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Utilizing the sublingual form 
of squalene in COVID‑19 patients: 
a randomized clinical trial
Mahmoud Ebrahimi 1, Nafiseh Farhadian 2*, Sara Saffar Soflaei 3, Alireza Amiri 4, 
Davoud Tanbakuchi 5, Rozita Khatamian Oskooee 6 & Mohammad Karimi 6

In this study, the efficacy of sublingual squalene in decreasing the mortality rate among patients with 
COVID‑19 was investigated. Squalene was extracted from pumpkin seed oil with a novel method. 
Then, the microemulsion form of squalene was prepared for sublingual usage. In the clinical study, 
among 850 admitted patients, 602 eligible COVID‑19 patients were divided in two groups of control 
(N = 301) and cases (N = 301) between Nov 2021 and Jan 2022. Groups were statistically the same 
in terms of age, sex, BMI, lymphocyte count on  1st admission day, hypertension, chronic kidney 
disease, chronic respiratory disease, immunosuppressive disease, and required standard treatments. 
The treatment group received five drops of sublingual squalene every 4 h for 5 days plus standard 
treatment, while the control group received only standard treatment. Patients were followed up for 
30 days after discharge from the hospital. The sublingual form of squalene in the microemulsion form 
was associated with a significant decrease in the mortality rate (p < 0.001), in which 285 (94.7%) cases 
were alive after one month while 245 (81.4%) controls were alive after 1 month of discharge from the 
hospital. In addition, squalene appears to be effective in preventing re‑hospitalization due to COVID‑
19 (p < 0.001), with 141 of controls (46.8%) versus 58 cases (19.3%). This study suggests sublingual 
squalene in the microemulsion as an effective drug for reducing mortality and re‑hospitalization rates 
in COVID‑19 patients.

Trial Registration Number: IRCT20200927048848N3.
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The World Health Organization proclaimed a global pandemic of the novel COVID-19 (SARS-Cov-2) in Decem-
ber 2019. It has become a severe worldwide health hazard due to its high infectivity and contagion  rate1,2. 
According to recent WHO data, there were 774,075,242 confirmed cases of COVID-19 until January 7,  20243.

COVID-19 infection can range from asymptomatic infection to life-threatening pneumonia and ARDS, 
cytokine storms, multiple organ failure, and  death4,5. Growing research proposes that pro-inflammatory cytokines 
and cells are unusually abundant in critically patients, bringing up the cytokine storm syndrome and hyper-
inflammation for COVID-19  etiology6,7. On the other hand, oxidative stress is thought to play a role in SARS-
Cov-2 infection pathogenesis by contributing to cytokine storm, coagulopathy, and cell  hypoxia8. Researchers 
confirmed that the mortality of COVID-19 might be due to inflammation caused by the virus. Continuous 
positive feedback loops between oxidative stress and pro-inflammatory signaling cause an uncontrolled hyper-
inflammation  state9.

The urgent need for an effective cure has sparked a worldwide competition to discover a unique or repurposed 
antiviral drug. Several therapeutic drugs are being studied; however, numerous clinical trials are still ongoing. The 
FDA has only approved Remdesivir for COVID-19 treatment thus far, although the need for therapeutic develop-
ment  persists10,11. Additional therapy choices may help patients while reducing the strain on healthcare systems. 
Although creating innovative therapies is critical, formulating new medications and evaluating their safety and 
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efficacy in a short amount of time appears unrealistic due to the time-consuming nature of the procedure. As a 
result, it is reasonable to investigate previously used, possible antiviral medicines that are safe and well-tolerated.

Squalene (SQ) has anti-inflammatory12,13, immunomodulatory, and antioxidant properties with minimal 
adverse effects, raising the prospect that it could alter SARS-CoV-2 infection. This natural chemical reduces neu-
trophil and monocyte activation while increasing anti-inflammatory  enzymes12. The antiviral effect of squalene 
in the treatment of the hepatitis C virus is approved in an invention  patent14. Ulrikh et al. observed that SQ 
increases the synthesis of anti-inflammatory cytokines, such as IL-4, IL-10, and IL-13, in pro-inflammatory 
macrophages. Moreover, SQ administration led to remodeling and repair signals, and the recruiting signal of 
neutrophils and eosinophils is responsible for  phagocytosis15. Further support for this notion can be found 
in another in vivo study, which showed that SQ induces an increase in IL-4, IL-10, and IL-13 synthesis and a 
decrease in pro-inflammatory signals, including NF-κB and TNF-α, in M1 macrophages. Additionally, SQ affects 
remodeling and repair signals (TIMP-2)16.

