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Introduction: L-carnitine (LC) has been associated with inflammatory mediator reduction and with downregulating the angiotensin-converting enzyme-2 (ACE2) receptor, which is the target of SARS-CoV-2 attachment.

Methods: This pilot phase 2 randomized, double-blind placebo-controlled trial contained two cohorts. Cohort 1 comprised 101 individuals with negative RT-PCR SARS-CoV-2 test results who cohabitated with an individual diagnosed with SARS-CoV-2 infection. Cohort 2 comprised 122 individuals with positive SARS-CoV-2 RT-PCR test results who were asymptomatic or had mild COVID-19 pneumonia symptoms. Participants in each cohort were randomized 1:1 to receive either 2 g elemental oral LC supplementation or placebo daily for 21 days. Primary endpoints included adverse events, SARS-CoV-2 infection incidence in Cohort 1, and disease progressions in Cohort 2. Secondary endpoints included between-group laboratory profile comparisons and Cohort 2 ACE1/ACE2 plasma levels. Disease progression was compared between the Cohort 2 groups using chest computed tomography.

Results: In Cohort 1, two SARS-CoV-2 infections occurred in each group. The common adverse events included headache, dyspnea, and tiredness. In Cohort 2, platelet counts were elevated, and fibrinogen levels reduced in the LC group compared with those of the placebo group.

Conclusion: Our study showed that LC was well-tolerated and suggests it modulates coagulation pathways. Furthermore, chest computed tomography images of the Cohort 2 LC group showed significant lung lesion improvement, suggesting that LC may slow COVID-19 progression.
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1. Introduction

L-carnitine (LC) is a molecule that transports long-chain fatty acids into the mitochondria for fat oxidation and is derived mostly from dietary intake (1–3). A prior study has suggested that LC is involved in inflammatory pathway mediation by reducing inflammatory cytokines (4–6). By reducing inflammation, oxidative stress, and myocyte necrosis, LC may thus provide cardioprotective effects (7–10).

Such effects may be of particular interest concerning COVID-19 treatment (11). In addition to respiratory and metabolic dysfunction, patients with COVID-19 can experience inflammatory cytokine storms leading to organ failure (12, 13). These exacerbated inflammatory responses entail upregulation of the angiotensin-converting enzyme-2 (ACE2) receptor, to which the SARS-CoV-2 virus spike protein (S protein) binds, thereby gaining entry to host cells (11, 13). This binding also relies upon transmembrane serine protease 2 (TMPRSS2) and furin peptidase, which mediate the cleavage of the spike protein at the S2’ site and S1/2 sites, respectively (14, 15).

Because of its role in inflammation mediation, LC has been studied for relationships with ACE2 and viral infection, with some evidence suggesting that LC inhibits hepatitis C virus propagation and has antioxidant activity (16, 17). In our previous research, we found a dose-dependent reduction in SARS-2-CoV infection of human lung epithelial cells following treatment with LC. The same study showed that LC supplementation in humans was associated with decreased ACE2. Furthermore, we showed that LC supplementation was associated with decreased TMPRSS2 and furin (16).

Hence, our objective in this study was to determine the safety of daily LC supplementation in individuals who are at risk of SARS-CoV-2 infection or are already SARS-CoV-2 positive, and to evaluate whether daily LC supplementation is protective against SARS-CoV-2 infection or slows the progression of COVID-19.



2. Materials and methods

We conducted a double-blind, two-cohort, parallel design, placebo-controlled study to evaluate the safety and efficacy of investigational LC (Carnipure® tartrate), in its salt form, L carnitine L-tartrate (LCLT), in adults at risk of SARS-CoV-2-infection (Cohort 1) or disease progression (Cohort 2) in patients with SARS-CoV-2 infection.


