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Abstract: Long coronavirus disease (COVID) syndrome leads to chronic inflammatory state onset 
that can have a multisystem impact and compromise organ function. Moreover, long COVID syn-
drome is often characterized by the presence of chronic fatigue, which affects subjects’ daily activi-
ties and worsens their quality of life. The aim of our double-blind, placebo-controlled randomized 
trial (protocol code RS 150.21, approved on 4 November 2021) was to evaluate the beneficial effects 
of the consumption of 2 cps/day, for two months, of an oral food supplement (OFS), based on Echina-
cea angustifolia, rosehip, propolis, royal jelly and zinc, in long COVID patients, compared to a two-
month placebo period. The OFS’s vitamin C content was equal to 22.17 mg/g (8.87 mg/capsule). The 
OFS’s total polyphenol content was 43.98 mg/g gallic acid equivalents. At the end of the in vivo study, 
we highlighted a significant decrease in the inflammatory parameters in the OFS period, compared 
to the placebo period (neutrophil-to-lymphocyte ratio, p = 0.0455; monocyte to-lymphocyte ratio, p 
= 0.0005; C-reactive protein, p = 0.0145). Our study also highlighted a significant increase in vitamin 
D serum values (p = 0.0005) and, at the same time, an improvement in patients’ life quality and a 
reduction in fatigue, monitored by the fatigue severity scale. This study showed the OFS’s beneficial 
effects on the inflammatory state, fatigue and quality of life in long COVID patients. 

Keywords: SARS-CoV-2; cytokine storm; oxidative stress; fatigue; long COVID syndrome; adjuvant 
treatment; natural bioactive compounds; inflammatory state; quality of life 
 

1. Introduction 
Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS-CoV-2) is a single-

stranded positive RNA virus that contains four main types of proteins: nucleocapsid, 
membrane, envelope and spike proteins. Spike proteins, the main virulence factor in 
SARS-CoV-2, are a key element for viral attack on target cells. Blood chemistry in SARS-
CoV-2 patients generally shows a plasma increase of pro-inflammatory cytokines, as well 
as changes in the leukocyte formula, of which 70% are neutrophils. In addition, serum-
increased levels of C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and D-
dimer in blood were also observed in SARS-CoV-2 patients [1]. 

The mechanisms behind the various manifestations of the infection are not fully 
known, but most literature data suggest that there is an immune system dysregulation 
caused by the virus, resulting in tissue damages [2]. 
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In fact, SARS-CoV-2 encounters a state of acute inflammation which could “become 
chronic”, and immune dysregulation. In detail, a massive release of inflammatory mole-
cules such as cytokines and chemokines were observed, a phenomenon known as “cyto-
kine storm”, characteristic of the coronavirus disease (COVID)-19 pathogenesis [3]. 

Emerging data suggest that most of the clinical pictures of COVID-19 may result from 
a compromised immune response with a delayed viral clearance. The lack of viral clear-
ance in the upper airways allows the entry of the virus into the lower airways and deter-
mines an acute dysfunctional response. The latter is characterized by a synergistic effect, 
given by the combination of a decreased viral clearance and an innate excessive immune 
response [4]. 

In addition to the clinical manifestations that characterize the acute phase of the dis-
ease, the possible symptoms that follow the SARS-CoV-2 infection can be considered, in-
cluding the multisystem complications that define the long COVID syndrome (long 
COVID) [5]. 

Therefore, it can be stated that aberrant inflammatory responses and immune dysreg-
ulation persist and, similar to the acute phase of COVID-19, the adhesion of hyperac-
tivated neutrophils to the capillaries in the lungs and in the other organs may contribute 
to the onset of systemic symptoms. For this reason, the effectiveness of the COVID-19 vac-
cine was examined in patients with different clinical conditions. Consequently, its positive 
impact on their immune system was demonstrated [6]. Moreover, the clinical picture re-
fers to a multisystemic symptomatology should be also present in long COVID [7]. 

According to the above-mentioned evidence, in COVID-19 infection and in long 
COVID, the chronic systemic inflammation causes multi-organ damage and can worsen 
pre-existing clinical conditions, among them depressive and anxiety disorders [8]. 

Moreover, long COVID is often characterized by the presence of chronic fatigue syn-
drome (CFS) [9]. CFS is commonly characterized by severe fatigue, cognitive dysfunction 
and sleep disorders that severely impair the activities of daily life. The symptom of fa-
tigue, in fact, negatively impacts the patient’s work performance, family life and social 
relationships. CFS patients report asthenia, brain fog, muscle weakness, delayed recovery 
after physical exercise and non-restorative sleep. Fatigue, in fact, is closely correlated with 
sleep disorders, which can be both a cause and/or a consequence of chronic fatigue [10,11]. 
There is a strong correlation between CFS and long COVID. In fact, it is estimated that 
about half of long COVID patients show the same symptoms as CFS. Several studies have 
found similar cognitive abnormalities and symptoms in both CFS and long COVID pa-
tients [12]. 

Currently, the focus of researchers is to find effective and natural treatments, charac-
terized by few side effects, useful for counteracting systemic inflammation and fatigue in 
long COVID patients [13]. In the literature, several studies have shown that natural bioac-
tive compounds (NBCs), in addition to pharmacological therapy and a healthy lifestyle, 
are essential for slowing down the progression of several chronic degenerative non-com-
municable diseases, characterized by a chronic inflammatory state and for counteracting 
their related complications [14,15]. In particular, in nonalcoholic fatty liver disease 
(NAFLD) patients, omega-3 and curcumin have a proven effect in improving the lipid 
metabolism [16]. 

In this sense, NBCs, widely used in the pharmaceutical industry for their effective-
ness and absence of side effects, have been identified for their potential beneficial effects 
in infectious and inflammatory diseases and, therefore, were tested as a possible adjuvant 
therapy in the treatment of COVID-19 and long COVID patients, both in single admin-
istration and in association with standard pharmacological treatments [17]. 

Several previous studies [14,18,19] have shown a significant decrease in traditional 
inflammatory biomarkers (such as CRP, ESR, platelet/lymphocyte ratio) and in oxidative 
stress parameters, in different pathological conditions after the NBC assumption. 

In fact, NBCs, such as Echinacea angustifolia, a plant commonly used to prevent upper 
respiratory infections, are known for their antimicrobial and anti-inflammatory 
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properties. It has been reported that Echinacea angustifolia exerts a broad-spectrum anti-
bacterial activity and is also known for its potential antiviral activity against coronavirus; 
in fact, a study has shown its effectiveness as an antagonist of the viral protein of SARS-
CoV-2 [20]. Moreover, Echinacea angustifolia seems to have strong therapeutic potential, 
inhibiting the protein Mpro, essential for viral replication. Major constituents of Echinacea 
angustifolia roots are alkylamides, caffeic acid esters, particularly echinacoside and poly-
saccharides. Alkylamides have inhibitory effects on cyclooxygenase (COX) and 5-lipoxy-
genase and they determine the plant’s anti-inflammatory activity through the inhibition 
of the production of prostaglandins and leukotrienes [21]. In addition, they are capable of 
increasing phagocytosis, as the echinacoside does [22]. Polysaccharides can stimulate the 
non-specific immune response, and they appear to have a moderate effect on B lympho-
cytes but no activity on T lymphocytes. Among polysaccharides, heteroxylian can activate 
phagocytosis and anabinogalactan seems capable of inducing the production of cytokines 
such as IL-1, TNF-α and interferon beta-2 by macrophages. Macrophages, activated by 
arabinogalactan, have demonstrated cytotoxic activity against several microorganism and 
versus tumor cells [23]. Echinacea angustifolia has well-known immunomodulatory effects, 
which boost viral clearance not only in SARS-CoV-2 infection but also in human papil-
loma virus (HPV) infection. Echinacea extract supplementation in women with L-SIL/cer-
vical intraepithelial neoplasia (CIN-1) significantly induces HPV lesion clearance, improv-
ing vaginal, colposcopic and histological parameters [24]. Moreover, Echinacea angustifolia 
dry root extracts seem to be a valid adjuvant therapy in reducing relapse incidence in 
patients treated for genital condylomatosis [25]. 