Moreover, researchers confirmed the anti-oxidative effects of  SQ17,18, which are very important in viral infec-
tion. Antioxidant defense is critical in determining the severity of viral  infections19. Antioxidant depletion may 
cause viral mutations and increase viral virulence in RNA  viruses20. Warleta et al. confirmed that administration 
of SQ in human mammary epithelial cells (MCF10A) decreases intracellular ROS, suppresses H2O2-induced 
oxidative damage, and protects DNA against oxidative  injury21.

Here, the efficacy of SQ in the treatment of COVID-19 patients has been investigated. First, SQ was extracted 
from pumpkin seed oil with a novel method. After approving the purity of the extracted compound, it was 
encapsulated in the microemulsion for higher efficacy as a sublingual compound. Then, a clinical study was 
examined to investigate the efficacy of treatment with SQ while examining the mortality rate in COVID-19 
patients. Critical parameters such as the number of hospitalization days of the patients until discharge from the 
hospital, re-infection with COVID-19, and the type of vaccine were also explored. The main goal and objectives 
of this study can be summarized as follows:

Main goal
A clinical study was examined to investigate the efficacy of the sublingual form of SQ in the microemulsion 
form for COVID-19 patients.

Main objectives

• Extraction of SQ from pumpkin seed oil with a novel method.
• Encapsulation of SQ in the microemulsion form as a sublingual compound.
• Examining the mortality rate of COVID-19 patients that are treated with this new formulation.
• Exploring the impact of important parameters such as the number of hospitalization days of the patients 

until discharge from the hospital and re-infection with COVID-19 on treatment efficiency.

Materials and methods
Materials
Potassium hydroxide (KOH),  FeCl3⋅6H2O (97%),  FeCl2⋅4H2O (99%), acetone, ethanol, hexane, ammonium 
hydroxide (27–30%), Tween 80, and Span 80 were purchased from Merck Company (Darmstadt Merck, Ger-
many). Pumpkin seed oil was procured from Zarband Company, Iran. Standard squalene was purchased from 
Sigma Aldrich Company for Gas Chromatography (GC) analysis.

Methods
Squalene extraction
SQ is naturally widespread in animals, plants, fungi, and  bacteria22. The primary source of SQ is shark liver oil. 
SQ extraction from this source is restricted by animal protection  regulations23. SQ is also extracted from plant 
 sources24.

Here, SQ extraction from pumpkin seed oil was performed according to our previous  studies25–27. In summary, 
pumpkin seed oil was applied as the main source of SQ extraction with a novel method. At first, fatty acids (FAs) 
adsorption on the magnetic iron oxide nanoparticles was performed. Then, the solvent extraction method was 
applied to separate SQ from other components. Briefly, a coprecipitation reaction was used to prepare magnetic 
nanoparticles (MNPs) in the form of iron oxide  (Fe3O4). Then, the saponification reaction was applied for pump-
kin seed oil. Pumpkin seed oil and ethanolic KOH were poured in a container. The container was heated at 80 °C 
for 1 h. To evaporate all the solvent, the solution was heated in an oven for 4 h. Finally, a soap‐like dried sample 
was obtained. MNPs were added to this sample that was dissolved in water. This sample was placed in an oven at 
130 °C for FAs adsorption on the MNPs surface. Simultaneously, water was removed from this sample. The dried 
sample was washed with acetone to separate extracted SQ, and MNPs were separated with a magnet. Afterward, 
hexane, distilled water, and ethanol were added to the remaining solvent and placed in a decanter to separate 
hexane containing SQ from other materials. Finally, hexane was removed under argon, and SQ was extracted.

Microemulsion preparation
For the preparation of the sublingual form of SQ, a microemulsion formulation with the SQ concentration of 
10 mg/ml was applied. The titration approach was used to create a microemulsion. For this purpose, a mixture 
of hydrophilic and hydrophobic nonionic surfactants was used. Surfactant components were mixed in a mass 
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ratio of 9:1 (Tween80:Span80), SQ was added to the surfactant mixture in a mass ratio of 1:5 (SQ: surfactants), 
and double distilled water was gently added under moderate agitation (magnetic stirring). The final formulation 
for sublingual usage includes 10 mg SQ, 45 mg Tween 80, 5 mg Span 80, and 1 ml water.

Characterization
The purity of extracted squalene was measured using GC‐FID analysis (6890 Series GC system) was applied. 
A dynamic light scattering analyzer (DLS, CORDOUAN) was used to assess the hydrodynamic diameter of a 
microemulsion sample in deionized water. TEM (LEO-Germany) analysis was used to assess the morphology and 
size of the sample. The zeta potential of the microemulsion sample was calculated using a zeta meter (Zeta CAD).

