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Abstract: Prolonged fatigue is associated with non-pathological causes, and lacks an established 

therapeutic approach. The current study is aimed at assessing the efficacy of a new food supple-

ment (Improve® Response) based on a chemically characterized pomegranate extract and hy-

dro-soluble vitamins (B complex and C). UHPLC-HRMS analysis of pomegranate extract showed 

the presence of 59 compounds, with gallotannins and ellagitannins being the most abundant phy-

tochemicals. For the clinical study, 58 subjects were randomized into two groups, 1 and 2 (n = 29, 

each), which received either the food supplement or placebo. The effects of the food supplement 

against fatigue were assessed via validated questionnaires, recorded at time intervals t0 (at base-

line), t1 (after 28 days), t2 (56 days), and t3 (after follow-up) in combination with the analysis of 

biochemical markers at t0 and t2. Fatigue Severity Scale (FSS) questionnaire scores were signifi-

cantly decreased at the t2 and t3 time intervals in subjects treated with the food supplements, while 

the effect of the food supplement on a 12-Item Short Form Survey (SF-12) was not considerable. 

Moreover, the food supplement did not significantly affect biochemical parameters associated with 

fatigue and stressed conditions. This study shows that the food supplement tested reduces pro-

longed fatigue following two months supplementation in healthy subjects with mild prolonged fa-

tigue. 
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The word fatigue is derived from Latin verb “fatigare”, which means “to tire”, and 

can be defined as a state of extreme tiredness brought about by physical or mental stress, 

resulting in transient reduction of physical performance (also called physical fatigue) or 

mental performance (i.e., individual capacity to perform tasks requiring concentration or 

alertness, also called mental fatigue) [1-3]. Acute fatigue is a physiological reaction to in-

tense and prolonged activity, that is usually transient, does not interfere with routine ac-

tivities, and that maybe reduced with rest [4]. Prolonged fatigue occurs with the same 

symptoms as acute fatigue but with longer duration (i.e., 30 days to 6 months) [5]. 

Chronic fatigue syndrome (CFS) or myalgic encephalomyelitisis best described as a pro-

found disabling fatigue state (sense of exhaustion after activities and tiredness at rest), 

generally occurring in diseased subjects and lasting more than 6 months. It may interfere 

with daily tasks [6]. Epidemiological data indicates that the occurrence of prolonged or 

short-term fatigue in the general population is approximately 5 – 8 %, while CFS figures 

are 3 – 4 %. The Maastricht cohort study found that prolonged fatigue occurs in 21.9% of 

the adult working population, and that this may also result in lower productivity at work 

[7]. Mood swings and lack of motivation and vitality are some of the effective conse-

quences of fatigue [8]. Across studies, fatigue is also reported as one of the potential risk 

factors for the occurrence of accidents in occupational workers, where the possible role of 

fatigue is two-fold. First, it may reduce the capacity to process information regarding 

potential hazardous situations in the vicinity, and secondly it may also alter the ability to 

respond adequately to hazardous situations as they unfold [9].  

Despite the high occurrence rates of prolonged fatigue, there remains an absence of 

established and recommended pharmacological or non-pharmacological treatments. 

Some options have been explored, including exercise and cognitive behavioral therapy, 

but both show numerous limitations [10]. In terms of pharmacological treatments, certain 

drugs have been tested in patients with CFS, due to serious pathological conditions 

where the need to reduce fatigue exceeds the adverse effects that these pharmacological 

treatments induce. Pemoline, amantadine and modafinil have been applied in fatigue 

associated with multiple sclerosis, and donepezil and carnitine have been tested with 

advanced cancer, but weak and inconclusive evidence was observed regarding the effi-

cacy of these substances. Pemoline and methylphenidate resulted to be effective in 

HIV-associated fatigue, but unfortunately these results are based on only one study with 

a moderate number of participants [11].  

Punica granatum L. (pomegranate) is an edible fruit tree species with a worldwide 

geographical distribution. It is well known for its high consumption and industrial value, 

and for its nutritional and medicinal properties [12]. From the nutritional point of view, 

100 g arils may provide about 72 kcal of energy, carbohydrate (16.6 g), protein (1.0 g), 

calcium (13 mg), sodium (1 mg), potassium (379 mg), magnesium (12 mg), copper (0.17 

mg), iron (0.7 mg), vitamin C (7 mg), and niacin (0.3 mg) [12]. Moreover, the pomegranate 

fruit is rich in dietary polyphenols, including phenolic acids, flavonoids, and tannins 

[13,14]. The fruits could be considered as functional foods, because of the bioactive 

compounds they contain and their associated health benefits, including antioxidant, an-

ti-inflammatory, cardioprotective, anticancer, hepatoprotective, antimicrobial, antiviral, 

antidiabetic, neuroprotective, and dermatologic effects [13]. In physically active subjects, 

pomegranate supplementation exerts beneficial effects improving endurance and per-

formance after physical exercise through antioxidant and anti-inflammatory activities 

[15,16]. Moreover, a meta-analysis report of randomized controlled trials demonstrated 

an improvement in inflammatory markers (i.e., hs-CRP, TNF-α, and IL-6) in adults sup-

plemented with pomegranate juice [17].  

Hydro-soluble vitamins (Vitamin B complex and C) are a group of organic com-

pounds that are required in trace amounts by the human body for nutritional, biochem-

ical, and physiological purposes. The major sources of these vitamins are fruits, vegeta-

bles, legumes, cereals, meat, and eggs [18]. They are known to play an important role in 

the prevention of chronic degenerative disorders. The biological benefits attributed to 

these vitamins include antioxidant [19], antiinflammatory [20], immunomodulatory [21], 
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anticancer [21], cardioprotective [22], neuroprotective [23], metabolic regulating [24], and 

antianemic [25] effects. A literature review published by Werbach et al. [26] demonstrated 

the potential role of hydro-soluble vitamins and other nutrients in the clinical manifesta-

tion of chronic fatigue symptoms, as deficiencies in these were found across studies of 

CFS patients. In addition, Tardy et al. [8] reported that vitamin deficiency could be con-

sidered as one of the possible causes of fatigue. A systemic review of the literature by 

Barnish et al. [27] demonstrated a protective role of nutrients i.e., vitamins B, C, D, coen-

zyme Q10, L-carnitine, zinc, methionine, and nicotinamide adenine dinucleotide (NAD) 

in reducing fatigue symptoms both in healthy and diseased subjects .  

Recently, Esposito et al. [5] established the efficacy, through validated question-

naires, of a food supplement consisting of the combination of a chemically characterized 

pomegranate extract and water-soluble vitamins against prolonged fatigue, in a 

one-month survey in which 78 subjects were recruited. The consumers reported a signif-

icant improvement in their condition, without any unwanted effects.  

On the basis of the above information, the aim of this monocentric, randomized, 

double-blind, placebo-controlled clinical trial was to assess the efficacy of a food sup-

plement based on standardized chemically characterized pomegranate extract and hy-

dro-soluble vitamins against prolonged fatigue by using validated questionnaires as-

sessing fatigue level as a primary outcome of the trial. The secondary outcomes of the 

study were the improvement of the quality of life and fatigue-associated biomarkers of 

the enrolled subjects with mild to moderate prolonged fatigue. 