Rosehip contains several biologically active compounds and among these are the pol-
yphenols. The latter are known for their antioxidant and anticancer effects. In fact, poly-
phenols are antioxidant substances and protective agents against chronic disease onset 
[26]. Extracts of rosehip fruits have shown powerful anti-inflammatory and anti-nocicep-
tive activities [27], while rosehip powder extracts may inhibit both COX-1 and -2 [28]. In 
a clinical trial, it was shown that rosehip powder may be effective in hip and knee osteo-
arthritis patients [29]. Rosehip powder preparations also exert anti-inflammatory proper-
ties in healthy subjects, inhibiting the chemotaxis of peripheral blood neutrophils and 
monocytes. Moreover, these preparations may induce a decrease in CRP after 4 weeks of 
supplementation in patients with osteoarthritis [30,31]. 

Propolis is a resinous product that bees collect from the exudates of plants. Antibac-
terial, anti-inflammatory, antiviral, antioxidant, antifungal, antiseptic and immuno-mod-
ulatory activities are just some of its countless properties [32]. Several mechanisms are 
involved in its anti-inflammatory effects, including the reduction in prostaglandin biosyn-
thesis and of inflammatory cytokines and the inhibition of COX and the nitric oxide syn-
thesis. Propolis also has immune modulatory effects, because it decreases the expression 
of many pro-inflammatory genes like Adm, Il1b, Icam1, Wnt3a, Akt1, Txn1, Cdkn1b, Her-
pud1, Noxa1, Car9, Hes1, Hes5, Wnt5a, Vegfa and Mapk1, while upregulating the expres-
sion of other anti-inflammatory genes such as Calm1, Cav1, Dab2, Rb1, Socs3, Tnf and 
Wnt6. Moreover, propolis decreases the migration of immune cells, including neutrophils 
and macrophages, by downregulating CXCL9 and CXCL10 chemokines [33]. 

Royal jelly is a substance secreted by the hypopharyngeal and mandibular glands of 
bees and represents an important nutraceutical, a functional food as well as an oral food 
supplement (OFS) [34]. A bioactive substance of royal jelly called 10-hydroxy-2decenoic 
acid (10-HDA) plays a major role in several biological processes, including inflammation 
and oxidative stress [35]. It activates TRPA1 (transient receptor potential Ankyrin 1) and 
TRPV1 (vanilloid1) which, in turn, induce thermogenesis and increase the energy ex-
penditure [36]. Moreover, royal jelly supplementation enlarges peroxisome proliferator-
activated-alpha (PPAR-a) expression, contributing to a body weight decrease due to en-
hancing lipolysis [37]. Therefore, royal jelly, in addition to having an anti-inflammatory 
effect, shows significant action on the basal metabolism [38]. 
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Zinc acts as an immune response modulator based on its bioavailability. A previous 
study [39] showed that zinc levels are inversely related to the concentration of pro-inflam-
matory cytokines, such as interleukin (IL)-6, IL-8 and tumor necrosis factor (TNF)-α. 
Therefore, experimental studies have demonstrated that the supplementation of zinc-
based foods lead to a substantial reduction in inflammatory biomarkers, and this corrob-
orates the hypothesis of its anti-inflammatory action [40]. 

The aim of our double-blind, placebo-controlled randomized trial was to evaluate the 
possible beneficial effects of the consumption of 2 cps/day of an OFS, based on Echinacea 
angustifolia, rosehip, propolis, royal jelly and zinc, in long COVID patients, for 2 months, 
compared to a 2-month placebo period. In particular, we evaluated its possible impact on 
the systemic inflammatory state, on fatigue and on life quality. 

2. Results 
The results obtained in the laboratory parameters after 2 months of OFS adoption 

and after 2 months of placebo adoption are shown in Table 1. At the end of the study, we 
highlighted a statistically significant increase in vitamin D serum values (27.96 ± 10.25 
mg/dL vs. 34.54 ± 12.53 mg/dL) only after OFS adoption. 

Table 1. Laboratory parameters monitored before (T0) and after (T1) treatment with the OFS and 
before (T0) and after (T1) the placebo. 

Parameters OFS PLACEBO p 
 T0 T1 T0 T1  

Red blood cells (mil-
lions/μL) 

4.60 ± 0.41 4.73 ± 0.53 4.72 ± 0.53 4.61 ± 0.41 n.s. 

Hemoglobin (g/dL) 13.94 ± 1.50 14.06 ± 1.50 14.03 ± 1.53 14.07 ± 1.51 n.s. 
White blood cells (thou-

sands/μL) 6.43 ± 1.54 6.50 ± 1.38 6.17 ± 1.52 6.29 ± 1.51 n.s. 

Platelets (thousands/μL) 230.81 ± 56.56 231.19 ± 53.34 236.13 ± 47.58 234.29 ± 48.46 n.s. 
Neutrophils (thousands/μL) 3.74 ± 1.29 3.74 ± 1.14 3.54 ± 1.19 3.50 ± 0.98 n.s. 

Lymphocytes (thou-
sands/μL) 

2.06 ± 0.61 2.12 ± 0.72 2.02 ± 0.56 2.19 ± 0.06 n.s. 

Monocytes (thousands/μL) 0.50 ± 0.18 0.48 ± 0.18 0.47 ± 0.14 0.45 ± 0.13 n.s. 
Eosinophils 

(thousands/μL) 0.12 ± 0.10 0.13 ± 0.13 0.11 ± 0.10 0.12 ± 0.11 n.s. 

Creatininemia (mg/L) 0.73 ± 0.16 0.76 ± 0.17 0.76 ± 0.18 0.76 ± 0.17 n.s. 
eGFR (mL/min/1.73 m2) 103.49 ± 13.55 100.48 ± 15.27 100.61 ± 14.94 100.92 ± 15.81 n.s. 

Azotemia (mg/dL) 32.71 ± 7.84 33.19 ± 9.17 32.68 ± 8.43 33.48 ± 10.43 n.s. 
Vitamin D (mg/dL) 27.96 ± 10.25 34.54 ± 12.53 31.20 ± 10.65 33.98 ± 13.40 0.0005 
D-dimer (ng/mL) 350.4 ± 80 335.9 ± 49 360.7 ± 70 350.1 ± 75 n.s. 
Ferritin (ng/mL) 200.7 ± 80.3 190.3 ± 70.9 193.2 ± 90.1 210.1 ± 60.8 n.s. 

Serum anti-SARS-CoV-2 an-
tibody (U/ml) 10,304.73 ± 10,795.05 12,837.32 ± 15,230.70 10,466 ± 10,653.86 9762.73 ± 10,771.67 n.s. 

Albuminuria on urine sam-
ple morning (mg/dL) 

20.01 ± 51.53 25.96 ± 47.84 23.14 ± 43.11 21.27 ± 52.97 n.s. 

Data expressed as mean ± standard deviation; applied test: t-test for paired data. Values of p ≤ 0.05 
are considered statistically significant. Abbreviations: eGFR: estimated glomerular filtration rate; 
n.s.: not significant; OFS: oral food supplement. 

The impact of OFS on the immune system and on the inflammatory state has been 
evaluated (data are reported in Table 2). It is interesting to note that in our patients, a 
reduction in the inflammatory biomarkers was observed. In particular, the CRP decreased 
significantly (2.77 ± 2.5 mg/dL vs. 1.44 ± 1.70 mg/dL) after OFS treatment, as shown in 
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Table 2 which summarizes the inflammatory parameters CRP and ESR, monitored before 
(T0) and after (T1) the treatment with OFS and before (T0) and after (T1) the placebo adop-
tion. 

Table 2. Inflammatory parameters monitored before (T0) and after (T1) the OFS treatment and be-
fore (T0) and after (T1) the placebo adoption. 

Parameters OFS PLACEBO p 
 T0 T1 T0 T1  

CRP (mg/L) 2.77 ± 2.5 1.44 ± 1.70 2.15 ± 2.40 1.90 ± 2.52 0.0145 
ESR (mm/h) 14.25 ± 13.16 11.35 ± 10.93 11.39 ± 9.61 15.55 ± 12.81 n.s. 