Intervention
Study population Patients were selected from adults (age > 18 years) admitted to the emergency and infectious 
department of Shohada Hospital, Ghaen (Iran) between November 2021 and January 2022. Cases with the signs 
of diagnostic and symptoms of COVID-19, including fever, acute loss of sense and smell, fatigue, dry cough, 
lymphocytopenia, elevated CRP with or without contact with verified cases of COVID-19, or patients with indi-
vidual characteristics in HRCT, including ground-glass opacities, bilateral abnormalities, vascular enlargement, 
lower lobe involvement, and posterior predilection (1), or who confirmed with a real-time PCR test, eligible 
patients who had respiratory symptoms (including dyspnea, chest pain, or discomfort), oral temperature > 38 °C 
and  SpO2 < 93%, have entered the study.

The sample size was calculated according to the findings of the previous  study27, 300 for each study group, 
using the following formula (α = 0.01 and β = 0.95):

Demographic and baseline characteristics, including age, sex, body mass index (BMI), history of diabetes 
mellitus (DM), hypertension (HTN), IHD (ischemic heart disease), chronic heart disease (CKD), immunosup-
pressive disease, chronic respiratory disease, the number of vaccination doses, and vaccine type, were recorded.

Exclusion criteria were a history of mental retardation, being directly admitted to the ICU, pregnancy, breast-
feeding, a suspected or confirmed history of alcohol or substance use disorder, and having participated in other 
drug trials in the past month.

After obtaining written informed consent, eligible patients were divided into two groups of standard treat-
ment (control group, N = 301) and SQ plus standard treatment (intervention group, N = 301) using a web-based 
randomization tool and an allocation concealment mechanism by staff whom were not involved in the study.

Treatment protocol Standard treatment included oxygen therapy, dexamethasone 8 mg daily or prednisolone 
40 mg daily for 10 days, remdesivir 200 mg for the first day of admission and then 100 mg daily for 5 days, and 
heparin 5000IU subcutaneous TDS (for BMI ≥ 40, 7500 IU SC TDS) or enoxaparin 40 mg SC once daily (for 
BMI ≥ 40, 40 mg SC BID). In the case group, standard treatment plus SQ dosage was applied. 5 drops of sublin-
gually SQ was applied every 4 h for up to 5 days.

Study variables Vital signs, clinical characteristics, and probable adverse effects of squalene were collected 
and recorded continuously during hospital admission. Symptom evaluators were blinded.

Follow-up Patients were followed up for 30 days after discharge from the hospital in terms of the need for 
re-hospitalization and mortality rate.

Figure 1 shows a schematic of patient screening, enrollment, randomization, and clinical protocol that is 
applied in this study.

Statistical analysis
SPSS 18 was used to analyze the data. The data analyst was unfamiliar with the study groups. Quantitative factors 
were expressed as median standard deviation and qualitative variables as number and percent. The Chi-square 
and T-test was employed to analyze the difference between study groups in terms of baseline characteristics, dif-
ferent types of treatment, and outcomes in the following period. A nonparametric analytical tool (Binary logistic 
regression) was employed to determine the critical influential factors related to death, re-hospitalization, and 
duration of hospitalization due to COVID-19. A P value of 0.05 was deemed significant.

Ethics
The study protocol was approved by the MUMS ethics committee (IR.MUMS.REC.1400.143) and IRCT 
(IRCT20200927048848N3, date: 10/10/2021). We confirm that all methods were performed in accordance with 
the relevant guidelines and regulations according to the Helsinki Declaration. Informed consent was obtained 
from all participants and/or their legal guardians.

Problems anticipated
Following participants 1 month after admission was our major challenge in this study. For dealing with this 
problem, we recorded all the participant addresses and also their phone number as well as their cell phone. 
To confirm the death of participants, we also recorded their national number and checked them in the death 
registry database.

Limitations of the study
One of the limitations of this study was the presence of intervening factors such as age, co-morbidities of the 
patients and patients’ personal medications, which could influence the relationship between SQ use and death. 

N =
(

Z1−α/2 + Z1−β

)2
∗ P1(1− P1)+ P2(1− P2)/(P1 − P2)

2



4

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4532  | https://doi.org/10.1038/s41598-024-54843-x

www.nature.com/scientificreports/

Another limitation of this study was the impossibility of subgroup analysis for all outcomes due to time con-
straints and a lack of research manpower (this research was conducted during the peak of the Iran’s COVID-19 
crisis), so only the outcome of the need for oxygen therapy (a clinical outcome) was subjected to subgroup 
analysis. As a result, subgroup analysis was not performed based on characteristics such as SQ treatment dura-
tion and prescription dose. Furthermore, conducting the study in one center and the possibility of recall error 
were other limitations of this study.

However, critically ill COVID-19 patients had lower chance of receiving SQ treatment during hospitalization, 
this bias could account for the link between not utilizing SQ and poor outcomes.

Duration of the project
Squalene extraction and characterization: September–October 2021 (2 months).

Clinical trial sampling and following-up: November 2021-January 2022 (3 months).
Data entry and statistical analysis: February–March 2022 (2 months).

Allocation

248 patients were ineligible. 