2. Materials and Methods 

2.1. Chemical characterization of pomegranate extract with UHPLC-HRMS analysis 

Pomegranate extract was obtained by mixing a hydroalcoholic solution with dif-

ferent parts of the pomegranate fruit, particularly the peel that includes exocarp, meso-

carp and endocarp. The resulting solution was concentrated and spray-dried to obtain 

the standardized extract, which was chemically characterized by using a Thermo Ulti-

mate RS 3000 coupled online to a Q-Exactive hybrid quadrupole Orbitrap mass spec-

trometer (Thermo Fisher Scientific, Bremen, Germany), equipped with a heated elec-

trospray ionization probe (HESI II). For RP-UHPLC analysis, a Kinetex Biphenyl 100 mm 

× 2.1 mm, 2.6 µm (L × I.D, particle size, Phenomenex®, Bologna, Italy) column was em-

ployed at a flow rate of 0.4 mL/min. The mobile phases consisted of A) 0.1% CH3COOH 

in H2O and B) ACN plus 0.1% CH3COOH. Analysis was performed in gradient as fol-

lows: 0-30.0 min, 2-30% B; 30-38 min, 30-98% B; 99% B hold for 2 min; returning to initial 

conditions in 0.1 min. The column oven was set to 40 °C and 5 µL of sample was injected. 

HRMS analysis was performed with Full MS (m/z 100-850) and data-dependent acquisi-

tion (dd-MS2 top N=5). A resolution of 35.000 and 15,000 FWHM at m/z 200 was selected. 

Stepped normalized collision energy (NCE) values of 15, 25 and 30. Negative ESI- was 

employed. Source parameters were: Sheath gas pressure, 50 arbitrary units; auxiliary gas 

flow, 13 arbitrary units; spray voltage, -2.50 kV; capillary temperature, 260 °C; auxiliary 

gas heater temperature, 300 °C, S-lens RF value: 30 arbitrary units. Metabolite annotation 

was performed by comparison with in silico MS/MS Natural Product Library of MSDIAL 

v4.80 as previously reported [28]. 

2.2. Food supplement based on pomegranate extract and hydro-soluble vitamins 

Food supplement based on pomegranate extract and hydro-soluble vitamins (vita-

mins C and B complex), and placebo were produced by Esserre Pharma Srl (Rome, Italy), 

within European specifications for contaminants and microbiologic limits, and notified to 

the Italian Health Ministry, with the brand name “Improve® Response” (notification 

number: I.5.i.h.2/2021/139191). The food supplement was produced in the form of soluble 

granules, in single-dose stick packs (1.6 g), containing 500 mg of pomegranate extract, 200 

mg of vitamin C (L-ascorbic acid), 16 mg of niacin (nicotinamide), 7 mg of vitamin B2 

(riboflavin), 6 mg of vitamin B5 (D-pantothenate, calcium), 5.55 mg of vitamin B1 (thia-
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mine hydrochloride), 4 mg of vitamin B6 (pyridoxine hydrochloride), 200 µg of folate 

(pteroylmonoglutamic acid), 50 µg of D-biotin and 12.5 µg of vitamin B12 (cyanocobal-

amin). Placebo, in the same form of soluble granules, consisted of inert excipients (i.e., 

pomegranate flavor, beetroot red, maltodextrin, stevia, silicon dioxide, beta-carotene, 

caramelised sugar, citric acid, and xanthan gum), and considering the protocols of the 

double-blind study, it was made indistinguishable in color and flavor from the food 

supplement. 

2.3. Clinical trial design 

A monocentric, randomized, double-blind, placebo-controlled clinical trial was 

performed by COMEGEN—Società Cooperativa Sociale (Naples, Italy) to evaluate the 

efficacy of the Improve® Response food supplement based on pomegranate extract and 

vitamins C and B complex in adults with mild to moderate prolonged fatigue. The study 

was double blind, both for the investigating physician and for the enrolled subjects. For 

this purpose, both the food supplement and the placebo were made to be unrecognizable 

in shape, weight, color, and, as far as possible, in taste. The participants received verbal 

and written information regarding the study before signing a written consent. Protocol, 

letter of intent of volunteers, and synoptic documents regarding the study were ap-

proved by the Scientific Ethics Committee of A.S.L. Napoli 1 CENTRO (deliberation N° 

1953 - 11/11/2022) and carried out in accordance with the Helsinki Declaration of 1964 (as 

revised in 2000). This study is listed on the ISRCTN registry 

(https://doi.org/10.1186/ISRCTN74944427; accessed on 14 April 2023). 

The study design was comprised of two experimental groups (n = 29, each group). 

The enrolled subjects were assigned to either of the two groups in a random and unpre-

dictable way by means of a simple randomization (allocation ratio 1:1). During the 

screening visit the subjects were submitted to the Fatigue Severity Scale (FSS) question-

naire to understand if they met the requirements for participation in the study. During 

the first visit (t0) the recruited subjects consumed a stick-pack of the Improve® Response 

Supplement (group 1) or placebo (group 2). Then, at the baseline (t0), after 28 days (t1), 

and 56 days (t2), with a follow-up after a further 28 days (without treatment with placebo 

or food supplement) the recruited subjects were submitted to the completion of the FSS 

and 12-Item Short Form Survey (SF-12) questionnaires. Blood sampling at timed intervals 

measured biomarkers related to fatigue and stress conditions (i.e., at baseline (t0) and 56 

days (t2) after the intake of the treatment or placebo).  

Thus, the total duration of the study was about five months following the enrollment 

of the subjects, and included two months of treatment. 

2.4. Participants and recruiting 

Fifty-eight subjects aged 18-75 years of either sex were recruited by general practi-

tioners through Comegen in February 2023, and randomized into two groups. Inclusion 

criteria for the study were defined as subjects with mild-to-moderate fatigue and with a 

FSS questionnaire score of less than 5, and that were able to understand and to sign the 

informed consent. Subjects with chronic fatigue (i.e., ˃ six months) or a FSS score ≥ 5, 

pregnant or lactating women, subjects with cognitive impairments (that may hinder re-

sponse to the questionnaires), subjects with a history of allergy to the ingredients used in 

the clinical trial (food supplement and placebo), subjects with chronic diseases or 

co-morbidities that may cause or aggravate fatigue symptoms (i.e., heart disorders, 

chronic hepatic, biliary and pancreatic diseases, neoplastic pathologies, rheumatological 

ailments, chronic hematological disorders, neuropsychiatric or neurological conditions, 

genetic-metabolic diseases, and diabetes type 1 or 2), candidates with malabsorption or 

eating disorders, subjects with history of substance abuse or misuse (including drugs or 

alcohol), and subjects using multivitamin supplements within the previous month were 

excluded from the study. Additionally, subjects who used prescription or 

over-the-counter drugs that may have influenced cerebral excitability (i.e., tricyclic anti-
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depressants, hypnotic drugs, anti-epileptics, antipsychotics, stimulants, antihistamines, 

muscle relaxants, dopaminergic drugs, and sedative hypnotics) or drugs affecting sys-

temic inflammation and levels of inflammatory mediators (i.e., non-steroidal and steroi-

dal anti-inflammatory drugs) in the week prior to enrollment were rigorously evaluated 

for possible exclusion from the clinical study by the investigating clinician. 