NLR 2.08 ± 0.81 1.77 ± 1.03 1.85 ± 0.66 1.70 ± 0.61 0.0455 
PLR 119.75 ± 40.27 121.56 ± 49.86 121.91 ± 21.5 116.31 ± 39.21 n.s. 
MLR 0.26 ± 0.14 0.13 ± 0.05 0.25 ± 0.08 0.21 ± 0.06 0.0005 
LMR 4.54 ± 1.43 4.63 ± 1.39 4.42 ± 1.30 5.01 ± 1.20 n.s. 

Data expressed as mean ± standard deviation; applied test: t-test for paired data. Values of p ≤ 0.05 
are considered statistically significant. Abbreviations: CRP: C-reactive protein; ESR: erythrocyte sed-
imentation rate; MLR: monocyte/lymphocyte ratio; LMR: lymphocyte/monocyte ratio: n.s.: not sta-
tistically significant; NLR: neutrophil/lymphocyte ratio; OFS: oral food supplement; PLR: plate-
let/lymphocyte ratio. 

Moreover, Table 2 shows the new inflammatory indices (neutrophil/lymphocyte ratio 
(NLR), platelet/lymphocyte ratio (PLR), monocyte/lymphocyte ratio (MLR) and lympho-
cyte/monocyte ratio (MRL)), monitored before (T0) and after (T1) the treatment with OFS 
and before (T0) and after (T1) the placebo adoption. A statistically significant reduction 
was also observed in the NLR (2.08 ± 0.81 vs. 1.77 ± 1.03) and in the MLR (0.26 ± 0.14 vs. 
0.13 ± 0.05) after the OFS treatment. 

Table 3 shows the parameters related to the body composition, monitored before (T0) 
and after (T1) the OFS treatment and before (T0) and after (T1) the placebo adoption. All 
the parameters examined did not change in a statistically significant manner. 

Table 3. Parameters related to the body composition of patients monitored before (T0) and after (T1) 
the OFS treatment and before (T0) and after (T1) the placebo adoption. 

Parameters OFS PLACEBO p 
 T0 T1 T0 T1  

Weight (kg) 68.25 ± 10.77 67.52 ± 10.70 67.29 ± 10.85 67.80 ± 11.10 n.s. 
Height (m) 1.67 ± 0.09 1.67 ± 0.09 1.67 ± 0.09 1.67 ± 0.09 n.s. 

BMI (kg/m2) 24.41 ± 3.28 24.15 ± 3.21 24.19 ± 3.43 30.68 ± 35.91 n.s. 
RZ (Ohm) 52.94 ± 10.76 53.16 ± 9.81 53.64 ± 9.31 54.3 ± 9.89 n.s. 
RX (Ohm) 541.03 ± 109.59 535.74 ± 93.10 545.10 ± 92.18 511 ± 123 n.s. 

PA (°) 5.67 ± 1.00 5.76 ± 0.89 6.1 ± 2.63 6.02 ± 0.81 n.s. 
TBW% 55.60 ± 6.00 55.91 ± 5.78 55.5 ± 5.15 57.3 ± 6.19 n.s. 
ICW% 52.25 ± 5.20 52.75 ± 4.73 52.41 ± 3.88 54.24 ± 3.66 n.s. 
ECW% 47.75 ± 5.20 47.25 ± 4.73 47.59 ± 3.87 45.76 ± 3.66 n.s. 
FM% 24.69 ± 7.83 23.69 ± 8.14 24.41 ± 7.09 22.03 ± 8.29 n.s. 

FFM% 75.30 ± 7.84 76.31 ± 8.14 75.59 ± 7.09 77.97 ± 8.29 n.s. 
BCM% 51.61 ± 5.57 52.12 ± 5.07 51.51 ± 4.02 53.62 ± 4.10 n.s. 

BCMI (kg/m2) 9.54 ± 2.28 9.63 ± 2.02 9.45 ± 1.74 10.12 ± 1.90 n.s. 
Data expressed as mean ± standard deviation; applied test: t-test for paired data. Values of p ≤ 0.05 
are considered statistically significant. Abbreviations: BCM: Body Cell Mass; BCMI: Body Cell Mass 
Index; BMI: Body Mass Index; ECW: Extracellular Water; FFM: Fat-Free Mass; FM: Fat Mass; ICW: 
Intracellular Water; n.s.: Not Significant; PA: Phase Angle; RX: Reactance; RZ: Resistance; TBW: To-
tal Body Water. 
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Blood pressure values did not show any statistically significant changes after the 
treatments, as reported in Table 4. 

Table 4. Blood pressure parameters and heart rate monitored before (T0) and after (T1) the OFS 
treatment and before (T0) and after (T1) the placebo assumption. 

Parameters OFS PLACEBO p 
 T0 T1 T0 T1  

Systolic blood 
pressure 
(mmHg) 

120.26 ± 14.01 114.97 ± 12.45 119 ± 15.67 116.19 ± 13.32 n.s. 

Diastolic 
blood pres-

sure (mmHg) 
73.16 ± 8.07 71.52 ± 7.96 73.87 ± 9.13 73.19 ± 9.02 n.s. 

Heart rate 
(bpm) 67.90 ± 9.96 68.32 ± 9.14 69.29 ± 11.61 66.74 ± 10.30 n.s. 

Data expressed as mean ± standard deviation; applied test: t-test for paired data. Values of p ≤ 0.05 
are considered statistically significant. Abbreviations: n.s.: not significant, OFS: oral food supple-
ment. 

Figures 1 and 2 show the percentage values of the nine functional domains evaluated 
using the Short-Form 36 Health Survey (SF-36) questionnaire, which was given to each 
group of patients before (T0) and after (T1) the OFS or the placebo treatment. These ques-
tions evaluated the possible impact of the OFS on the perceived life quality. The charts 
show an increasing trend at the end of the treatment (T1) only during the OFS treatment. 

 
Figure 1. Nine functional topics of the SF-36 questionnaire in the oral-food-supplement-treated pa-
tients. Values are expressed as percentages. 
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Figure 2. Nine functional topics of the SF-36 questionnaire in the placebo-treated patients. Values 
are expressed as percentages. 

Figures 3 and 4 show the results of the Fatigue Severity Scale (FSS) and Epworth 
Sleepiness Scale (ESS) questionnaires, which, respectively, evaluate the degree of fatigue 
and drowsiness of the enrolled patients. At the end of the study, we observed a statistically 
significant improvement in fatigue monitored by the FSS questionnaire, exclusively in the 
period of the OFS treatment (36 ± 6.06 vs. 25 ± 4.13, p = 0.0001). On the other hand, after 2 
months of OFS treatment, we did not observe any statistically significant difference in the 
scores of the ESS questionnaire, probably because none of the patients showed a sleep 
disorder at T0. 

 
Figure 3. The results of fatigue severity scale (FSS) after oral food supplement and placebo period. 
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Figure 4. The results of the Epworth Sleepiness Scale (ESS) after the oral food supplement and pla-
cebo period. 

Moreover, there were no statistically significant variations in the Prevención con Di-
eta Mediterránea (PREDIMED) questionnaire, administered during the whole study. This 
result allows us to overcome the possible bias induced by lifestyle changes on the obtained 
results. 

3. Discussion 
The clinical presentation of long COVID patients reflects the persistence of a low-

grade chronic inflammatory state and it can also have a multisystemic involvement [41]. 
In fact, long COVID can compromise different organs and impair the patient’s life quality. 
Furthermore, the systemic inflammatory state can cause CFS onset. 

The data obtained from our study showed a statistically significant reduction in some 
inflammatory biomarkers, such as CRP, NLR and MLR, after the OFS adoption, for 8 
weeks. These findings are in line with previous clinical trials conducted on chronic kidney 
disease patients, in which the same OFS was able to statistically decrease the inflammatory 
biomarkers, such as CRP and ESR [42]. 

Therefore, our study confirmed the OFS anti-inflammatory capacity, suggesting a 
possible synergistic action of NBCs in counteracting the low-grade chronic inflammatory 
state. This is also corroborated by the observed reduction in NLR and MLR, which are 
considered emerging inflammatory biomarkers associated with endothelial dysfunction 
and organ damage [43]. 