Exclusion criteria were: 

history of mental retardation 

directly admitted to ICU 

pregnancy 

breastfeeding 

having the suspected or 
confirmed history of alcohol 
or substance use disorder 

having participated in other 
drug trials in the past month. 

301 were assigned to receive sublingual 

form of squalene in the microemulsion 

form (5 drops every 4hr up to 5 days) + 

standard treatment, randomly. 

301 were assigned to receive 

standard treatment, randomly. 

602 patients were included in the analysis of 

patients with moderate disease respiratory 

symptoms (including dyspnea, chest pain or 

discomfort), oral temperature>38°C and 

were entered the study<93% 2SpO

(hospitalized, not initially ICU-level of care) 

and underwent randomization)

850 patients were assessed for eligibility

Follow up

301 were assigned to follow up

for 30 days after discharge from 

the hospital. 

301 were assigned to follow up

for 30 days after discharge from 

the hospital. 

301 were analyzed statistically. 301 were analyzed statistically. 

Analysis

Figure 1.  Screening, enrollment, randomization, and clinical protocol.
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Results
SQ extraction
SQ purity was detected using FID‐GC analysis. Results confirmed that SQ purity was higher than 95%. Fig-
ure 2-a,b show the FID‐GC diagram of extracted and standard SQ with the calibration curve. After approving 
the purity of SQ, the microemulsion form of this component was prepared for sublingual usage. Figure 2-c,d 
show the size diagram versus TEM and DLS analysis, respectively. As Fig. 2-c illustrates, the sample contains 
spherical particles with an average particle size of about 30 nm. In addition, an average particle size of 40.37 
nm with a polydispersity index (PDI) of 0.247 is shown in the DLS diagram (Fig. 2-d). The zeta potential of the 

Figure 2.  (a) FID‐GC chromatogram diagram for extracted squalene at 3250 ppm, (b) FID‐GC chromatogram 
diagram for standard squalene at 6000 ppm (incident diagram shows the calibration curve), (c) TEM image, and 
(d) DLS diagram, of the sublingual form of SQ in microemulsion form.
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microemulsion sample was calculated as − 32.01 mV. The pH value of the prepared microemulsion containing 
SQ was 6.52, which is safe for the sublingual usage.

Study population characteristics
Total of 602 COVID-19-confirmed patients were allocated into SQ plus standard treatment (case, N = 301) 
and the standard treatment (control, N = 301) groups. The average age in cases was 58.4 ± 0.49 years, and it was 
59.02 ± 0.45 years in the control group.

Regarding baseline characteristics (Table 1), there was no difference between case and control groups in 
age (p = 0.352), sex (p = 0.552), BMI (p = 0.600), 1st day of admission lymphocyte count (p = 0.197), history of 
DM (p = 0.930), history of IHD (p = 0.782), history of HTN (p = 1.000), history of CKD (p = 0.887), history of 
chronic respiratory disease (p = 0.870), history of immunosuppressive disease (p = 1.000), one dose vaccination 
(p = 0.791), two dose vaccination (p = 0.623) and vaccine type (p = 0.798).

Table 1.  The comparison of demographic and past medical history between the studied groups. BMI body 
mass index, HTN hypertension, DM diabetes mellitus, IHD Ischemic heart disease, CKD chronic kidney 
disease.

Variable Case (N = 301) Control (N = 301) P value

Age (years) 58.40 ± 0.49 59.02 ± 0.45 0.352

Sex
n (%)

 Male 190 (63.12%) 197 (65.45%)
0.552

 Female 111 (36.88%) 104 (34.55%)

BMI (kg/m2) 28.51 ± 0.09 28.52 ± 0.09 0.600

1st day lymphocyte count (n/µl) 917.34 ± 190.34 927.63 ± 203.89 0.197

HTN
n (%)

 Yes 161 (53.49%) 161 (53.49%)
1.000

 No 140 (46.51%) 140 (46.51%)

DM
n (%)

 Yes 92 (30.56%) 93 (30.9%)
0.930

 No 209 (69.44%) 208 (69.1%)

IHD
n (%)

 Yes 48 (15.95%) 48 (15.95%)
0.782

 No 253 (84.05%) 253 (84.05%)

CKD
n (%)

 Yes 22 (7.3%) 23 (7.6%)
0.877

 No 279 (92.7%) 278 (92.4%)

Chronic respiratory disease n (%)

 Yes 137 (45.51%) 139 (46.18%)
0.870

 No 164 (54.49%) 162 (53.82%)

Immunosuppressive disease n (%)

 Yes 17 (5.65%) 17 (5.65%)
1.000

 No 284 (94.35%) 284 (94.35%)

One dose vaccination n (%)

 Yes 207 (68.77%) 210 (69.77%)
0.791

 No 94 (31.23%) 91 (30.23%)

