of
reactive oxygen species [12]. Ibuprofen has been demonstrated
to prevent inflammation in acute [13] and chronic [14] lung in-
jury. These properties of Ibuprofen make its application feasible
to control the "cytokine storm" induced by COVID-19 infection.

The objective of this retrospective statistical study was to an-
alyze the changes observed in certain parameters in COVID-19
positive patients hospitalized at Orias Hospital in General San
Martin, province of Jujuy, Argentina, treated with and without
a nebulisable solution of AHI during two different periods. In
the case of the control group (conventional treatment), data were
taken from patients hospitalized between June and July, 2020;
for those treated with AHI, data correspond to patients hospital-
ized between August and September, 2020. This type of design is
similar to that reported in a recent study comparing conventional
treatment with colchicine therapy [15].

Methods

All the procedures followed in this study were in accordance
with the ethical standards of the institutional and national guide-
lines.

The use of inhaled ibuprofen was carried out under the ap-
proval of the AHI formulation as compassionate treatment, ex-
tended by the Jujuy Ministry of Health, RESOLUTION No.
001651-S/2020.-EXPTE. No. 773-992/2020. In addition, the
ethics committee of the Orias Hospital authorized the conduct of
the study through Resolution 018-DH00/2020.

The control group of this study consisted of 62 SARS-CoV-2
RT-PCR positive patients admitted to Orias Hospital between
June 11 and July 31, treated according to the protocols in force at
that time, Dexa (8 mg/day) and Enoxa (5000 IU), supplemented
with oxygen when needed. For the study group, the data collect-
ed corresponds to 37 patients infected with SARS-CoV-2 who
were admitted to the Orias Hospital and who received treatment
with AHI, in addition to basic therapy (Dexa - Enoxa) between
August 3 and September 2.

It should be noted that physicians used the same clinical cri-
teria to determine hospitalization for all patients. Symptoms and
progression of the disease were followed in both groups, with
and without AHI treatment.

Quimica Luar S.R.L. (Cordoba Argentina) provided the AHI
used on a compassionate basis in hospitalized COVID-19 pa-
tients. In all cases, SARS CoV-2 infection was confirmed by
PCR. Treatment consisted of administering, three times a day,
an AHI solution (50 mg) by nebulization until oxygen satura-
tion reached > 93% while breathing room air. Personal protec-
tive equipment was used for healthcare workers; treated patients

wore a device designed to decrease the risk of contamination by
aerosol.

A compassionate use program usually has no comparator ther-
apy; however, in this case, we used the data provided by the hos-
pital’s ethics committee for those patients hospitalized in Orias
Hospital before administering Ibuprofen, as a comparator model
to evaluate the effect of alkaline hypertonic Ibuprofen.

This report is based on data from patients who received only
Dexa (6 mg/day) and Enoxa (5,000 Ui /24 h or, in few cases,
each 12 h); oxygen was administrated when considered neces-
sary during the period from Jun 11 through July 31, 2020. Data
from patients who received the same treatment plus a supple-
mented compassionate treatment with AHI were obtained from
August 3 through September 2.

Exclusion criteria included inability to use a nebulizer with
a mouthpiece, allergy to ibuprofen, pregnancy, intention to be-
come pregnant and breastfeeding.

The treatment consisted of 3 nebulisations daily with 5 ml of
AHI for at least 7 to 10 days, with post-treatment follow-up for
a maximum of 15 days.

Patients were required to understand the information provided
in the consenting process and give consent.

Nebulization procedure

Data collection was carried out in all patients when admitted
to hospital to generate their medical history and demographic
data. Patients’ vital signs such as heart rate, respiratory rate,
blood pressure, temperature and oxygen saturation were evaluat-
ed. In addition, a physical examination with clinical assessment
for pneumonia was conducted.

For those patients hospitalized, 5 ml of alkaline hypertonic
ibuprofen (AHI) containing 10 mg/mL of Ibuprofen in 0,5M
NaCl with pH 8.5 was administered in a piston nebulizer (Silfab
S.A., Argentina) three times a day for at least 7 days or, in some
cases, during 10 days. While patients remained in hospital, we
recorded their vital signs and the potential presence of adverse
events/effects related to or produced by nebulization with AHI
formulation.