Chronic inflammation characteristic of long COVID, caused by the latent persistence 
of SARS-CoV-2 in tissues after acute infection [44], may induce a mechanism that pro-
motes systemic hypercoagulability and thrombophilia through the hyperactivation of 
procoagulant factors and through the formation of thrombotic microclots resistant to fi-
brinolysis [3]. When SARS-CoV-2 binds to endothelial cells and platelets through angio-
tensin-converting enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) re-
ceptors, it promotes endothelial dysfunction and the platelets’ hyperactivation; this bond 
induces the activation of the coagulation cascade and the formation of thrombotic micro-
clots [3]. 

The identification of OFSs with anti-inflammatory and antioxidant activity would 
seem to represent a valid strategy for the treatment and the prevention of long COVID. A 
previous pilot study showed that an OFS, characterized by anti-inflammatory and antiox-
idant properties, improves clinical symptoms in long COVID patients [13]. 
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Specifically, the NBCs that make up the OFS and which were investigated in our 
study are rosehip, zinc and Echinacea angustifolia, propolis and royal jelly. Echinacea an-
gustifolia, rich in flavonoids, polyphenols, polyols, polysaccharides and glycoproteins 
with immunostimulating activity, has shown antimicrobial and anti-inflammatory prop-
erties. The aforementioned NBCs seem to show a possible impact against SARS-CoV-2, 
since they would inhibit the Mpro protease, involved in the viral replication [20]. 

Rosehip is rich in vitamin C and polyphenolic compounds, and therefore it has anti-
oxidant and anti-inflammatory effects. It has been found that the vitamin C content of 
rosehip by far exceeds that of citrus fruits (30–1300 mg/100 g). The high content of poly-
phenols and vitamin C would play a key role in cellular detoxification, as both compounds 
are able to reduce the formation of reactive oxygen species (ROS) [45]. 

The reduction in inflammatory biomarkers, observed after 8 weeks of OFS treatment, 
can also be caused by zinc anti-inflammatory action. In our OFS, we assessed the dose of 
zinc per tablet, which was 4.5 mg; therefore, the daily intake of zinc was 9 mg, in line with 
the maximum tolerable daily dose (25 mg/day) reported in LARN (Reference Nutrient 
and Energy Intake Levels) [46]. Zinc acts as a modulator of the immune response and its 
deficiency stimulates inflammation by increasing pro-inflammatory cytokine production 
[47]. 

In fact, several studies have shown that zinc levels are inversely related to the con-
centration of pro-inflammatory cytokines such as IL-6, IL-8 and TNF-α. In addition, zinc 
deficiency causes an increase in the activation of NF-κB, a transcription factor involved in 
the expression of many proinflammatory genes. In vitro studies have pointed out that zinc 
reduces the activation of NF-κB and its target genes, such as TNF-α and IL-1β, and in-
creases the gene expression of A20 and PPAR-α, proteins with anti-inflammatory action 
[48]. 

Therefore, the administration of a zinc-based OFS would seem to reduce inflamma-
tory biomarkers, thus supporting the hypothesis of its anti-phlogistic action, as demon-
strated in our study [49]. It is also useful to underline the antioxidant power of zinc. The 
latter, in fact, delays long-term oxidative processes by inducing the expression of metallo-
proteins, rich in cysteine with a high affinity for heavy metals, which act as powerful elec-
trophilic scavengers and cytoprotective agents. In addition, zinc increases the activation 
of antioxidant proteins and enzymes, such as glutathione and catalase [48]. 

Our study also revealed a statistically significant increase in serum values of vitamin 
D after the OFS assumption. Vitamin D affects the activity of the immune system, modu-
lating the inflammatory process. Several studies have found an inverse correlation be-
tween the serum levels of vitamin D and the markers of inflammation [50], confirming the 
results obtained in our study. Moreover, vitamin D supplementation strengthens the im-
mune response. It is common that patients with chronic inflammatory diseases have low 
levels of vitamin D [51]. There is also a correlation between vitamin D deficiency and au-
toimmune diseases, such as multiple sclerosis, diabetes mellitus type 1 and Crohn’s dis-
ease [51]. Furthermore, an improvement in vitamin D serum levels appears to be corre-
lated with fatigue reduction. In fact, several studies have highlighted that hypovitamino-
sis D aggravates chronic tiredness in patients presenting this condition [52]. At the same 
time, a double-blind placebo-controlled clinical trial underlined the importance of correct-
ing vitamin D levels in order to reduce self-perceived fatigue in patients who showed 
chronic fatigue [53]. Such evidence is compatible with our results, where the improvement 
in vitamin D levels after the OFS treatment, in association with the reduction in the above-
mentioned inflammatory biomarkers, is linked with the decrease in chronic fatigue symp-
toms and with the improvement of the quality of life. The first was monitored by the FSS 
questionnaire and the other one by the SF-36 questionnaire. 

The limits of our study are i) the non-monitoring in all study time-points of the zinc 
and vitamin C serum levels and ii) the small sample size. 
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4. Materials and Methods 
4.1. Analytical Characterization of OFS 

The chemical composition of OFS is shown in Table 5. 

Table 5. Composition of the oral food supplement according to LARN. % VNR = percentage of the 
reference nutritional value. 

Components 
For Daily Dose (2 

cp) %VNR/2 cp 

Zinc 9 mg 90% 
Echinacea angustifolia e.s. tit. min. 4% echinacoside 30 mg - 

Rosehip e.s. tit. min. 10% 
Vitamin C 

20 mg 
14 mg 17.5% 

90%—Propolis powder cryo macinate tit. min. 
12.15% in galangin total flavonoids 

5.56 mg - 

Lyophilized royal jelly 40 mg - 

Before the in vivo study, the OFS was analyzed to determine the amount of total pol-
yphenols and their anti-radical activity (Folin–Ciocalteu method and DPPH-1,1-diphenyl-
2-picrylhydrazyl test, respectively). Subsequently, High Performance Liquid Chromatog-
raphy/Ultraviolet (HPLC/UV) analysis for the quantitative determination of ascorbic acid 
(vitamin C) was conducted. 

4.1.1. Determination of the Quantity of Total Polyphenols: Folin–Ciocalteu Method 
The total polyphenol content and the evaluation of the antioxidant activity were car-

ried out through the Folin–Ciocalteu method, described by Singleton et al. (1999) [54]: 0.5 
mL of distilled water and 125 μL of Folin–Ciocalteu reagent were added to 125 μL of ex-
tract. The mixture was left to react in the dark for 6 min and subsequently 1.25 mL of a 
25% sodium bicarbonate solution was added and brought to volume with 1 mL of distilled 
H2O. The mixture was left to stand for 85 min in the dark, and then centrifuged for 5 min 
at 4500 rpm; the supernatant was then taken and the absorbance at 725 nm was measured. 
Total polyphenols are expressed in gallic acid equivalents with a calibration curve in gallic 
acid (Table 6). 

Table 6. Total polyphenols for the capsule of oral food supplement, expressed as gallic acid (mg). 

Sample Total Polyphenols for Capsule, Expressed as Gallic Acid (mg) 
OFS 43.98 

4.1.2. Determination of Anti-Radical Activity: DPPH Test 
The anti-radical activity of the analyzed samples, which can be correlated with the 

antioxidant activity, was evaluated using the DPPH• (1,1-diphenyl-2-picrylhydrazyl rad-
ical) test. The procedure described by Gulcin and Alwasel (2023) [55] was performed, with 
minor modifications. A radical solution, prepared with 2.5 mg of DPPH in 100 mL of 
EtOH, was used. The kinetics of the extract were determined and the sample was analyzed 
to evaluate the reduction in the reagent-oxidizing activity. The analysis was carried out 
on the sample of the extract obtained previously and further diluted 1:10 in 70:30 
ETOH/H2O pH 3.2 for HCOOH. The reaction kinetics were obtained by reading the rela-
tive absorbance at 517 nm of the solution sample with the radical at set times. The anti-
radical activity is reported in Table 7. 
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Table 7. Anti-radical activity of oral food supplement. 