Two dose vaccination n (%)

 Yes 130 (43.19%) 136 (45.18%)
0.623

 No 171 (56.81%) 165 (54.82%)

Vaccine type n (%)

 0 (None) 94 (31.23%) 91 (30.23%)

0.798

 1 (Sinopharm) 94 (31.23%) 83 (27.57%)

 2 (Astrazeneca) 53 (17.61%) 63 (20.93%)

 3 (CovIranBarakat) 27 (8.97%) 44 (14.62%)

 4 (Other) 33 (10.96%) 20 (6.64%)
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In addition, there was not any significant difference between two groups in terms of receiving further treat-
ment, including remdesivir (p = 1.000), glucocorticoid (p = 0.886),  O2 therapy with a low-flow nasal cannula or 
face mask (0.858), and  O2 therapy through noninvasive mechanical ventilation (p = 0.929). Table 2 shows details 
of the comparison between the studied groups.

Prediction of SQ treatment
The sublingual form of squalene in the microemulsion form was associated with a significant decrease in the 
mortality rate, in which 94.7% of patients were alive after one month, while the percentage of alive patients was 
only 81.4% in the control group.

Figure 3 shows the estimated values of the chance ratio of re-hospitalization for each variable. According 
to this graph, having diabetes dramatically increases the risk of being re-hospitalized due to COVID-19 by 23 
times. Gender in terms of being male, suffering from high blood pressure, and having ischemic heart disease 
also increases the risk of being re-hospitalized due to COVID-19. SQ plus standard treatment has a significant 
effect on preventing re-hospitalization, up to 17% less compared to the standard treatment.

Figure 4 shows the estimated odds ratio of the mortality rate for each variable. The sign of * indicates the 
significance of the variable impact on the probability of patients’ death due to infection with COVID-19. Results 

Table 2.  Comparison of other treatments between the studied groups.

Variables Intervention (N = 301) Control (N = 301) P value

Remdesivir
n (%)

 Yes 245 (81.4%) 245 (81.4%)
1.000

 No 56 (18.6%) 56 (18.6%)

Glucocorticoid
n (%)

 Yes 274 (91.03%) 275 (91.03%)
0.886

 No 27 (8.97%) 26 (8.97%)

Low-flow nasal cannula or face mask
n (%)

 Yes 211 (70.1%) 213 (70.76%)
0.858

 No 90 (29.9%) 88 (29.23%)

Noninvasive mechanical ventilation
n (%)

 Yes 90 (29.9%) 91 (30.23%)
0.929

 No 211 (70.1%) 210 (69.77%)

Figure 3.  The risk of re-hospitalization due to COVID-19 for each variable (*p-value between 0.01 and 0.05, 
**p-value between 0.05 and 0.001, and ***p-value less than 0.001).
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show that sex, age, body mass index, suffering from ischemic heart disease, and treatment with SQ affect the 
probability of death. Also, SQ plus standard treatment reduces the chance of death due to COVID-19 by 9% 
compared to the standard treatment.

Figure 5 shows a comparison between the number of hospitalization days for two treatment groups. These 
histograms show that the number of hospitalization days of the patients until discharge from the hospital is less 
in the SQ plus standard treatment group compared to the standard treatment group.

Furthermore, our findings show that SQ plus standard treatment increases the chance of a patient’s discharge 
from the hospital one day earlier by 86% compared to the standard treatment group. Diabetes and ischemic heart 
diseases also have an effect on the number of days of hospitalization for COVID-19 patients in the hospital. In 
addition, the type of vaccine received does not have a significant effect on the mortality, re-infection, and number 
of days of hospitalization of patients with COVID-19 (Fig. 6).

Discussion
In the current clinical trial, we investigated the efficacy of SQ sublingual drops in the treatment of COVID-19. 
Our data showed that this novel medicine is associated with fewer deaths in COVID-19 patients. We previously 
indicated, for the first time, the therapeutic effect of SQ microemulsion in SARS-Cov-2 in a clinical  trial27.

Recently, researchers confirmed that mortality in COVID-19 might be due to inflammation caused by the 
virus. Continuous positive feedback loops between oxidative stress and pro-inflammatory signaling cause an 
uncontrolled hyper-inflammation  state9.