Patient Involvement statement

To carry out this retrospective study, all patients provided in-
formed written or verbal consent.

Results

Table 1 shows demographic and baseline characteristics, in-
cluding comorbidities and severity of the disease. The mean age
of the 62 patients without receiving ibuprofen treatment was
54.3 (SD 20.0): 45 (72.6%) were men and 17 (27.4%) women.
The mean age of the 37 patients treated with AHI was 56.3 (SD
14.2): 27 (73%) were men and 10 (27%) women. It should be
noted that around 60% of the patients were white; the remain-
ing 40% corresponded to the native population of the "Guarani"
ethnic group.

Of the 62 patients of the control group, 44 (64.7%) present-
ed the same baseline comorbidities: diabetes, cardiovascular
disease, hypertension, smoking habits. Here, 7 (10.29%) of the
patients were diabetic and 16 (23.5%) were observed.
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Table 2. Inferential statistical analysis per age and sex
Without AHI With AHI
Group 1 (Without Group 2 (With
Parameters AHI AHI p-value
Age 54.3 (SD 20.0) | 56.3 (SD 14.2) ) )
Sex Media SD Media SD
Men 45 (72.6%) 27 (73 %) Age 543 20 56.3 14.2 0.54693
0, 0,
Women 17(27.4%) 1027% ) Gender Percentage 72.6% Percentage 73.0% 0.60195
. . Men
Ethnicity
White 60% 60% g‘::::ll:; Percentage 27.4% Percentage 27.0% 0.39805
Native population “Guarani” 40% 40% In this bilateral Hypothesis Test, we used Standard Normal Distribution
(Z) Confidence Level (CI) 0.99
Comorbidities
0, 0,
Al 44 (70.97%) 24 (64.86%) Table 3. Average of initial FR from data from Figure 1 in patients
Hypertension 24 (38.71 %) 18 (48.64%) with and without AHI treatment
Group 1 (n=37) Group 2 (n=62)
Heart disease 0 (0%) 1 (2.70%)
Initial FR With AHI Without AHI
Diabetes 7 (11.29%) 9 (24.32 %)
Average 26.3 253
Obesity 16 (25.81%) 5(13.51%)
SD 33 2.5
Chronic lung conditions 1(1.61%) 1 (2.70%)
- Data analysis from Table 1 shows that there is no statistically
Smoking 2 (3.22%) 0 (0%) .. . .
significant difference between the two groups in any of the pa-
ls_e"fr ity of disease at base- rameters measured, such as age and sex (Table 2).
e
Isolated with no limitation in . .The most significant comorbidities 1n.both groups, with or
activities without AHI treatment, were: hypertension, 24 (38.71%) and
Isolated with limitation in | 18 (48.64%); diabetes, 7 (11.29%) and 9 (24, 32%) and obesity,
activities 16 (25.81%) and 5 (13.51%), respectively. The number of pa-
Hospitali . tients with comorbidities such as hypertension and diabetes was
ospitalized patients o . . . ] .
similar in both groups. Yet, obesity was three times higher in
with mild illness (no oxygen 2 those patients without receiving AHI treatment. This difference
therapy) . .. .
would partly explain the more unfavorable clinical evolution in
with mild illness (oxygen 1 .
therapy) this group.
with moderate disease (high- 20 Table 3 shows the Respiratory Rate values when both groups
flow) oxygen of patients were hospitalized. It is observed that there were no
Mortality (n=62) (n=37) significant differences between them, with mean values of 25.3
Death 24 (38.71%) 3(8.11%) (SD2.5) and 26.3 (SD 3.3) respectively.
No death 38 (61.29%) 34 01.89%) Then, we analyzed the evolution of RR throughout the disease
Total 62 (100.0%) 37 (100.0%) only in those patients treated with AHI. Figure 1 and Table 4
Odds Ratio 8.427350427 show that, at the end of AHI treatment, patients clearly improved
their RR.
A
i
E E- |
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l L I | B B oYM OH 11 KM O O Ik LI O S AN I de Y JE N O B AT
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Figure 1. Respiratory rate of each patient treated with AHI at the beginning and end of hospitalization. The figure shows the
data of the 33 patients who had been discharged upon completion of the trial. The remaining 4 patients of the total group of
37 remained hospitalized at that time.
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Figure 2. O2 saturation of each patient treated with AHI at the beginning and end of hospitalization. The figure shows the
data of the 33 patients who had been discharged upon completion of the trial. The remaining 4 patients of the total group of