Sample Dilution Anti-Radical Activity% 
1:10 92.15 

4.1.3. HPLC/UV Chromatographic Analyses 
One capsule (400 mg) of OFS was extracted with 4 mL of H2O pH = 2.4 for HCOOH, 

for 30 min in the dark. The sample was then centrifuged and subjected to chromatographic 
analysis HPLC-UV for the evaluation of vitamin C content. The quantitative analysis was 
obtained using an HP-1260 liquid chromatograph (Agilent Technologies, Palo Alto, CA, 
USA), and for the chromatographic separation a column (Interchim C18 250 × 4.6 mm i.d. 
5μm) was used. The analysis was carried out using H2O (pH 3.2 for HCOOH) as the mo-
bile phase and CH3CN in the isocratic phase: 95% H2O in 8 min, flow rate 0.8 mL/min. The 
quantitative analysis was conducted with the aid of a 4-point acid calibration curve ascor-
bic (r2 ≥ 0.998) at 280 nm. The OFS showed a vitamin C content of 22.17 mg/g (8.87 mg/cp). 

4.2. Enrolled Patients 
The study population included 33 patients, 14 males and 19 females, with a mean age 

of 47.6 ± 16.05 years, who picked up SARS-CoV-2 infection from 1 to 6 months before the 
start of the study (Table 8). 

Table 8. Study population features. 

Total patients (n) 33 
Sex (male/female) 14/19 
Mean age (years) 47.6 ± 16.05 

Time since infection (days) 73.7 ± 35.9 
Duration of SARS-CoV-2 infection (days) 12.3 ± 5.7 

The patients were enrolled at the Department of Medical Sciences of Policlinico Tor 
Vergata (PTV) of Rome following the protocol code RS 150.21 (approved on 4 November 
2021) by Independent Ethical Committee of PTV. Before signing their informed consent, 
all patients were properly informed about the study characteristics. The recommended 
dosage of OFS or placebo was 2 tablets per day, for 2 months of treatment (OFS or pla-
cebo). OFS and placebo were identical in their appearance and in the taste and were sup-
plied in non-distinctive white boxes. All enrolled patients underwent a vaccination, as 
highly recommended by the Italian Ministry of Health. 

The inclusion criteria were: 
• Both sexes; 
• Age between 18 and 75 years; 
• Body mass index (BMI) between 18.5 and 25 kg/m2; 
• Patients with previous COVID-19 infection (ascertained by double-positive nose-

pharyngeal molecular swab) in remission from 1 to 6 months (as confirmed by the 
negativity of the molecular nose-pharyngeal swab for SARS-CoV-2). 
The exclusion criteria were:  

• Medications; 
• Pregnancy and lactation; 
• Both solid and hematological active phase neoplasms; 
• HIV, HbsAg and HCV-positive patients; 
• Not accepting informed consent; 
• Any chronic pathological condition; 
• Possible allergies to OFS components; 
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• Assumption of other OFSs with anti-inflammatory and antioxidant properties in the 
previous two months. 
In Figure 5, we report the main symptoms of our study population. Patients were 

asymptomatic or they showed mild symptoms of COVID-19 infection. 

 
Figure 5. Main symptoms shown by the enrolled patients during COVID-19 infection and long 
COVID syndrome. 

The study population was divided into two homogeneous groups (group A and 
group B) for age, sex and BMI. 

The study was structured in 4 time-points (Figure 6): T0, enrollment time; T1, after 8 
weeks from the start of the study, namely, after the first two months of treatment with the 
OFS or with the placebo; T2, after the wash-out period of two weeks, namely, after ten 
weeks from the beginning of the study; and T3, after a further two months’ time from T2, 
namely, at the end of the 18th week from the beginning of the study. 
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Figure 6. Flow-chart of double-blind placebo-controlled randomized trial. Abbreviations: T: Time 
point of the study. 

4.3. Laboratory Parameters 
A code was assigned to all blood samples collected to make them anonymous. At the 

end of the study, all the samples collected were destroyed. 
At the enrollment (T0), all patients were subjected to an accurate pathological medical 

history, in which information regarding the daily pharmacological therapy taken on by 
patients was also collected. 

At different time-points of the study (T0, T1, T2, T3), laboratory tests were carried out 
by collecting a peripheral venous blood sample and a urine sample. In detail, the follow-
ing bloodwork and urinary analyses were performed: complete blood count and calcula-
tion of inflammatory indices (NLR, PLR, MLR and LMR), serum creatinine, estimated glo-
merular filtration rate (eGFR), azotemia, inflammatory parameters such as ESR and CRP, 
vitamin D, serum anti-SARS-CoV-2 antibody level, complete urine test and albuminuria 
from a morning urine sample.  

The collected sera were centrifugated for 10 min at 2000× g and then processed as 
fresh samples. The white blood cell (WBC) count was measured by an automated hemato-
logical analyzer, using EDTA blood tubes (BC-6800 plus, Mindray, Shenzen, China). Serum 
levels of creatininemia, azotemia, CRP and vitamin D were determined using an Abbott 
Alinity assay (Abbott Diagnostics, Chicago, IL, USA). Serum levels of anti-SARS-CoV-2 an-
tibody were measured using a CL-series SARS-CoV-2 IgG assay (CL-1200, Mindray, Shen-
zen, China). The ESR test was performed on blood samples collected in EDTA blood tubes; 
the analyzer could measure ESR directly from the capped EDTA tube for an executive pe-
riod of 20 min of optical reading. Urine samples were analyzed with the Sysmex UF-1000i 
system, while albuminuria was determined using an Abbott Alinity assay (Abbott Diagnos-
tics, Chicago, IL, USA). 

4.4. Blood Pressure Monitoring 
Systolic and diastolic blood pressure (BP) were monitored during the whole study. 

The measurements were recorded by an automatic sphygmomanometer: the arm cuff was 
located at the heart level and the BP was measured three times and the third measurement 
was recorded. The heart rate was also measured [56]. 
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4.5. Body Composition Analysis 
In all patients, we evaluated anthropometric parameters such as body weight (kg) 

and height (m), according to standard methods [57]. The BMI was calculated as body 
weight divided by height squared (kg/m2). 

Patients performed a body composition assessment using bioimpedance analysis 
(BIA) measured through a BIA EFG Plus (ESTOR spa–Milan, Italy). Through the BIA, total 
body water (TBW), intracellular water (ICW), extracellular water (ECW), body cell mass 
index (BCMI), fat-free mass (FFM), fat mass (FM) and muscle mass (MM) were evaluated 
[58]. 

4.6. Questionnaires 
For the evaluation of life quality perception, the SF-36 questionnaire was adminis-

tered to all enrolled patients. The SF-36 questionnaire, in self-administration mode, is very 
useful for evaluating the patient’s health-related quality of life. It consists of 36 questions 
divided into 9 spheres: the perception of general health (5 questions), health changes (1 
question), physical functioning (10 questions), perception of pain (2 questions), social 
functioning (2 questions), emotional well-being (5 questions), fatigue (4 questions), activ-
ity limitations due to health status (4 questions) and activity limitations due to emotional 
state (3 questions). For each sphere, it is possible to obtain values between 0 and 100 which 
directly correlate with psychophysical well-being [59]. 

To evaluate the fatigue and the drowsiness of the enrolled patients, the FSS and the 
ESS questionnaires were administered, respectively. 

The FSS is a questionnaire designed to assess the severity of fatigue, based on its 
impact on the patient’s daily activities. This questionnaire has also been recently validated 
in post-COVID patients, both hospitalized and non-hospitalized. It includes 9 questions 
with a minimum score of 9 (not fatigued) to a maximum score of 63 (very fatigued) [60]. 

The ESS is widely used and validated as a drowsiness measurement tool, and can 
negatively impact the patient’s quality of life. It is based on the evaluation, self-reported 
by the patient, of the probability of falling asleep in different situations that usually do not 
stimulate sleep. This questionnaire includes 8 questions, with a minimum score of 0 (the 
patient does not have any sleep disorder) to a maximum score of 24 (the patient suffers 
from a serious sleep disorder) [61]. 