2.1. Study participants

The study started in March, and the first volunteer was included in March 24, 2021, and the last volunteer was included in September 17, 2021. Participants were recruited from research centers located in Salvador, Bahia, Valinhos, and Bernardo do Campo, São Paulo, Brazil. Co-participating centers involved in recruitment and participant follow-up included Azidus Brazil in Valinhos and CEMEC in Sao Bernardo do Campo. Of the 1,283 screened individuals, 223 men and women were enrolled, ranging in age from 18 to 85 years. The study comprised two cohorts: Cohort 1 included participants with negative SARS-CoV-2 RT-PCR test results on day 1, and Cohort 2 included participants with positive SARS-CoV-2 RT-PCR test results. Participants provided written informed consent to the study prior to any study procedures. The Institutional Review Board (IRB) and Independent Ethics Committee (IEC) approved the study and the informed consent form (CAAE: 42972521.9.0000.9287). All participants signed the informed consent form. The study was registered at https://www.clinicaltrials.gov (NCT05446961) and was conducted in accordance with Good Clinical Practice Guidelines (GCP) and Brazilian National Health Council resolution 466/2021.

Participants in Cohort 1 had reported a history of cohabitation with a confirmed family member, friend, or cohabitant who had received a diagnosis of SARS-CoV-2 infection based on a positive RT-PCR result in the previous 7 days. Cohort 1 participants received a SARS-CoV-2 negative result on screening immediately after contact with the infected cohabitant and had a negative RT-PCR and serological result prior to study initiation. Participants in Cohort 2 had a medical history and physical exam findings consistent with asymptomatic or mild COVID-19 pneumonia confirmed with virology test results.

Excluded individuals had received any SARS-CoV-2 vaccine or did not have virology confirmation through the laboratory of SENAI CIMATEC. Women who were pregnant, lactating, or had not adhered to adequate contraception from at least 30 days prior to the study entry and did not plan to for ≤1 month after the final supplementation were also excluded. Patients with severe COVID-19 pneumonia, according to the CDC criteria (SpO2 < 94% on room air, a ratio of arterial partial pressure of oxygen to fraction inspired oxygen of <300 mm Hg, respiratory rate of >30 breaths/min, or lung infiltrates >50%) and who were critically ill with respiratory failure, septic shock, and multiple organ failure were also excluded (18). Individuals with a positive screening test result for hepatitis B surface antigen, hepatitis C virus antibody, or HIV types 1 or 2 antibodies were excluded. Individuals with a history of pulmonary, neurologic, hepatic, rheumatic, hematologic, or renal chronic disease, who were treated with immunosuppressive therapy in the 6 months prior to screening, or who used medication or supplements that may have confounded the study results were also excluded.

Participant screening entailed an interview-based medical history, review of concomitant medications or supplements, and physical examination with vital signs. Laboratory evaluation included a nasopharyngeal swab for RT-PCR detection of SARS-CoV-2 at participant screening. Blood serum chemistry, hematology, and CRP levels were also obtained. After their eligibility was confirmed, the participants in both cohorts were then randomized 1:1 to receive LCLT supplement (Group A) or placebo (Group B) for 21 days in balanced blocks (Figure 1). Follow-up of participants continued for 28 days. The randomization was scheduled using SAS programming code. The randomization schedule remained blinded to the sponsor, participants, investigator, and site staff, from the time of participant screening to the final data lock.
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FIGURE 1
 Participants randomization in both cohorts. LCLT, L-carnitine L-tartrate.




2.2. Supplementation

The LCLT was supplied by Lonza Greenwood, SC and is composed of 68% elemental L-carnitine and 32% tartaric acid, which can be taken safely, per the European Food Safety Authority (EFSA) at up to 3 g (19). Each 3 g dose of LCLT delivers 2 g of elemental L-carnitine. Both the supplement and placebo were manufactured in capsule format with maltodextrin replacing the LCLT in the placebo capsules. The participants received an amount that was enough for 1 week of supplement consumption. They received instructions to swallow it three times a day (three capsules of 1 g each), after main meals, recording daily the quantity of capsules ingested on a specific form named “Participant’s daily card.” For each return visit to the site of research, aiming to receive, the participants answered to an adherence form, filled out by the pharmacist, immediately after medical appointment. Then participants received a new amount of the investigational product.