2.5. Outcome of the study 

The primary outcome of the present clinical study was to evaluate the efficacy of the 

food supplement consisting of pomegranate extract and hydro-soluble vitamins, to im-

prove mild-to-moderate fatigue and persistent tiredness by the end of two months of 

treatment. The secondary outcomes of the study were to evaluate the effect of the food 

supplement on quality of life and any variations in the biomarkers related to fatigue and 

stress conditions. 

2.6. Safety 

Although no serious adverse events were expected related to the intake of the food 

supplement, the enrolled subjects were continuously monitored for the occurrence of any 

kind of adverse effects. Subjects with allergies to any of the ingredients of the food sup-

plement were categorically excluded from the study. 

2.7. Statistical analysis 

Sample size calculation was conducted using three 1-β power values (0.80, 0.95, and 

0.99), a significance threshold value of α equal to 0.05, and three effect size values (Co-

hen’s f = 0.20, 0.25, and 0.30, respectively). Sample size was determined to be 58 partici-

pants (29 each group) [29].  

The effects of the treatments on the response variables (fatigue level, quality of life, 

and fatigue-associated biomarkers) was assessed through a linear mixed model (LMM), 

where the treatment (placebo and food supplement), the measurement times [i.e., at 

baseline (t0), after 28 days of treatment (t1) and after 56 days of treatment (t2)], and the 

age and sex of the subjects were entered into the model as fixed effects. The measurement 

× treatment interaction was also included among the independent variables. This inter-

action is the key variable for the primary endpoint, as it allows testing whether the trends 

for the placebo and food supplement treatments differ over the course of the measure-

ment period. The identity of the subject was evaluated as a random effect, which pro-

vided a control for differences between the enrolled subjects, regardless of fixed effects 

and their interactions. The same model was used for the analysis of the chemical bi-

omarkers related to the secondary outcome. In this case, an independent LMM was run 

for each biomarker, where the fixed and random effects were the same as for the previous 

analyses. Analyses were performed using the lme4 [30] packages in R ver. 4.0.1 [31], and 

unless otherwise stated, data are reported as means ± standard errors. 

3. Results 

3.1. RP-UHPLC-HRMS analysis of pomegranate extract 

The pomegranate extract was chemically characterized by using a RP-UHPLC cou-

pled with a Q Exactive hybrid quadrupole-Orbitrap mass spectrometer. By comparison 

with in silico MS/MS spectra, accurate mass, and molecular formula, 59 compounds were 

identified in the pomegranate extract, with confidence MSI lvl.2 [32] where the molecular 

formula and the corresponding mass are reported in Table 1 and Figure 1. The extract 

consists of gallotannins (galloyl-hexoside, HHDP-hexose, galloyl-hexoside_I, HHDP 

galloyl hexose, HHDP galloyl hexose_I, HHDP galloyl hexose_II, HHDP galloyl hex-

ose_III, hamamelitannin, HHDP galloyl hexose_IV, HHDP galloyl hexose_V, 

1,3,6-tri-O-galloyl hexose, 1,3,6-tri-O-galloyl hexose_I, 1,3,6-tri-O-galloyl hexose_II, 

1,3,6-tri-O-galloyl hexose_III, 1,3,6-tri-O-galloyl hexose_IV, 1,3,6-tri-O-galloyl hexose_V 

and 1,2,3,6-tetragalloyl glucose), ellagitannins (pedunculagin, punicalagin, puni-
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calagin_I, pedunculagin, punicalagin_II, pedunculagin, punicalagin, punicalin β, and 

punicalinβ_I), hydroxybenzoic acids (gallic acid, protocatecuic acid, and ellagic acid), 

hydroxycinnamic acids (2-hydroxycinnamic acid, p-coumaric acid hexoside), flavanols 

(epigallocatechin), flavanones (naringenin, hesperidin, eriodictyol-7-O-hexoside, 

naringenin-7-O-hexoside), flavonols (myricetin, quercetin, kaempferol, myrice-

tin-3-O-beta-L-galactopyranoside, quercetin-3-O-glucuronide, quercetin-3-O-rutinoside, 

quercetin-3-O-hexoside, quercetin-3-O-glucuronide, quercetin-3-arabinoside, 

kaempferol-7-O-hexoside, kaempferol-3-O-glucorhamnoside, quercetin-3-arabinoside_I, 

kaempferol-7-O-hexoside_I, kaempferol 3-alpha-L-arabinopyranoside, 

kaempferol-3-alpha-L-arabinopyranoside_I, Isorhamnetin, syringetin), flavones (apig-

enin, luteolin, apigenin-8-C-hexoside), dihydrochalcones (phloridzin), and miscellaneous 

compounds (citric acid and eryodictol). As expected, based on the relative intensity of MS 

data, hydrolysable tannins (i.e., gallotannins and ellagitannins) turned out to be the most 

abundant phytochemicals present in the extract. 

Table 1. Identified compounds in pomegranate extract according to molecular formula, m/z, 

MS/MS, and intensity. 

Peak Tr Compound 
Molecular 

formula 

[M-H]-/[M-2

H]2- 
[MS/MS] 