Moreover, in order to exclude the influence of any lifestyle changes on the parameters 
examined, and to evaluate the real effects of the OFS, the PREDIMED questionnaire, 
which measures the adherence to the Mediterranean diet, was administered during the 
study [62]. 

4.7. Statistical Analysis 
The statistical analysis was performed using the Windows Social Science Statistical 

Package, version 15.0 (SPSS, Chicago, IL, USA). Descriptive statistics consisted of the 
standard deviation (SD) for the parameter with normal distribution (after confirmation 
with histograms and the Kolmogorov–Smirnov test) and the median and interval (min; 
max) for variables with non-normal distribution. The test to verify the homogeneity of the 
anagraphic–anthropometric data among the patients enrolled in the study was conducted 
with one-way ANOVA. 

The Chi-squared test was carried out for the execution of the inferential statistical 
analysis and the evaluation of the possible associations or dependencies between two cat-
egorical variables. A p value ≤ 0.05 was considered statistically significant. 

5. Conclusions 
This double-blind, placebo-controlled randomized trial would seem to confirm the 

beneficial role of the OFS in long COVID patients. This hypothesis is supported by our 
results, which allowed us to observe a positive impact of OFS treatment on the 
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inflammatory state and, at the same time, an improvement in life quality and fatigue per-
ception, as evidenced by the positive trend obtained by SF-36 and FSS questionnaires. 
Therefore, the OFS would seem to be useful in the treatment of the chronic inflammatory 
state, typical of long COVID patients. In fact, thanks to the synergistic effect of NBCs con-
tained in the tested OFSs, we observed its ability to counteracting the inflammatory state, 
with a consequent reduction in patients’ chronic fatigue and a noticeable improvement in 
their quality of life (Figure 7). 

 
Figure 7. The synergistic effect of ingredients contained in the oral food supplement in long COVID 
syndrome. Abbreviation: OFS, oral food supplement. 

Author Contributions: Conceptualization, A.N. and M.P.; methodology, C.V., C.D. and M.P.; formal 
analysis, C.C.; investigation, G.M. (Giulia Marrone), M.D.L., G.M. (Giulia Montalto) and G.G.; data 
curation, C.C.; writing—original draft preparation, G.M. (Giulia Marrone), M.D.L., G.M. (Giulia 
Montalto) and G.G.; writing—review and editing, A.N., S.B. and M.P.; visualization, M.D.L. and 
G.G.; supervision, A.N. and S.B. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of Policlinico Tor Vergata (protocol code 
RS 150.21, approved on 4 November 2021). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement:  

Acknowledgments: We would like to thank Marispharma SRL, which supplied for the study the 
OFS and the placebo free of charge. We are indebted to Gabriella Venafro for the English language 
revision. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Rothan, H.A.; Byrareddy, S.N. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J. Autoimmun. 

2020, 109, 102433. https://doi.org/10.1016/j.jaut.2020.102433. 
2. Patterson, B.K.; Guevara-Coto, J.; Yogendra, R.; Francisco, E.B.; Long, E.; Pise, A.; Rodrigues, H.; Parikh, P.; Mora, J.; Mora-

Rodriguez, R.A. Immune-Based Prediction of COVID-19 Severity and Chronicity Decoded Using Machine Learning. Front. Im-
munol. 2021, 12, 700782. https://doi.org/10.3389/fimmu.2021.700782. 



Pharmaceuticals 2024, 17, 463 16 of 18 
 

 

3. Turner, S.; Khan, M.A.; Putrino, D.; Woodcock, A.; Kell, D.B.; Pretorius, E. Long COVID: Pathophysiological factors and abnor-
malities of coagulation. Trends Endocrinol. Metab. 2023, 34, 321–344. https://doi.org/10.1016/j.tem.2023.03.002. 

4. Borczuk, A.C.; Yantiss, R.K. The pathogenesis of coronavirus-19 disease. J. Biomed. Sci. 2022, 29, 87. 
https://doi.org/10.1186/s12929-022-00872-5. 

5. Chen, C.; Haupert, S.R.; Zimmermann, L.; Shi, X.; Fritsche, L.G.; Mukherjee, B. Global Prevalence of Post-Coronavirus Disease 
2019 (COVID-19) Condition or Long COVID: A Meta-Analysis and Systematic Review. J. Infect. Dis. 2022, 226, 1593–1607. 
https://doi.org/10.1093/infdis/jiac136. 

6. Cho, K.; Park, S.; Kim, E.Y.; Koyanagi, A.; Jacob, L.; Yon, D.K.; Lee, S.W.; Kim, M.S.; Radua, J.; Elena, D.; et al. Immunogenicity 
of COVID-19 vaccines in patients with diverse health conditions: A comprehensive systematic review. J. Med. Virol. 2022, 94, 
4144–4155. https://doi.org/10.1002/jmv.27828. 

7. Ryan, F.J.; Hope, C.M.; Masavuli, M.G.; Lynn, M.A.; Mekonnen, Z.A.; Yeow, A.E.L.; Garcia-Valtanen, P.; Al-Delfi, Z.; Gummow, 
J.; Ferguson, C.; et al. Long-term perturbation of the peripheral immune system months after SARS-CoV-2 infection. BMC Med. 
2022, 20, 26. https://doi.org/10.1186/s12916-021-02228-6. 

8. Kim, J.H.; Kim, J.Y.; Lee, S.; Lee, S.; Stubbs, B.; Koyanagi, A.; Dragioti, E.; Jacob, L.; Carvalho, A.F.; Radua, J.; et al. Environmental 
risk factors, protective factors, and biomarkers for postpartum depressive symptoms: An umbrella review. Neurosci. Biobehav. 
Rev. 2022, 140, 104761. https://doi.org/10.1016/j.neubiorev.2022.104761. 

9. Joli, J.; Buck, P.; Zipfel, S.; Stengel, A. Post-COVID-19 fatigue: A systematic review. Front. Psychiatry 2022, 13, 947973. 
https://doi.org/10.3389/fpsyt.2022.947973. 

10. Rosenthal, T.C.; Majeroni, B.A.; Pretorius, R.; Malik, K. Fatigue: An overview. Am. Fam. Physician 2008, 78, 1173–1179. 
11. Giuliano, M.; Tiple, D.; Agostoni, P.; Armocida, B.; Biardi, L.; Bonfigli, A.R.; Campana, A.; Ciardi, M.; Di Marco, F.; Floridia, M.; 

et al. Italian good practice recommendations on management of persons with Long-COVID. Front. Public. Health 2023, 11, 
1122141. https://doi.org/10.3389/fpubh.2023.1122141. 

12. Davis, H.E.; McCorkell, L.; Vogel, J.M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev. 
Microbiol. 2023, 21, 133–146. https://doi.org/10.1038/s41579-022-00846-2. 

13. Raveendran, A.V.; Jayadevan, R.; Sashidharan, S. Long COVID: An overview. Diabetes Metab. Syndr. 2021, 15, 869–875. 
https://doi.org/10.1016/j.dsx.2021.04.007. 

14. Noce, A.; Albanese, M.; Marrone, G.; Di Lauro, M.; Pietroboni Zaitseva, A.; Palazzetti, D.; Guerriero, C.; Paolino, A.; Pizzenti, 
G.; Di Daniele, F.; et al. Ultramicronized Palmitoylethanolamide (um-PEA): A New Possible Adjuvant Treatment in COVID-19 
patients. Pharmaceuticals 2021, 14, 336. https://doi.org/10.3390/ph14040336. 

15. Albanese, M.; Marrone, G.; Paolino, A.; Di Lauro, M.; Di Daniele, F.; Chiaramonte, C.; D’Agostini, C.; Romani, A.; Cavaliere, A.; 
Guerriero, C.; et al. Effects of Ultramicronized Palmitoylethanolamide (um-PEA) in COVID-19 Early Stages: A Case-Control 
Study. Pharmaceuticals 2022, 15, 253. https://doi.org/10.3390/ph15020253. 