In addition, as mentioned earlier, the NF-κB pathway appears to be a critical factor in COVID-19 natural 
development and conversion to a severe  phenotype28. Blocking the NF-κB pathway may lower mortality in the 
severe type of COVID-1928–30. Previous findings confirmed that SQ induces a decrease in pro-inflammatory 
signals, including NF-κB, and TNF-α in M1 macrophages. However, it can lower the mortality rate of COVID-19 
 patients16. Furthermore, based on the previous studies, it was indicated that the count of CD8+ T cells, T regula-
tory cells and memory CD4+ T cells had been significantly reduced during COVID-1931. It has been reported that 
in mice, SQ-based emulsion enhances CpG-mediated augmentation of CD8 (+) T-cell  responses32. In addition, 
it was shown that SQ enhances the differentiation of monocytes to dendritic cells, as well as the stimulation of 
antigen-specific CD4 T cell  response33. Furthermore, in a recent study that applied lipid SQ nanoparticles (SQ@
NP) as an adjuvanted COVID-19 vaccines in an animal model, the secretion of cytokines in splenocytes, such as 
interferon (IFN)-γ, interleukin (IL)-5 and IL-10, was significantly enhanced after adjuvanted of S-protein vaccine 
with SQ@NP. This research suggested that SQ@NP may be a potential tool for reinforcing T-cell  immunity34. In 
another study, the immunogenicity of the Spike RBD of SARS-CoV-2 formulated with an oil in water emulsion 
and a water-in-oil emulsion with SQ was evaluated in mice and hamsters. Results of immunization assays showed 
that the formulation based in water-in-oil emulsion of SQ generated an earlier humoral response. Moreover, 
this formulation was able to stimulate neutralizing antibodies in hamsters. Results confirmed that SQ base 
emulsion was safe, as demonstrated by the histopathological analysis in lungs, liver, and  kidney35. Due to the 
effective properties of SQ, Solomadin et al., applied SQ in NARUVAX-C19 vaccine as an emulsion adjuvant and 
obtained robust broadly neutralizing humoral and T cell IFN-γ  responses36. Based on these findings, the role 
of SQ as an anti-inflammatory, immune-modulatory, and antioxidant drug offers promise in the treatment of 
COVID-19 patients.

Figure 4.  The risk of death for each variable (*p-value between 0.01 and 0.05, **p-value between 0.05 and 
0.001, and ***p-value less than 0.001).
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According to previous studies that used SQ adjuvanted vaccines, there was not elicitation of any antibodies 
against  SQ37. However, some side effects attributed to vaccines containing SQ adjuvant include narcolepsy, hema-
tologic complications, immunologic complications, complications related to drug formulations, cardiovascular 
complications and the development of autoimmune diseases (potentially autoimmune origin). These side effects 
are extremely rare, and according to the literatures, the cause-and-effect relationship between SQ use and these 
side effects has not been  established38.

It should be emphasized that no immunological thrombocytopenic purpura and immunologic reaction 
(hypersensitivity reaction and anaphylaxis) following SQ therapy were reported in this investigation.

Figure 5.  Histogram of hospital discharge for (a) the standard treatment group and (b) the SQ plus standard 
treatment group.

Figure 6.  Impact of various parameters on the number of hospitalization days of COVID-19 patients.
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However, studied population included only hospitalized participants; therefore, generalizing the findings to 
the entire population with COVID-19 problems in a non-hospital setting requires caution.

Conclusion
In the current clinical trial, the efficacy of SQ sublingual drops in the treatment of COVID-19 patients was 
investigated. Our findings showed that sex, in terms of being male, suffering from high blood pressure, and hav-
ing ischemic heart disease, increases the chance of being re-hospitalized due to COVID-19. SQ plus standard 
treatment has a significant effect on preventing re-infection with COVID-19, decreasing the mortality rate and 
the number of hospitalization days of the patients until discharge from the hospital compared to standard treat-
ment. No adverse effects were observed during the intervention in COVID-19 patients. The anti-inflammatory, 
immune-modulatory, and antioxidant properties of SQ are responsible for its effectiveness in the treatment of 
COVID-19 patients. In line with our previous clinical trial on the effect of a micro-emulsion of squalene extracted 
from pumpkin seed oil, we indicated that this extraction in the form of a sublingual drop could significantly 
decrease the death rate due to COVID-19. It should be underlined that further studies are needed to investigate 
the safety of combining SQ with liver antiviral drugs or combining SQ with steroids and ARB/ACEi therapies as 
well as standard protocols for treating COVID-19 patients. However, a comprehensive study in Iranian society 
by assuming all possible influential characteristics is recommended. Future research could be more explicitly 
stated, especially regarding long-term effects and potential applications in different stages of COVID-19.

Data availability
The data that support the findings of this study are available from the corresponding author, NF, upon reason-
able request.

Received: 1 January 2023; Accepted: 17 February 2024

References
 1. Mahase, E. COVID-19: WHO declares pandemic because of “alarming levels” of spread, severity, and inaction. BMJ 368, m1036 

(2020).
 2. Cascella, M., Rajnik, M., Cuomo, A., Dulebohn, S.C., Di Napoli, R. Features, Evaluation, and Treatment of Coronavirus. StatPearls. 