Error 

(ppm) 
Intensity 

1 0.65 Citric acid C6H8O7 191.0194 111, 173 2.01 2.08E+11 

2 0.92 Galloyl-hexoside C13H15O10 331.0577 211, 169 1.54 1.23E+08 

3 0.99 HHDP-hexose C20H18O14 481.0693 300, 275 6.9 1.28E+09 

4 1.08 Gallic acid C7H6O5 169.0133 125 0.99 2.60E+10 

5 1.16 Galloyl-hexoside_I C13H15O10 331.0577 211, 169 1.52 2.29E+07 

6 1.44 HHDP galloyl hexose C27H22O18 633.0739 275, 300 0.49 3.78E+08 

7 1.77 Punicalin β C34H22O22 781.0593 
721, 601, 575, 

392, 298, 273 
0.1 6.04E+08 

8 1.87 Protocatecuic acid C7H6O4 153.0184 109 0.97 5.50E+08 

9 1.98 Punicalin β_I C34H22O22 781.0593 
721, 601, 575, 

392, 298, 273, 
0.11 6.27E+08 

10 2.38 
HHDP galloyl hex-

ose_I 
C27H22O18 633.0739 275, 300 0.5 7.92E+09 

11 2.52 Epigallocatechin C15H14O7 305.0673 261, 219, 179 0.58 1.54E+08 

12 2.84 
Pedunculagin 

(di-HHDP-hexose) 
C34H24O22 783.0629 

481, 300 275, 

249 
2.75 2.77E+08 

13 3.24 
HHDP galloyl hex-

ose_II 
C27H22O18 633.0740 275, 300 0.47 5.38E+09 

14 3.69 Punicalagin C48H28O30 541.0262** 301, 601, 275 2.49 8.36E+07 

15 4.16 
HHDP galloyl hex-

ose_III 
C27H22O18 633.0738 275, 300 0.51 1.92E+08 

16 4.57 Hamamelitannin C20H20O14 483.0773 169, 271, 313 0.76 5.17E+08 

17 4.59 Punicalagin_I C48H28O30 541.0262** 301, 601, 275 2.49 1.85E+08 

18 5.44 
Pedunculagin 

(di-HHDP-hexose)_I 
C34H24O22 783.0629 

481, 300 275, 

249 
2.75 2.77E+08 

19 5.98 
HHDP galloyl hex-

ose_IV 
C27H22O18 633.0740 275, 300 0.47 2.22E+09 

20 6.10 Punicalagin_II C48H28O30 541.0266** 301, 601, 275 2.49 2.44E+08 

21 6.12 
2-hydroxycinnamic 

acid 
C9H8O3 163.0393 119 0.79 6.10E+07 

22 6.15 
p-Coumaric acid hexo-

side 
C15H18O8 325.0929 163, 119 0.12 3,17E+08 

23 6.96 
Pedunculagin 

(di-HHDP-hexose)_II 
C34H24O22 783.0629 

481, 300 275, 

249 
2.75 2.27E+08 

24 7.92 
1,3,6-tri-O-galloyl 

hexose 
C27H24O18 635.0881 483, 465, 169 3.65 1.42E+07 
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25 8.14 
Eriodicty-

ol-7-O-hexoside 
C21H22O11  449.1094 287, 259 2.47 2.99E+08 

26 8.47 Punicalagin C48H28O30 541.0266** 301, 601, 275 2.49 2.83E+08 

27 8.77 
HHDP galloyl hex-

ose_V 
C27H22O18 633.0740 275, 300 0.47 4.13E+08 

28 9.25 
1,3,6-tri-O-galloyl 

hexose_I 
C27H24O18 635.0881 483, 465, 169 3.65 1.65E+07 

29 9.62 
1,3,6-tri-O-galloyl 

hexose_II 
C27H24O18 635.0880 483, 465, 169 3.63 6.02E+06 

30 9.93 
1,3,6-tri-O-galloyl 

hexose_III 
C27H24O18 635.0882 483, 465, 169 3.61 5.35E+06 

31 11.22 
1,3,6-tri-O-galloyl 

hexose_IV 
C27H24O18 635.0883 483, 465, 169 3.61 1.11E+07 

32 11.56 

Myrice-

tin-3-O-beta-L-galacto

pyranoside 

C21H20O13 479.0844 316 2.58 2.05E+07 

33 11.72 
1,3,6-tri-O-galloyl 

hexose_V 
C27H24O18 635.0883 483, 465, 169 3.61 2.19E+07 

34 12.73 
Querce-

tin-3-O-glucuronide 
C21H18O13 477.0669 301 1.17 1.17E+07 

35 13.01 Ellagic acid C14H6O8 300.9987 229 3.75 6.98E+08 

36 13.54 
Querce-

tin-3-O-Rutinoside 
C27H30O16 609.1458 301, 463 3.52 4.34E+07 

37 13.89 
Naringen-

in-7-O-hexoside 
C21H22O10 433.1143 271, 313 3.36 3.71E+06 

38 13.91 
Querce-

tin-3-O-hexoside 
C21H20O12 463.0895 301 4.54 5.22E+07 

39 14.59 
Querce-

tin-3-O-glucuronide 
C21H18O13 477.0669 301 1.17 1.08E+07 

40 15.24 
querce-

tin-3-arabinoside 
C20H18O11 433.0780 301 3.95 5.47E+07 

41 15.27 Eryodictol C15H12O6 287.0568 259, 125 4.39 3.20+E06 

42 15.38 
Kaempferol-7-O-hexos

ide 
C21H20O11 447.0943 285, 299 3.56 1.59E+07 

43 15.40 
Kaempferol-3-O-gluco

rhamnoside 
C27H30O15 593.1523 285 3.27 1.09E+08 

44 15.62 
querce-

tin-3-arabinoside_I 
C20H18O11 433.0780 301 3.95 3.86E+05 

45 15.75 
Kaempferol-7-O-hexos

ide_I 
C21H20O11 447.0943 285, 299 3.56 9.14E+07 

46 16.41 
1,2,3,6-tetragalloyl 

glucose 
C34H28O22 787.1018 617, 465, 169 1.7 4.69E+05 

47 16.63 Myricetin C15H10O8 317.0309 178, 151 3.50 3.17E+06 

48 16.99 
Kaempferol-3-alpha-L-

arabinopyranoside 
C20H18O10 417.0833 284 2.88 1.11E+07 

49 17.31 Apigenin-8-C-hexoside C21H20O10 431.0996 269 3.58 3.52E+07 

50 17.35 
Kaempferol-3-alpha-L-

arabinopyranoside_I 
C20H18O10 417.0833 284 2.88 9.85E+06 

51 17.57 Phloridzin C21H24O10 435.1304 273, 167 3.64 1.67E+07 

52 19.11 Hesperidin C28H34O15 609.1816 301 3.11 5.37E+06 

53 20.50 Quercetin C15H10O7 301.0359 178, 151 1.29 1.03E+07 

54 20.90 Kaempferol C15H10O6 285.0402 151, 133 4.72 5.31E+06 

55 23.58 Naringenin C15H12O5 271.0613 177, 151, 119 5.01 1.38E+06 

56 23.99 Apigenin C15H10O5 269.0453 187, 119 3.5 1.65E+06 

57 24.06 Luteolin C15H10O6 285.0402 133, 151 4.83 5.57E+06 

58 25.48 Isorhamnetin C16H12O7 315.0517 300 4.25 1.48E+06 
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59 25.80 Syringetin C17H14O8 345.0612 315, 330 3.87 4.72E+06 

I= isomer; **double charged. 

 

Figure 1. Chromatogram of pomegranate extract, with retention times on the x axis and relative 

abundance on the y axis. Each numbered peak represents one of the compounds identified in the 

pomegranate extract. 

3.2. Clinical trial design 

The study flow chart, produced in accordance with the CONSORT PRO reporting 

guidelines [33], is shown in Figure 2. 
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Figure 2. CONSORT Flow diagram. 

The two groups consisted of 58 subjects including 22 males (corresponding to 38%, 

12 of which were allocated to group 1) and 36 females (corresponding to 62%, 17 of which 

were allocated to group 1), both groups were administrated daily for 2-months, accord-

ing to the parallel group design. Group 1 was initially treated with the placebo while 

group 2 was treated with the food supplement. The participants from each group had 

similar sociodemographic characteristics and clinical data with no significant differences. 