16. Cho, K.; Park, S.; Koyanagi, A.; Jacob, L.; Yon, D.K.; Lee, S.W.; Kim, M.S.; Kim, S.U.; Kim, B.K.; Shin, J.I.; et al. The effect of 
pharmacological treatment and lifestyle modification in patients with nonalcoholic fatty liver disease: An umbrella review of 
meta-analyses of randomized controlled trials. Obes. Rev. 2022, 23, e13464. https://doi.org/10.1111/obr.13464. 

17. Ribeiro, R.; Botelho, F.D.; Pinto, A.M.V.; La Torre, A.M.A.; Almeida, J.; LaPlante, S.R.; Franca, T.C.C.; Veiga-Junior, V.F.; Dos 
Santos, M.C. Molecular modeling study of natural products as potential bioactive compounds against SARS-CoV-2. J. Mol. 
Model. 2023, 29, 183. https://doi.org/10.1007/s00894-023-05586-5. 

18. Di Renzo, L.; Gualtieri, P.; Romano, L.; Marrone, G.; Noce, A.; Pujia, A.; Perrone, M.A.; Aiello, V.; Colica, C.; De Lorenzo, A. 
Role of Personalized Nutrition in Chronic-Degenerative Diseases. Nutrients 2019, 11, 1707. https://doi.org/10.3390/nu11081707. 

19. Ahbap, E.; Sakaci, T.; Kara, E.; Sahutoglu, T.; Koc, Y.; Basturk, T.; Sevinc, M.; Akgol, C.; Kayalar, A.O.; Ucar, Z.A.; et al. Neutro-
phil-to-lymphocyte ratio and platelet-tolymphocyte ratio in evaluation of inflammation in end-stage renal disease. Clin. Nephrol. 
2016, 85, 199–208. https://doi.org/10.5414/CN108584. 

20. Bharadwaj, S.; El-Kafrawy, S.A.; Alandijany, T.A.; Bajrai, L.H.; Shah, A.A.; Dubey, A.; Sahoo, A.K.; Yadava, U.; Kamal, M.A.; 
Azhar, E.I.; et al. Structure-Based Identification of Natural Products as SARS-CoV-2 M(pro) Antagonist from Echinacea angusti-
folia Using Computational Approaches. Viruses 2021, 13, 305. https://doi.org/10.3390/v13020305. 

21. Melchart, D.; Linde, K.; Fischer, P.; Kaesmayr, J. Echinacea for preventing and treating the common cold. Cochrane Database Syst. 
Rev. 2000, 2, CD000530. https://doi.org/10.1002/14651858.CD000530. 

22. Giles, J.T.; Palat, C.T., 3rd; Chien, S.H.; Chang, Z.G.; Kennedy, D.T. Evaluation of echinacea for treatment of the common cold. 
Pharmacotherapy 2000, 20, 690–697. https://doi.org/10.1592/phco.20.7.690.35173. 

23. Taylor, J.A.; Weber, W.; Standish, L.; Quinn, H.; Goesling, J.; McGann, M.; Calabrese, C. Efficacy and safety of echinacea in 
treating upper respiratory tract infections in children: A randomized controlled trial. JAMA 2003, 290, 2824–2830. 
https://doi.org/10.1001/jama.290.21.2824. 

24. Riemma, G.; Schettino, M.T.; Munno, G.M.; Fasulo, D.D.; Sandullo, L.; Amabile, E.; La Verde, M.; Torella, M. Echinacea angusti-
folia and Echinacea purpurea Supplementation Combined with Vaginal Hyaluronic Acid to Boost the Remission of Cervical 
Low-Grade Squamous Intraepithelial Lesions (L-SILs): A Randomized Controlled Trial. Medicina 2022, 58, 646. 
https://doi.org/10.3390/medicina58050646. 

25. De Rosa, N.; Giampaolino, P.; Lavitola, G.; Morra, I.; Formisano, C.; Nappi, C.; Bifulco, G. Effect of Immunomodulatory Sup-
plements Based on Echinacea Angustifolia and Echinacea Purpurea on the Posttreatment Relapse Incidence of Genital Condy-
lomatosis: A Prospective Randomized Study. Biomed. Res. Int. 2019, 2019, 3548396. https://doi.org/10.1155/2019/3548396. 



Pharmaceuticals 2024, 17, 463 17 of 18 
 

 

26. Roman, I.; Stanila, A.; Stanila, S. Bioactive compounds and antioxidant activity of Rosa canina L. biotypes from spontaneous 
flora of Transylvania. Chem. Cent. J. 2013, 7, 73. https://doi.org/10.1186/1752-153X-7-73. 

27. Deliorman Orhan, D.; Hartevioglu, A.; Kupeli, E.; Yesilada, E. In vivo anti-inflammatory and antinociceptive activity of the 
crude extract and fractions from Rosa canina L. fruits. J. Ethnopharmacol. 2007, 112, 394–400. 
https://doi.org/10.1016/j.jep.2007.03.029. 

28. Jager, A.K.; Eldeen, I.M.; van Staden, J. COX-1 and -2 activity of rose hip. Phytother. Res. 2007, 21, 1251–1252. 
https://doi.org/10.1002/ptr.2236. 

29. Winther, K.; Apel, K.; Thamsborg, G. A powder made from seeds and shells of a rose-hip subspecies (Rosa canina) reduces 
symptoms of knee and hip osteoarthritis: A randomized, double-blind, placebo-controlled clinical trial. Scand. J. Rheumatol. 
2005, 34, 302–308. https://doi.org/10.1080/03009740510018624. 

30. Winther, K.; Rein, E.; Kharazmi, A. The anti-inflammatory properties of rose-hip. Inflammopharmacology 1999, 7, 63–68. 
https://doi.org/10.1007/s10787-999-0026-8. 

31. Kharazmi, A.; Winther, K. Rose hip inhibits chemotaxis and chemiluminescence of human peripheral blood neutrophils in vitro 
and reduces certain inflammatory parameters in vivo. Inflammopharmacology 1999, 7, 377–386. https://doi.org/10.1007/s10787-
999-0031-y. 

32. Cornara, L.; Biagi, M.; Xiao, J.; Burlando, B. Therapeutic Properties of Bioactive Compounds from Different Honeybee Products. 
Front. Pharmacol. 2017, 8, 412. https://doi.org/10.3389/fphar.2017.00412. 

33. Bueno-Silva, B.; Kawamoto, D.; Ando-Suguimoto, E.S.; Casarin, R.C.V.; Alencar, S.M.; Rosalen, P.L.; Mayer, M.P.A. Brazilian 
red propolis effects on peritoneal macrophage activity: Nitric oxide, cell viability, pro-inflammatory cytokines and gene expres-
sion. J. Ethnopharmacol. 2017, 207, 100–107. https://doi.org/10.1016/j.jep.2017.06.015. 

34. Botezan, S.; Baci, G.M.; Bagameri, L.; Pasca, C.; Dezmirean, D.S. Current Status of the Bioactive Properties of Royal Jelly: A 
Comprehensive Review with a Focus on Its Anticancer, Anti-Inflammatory, and Antioxidant Effects. Molecules 2023, 28, 1510. 
https://doi.org/10.3390/molecules28031510. 

35. Honda, Y.; Araki, Y.; Hata, T.; Ichihara, K.; Ito, M.; Tanaka, M.; Honda, S. 10-Hydroxy-2-decenoic Acid, the Major Lipid Com-
ponent of Royal Jelly, Extends the Lifespan of Caenorhabditis elegans through Dietary Restriction and Target of Rapamycin 
Signaling. J. Aging Res. 2015, 2015, 425261. https://doi.org/10.1155/2015/425261. 

36. Terada, Y.; Narukawa, M.; Watanabe, T. Specific hydroxy fatty acids in royal jelly activate TRPA1. J. Agric. Food Chem. 2011, 59, 
2627–2635. https://doi.org/10.1021/jf1041646. 

37. Yoshida, M.; Hayashi, K.; Watadani, R.; Okano, Y.; Tanimura, K.; Kotoh, J.; Sasaki, D.; Matsumoto, K.; Maeda, A. Royal jelly 
improves hyperglycemia in obese/diabetic KK-Ay mice. J. Vet. Med. Sci. 2017, 79, 299–307. https://doi.org/10.1292/jvms.16-0458. 