37 remained hospitalized at that time

Table 4. Inferential statistical summary of Respiratory Rate (RR) and
02 Saturation

Table 5. Comparison of death rates (considering total number of pa-
tients in both sample groups)

Parameter | Before AHI treatment After AHI treat-
ment Valor p

Media SD Media SD
RR 26.3 33 19.8 2.9 <0.00001

One-sided Hypothesis Test, Standard Normal Distribution (Z) Confidence
Level (CI) 0.99

sat 0, §8.3 43 958 | 27 | <000001

One-sided Hypothesis Test, Standard Normal Distribution (Z) Confidence
Level (CI) 0.99

Mortality With AHI (n=37) Without AHI (n=62)
Death 3 (8.1%) 24 (38.7%)
No death 34 (91.9) 38 (61.3%)
Total 37 (100.0%) 62 (100.0%)
Odds Ratio 8.427350427

The analysis was performed using the one-sided Hypothesis
Test with Standard Normal Distribution (Z) Confidence Level
(CI) of 0.99. Results show that the mean RR of patients before
receiving treatment with AHI was 26.3 (SD 3.3); after treatment,
the mean was 19.8 (SD 2.9), with a value of p <0.00001. This
represents a statistically significant RR reduction of 25%.

On the other hand, the analysis of oxygen saturation in patients
treated with AHI is shown in the results of Figure 2 and Table 4.

The statistical analysis for O2 saturation was also performed
with one-sided Hypothesis Test using Standard Normal Distri-
bution (Z) Confidence Level (CI) of 0.99. The O2 saturation of
patients before receiving treatment with AHI showed a mean of
88.3 with a SD 2.3. At the end of treatment, mean was 95.8 with
a SD 2.7 with a p value <0.00001. These results show that AHI
treatment leads to a statistically significant increase in O2 satu-
ration. The O2 saturation data at the beginning and end of AHI
treatment can also be seen in Table 4.

35%
30%
25% —
20%
15% —

10%

Percentage of patients disease

5% -

In those patients treated with AHI, discharge reached 85% in
14 days, while patients not treated with AHI, that is, patients who
recovered with basic treatment, discharge only reached 36-37%
at day 23.

These results show a steady/sustained recovery in the
AHI-treated group, while patients who did not receive AHI show
a late recovery that eventually reaches and overlaps the curve of
the AHI-treated group.

Afterwards, we analyzed results related to deaths. Here we
compared the death rate between patients treated without AHI
(considered as control) and patients treated with AHI (problem).
Treatment without AHI resulted in 24 deaths from 62 patients,
representing 38.7% mortality. From the 37 patients treated with
AHI, only 3 patients died, thus mortality was 8.1% (Table 5).

To provide greater precision, the time of death was analyzed
in relation to the length of hospitalization. Considering a time
period of at least 5 days, Table 6 shows that in all AHI-treated
patients who died, death ocurred within the first 10 days of hos-
pitalization. In contrast, in patients not treated with AHI, deaths

—— WITHIBU

—e— WITHOUT
18U

0% g g

Number of days

Figure 4. Percentage per day of patients treated with and without AHI who died (considering the total number of

patients in both sample groups).
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Table 6. Summary Table. Statistical inference on the Percentage of
Deaths according to the number of days of hospitalization

Death (Per- | Without With Odds P Value
centage) AHI AHI Ratio

5 days or 16.2 2.7 6 0.019084445
less

10 days or 20.6 8.1 2.54 0.048613028
less

15 days or 27.9 8.1 3.44 0.008526679
less

20 days or 324 8.1 4 0.002664288
less

12655 Sdays or 33.8 8.1 4.17 0.005675704

continued until day 25 of hospitalization.