The baseline characteristics of the subjects of each group are summarized in Table 2. Ta-

ble 3 reports the data obtained from the answers of the questionnaires FSS and SF-12 at 

baseline (t0), after 28 days of the treatment (t1), after 58 days of the treatment (t2), and at 

the end of the follow up (t3). 

Table 2. Demographic data of the study population at baseline (t0). 

Characteristics of  

enrolled subjects 

Group 1 (n = 29) 

Placebo 

Group 2 (n =29) 

Treated 
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Mean age (years): 
o Males (years) 
o Female (years) 

49 ± 16 

46 ± 12 

44 ± 17  

45 ± 15 

50 ± 16 

45 ± 16 

Gender:  
o Males 
o Females 

 

12 

17 

 

10 

19 

Ethnicity: 

o European 

 

29 

 

29 

Table 3. Score values of the FSS and SF-12 questionnaires (mean ± SD and range of questionnaire 

values) for each measurement (t0, t1, t2, and t3) in the two experimental groups. 

 Placebo Treatment 

 t0 t1 t2 t3 t0 t1 t2 t3 

FSS 
3.0 ± 0.8 2.7 ± 0.9 3.1 ± 1.0 3.2 ± 0.8 2.9 ± 0.8 2.4 ± 0.9 2.3 ± 0.8 1.7 ± 0.7 

2 – 4 1 – 4 1 - 5 2 – 5 2 - 4 1 - 4 1 – 4 1 – 3 

SF-12 
27.6 ± 9.5 27.7 ± 9.7 27.8 ± 9.8 27.7 ± 9.8 30.5 ± 8.1 30.7 ± 8.1 31.2 ± 8.1 32 ± 8.2 

13 – 44 14 - 45 13 - 45 13 – 45 13 - 43 12 - 44 12 - 45 12 – 46 

The LMM model used for the FSS questionnaire (Table 4) identified highly signifi-

cant effects (p<0.001) for measurements, treatments and also for their interaction. There 

was no significant effect based on gender, while a significant effect (p=0.034) was identi-

fied related to the age of subjects. In accordance to FSS questionnaire scores, a statistically 

significant change was noticed (Table 3) from t0 to t1 (0.41 ± 0.16, t176=2.598, p=0.010) and 

from t2 to t3 (0.59 ± 0.16, t176=3.680, p<0.001). On contrary, the decrease in FSS score from 

t1 to t2 (0.17 ± 0.16, t176=1.082, p=0.28) was not significant. No significant differences were 

observed in the placebo group. Consequently, significant differences were noted between 

placebo and treated groups however, it varies in accordance to the conditions i.e., the FSS 

score between the two groups did not differ both at t0 (difference: 0.10 ± 0.17, t176=0.552, 

p=0.58) and t1 (difference: 0.20 ± 0.18, t176=1.111, p=0.27), but the FSS value of the treat-

ment group was significantly lower than the placebo both at t2 (difference: 0.86 ± 0.18, 

t176=4.652, p<0.001) and at t3 (difference: 1.55 ± 0.18, t176=8.379, p<0.001). Finally, the FSS 

score increased significantly with the increasing age of subjects (Figure 4, 0.009 ± 0.004, 

t176=2.137, p=0.034). 

Regarding the SF-12 questionnaire, the LMM model (Table 4) did not indicate any 

statistically significant effects. A slight tendency towards an increase in the questionnaire 

score was observed in the food supplement group (Figure 5), but this tendency was not 

statistically significant (p=0.91). 

Table 4. Results of the LMM model for the score of the FSS and SF-12 questionnaires. 

Model Gdlnum gdl den F P 

FSS     

Measurement 3 176 6.104 <0.001 

Treatment 1 206 30.39 <0.001 

Gender 1 158 0.968 0.33 

Age 1 194 4.568 0.034 

Measurement x Treatment 3 176 17.73 <0.001 

SF-12     

Measurement 3 179 0.219 0.88 

Treatment 1 221 1.631 0.20 

Gender 1 198 0.495 0.48 

Age 1 217 1.983 0.16 

Measurement x Treatment 3 179 0.171 0.92 
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Figure 3. Variation of the FSS score at the 4 measurements in the two experimental groups. 

 

Figure 4. Variation of the FSS score in relation to the age of the subjects. 
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Figure 5. Variation of the SF-12 score across the 4 measurements in the two experimental groups. 

Concerning the secondary outcomes, the LMM models applied to the biochemical 

markers did not show any differential effect of treatment on the response of the variables 

between the two measurements (t0 and t2, see Table 5). In fact, the measurement × 

treatment interaction was not significant in any case (Table 6). For cortisol, Mg++, K+, 

vitamin B12, folic acid and vitamin D, no significant effect was observed for any inde-

pendent variable at all. Significant differences between initial value (t0) and final value 

(t2), regardless of the experimental treatment (i.e., placebo and food supplement), were 

noted for C-reactive protein (CRP), IL-6, Ca++ and Creatine phosphokinase (CPK) (Table 

6). In particular, the values of CRP and IL-6 decreased significantly in both experimental 

groups between t0 and t2 (CRP: 0.88 ± 0.34, t80=2.607, p=0.011; IL-6: 0.48 ± 0.24, t110= 

1.988, p=0.050), while those of Ca++ and CPK increased between the two measurements 

(Ca++: 0.20 ± 0.09, t110=2.207, p=0.029; CPK: 12.2 ± 6.1, t79=1.999, p=0.049). Finally, the IL-6 

value was significantly higher in the food supplement than in the placebo group, re-

gardless of the measurement (0.48 ± 0.24, t110=1.980, p=0.050). 

Finally, during the three months of treatment, no subjects reported adverse reactions 

related to the administration of Improve® Response food supplement, including the ab-

sence of allergies, and the principal investigator judged that this food supplement can be 

considered to be well tolerated. 

Table 5. Values of biochemical markers (mean ± standard deviation, minimum and maximum) at 

the t0 and t2 measurements of the study in the two experimental groups. 

Biochemical markers Placebo Treatment 

 t0 t2 t0 t2 

CRP (mg/L) 
4.5 ± 1.8 

(2 – 7) 

3.1 ± 2.3 

(0 – 7) 

4.0 ± 1.7 

(2 – 7) 

3.6 ± 1.4 

(2 – 6) 

Cortisol (μg/dl) 
15.2 ± 5.0 

(7 – 25) 

15.3 ± 5.6 

(8 – 25) 

17.3 ± 5.7 

(8 – 25) 

16.4 ± 6.2 

(7 – 25) 

IL-6 (pg/ml) 
3.4 ± 1.4 

(1 – 5.5) 

2.9 ± 1.1 

(1.3 – 4.8) 

3.8 ± 1.4 

(1.2 – 5.7) 

3.4 ± 1.3 

(1.1 – 5.1) 

Mg++ (mEq/L) 
2.0 ± 0.2 

(1.7 – 2.2) 

1.9 ± 0.2 

(1.7 – 2.2) 

1.9 ± 0.1 

(1.7 – 2.2) 