38. Vajdi, M.; Musazadeh, V.; Khajeh, M.; Safaei, E.; Darzi, M.; Noshadi, N.; Bazyar, H.; Askari, G. The effects of royal jelly supple-
mentation on anthropometric indices: A GRADE-assessed systematic review and dose-response meta-analysis of randomized 
controlled trials. Front. Nutr. 2023, 10, 1196258. https://doi.org/10.3389/fnut.2023.1196258. 

39. Mariani, E.; Cattini, L.; Neri, S.; Malavolta, M.; Mocchegiani, E.; Ravaglia, G.; Facchini, A. Simultaneous evaluation of circulating 
chemokine and cytokine profiles in elderly subjects by multiplex technology: Relationship with zinc status. Biogerontology 2006, 
7, 449–459. https://doi.org/10.1007/s10522-006-9060-8. 

40. Prasad, A.S. Zinc in human health: Effect of zinc on immune cells. Mol. Med. 2008, 14, 353–357. https://doi.org/10.2119/2008-
00033.Prasad. 

41. Yoon, S.Y.; Park, H.W.; Kim, H.J.; Kronbichler, A.; Koyanagi, A.; Smith, L.; Shin, J.I.; Rhee, S.Y.; Lee, S.W.; Kim, J.S.; et al. Na-
tional trends in the prevalence of chronic kidney disease among Korean adults, 2007–2020. Sci. Rep. 2023, 13, 5831. 
https://doi.org/10.1038/s41598-023-33122-1. 

42. Cobo, G.; Lindholm, B.; Stenvinkel, P. Chronic inflammation in end-stage renal disease and dialysis. Nephrol. Dial. Transpl. 2018, 
33, iii35–iii40. https://doi.org/10.1093/ndt/gfy175. 

43. Younis, H.A.; Nafady, M.A.; Mahmoud, M. Value of carotid intimal–medial thickness as independent predictor of endothelial 
dysfunction in uremic patients. Egypt. Heart J. 2011, 63, 73–78. https://doi.org/10.1016/j.ehj.2011.09.008. 

44. Jacobs, J.J.L. Persistent SARS-2 infections contribute to long COVID-19. Med. Hypotheses 2021, 149, 110538. 
https://doi.org/10.1016/j.mehy.2021.110538. 

45. Ninfali, P.; Mea, G.; Giorgini, S.; Rocchi, M.; Bacchiocca, M. Antioxidant capacity of vegetables, spices and dressings relevant to 
nutrition. Br. J. Nutr. 2005, 93, 257–266. https://doi.org/10.1079/bjn20041327. 

46. Società Italiana di Nutrizione Umana (SINU). MINERALI—Livello Massimo Tollerabile di Assunzione (UL) e Obiettivo Nu-
trizionale per la Popolazione (SDT). Availabe online: https://sinu.it/2019/07/09/minerali-livello-massimo-tollerabile-di-as-
sunzione-ul-e-obiettivo-nutrizionale-per-la-popolazione-sdt/ (accessed on 8 March 2024). 

47. Bonaventura, P.; Benedetti, G.; Albarede, F.; Miossec, P. Zinc and its role in immunity and inflammation. Autoimmun. Rev. 2015, 
14, 277–285. https://doi.org/10.1016/j.autrev.2014.11.008. 

48. Jarosz, M.; Olbert, M.; Wyszogrodzka, G.; Mlyniec, K.; Librowski, T. Antioxidant and anti-inflammatory effects of zinc. Zinc-
dependent NF-kappaB signaling. Inflammopharmacology 2017, 25, 11–24. https://doi.org/10.1007/s10787-017-0309-4. 

49. Noce, A.; Bocedi, A.; Campo, M.; Marrone, G.; Di Lauro, M.; Cattani, G.; Di Daniele, N.; Romani, A. A Pilot Study of a Natural 
Food Supplement as New Possible Therapeutic Approach in Chronic Kidney Disease Patients. Pharmaceuticals 2020, 13, 148. 
https://doi.org/10.3390/ph13070148. 



Pharmaceuticals 2024, 17, 463 18 of 18 
 

 

50. Cannell, J.J.; Grant, W.B.; Holick, M.F. Vitamin D and inflammation. Dermatoendocrinol 2014, 6, e983401. 
https://doi.org/10.4161/19381980.2014.983401. 

51. Yin, K.; Agrawal, D.K. Vitamin D and inflammatory diseases. J. Inflamm. Res. 2014, 7, 69–87. https://doi.org/10.2147/JIR.S63898. 
52. Roy, S.; Sherman, A.; Monari-Sparks, M.J.; Schweiker, O.; Hunter, K. Correction of Low Vitamin D Improves Fatigue: Effect of 

Correction of Low Vitamin D in Fatigue Study (EViDiF Study). N. Am. J. Med. Sci. 2014, 6, 396–402. https://doi.org/10.4103/1947-
2714.139291. 

53. Nowak, A.; Boesch, L.; Andres, E.; Battegay, E.; Hornemann, T.; Schmid, C.; Bischoff-Ferrari, H.A.; Suter, P.M.; Krayenbuehl, 
P.A. Effect of vitamin D3 on self-perceived fatigue: A double-blind randomized placebo-controlled trial. Medicine 2016, 95, 
e5353. https://doi.org/10.1097/MD.0000000000005353. 

54. Singleton, V.L.; Orthofer, R.; Lamuela-Raventós, R.M. Analysis of total phenols and other oxidation substrates and antioxidants 
by means of folin-ciocalteu reagent. In Methods in Enzymology; Academic Press: London, UK, 1999; Volume 299, pp. 152–178. 

55. Gulcin, İ.; Alwasel, S.H. DPPH Radical Scavenging Assay. Processes 2023, 11, 2248. https://doi.org/10.3390/pr11082248. 
56. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; 

Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension: The Task Force for the manage-
ment of arterial hypertension of the European Society of Cardiology and the European Society of Hypertension: The Task Force 
for the management of arterial hypertension of the European Society of Cardiology and the European Society of Hypertension. 
J. Hypertens. 2018, 36, 1953–2041. https://doi.org/10.1097/HJH.0000000000001940. 

57. Lohman, T.G.; Roche, F.A.; Martorell, R. Anthropometric Standardization Reference Manual; Human Kinetics, Champaign, IL, USA, 
1998. 

58. Bellizzi, V.; Scalfi, L.; Terracciano, V.; De Nicola, L.; Minutolo, R.; Marra, M.; Guida, B.; Cianciaruso, B.; Conte, G.; Di Iorio, B.R. 
Early changes in bioelectrical estimates of body composition in chronic kidney disease. J. Am. Soc. Nephrol. 2006, 17, 1481–1487. 
https://doi.org/10.1681/ASN.2005070756. 

59. Burholt, V.; Nash, P. Short Form 36 (SF-36) Health Survey Questionnaire: Normative data for Wales. J. Public. Health 2011, 33, 
587–603. https://doi.org/10.1093/pubmed/fdr006. 

60. Naik, H.; Shao, S.; Tran, K.C.; Wong, A.W.; Russell, J.A.; Khor, E.; Nacul, L.; McKay, R.J.; Carlsten, C.; Ryerson, C.J.; et al. 
Evaluating fatigue in patients recovering from COVID-19: Validation of the fatigue severity scale and single item screening 
questions. Health Qual. Life Outcomes 2022, 20, 170. https://doi.org/10.1186/s12955-022-02082-x. 

61. Walker, N.A.; Sunderram, J.; Zhang, P.; Lu, S.E.; Scharf, M.T. Clinical utility of the Epworth sleepiness scale. Sleep. Breath. 2020, 
24, 1759–1765. https://doi.org/10.1007/s11325-020-02015-2. 

62. Martinez-Gonzalez, M.A.; Garcia-Arellano, A.; Toledo, E.; Salas-Salvado, J.; Buil-Cosiales, P.; Corella, D.; Covas, M.I.; Schroder, 
H.; Aros, F.; Gomez-Gracia, E.; et al. A 14-item Mediterranean diet assessment tool and obesity indexes among high-risk sub-
jects: The PREDIMED trial. PLoS ONE 2012, 7, e43134. https://doi.org/10.1371/journal.pone.0043134. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