2.3. Study procedure

All participants underwent clinical evaluation and blood sample collection on day 1 and were provided a 7-day supply of supplement or placebo capsules with instructions on their use. Empty dose containers were exchanged for new 7-day supplies on days 7 and 14, with empty dose containers also collected on day 21. Blood samples were collected from participants on days 7, 14, and 21. Clinical evaluations of participants were repeated on days 7, 14, and 21. Participants in Cohort 2 underwent high-resolution chest CT on days 1, 7, 14, and 21 to monitor pneumonia severity. Also, for Cohort 2, specific serum markers including ACE1 and ACE2, were analyzed on days 1 and 21.

Diary cards were provided to participants on days 1, 7, 14, and 21, onto which participants were instructed to record their temperature, adverse events (AEs), medication, and supplementation. Completed cards were returned and collected by the investigator at each visit. The investigator collected, verified completed diary cards, and qualified staff interviewed participants to assess the occurrence of unsolicited AEs, serious adverse events (SAEs), and adverse events of special interest (AES). Participants were instructed to contact the study investigator immediately if they developed uncommon signs or symptoms or had any medical condition resulting in hospitalization or an emergency room visit.



2.4. Chest high resolution computer tomography scanning protocol

High resolution computer tomography (HRCT) was performed in both study cohorts on days 1, 7, 14, and 21. The test protocol for evaluation of suspected COVID-19 was based on high resolution volumetric scanning of the chest, with special attention to the selection of parameters ensuring creation of motion-free images and adequate image quality at a reduced radiation dose. The optimal chest HRCT scan for COVID-19 characterization had to be a non-contrast examination, except in context of acute respiratory decline, in which case CT angiography was justified to detect acute pulmonary embolisms.

The characteristic feature or COVID-19 pneumonia is the presence of ground glass lesions in the lung. In here, we estimated the percentage of ground glass lesions with or without consolidation by applying a classification criteria scale as: (1) less than 25%; (2) between 25 and 50%; and (3) more than 50%. In addition, we also employed an Artificial Intelligence (AI) analysis using an automatized deep learning classification to get a more accurate estimate on the percentage of lung area involved in lesions. Figure 2 shows a representative image that was analyzed using the AI analysis tool.

[image: Figure 2]

FIGURE 2
 CT image using visual and artificial intelligence (AI) analysis. (A) Axial HRCT scan using low-dose radiation technique; (B) Quantification of pulmonary findings with the deep reading system; (C) Graphical representation of quantitative analysis with the deep learning system.




2.5. End points

The primary end points included the occurrence of solicited AEs during the supplementation period and unsolicited AEs within the 28 days following the start of supplementation. Primary end points for Cohort 1 included hematologic, renal, liver, and other chemistry, mineral, and electrolyte abnormalities and the incidence of new SARS-CoV-2 infections in the supplement group compared with that in the placebo group. For Cohort 2, the primary end points consisted of the number of cases of SARS-CoV-2 infections that progressed from asymptomatic or mild COVID-19 to severe pneumonia in the supplement and placebo groups. Progression of disease in Cohort 2 was defined as the persistence of fever for >48 h after trial initiation, increased respiratory frequency after trial initiation, muscle weakness, chest pain/worsening chest pain, cough/worsening cough, or headache/worsening headache 48 h after the trial initiation, or loss of appetite/worsening appetite loss, or diarrhea/worsening diarrhea in the week after trial initiation, or shortness of breath. Primary end points also included hospitalization and oxygen requirements, with severity parameters defined by CDC pneumonia criteria (18).

Study secondary end points included the comparison of ACE1 and ACE2 receptor levels between the supplement and placebo groups of Cohort 2 (analyzed at baseline and every 7 days for 21 days) and the ACE1/ACE2 ratios in both supplement and placebo groups of each cohort.

Secondary end points also included laboratory-based evaluation of disease severity or progression in Cohort 1 (if the participant contracted SARS-CoV2 infection) and the comparison of CRP levels at study enrollment and at days 1, 7, 14, and 21 between the supplement and placebo groups in both cohorts. The comparison of basic laboratory profiles between supplement and placebo groups in each cohort at study enrollment and days 7, 14, and 21 were included in the secondary end points. Lastly, comparative disease progression as observed on lung chest CT scan images between the supplement and placebo groups of Cohort 2 was included as a secondary end point. The safety end point included participant-reported AEs.