2.0 ± 0.1 

(1.7 – 2.2) 

K+ (mEq/L) 
4.5 ± 0.4 

(3.8 – 5.1) 

4.5 ± 0.3 

(3.8 – 5.1) 

4.5 ± 0.4 

(3.8 – 5.1) 

4.4 ± 0.4 

(3.8 – 5.1) 

Ca++ (mEq/L) 
9.2 ± 0.5 

(8.6 – 10.2) 

9.4 ± 0.5 

(8.6 – 10.2) 

9.3 ± 0.5 

(8.7 – 10.3) 

9.5 ± 0.5 

(8.7 – 10.2) 

CPK (U/L) 
73.3 ± 34.5 

(22 – 142) 

90.7 ± 34.7 

(31 – 145) 

84.5 ± 33.8 

(34 – 140) 

91.6 ± 35.5 

(21 – 143) 

Vitamin B12 (pg/ml) 
524.4 ± 189.4 

(197 – 880) 

559.6 ± 191.7 

(242 – 869) 

603.1 ± 188.6 

(277 – 888) 

583.4 ± 198.7 

(192 – 840)– 

Folic acid (ng/mL) 
15.8 ± 7.1 

(4.1 – 26.3) 

15.6 ± 7.0 

(4.3 – 26.5) 

15.5 ± 5.9 

(4.3 – 25.3) 

14 ± 6.9 

(4 – 26.9) 

Vitamin D (ng/mL)* 
48.4 ± 24.9 

(11 – 98) 

48.2 ± 26.5 

(12 – 92) 

50.6 ± 26.4 

(14 – 98) 

60.6 ± 28.0 

(13 – 96) 

*expressed as 25-hydroxyvitamin D3. 

 

Table 6. LMM model results for biochemical marker values. 

Model Dfnum df den F P 

CRP     

Measurement 1 110 6.796 0.011 

Treatment 1 110 0.002 0.97 

Gender 1 110 1.172 0.28 

Age 1 110 0.072 0.79 
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Measurement x Treatment 1 110 2.511 0.12 

Cortisol     

Measurement 1 80 0.130 0.72 

Treatment 1 88 2.234 0.14 

Gender 1 65 0.436 0.51 

Age 1 83 0.049 0.82 

Measurement x Treatment 1 80 0.210 0.65 

IL-6     

Measurement 1 110 3.921 0.050 

Treatment 1 110 3.775 0.050 

Gender 1 110 3.112 0.08 

Age 1 110 0.692 0.41 

Measurement x Treatment 1 110 0.028 0.87 

Mg++     

Measurement 1 59 0.505 0.48 

Treatment 1 87 0.067 0.80 

Gender 1 57 0.049 0.82 

Age 1 79 0.013 0.91 

Measurement x Treatment 1 59 2.825 0.10 

K+     

Measurement 1 65 0.000 0.99 

Treatment 1 83 0.093 0.76 

Gender 1 54 0.956 0.33 

Age 1 76 0.222 0.64 

Measurement x Treatment 1 65 0.115 0.74 

Ca++     

Measurement 1 110 4.873 0.029 

Treatment 1 110 1.140 0.29 

Gender 1 110 0.026 0.87 

Age 1 110 0.601 0.44 

Measurement x Treatment 1 110 0.078 0.78 

CPK     

Measurement 1 79 3.998 0.049 

Treatment 1 92 0.766 0.38 

Gender 1 69 0.184 0.67 

Age 1 87 3.413 0.07 

Measurement x Treatment 1 79 0.695 0.41 

Vitamin B12     

Measurement 1 110 0.048 0.83 

Treatment 1 110 2.417 0.12 

Gender 1 110 3.593 0.06 

Age 1 110 0.068 0.79 

Measurement x Treatment 1 110 0.600 0.44 

Folic acid     

Measurement 1 110 0.461 0.50 

Treatment 1 110 0.644 0.42 

Gender 1 110 2.783 0.10 

Age 1 110 0.196 0.66 

Measurement x Treatment 1 110 0.271 0.60 

Vitamin D     

Measurement 1 79 0.989 0.32 

Treatment 1 83 2.350 0.13 

Gender 1 60 1.093 0.30 

Age 1 78 0.015 0.90 

Measurement x Treatment 1 79 1.089 0.30 

4. Discussion 
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In this study, a combination of a chemically characterized pomegranate extract (rich 

in dietary polyphenols) and hydro-soluble vitamins (i.e., B complex and C) used as a food 

supplement, was studied for its efficacy in the improvement of prolonged fatigue in a 

monocentric, randomized, double-blind, placebo-controlled clinical trial.  

RP-UHPLC analysis coupled with a Q Exactive hybrid quadrupole-Orbitrap mass 

spectrometer showed the presence of 59 compounds in the pomegranate extract. The 

results support previous reports on the phytochemical composition of pomegranate ex-

tracts, although no study to date has determined the metabolic profile of these extracts in 

such detail [34-37]. 

According to European legislation, food supplements could be provided for the 

healthy population as they may exert nutritional or physiological effects but cannot exert 

therapeutic effects [38]. A large body of evidence suggests that prolonged fatigue is a 

non-pathological subjective condition. It is manifested by persistent or repeated inci-

dence of clinically unexplainable fatigue events (i.e., exhaustion and lack of energy, 

muscular pain, inability to focus, and orthostatic intolerance) following physical, mental 

or infectious triggers, which may exert an impact on daily life routines [39]. Thus, sub-

jects with mild to moderate prolonged fatigue with similar sociodemographic character-

istics were recruited and monitored to test the potential effects of the food supplementa-

tion FSS score at four-time intervals (t0, t1, t2, and t3). At the first time point (t0), no sta-

tistically significant differences were found between FSS values recorded for the subjects 

enrolled in the placebo group or the food supplement group, showing that the recruited 

subjects demonstrated similar characteristics regardless of the group to which they be-

longed. At t1, the FSS scores were found to be lower than the values recorded at re-

cruitment (t0) in both groups (placebo and treated groups) with no statistically significant 

difference between the two groups. However, at t2 and t3 following the intake of the food 

supplement, the FSS score decreased in a highly significant way in the treated group 

(p<0.001), with values that dropped from 2.9 (t0) to 2.4 (t1), 2.3 (t2), and 1.7 (t3), showing 

an improvement in fatigue symptoms that continued even after the food supplement was 

discontinued. For the placebo group, the FSS scores at t2 and t3 increased and returned to 

the values recorded at t0, indicating that the placebo effect ends after a month (t1), and 

the subjects return to suffering from the same symptoms of prolonged fatigue recorded at 

baseline. Moreover, an independent effect was observed on FSS score for the age of sub-

jects, as there was a significant increase in the score with increasing age regardless of the 

treatment, showing the increased vulnerability of the individual to physical and mental 

fatigue with advanced age [41]. Based on this data, on average the recruited subjects 

showed a good improvement in fatigue severity, with the intake of food supplements 

confirming our previous results [5]. 