Figure 4 shows a more detailed analysis of the relationship
of AHI treatment with the number of deaths during daily fol-
low-up. It is observed that deaths in patients treated with AHI
mainly occurred from day 5 to day 9. This suggests that in those
positive COVID-19 patients who tended to do poorly, treatment
with AHI slowed its progression to a state of greater severity
leading to death. On the other hand, in patients who did not re-
ceive AHI, death showed a sustained or constant growth that
continued until day 25 of hospitalization.

Discussion

We carried out a compassionate study with 37 patients hos-
pitalized in Orias Hospital diagnosed with COVID-19 positive
and treated with basic treatment comprising Dexa and Enoxa.
However, they were also treated with a solution of alkaline hip-
ertonic ibuprofen via nebulization. The study was conducted
over one month (August 3 to September 2, 2020) to evaluate
treatment safety and efficacy. The control group was made up
of 68 COVID-19 positive patients admitted to the same hospital
between June 11 and July 31. Both groups, control and problem,
were assisted by the same medical personnel.

Both groups (treated with AHI and without AHI) were
matched for sex, age and general comorbidities such as diabe-
tes, heart disease and hypertension, chronic lung disease, and
smoking habits. However, the number of obese patients was
three times higher in the group of patients who did not receive
AHI treatment. Obesity constitutes one of the most important
risk factors reported in COVID-19.

Since COVID-19 is a pathology with a markedly inflamma-
tory process, especially at the pulmonary level, the rationale for
this route of administration is to enable maximal delivery of the
active drug to the biological focus of SARS-CoV-2 infection, the
lung (pulmonary epithelium).

The results of this compassionate pilot study have shown that
inhaled AHI, given 3 times a day (each 8 h) by nebulization with
a dose of 50 mg for 7 or 10 days, according to clinical criteria,
is well tolerated and effective in improving the symptoms of
SARS-Cov2 infection. The comparison of both groups shows
that a greater proportion of patients treated with AHI could re-
cover during the 10-day study period, more noticeably, after day
25.

In agreement with previous observations, nebulization with
AHI showed no serious adverse symptoms. The two most com-
mon adverse effects found in people nebulized with AHI in-
cluded mild irritation in the nose, mouth and throat, sometimes
leading to cough. This could be due to the presence of the hy-
pertonic saline concentration of 0.5 M NacCl. In accordance with
the report by Salva et.al. [16], both results suggest that AHI neb-
ulization is safe.

In relation to the results on respiratory rate (RR) symptoms,
the analysis revealed that AHI treatment produced a statistically
significant improvement in symptoms, as compared to those pa-
tients not treated with AHL

Results of oxygen saturation in patients from both groups
(Figure 2 and Table 1) show that treatment with AHI significant-
ly improves O2 saturation. Both positive effects could be asso-
ciated with the properties of Ibuprofen, especially when directly
applied to the lung. On the other hand, it is interesting to note
that the AHI solution has an alkaline pH of 8.5.

Capellini et.al., working with rat aortic endothelial and smooth
muscle cells, shows that when the extracellular pH reaches a val-
ue of 8.5, the same as the AHI solution, intracellular changes
occur that lead to an increase in the synthesis and release of ni-
tric oxide produced by the rapid activation of NO synthase. The
release of NO from the endothelium produces rapid vasodilation
that improves oxygenation and reduces pulmonary vascular re-
sistance, promoting blood flow in the lung [17]. On the other
hand, nitric oxide released by endothelial cells and platelets also
prevents platelets from adhering to blood vessels, which helps
remove microaggregates, inhibits platelet adhesion and aggrega-
tion, and prevents vascular occlusion [18].

In this sense, it has been shown that ibuprofen increases the
activity of nitric oxide synthase (iNOS) and, in addition, shows
a marked effect on circulating platelets [19-21]. As other authors
have proposed for NO, the aforementioned antecedents justify
considering ibuprofen as a therapeutic strategy in the manage-
ment of patients with COVID-19 [22].

Currently, options for treating COVID-19 remain limited. Re-
cent evidence of the use of dexamethasone indicates that it is
less effective in those patients with COVID-19, who show less
severe symptoms [10]. A recent "SOLIDARITY" report men-
tions similar results for the treatment of COVID-19 with inhaled
interferon beta [23]. The authors report that treatment with neb-
ulized inhaled interferon B la produces promising results. The
effect observed after administration of interferon beta by inha-
lation is substantially safer than that requiring dangerously high
doses intravenously.