2.6. Statistical analysis

We used three different statistical tests to compare different study parameters: the Wilcoxon test, the Kruskal-Wallis test, and the Friedman test. The Kruskal-Wallis test is a nonparametric statistical test used to assess the equality among the distributions associated with the participant visits. The Wilcoxon rank-sum test was used to determine the pairwise statistical difference in mean changes among the study groups. On the other hand, the Wilcoxon signed-rank test is a nonparametric test used for changes between study visits within the same group. Finally, the Friedman test is a nonparametric analog of the ANOVA test. In this study, it was used to assess whether the treatment effect was the same between the two groups.




3. Results

Of the 1,283 screened individuals, 223 were enrolled in one of the two cohorts: Cohort 1 included 101 (45%) individuals with negative RT-PCR results who cohabited with individuals infected with SARS-CoV-2, and Cohort 2 included 122 (55%) recently infected individuals who were asymptomatic or had mild pneumonia. Of the 223 enrolled participants, 95 (43%) were men, and 128 (57%) were women. Within Cohort 1, there were 43 men and 58 women, and in Cohort 2, there were 52 men and 70 women.


3.1. Safety

Prior to randomization, one patient (of 224 enrolled participants) died, with no relationship between the death and the study or the supplement identified by the CIMATEC committee, since the death occurred prior to collect blood samples or consume the investigational supplement. Of the 223 participants, 182 completed the 21 days of LCLT or placebo supplementation. The LCLT supplement was well-tolerated by the participants. The most common AEs reported for both cohorts included headache responsive to analgesia, tiredness, and dyspnea (Table 1). There were no significant differences in the number of reported AEs between the LCLT and placebo groups in either cohort. No SAEs were reported among either LCLT or placebo groups.



TABLE 1 Adverse events in Cohort 1 (n = 101) and Cohort 2 (n = 122) combined.
[image: Table1]



3.2. Cohort 1

During the 21-day follow-up period, there were only four cases of SARS-CoV-2 infection in Cohort 1, evenly distributed between the LCLT (n = 2) and placebo (n = 2) groups and, therefore, the majority of the participants remained free of COVID-19 during the follow-up period. Thus, the primary end point of new SARS-CoV-2 infection in supplemented group compared to placebo was not statistically significant. In addition, hematologic and biochemical analyses, including ferritin and fibrinogen, performed during the follow-up period, did not show any significant differences between the supplement group compared with the placebo group. The CRP levels were significantly higher in the placebo group compared to LCLT group at day 21 (Table 2).



TABLE 2 Biochemical and hematological analyses of Cohort 1.
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3.3. Cohort 2

In Cohort 2, no significant hematologic parameter alterations were observed in the leukocyte counts for either group. However, the platelet count was higher in the LCLT group than in the placebo group (p = 0.048; Figure 3A). For most participants, the platelet numbers fell within the normal reference range (140,000–500,000/μL.10−3). In the LCLT group, the platelet levels increased significantly from day 1 to 7 (p = 0.009; Table 3) and were then followed by a decrease in levels observed from days 7 to 21. The distributions and medians of fibrinogen levels in the LCLT group on days 1, 7, 14, and 21 (particularly between days 1 and 14) were significantly different (p = 0.003). The Kruskal-Wallis test showed that the distributions in the LCLT group differed (p = 0.003; Figure 3B). A similar difference was observed between days 1 and 21 (p = 0.001) in the LCLT group. This pattern was not observed in the placebo group’s fibrinogen levels. On day 1, most of the participants had elevated (> 400 mg/dL) fibrinogen levels. The fibrinogen levels decreased significantly from day 1 to 14 in both the LCLT and placebo groups (p = 0.003, p = 0.048, respectively). A significant decrease in fibrinogen also occurred in the LCLT group between days 1 and 21 (p = 0.001). There was a similar trend of fibrinogen level decrease from day 1 to 21 in the placebo group (p = 0.057). Similarly, there were no changes in or differences between the LCLT or placebo groups of Cohort 2 in blood sodium, potassium, ALT, AST, total bilirubin, ALP, creatinine, fasting glucose, D-dimer, and ACE2 levels during the study (data not shown). The serum ACE1 levels were increased in the LCLT and the placebo groups between days 1 and 21, however, this change reached statistical significance only for the LCLT group (p = 0.029; Table 3). The chest CT scan findings in Cohort 2 participants did not show significant differences between the LCLT and placebo groups following either non-adjusted or adjusted CT scan analysis. For all other laboratory parameters, such as hematologic, renal urea, creatinine, liver enzymes SGOT, SGTP, alkaline phosphatase, lactate dehydrogenase (LDH), total bilirubin, as well as Na, K, Mg, Zinc, and fasting glucose, there was no difference between placebo and LCLT groups. Moreover, the comparison of CRP levels at the different timepoints evaluated did not show any significant differences between the LCLT and placebo groups, as presented in Table 3.