As a secondary outcome, a questionnaire on the quality of life, SF-12, was used. The 

results show a slight, non-significant, tendency towards an increase in the quality of life, 

with SF-12 values increasing from 30.5 (t0) to 32 (t3) for the food supplement group. For 

the placebo group, the recorded SF-12 values were constant (SF-12 values ranging from 

27.6 at t0 to 27.7 at t3). 

These results taken together are consistent with previous findings on pomegranate 

extract and hydro-soluble vitamins. Swamy et al. [41] reported on the anti-fatigue effects 

of pomegranate peel extract by assessing its efficacy on swimming performance in rats, 

which resulted in reduced malondialdehyde levels and increased glycogen contents. 

Moreover, acute ingestion of pomegranate extract 30 min before exercise delayed fatigue 

during exercise in a randomized, double-blind, placebo-controlled crossover study in-

cluding 19 active individuals, indicating that pomegranate extract is ergogenic for in-

termittent running [42]. In addition, an inadequate intake of hydro-soluble vitamins is a 

challenging issue worldwide due to their rapid excretion from the body and the body’s 

subsequent inability to maintain them in long-term storage, thus increasing the risk of 

weakness, fatigue, apathy, and loss of appetite. An adequate intake of these vitamins may 

improve fatigue by targeting basic metabolic pathways supporting energy production, 

oxygen transport, mitochondrial function, and reduced free radical production [8]. 
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Moreover, Vitamins B1, B5, B9 and C possess a beneficial role in maintaining brain 

structure, regulating intercellular connections and biosynthesis of neurotransmitters, 

which ultimately results in improved psychological and cognitive functions [8]. The po-

tential role of vitamin B complex in improving the symptoms associated with fatigue has 

been suggested across multiple studies. Supplementation of male athletes with B vita-

mins (B1 100 mg/tablet, B2 10 mg/tablet, B6 10 mg/tablet, B12 20 µg/tablet) significantly 

decreased the number of fatigue-associated complaints after exercise with an increase in 

blood glucose, when supplemented with two tablets 3-days before exercise, and two 

tablets after exercise to support the recovery from fatigue [43]. Similarly, supplementa-

tion of obese adults with vitamin C (500 mg/day) for 4-weeks resulted in a decrease of 

general fatigue scores by 5.9 U as compared to control (1.9 U), with improvements in 

other parameters such as heart rate and perceptions of exercise during moderate exercise 

[44]. Yeom et al. [45] demonstrated an improvement of fatigue symptoms, reflected by 

fatigue scores such as FSS and Visual Analogue Scale (VAS) along with biochemical pa-

rameters i.e., blood vitamin C status, hemoglobin A1c, cortisol, aspartate aminotranfer-

ase, alanine aminotranferase, and CRP. 

Regarding the other secondary outcomes (measured at t0 and t2), the intake of the 

food supplement did not show a significant effect on the biochemical markers between 

the beginning and the end of the clinical trial, as they remained quite constant and within 

normal ranges for both food supplement and placebo groups. 

In particular, as far as IL-6 is concerned, the recruited subjects had IL-6 blood values 

typical of healthy subjects as defined by a recent meta-analysis, including 57 published 

studies with 3196 IL-6 values recorded in the blood of healthy donors, which reported 

that the average IL-6 blood levels ranges from 4.631 to 5.740 pg/mL in the majority of 

healthy individuals. Literature data report that pomegranate polyphenols possess high 

biological activity during pathological inflammation. In fact, following an intake of 

pomegranate juice or extract, several clinical trials have shown a decrease in IL-6 blood 

levels in patients suffering from type 2 diabetes [46], obesity [47], non-alcoholic fatty liver 

disease [48], undergoing hemodialysis [49], or in athletes in which strenuous exercise 

may induce systemic inflammation [50]. However, the results reported in the literature 

and those of this study are only apparently discordant; in these aforementioned clinical 

trials, the treatment with pomegranate induced a reduction of elevated IL-6 blood con-

centrations caused by pathological inflammation, while in this present clinical trial, the 

IL-6 blood concentrations recorded in the recruited non-pathological subjects did not 

change before and after the food supplement treatment, remaining at normal uninflamed 

levels. It should be noted that in healthy subjects, IL-6 is synthesized by muscles and by 

adipocytes during their differentiation, without it being an indication of cellular damage 

or disease, and the presence of IL-6 is correlated to tissue regeneration, metabolism, bone 

homeostasis, and host defense [50]. Our results are similar to those published by other 

researchers that reported that serum markers of inflammation and muscle damage (i.e., 

IL-6, CRP, and CPK) did not show a significant effect between the beginning and the end 

of the clinical trial, for the food supplement and the placebo groups [51,52]. In addition, 

our results agree with those obtained by O’Doherty et al. showing that supplementation 

with B vitamins and vitamin C, used alone or in combination, did not alter CRP concen-

trations in middle-aged, apparently healthy men [53]. 

This study shows strengths and limitations. The main strengths are that the efficacy 

of the food supplement was determined in a clinical trial with a robust design allowing to 

suggest a safe and effective treatment for the large part of population with mild to mod-

erate prolonged fatigue. The main limitations are that it was no possible to show an im-

provement in the quality of life after the supplementation probably due to the fact that as 

the sample number calculation was conducted on the primary outcome, namely the FSS 

questionnaire, the number of subjects is insufficient to provide a statistically significant 

conclusion for this increase in SF-12, and the mechanism through which the food sup-

plement exerts its effect is still largely unknown. 
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In conclusion, this study shows that a food supplement based on the combination of 

a chemically characterized pomegranate extract, B vitamins, and vitamin C, supple-

mented for two months of intake in healthy consumers, reduces prolonged fatigue. The 

mechanism of action is yet to be elucidated, but considering the high content of ellag-

itannins in this pomegranate extract that are able to reshape the gut microbiota by in-

creasing eubiotic bacteria (Lactobacillaceae), likely through urolithins generated from the 

metabolism of polyphenolic components of pomegranate [54], and due to the suggested 

role of gut microbiota in prolonged and chronic fatigue [55], an in vitro study on the 

mechanism of action of this food supplement and pomegranate extract, evaluating the 

effect on the composition and functionality of gut microbiota, is currently in progress. 

Author Contributions: Conceptualization, M.D.; methodology, E.S., R.P., L.F.D.L., G.P. and P.C.; 

software, E.S., A.D.M., L.F.D.L., A.B. and P.C.; validation, H.U., R.P., C.R., R.S. and G.P.; formal 

analysis, R.P., S.K., R.S. and M.D.; investigation, H.U., A.D.M., A.B. and M.D.; resources, D.G.B. and 

H.E.S.; data curation, D.G.B., A.B., S.K. and R.S.; writing—original draft preparation, H.U., E.S., 

A.D.M., D.G.B., L.F.D.L. and M.D.; writing—review and editing, H.U., E.S., A.D.M., H.E.S. and 

M.D.; visualization, H.U.; supervision, M.D.; project administration, C.R. 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 A.S.L. Napoli 1 CENTRO (deliberation 

N° 1953 - 11/11/2022). 