Figure 5 shows the percentages of patients who were dis-
charged in both groups, being 80% in those patients treated with
AHI and only 36-37% in patients not treated with AHI (patients
who healed alone or with the basic Dexa-Enoxa treatment). On
the other hand, the analysis shows that a linear increase is seen
from day 1 to day 15, then it slows down. In patients not treated
with AHI, no discharge was observed until day 4, then, from
day 5 to 8, a greater increase was found, reaching the curve of
patients treated with AHI.

Finally, analysis of the total number of patients who died in
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both groups shows that 24 of the 62 patients without AHI died,
which represents 38.7%. In the group of patients treated with AHI
(37), only 3 died, with a mortality rate of 8.1%. This result rep-
resents a decrease of 79% in mortality in patients treated with
Ibuprofen.

The Odds ratio to death between patients that use AHI ver-
sus patients without treatment with AHI shows a great value of
8.427350427. This means that patients who were nebulised with
AHI possess 8 times less chance to die that those patients without
nebulization with AHI.

The analysis of deaths as a function of time shows that in the
group of patients with AHI treatment, deaths occurred during the
first 4 days, and no deaths were recorded after day 5. In the group
of patients not treated with AHI, an increasing mortality curve
was observed from day 1 to day 25. This result suggests that AHI
treatment, even in the most seriously ill patients, has a compar-
atively beneficial effect. In relation to the high mortality value
observed in those patients not receiving treatment with AHI (con-
trol group), it should be noted that they were patients who were
admitted to the hospital in June and July, that is, at the beginning
of COVID-19 in Jujuy province, where no experience had been
gained in treating the disease. In addition, these patients prob-
ably went into hospital too late, when symptoms were already
evident, which could decrease the effectiveness of treatments. All
this could explain the high mortality rate observed in this group.

Considering that COVID-19 is an inflammatory disease, [bu-
profen constitutes a valid alternative to treat the consequences of
this disease. Ibuprofen is a widely known and used anti-inflam-
matory. These molecules non-selectively and reversibly inhibit
cyclooxygenase (COX1 and COX2), which reduces the produc-
tion of prostaglandins GE2, PGD2, PGF2a, PGI2) and platelet
thromboxane A2 (a vasoconstrictor), inhibiting platelet aggrega-
tion.

One of the mechanisms put forward for the entry of viruses
into cells are those mediated by Rho-GTPase regulated by actin.
A recent work demonstrates that the ibuprofen R- enantiomer is
a Rho-GTPase inhibitor (RhoA, Cdc42 and Racl are representa-
tive Rho-GTPases), and ibuprofen is a specific inhibitor of Raclb
expression [24]. It has also been reported that Ibuprofen may in-
teract with actin molecule [25]. In other "in vitro" studies it was
demonstrated that Ibuprofen shows bactericidal and virucidal
activity [26,27]. Through computational studies, it was recent-
ly suggested that Ibuprofen could interact with M-pro, the major
protease present in Coronavirus [28].

In vivo studies also demonstrated that ibuprofen produces a
significant decrease of neutrophil adherence to pulmonary endo-
thelium induced by serum. This protective effect may be due to a
reduction of neutrophil sequestration in lung [29].

Onischuk also reports the results obtained from the evalua-
tion of the anti-inflammatory and analgesic effect of ibuprofen
through the Relative Analgesic Index (RAI) [30,31]. In this assay,
ibuprofen was administrated to mice orally and via nebulization.
The aerosol treatment of ibuprofen is approximately four orders
of magnitude (10,000 times) more effective than that adminis-
tered orally.

Pulmonary route and not oral administration was the best

method to obtain greater biological activity. Taken together, the
results of this comparative compassionate study suggest a po-
tential clinical benefit of nebulizable AHI to treat patients admit-
ted to hospital with COVID-19. Phase 2 clinical trials. A higher
number of patients and further predefined conditions of placebo
and problem groups will allow a more in-depth evaluation of the
results of this treatment.
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