Treasure Island (FL): StatPearls Publishing Copyright © 2020, StatPearls Publishing LLC. (2020).
 3. World Health Organization. WHO COVID-19 Dashboard, 20 January 2024 [Available from: http:// data. who. int].
 4. Sinha, P., Matthay, M. A. & Calfee, C. S. Is a “cytokine storm” relevant to COVID-19?. JAMA Intern. Med. 180(9), 1152–1154 

(2020).
 5. Raoult, D., Zumla, A., Locatelli, F., Ippolito, G. & Kroemer, G. Coronavirus infections: Epidemiological, clinical and immunological 

features and hypotheses. Cell Stress. 4(4), 66–75 (2020).
 6. Fajgenbaum, D. C. & June, C. H. Cytokine storm. N. Engl. J. Med. 383(23), 2255–2273 (2020).
 7. Tang, Y. et al. Cytokine storm in COVID-19: The current evidence and treatment strategies. Front. Immunol. 11, 1708 (2020).
 8. Cecchini, R. & Cecchini, A. L. SARS-CoV-2 infection pathogenesis is related to oxidative stress as a response to aggression. Med. 

Hypotheses. 143, 110102 (2020).
 9. Dormont, F. et al. Squalene-based multidrug nanoparticles for improved mitigation of uncontrolled inflammation in rodents. Sci. 

Adv. 6(23), eaaz566 (2020).
 10. Rubin, D., Chan-Tack, K., Farley, J. & Sherwat, A. FDA approval of Remdesivir—A step in the right direction. N. Engl. J. Med. 

383(27), 2598–2600 (2020).
 11. Saeed, H. et al. COVID-19; current situation and recommended interventions. Int. J. Clin. Pract. 75, e13886 (2021).
 12. Cárdeno, A. et al. Squalene targets pro- and anti-inflammatory mediators and pathways to modulate over-activation of neutrophils, 

monocytes and macrophages. J. Functional Foods. 14, 779–790 (2015).
 13. Lou-Bonafonte, J. M. et al. Current insights into the biological action of squalene. Mol. Nutr. Food Res. 62(15), 1800136 (2018).
 14. Elsherbini, S.H. Squalene is an antiviral compound for treating hepatitis C virus carriers. Google Patents (1999).
 15. Ulrikh, E.V., Smolovskaya, O.V. Evaluation of anti-inflammatory and wound healing properties of Squalene: An important phy-

tochemical component of amaranth oil.
 16. Sánchez-Quesada, C., López-Biedma, A., Toledo, E. & Gaforio, J. J. Squalene stimulates a key innate immune cell to foster wound 

healing and tissue repair. Evidence-Based Complement. Alternative Med. 2018, 9473094 (2018).
 17. Cárdeno, A. et al. Squalene targets pro-and anti-inflammatory mediators and pathways to modulate over-activation of neutrophils, 

monocytes and macrophages. J. Funct. Foods 14, 779 (2015).
 18. Skorkowska-Telichowska, K. et al. Emulsions made of oils from seeds of GM flax protect V79 cells against oxidative stress. Oxidat. 

Med. Cell. Longevity. 2016, 7510759 (2016).
 19. Keles, E. S. Mild SARS-CoV-2 infections in children might be based on evolutionary biology and linked with host reactive oxida-

tive stress and antioxidant capabilities. New Microbes New Infect. 36, 100723 (2020).
 20. Beck, M. A., Handy, J. & Levander, O. A. Host nutritional status: the neglected virulence factor. Trends Microbiol. 12(9), 417–423 

(2004).
 21. Warleta, F. et al. Squalene protects against oxidative DNA damage in MCF10A human mammary epithelial cells but not in MCF7 

and MDA-MB-231 human breast cancer cells. Food Chem. Toxicol. 48(4), 1092–1100 (2010).
 22. Ibrahim, N. I. & Naina, M. I. Interdependence of anti-inflammatory and antioxidant properties of squalene-implication for car-

diovascular health. Life. 11(2), 103 (2021).
 23. Turchini, G. M., Ng, W.-K. & Tocher, D. R. Fish Oil Replacement and Alternative Lipid Sources in Aquaculture Feeds (CRC Press, 

2010).
 24. Lozano-Grande, M. A., Gorinstein, S., Espitia-Rangel, E., Dávila-Ortiz, G. & Martínez-Ayala, A. L. Plant sources, extraction 

methods, and uses of squalene. Int. J. Agron. 2018, 1829160 (2018).
 25. Hataminia, F. & Farhadian, N. A novel experimental method for adsorption of fatty acids from pumpkin seed oil in the presence 

of iron oxide nanoparticles: Experimental and SA–LOOCV–GRBF mathematical modeling. Colloids Surfaces A Physicochem. Eng. 
Aspects. 528, 30–40 (2017).