[image: Figure 3]

FIGURE 3
 Platelet counts and fibrinogen in entire cohort 2. Analyses performed in blood samples collected at days 01, 07, 14, and 21. (A) Platelet counts [Friedman test, X2(1) = 4, p = 0.046, n = 4]. (B) Fibrinogen levels [Friedman test, X2(1) = 1, p = 0.32, n = 4].




TABLE 3 Within-group and between-group hanges observed in Cohort 2.
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3.4. Subgroup analyses in cohort 2

Following the CT scan findings, we undertook a post-hoc analysis, wherein a single radiologist blinded to the study group allocation read the individual CT scan images from all the study time points for all the participants who underwent CT scan. An arbitrary visual images sequence was used to read the current and previous visit images (i.e., day 7 vs. 1, or day 14 vs. 7). Classification criteria were the number of patients showing (1) improvement in pneumonia lesions, (2) worsening of pneumonia lesions, (3) stable pneumonia lesions, and (4) resolution of pneumonia lesions. In this analysis, a subgroup of 23 participants who showed differences in the progression of the infection (represented by <25% of the consolidated lesion images) was identified. This subgroup had worsening lung lesions from day 1 to 7 (Figure 4A). On analysis of image changes from day 7 to 14, there was a significant difference between the LCLT group and the placebo group. The LCLT group images showed significant lesion improvement from day 7 to 14 compared with those of the placebo group. The use of AI deep learning lesion classification confirmed this finding. Our statistical analysis found that a greater number of LCLT group images showed lung lesion reduction compared with those of the placebo group (p = 0.006).

[image: Figure 4]

FIGURE 4
 Subgroup analysis in cohort 2. (A) Number of participants showing changes in lung lesion on CT imaging from day 7 to 14. Blood samples collected at days 01, 07, 14, and 21 were used to evaluate platelet counts (B); Friedman test, X2 (1) = 4, p = = 0.046, n = 4 and Fibrinogen levels (C); Friedman test, X2 (1) = 4, p = = 0.046, n = 4. LCLT, L-carnitine L-tartrate.


Previously evaluated biomarkers were also analyzed for the subgroup of 23 participants. The platelet counts were significantly increased from days 1 and 7 in the LCLT and placebo groups compared to the placebo (p = 0.006, Figure 4B). A similar pattern was observed for the LCLT and placebo groups when comparing days 1 and 14 (p = 0.018, p = 0.013, respectively). The LCLT group had a slight decrease (but not significant) in platelet count from day 7 to day 14, whereas the placebo group did not have a similar decrease. The LCLT group had significantly lower fibrinogen levels on day 14 than those on day 1 (p = 0.038) and decreased fibrinogen levels from day 7 to day 14 (p = 0.02; Figure 4C). Such decreases were not observed in the fibrinogen levels of the placebo group. No significant differences in CRP levels were observed between the groups (Table 3).