 26. Hataminia, F., Farhadian, N., Karimi, M. & Ebrahimi, M. A novel method for squalene extraction from pumpkin seed oil using 
magnetic nanoparticles and exploring the inhibition effect of extracted squalene on angiogenesis property. J. Taiwan Inst. Chem. 
Eng. 91, 1–9 (2018).

http://data.who.int


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4532  | https://doi.org/10.1038/s41598-024-54843-x

www.nature.com/scientificreports/

 27. Ebrahimi, M. et al. Evaluating the efficacy of extracted squalene from seed oil in the form of microemulsion for the treatment of 
COVID-19: A clinical study. J. Med. Virol. 94(1), 119–130 (2022).

 28. Hariharan, A., Hakeem, A. R., Radhakrishnan, S., Reddy, M. S. & Rela, M. The role and therapeutic potential of NF-kappa-B 
pathway in severe COVID-19 patients. Inflammopharmacology. 29(1), 91–100 (2021).

 29. Leng, L. et al. Pathological features of COVID-19-associated lung injury: A preliminary proteomics report based on clinical 
samples. Signal Transduct Target Ther. 5(1), 240 (2020).

 30. Huang, J. et al. SARS-CoV-2 infection of pluripotent stem cell-derived human lung alveolar type 2 cells elicits a rapid epithelial-
intrinsic inflammatory response. Cell Stem Cell. 27(6), 962–73.e7 (2020).

 31. Paces, J., Strizova, Z., Daniel, S. & Cerny, J. COVID-19 and the immune system. Physiol. Res. 69(3), 379 (2020).
 32. Makinen, S. R., Zhu, Q., Davis, H. L. & Weeratna, R. D. CpG-mediated augmentation of CD8+ T-cell responses in mice is attenu-

ated by a water-in-oil emulsion (Montanide ISA-51) but enhanced by an oil-in-water emulsion (IDRI SE). Int. Immunol. 28(9), 
453–461 (2016).

 33. Cioncada, R. et al. Vaccine adjuvant MF59 promotes the intranodal differentiation of antigen-loaded and activated monocyte-
derived dendritic cells. PloS One. 12(10), e0185843 (2017).

 34. Ho, H.-M. et al. Assessment of adjuvantation strategy of lipid squalene nanoparticles for enhancing the immunogenicity of a 
SARS-CoV-2 spike subunit protein against COVID-19. Int. J. Pharm. 607, 121024 (2021).

 35. Choque-Guevara, R. et al. Squalene in oil-based adjuvant improves the immunogenicity of SARS-CoV-2 RBD and confirms safety 
in animal models. PLoS One 17(8), e0269823. https:// doi. org/ 10. 1371/ journ al. pone. 02698 23 (2022).

 36. Solomadin, M., Tabynov, K., Petrovsky, N. & Tabynov, K. Evaluation of a SARS-CoV-2 spike protein ectodomain subunit vaccine 
with a squalene emulsion adjuvant in rodents and rhesus macaques. Human Vaccines Immunotherap. 19(2), 2258571. https:// doi. 
org/ 10. 1080/ 21645 515. 2023. 22585 71 (2023).

 37. S. Kommareddy, M. Singh, D.T. OHagan. Chapter 13-MF59: A safe and potent adjuvant for human use. (Virgil, E.J.C.S., D.T. 
O’Hagan, Eds.) Immunopotentiators in Modern Vaccines (2nd Edn.), 249–263. (Academic Press, 2017). https:// doi. org/ 10. 1016/ 
B978-0- 12- 804019- 5. 00013-X.

 38. S. Dittmann. 32-Vaccines. (J.K. Aronson, Eds.) Side Effects of Drugs Annual, Vol. 34, 499–508. https:// doi. org/ 10. 1016/ B978-0- 
444- 59499-0. 00032-5 (2012).

Author contributions
N.F. prepared sample preparation and characterization. M.E., M.K., R.K.O. and A.A. performed clinical study. 
S.S.S. wrote the initial draft of the manuscript. D.T. performed statistical analysis of the results. All authors 
reviewed the manuscript.

Funding
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit 
sectors.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to N.F.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1371/journal.pone.0269823
https://doi.org/10.1080/21645515.2023.2258571
https://doi.org/10.1080/21645515.2023.2258571
https://doi.org/10.1016/B978-0-12-804019-5.00013-X
https://doi.org/10.1016/B978-0-12-804019-5.00013-X
https://doi.org/10.1016/B978-0-444-59499-0.00032-5
https://doi.org/10.1016/B978-0-444-59499-0.00032-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Utilizing the sublingual form of squalene in COVID-19 patients: a randomized clinical trial
	Main goal
	Main objectives
	Materials and methods
	Materials
	Methods
	Squalene extraction
	Microemulsion preparation
	Characterization
	Intervention

	Statistical analysis
	Ethics
	Problems anticipated
	Limitations of the study
	Duration of the project

	Results
	SQ extraction
	Study population characteristics
	Prediction of SQ treatment

	Discussion
	Conclusion
	References