4. Discussion

L-carnitine has been suggested to have beneficial effects on COVID-19 due to its anti-inflammatory and anticoagulation effects as well as regulatory role in fatty acid metabolism. Here, we evaluated the potential benefits of L-carnitine supplementation in patients with COVID-19 disease. Our results showed that LCLT supplementation was safe and well tolerated, and may be protective, since we found a decrease in coagulation disturbance markers, as well as reduction in the severity of lung alterations when given to patients with mild COVID-19 (Cohort 2).

Based on a previous study showing the effects of LCLT as a possible inhibitor of SARS-CoV-2 infection due to ACE-1 inhibition (12), we also sought here to evaluate the preventive effects of LCLT supplementations on COVID-19 negative volunteers which living on households with COVID-19-infected people (Cohort 1). However, due to the low infectivity rate circulating at the time in the areas in which this study was performed, only two participants in each group (LCLT or placebo) presented with a positive RT-PCR test for COVID-19. Although CRP levels were significantly increased in the placebo, but not in the LCLT group, due to the low infectivity rate in the Cohort 1 we cannot correlate with disease progression. Therefore, we could not conclude if LCLT supplementation can reduce the rate of infection by SARS-CoV-2.

Given that there were no SAEs reported for participants of either cohort, LCLT appears to be well-tolerated in individuals exposed to or infected with SARS-CoV-2. Although our primary endpoints of SARS-CoV-2 infection rates in Cohort 1 and disease progression in Cohort 2 were unmet, our analysis of the secondary endpoints suggests that LCLT supplementation modulates coagulation via increased platelet count and decreased fibrinogen levels. Also, clinical improvement among patients with SARS-CoV-2 infection was observed between days 7 and 14, at which lung effects are typically appreciated (20).

The significant increase in platelet levels from day 1 to 7 in the Cohort 2 LCLT group suggests that LCLT may have an antithrombotic effect, which could be beneficial for COVID-19 patients with a high rate of thrombosis-induced complications. The fibrinogen level decrease observed in the Cohort 2 LCLT group reflects previous reporting of decreased plasma fibrinogen levels in hemodialysis patients who received LC supplementation (21). These results suggest a trend of normalizing fibrinogen levels and platelet counts in the LCLT group, particularly within the 23-participant subgroup of pneumonia participants.

No significant differences were observed with respect to the percentage of lung lesions when the entire study population of cohort 2 was analyzed. However, a sub-group analysis of 23 subjects showed striking difference in the lung CT scan images between the LCLT and placebo groups. There was more progression on the ground glass opacities (GGOs), consolidations and crazy-paving pattern with bilateral and multifocal distribution in the placebo group compared to LCLT, which suggest LCLT may provide some protection against COVID-19 pneumonia. This indicates that LCLT administration may contribute to a better evolution of COVID-19 patients.

Talebi et al. (22) showed recently that L-carnitine supplementation promoted improvements in several parameters, including O2 saturation, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), alkaline phosphatase (ALP) activity, lactate dehydrogenase (LDH), and serum creatine phosphokinase (CPK) when compared to the intervention group. Additionally, the authors found no mortality in the L-carnitine group, while 14% of the patients in the control group died. Moreover, Li et al. (23) showed a possible correlation between higher endogenous carnitine levels and decreased susceptibility and better outcome in COVID-19. Altogether, these data corroborate the beneficial effects of L-carnitine in preventing aggravation of COVID-19 seen in our study.

Regarding the levels of serum ACE1, we observed a slight increase in this marker only in Cohort 2 LCLT group comparing days 1 and 21. When calculating ACE1/ACE2 ratio, we did not see any significant difference between the two groups. This is an intriguing finding given that we had observed decreases in ACE2 receptor levels in response to supplementation with LCLT in previous human study (16). The potential reason for this disconnects would be attributed to the fact that the study subjects in the previous study were healthy subjects (16). Nonetheless, more studies are warranted to further elucidate the mechanism by which LCLT may impact SARS-CoV-2 pathogenicity.

In conclusion, our data suggest that LCLT supplementation may have coagulation modulating effects and result in clinical improvement in patients with COVID-19. While the results of this study are promising, future studies, with a larger sample size, are warranted to further explore and validate the impact of L-Carnitine on COVID-19.
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