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

study. 

Data Availability Statement: Not available. 

Acknowledgments: The authors wish to express their gratitude to the Medical Doctors: Barbarano 

Federico, Balassi Mariangela, Facchini Giovanni, Garaffa Corinna, Laringe Matteo, Papulino Fran-

cesco, Polistina Claudio, Caruso Ciro, Volpe Augusto, Savarese Aniello (Comegen S.c.S., Società 

Cooperativa Sociale di Medici di Medicina Generale, Viale Maria Bakunin, 41, 80125 Naples, Italy). 

Their generous contributions of time and expertise are greatly appreciated. In addition, the authors 

wish to express their gratitude to Francesca Coppola for her valuable contribution in the collection 

of the data, and to Eris Scott-Perring for English language support. The authors wish to express 

their gratitude to ESSERRE srl for providing the samples tested in this investigation. 

Conflicts of Interest: C.R. is an employee of ESSERRE srl. None of the academic researchers listed 

as co-authors served as consultant for ESSERRE srl or received any personal compensation from 

ESSERRE srl. 

References 

1. Phillips, R.O. A review of definitions of fatigue–And a step towards a whole definition. Transp. Res. F Traffic Psychol. Behav. 

2015, 29, 48-56. 

2. Kamal, M.; Rahman, M.M. Advances in fatigue life modeling: a review. Renew. Sust. Energ. Rev. 2018, 82 940-949. 

3. Gawron V.J.; French J.; Funke D. An overview of fatigue. Stress, workload, and fatigue. In: Hancock P.A., Desmond P.A. (eds) 

Stress, workload, and fatigue. CRC Press, Boca Raton, 2000; pp. 581–595. 

4. Kluger B.M.; Krupp L.B.; Enoka R.M. Fatigue and fatigability in neurologic illnesses: proposal for a unified taxonomy. Neu-

rology 2013, 80, 409–416 

5. Esposito, C.; Santarcangelo, C.; Di Minno, A.; Sacchi, R.; Sommella, E.; De Lellis, L.F.; De Pasquale, M.A.; Montarolo, F.; Cam-

piglia, P.; Baldi, A.; Riccioni, C; Daglia, M. Chemical characterization and preliminary evaluation of the efficacy and tolerabil-

ity of a food supplement based on pomegranate extract, B vitamins, and vitamin C against prolonged fatigue in healthy con-

sumers. Processes 2022, 10, 208. 

6. Davis, M.P.; Walsh, D. Mechanisms of fatigue. J. Support. Oncol. 2010, 8, 164-74. 

7. Kant, I.J.; Bültmann, U.; Schröer, K.A.P.; Beurskens, A.J.H.M.; Van Amelsvoort, L.G.P.M.; Swaen, G.M.H. An epidemiological 

approach to study fatigue in the working population: the Maastricht cohort study. Occup. Environ. Med. 2003, 60, i32-i39. 

8. Tardy, A.L.; Pouteau, E.; Marquez, D.; Yilmaz, C.; Scholey, A. Vitamins and minerals for energy, fatigue and cognition: a nar-

rative review of the biochemical and clinical evidence. Nutrients 2020, 12, 228. 

9. Swaen, G.M.H.; Van Amelsvoort, L.G.P.M.; Bültmann, U.; Kant, I.J. Fatigue as a risk factor for being injured in an occupation-

al accident: results from the Maastricht cohort study. Occup. Environ. Med. 2003, 60, i88-i92. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 May 2023                   doi:10.20944/preprints202305.1411.v1

https://doi.org/10.20944/preprints202305.1411.v1


 

 

10. Yancey, J.R.; Thomas, S.M. Chronic fatigue syndrome: diagnosis and treatment. Am. Fam. Physician 2012, 86, 741-746. 

11. Muecke, M.; Cuhls, H.; Peuckmann-Post, V.; Minton, O.; Stone, P.; Radbruch, L. Pharmacological treatments for fatigue asso-

ciated with palliative care. Cochrane Database Syst. Rev. 2015, 2015, CD006788. 

12. da Silva, J.A.T.; Rana, T.S.; Narzary, D.; Verma, N.; Meshram, D.T.; Ranade, S.A. Pomegranate biology and biotechnology: a 

review. Sci. Hortic. 2013, 160, 85-107. 

13. Viuda-Martos, M.; Fernández-López, J.; Pérez-Álvarez, J.A. Pomegranate and its many functional components as related to 

human health: a review. Compr. Rev. Food sci. Food saf. 2010, 9, 635-654. 

14. Viuda-Martos, M.A.N.U.E.L.; Pérez-Álvarez, J.A.; Sendra, E.; Fernández-López, J.U.A.N.A. In vitro antioxidant properties of 

pomegranate (Punica granatum) peel powder extract obtained as coproduct in the juice extraction process. J. Food Process. 

Preserv. 2013, 37, 772-776. 

15. Urbaniak, A.; Skarpańska-Stejnborn, A. Effect of pomegranate fruit supplementation on performance and various markers in 

athletes and active subjects: a systematic review. Int. J. Vitam. Nutr. Res. 2019, 91, 547–561. 

16. Ammar, A.; Bailey, S.J.; Chtourou, H.; Trabelsi, K.; Turki, M.; Hökelmann, A.; Souissi, N. Effects of pomegranate supplemen-

tation on exercise performance and post-exercise recovery in healthy adults: a systematic review. Br. J. Nutr. 2018, 120, 

1201-1216. 

17. Wang, P.; Zhang, Q.; Hou, H.; Liu, Z.; Wang, L.; Rasekhmagham, R.; Kord-Varkaneh, H.; Santos, H.O.; Yao, G. The effects of 

pomegranate supplementation on biomarkers of inflammation and endothelial dysfunction: a meta-analysis and systematic 

review. Complement. Ther. Med. 2020, 49, 102358. 

18. Bellows, L.; Moore, R.; Anderson, J.; Young, L. 2012. Water-soluble vitamins: B-complex and vitamin C. Food and nutrition se-

ries. Health; no. 9.312. https://extension.colostate.edu/docs/foodnut/09312.pdf (accessed on 21 March 2023) 

19. Chakraborthy, A.; Ramani, P.; Sherlin, H.J.; Premkumar, P.; Natesan, A. Antioxidant and pro-oxidant activity of Vitamin C in 

oral environment. Indian J. Dent. Res. 2014, 25, 499. 

20. Ueland, P.M.; McCann, A.; Midttun, Ø.; Ulvik, A. Inflammation, vitamin B6 and related pathways. Mol. Aspects Med. 2017, 53, 

10-27. 

21. Peterson, C.T.; Rodionov, D.A.; Osterman, A.L.; Peterson, S.N. B vitamins and their role in immune regulation and cancer. 

Nutrients 2020, 12, 3380. 

22. Rodrigo, R.; Prieto, J.C.; Aguayo, R.; Ramos, C.; Puentes, Á.; Gajardo, A.; Panieri, E.; Rojas-Solé, C.; Lillo-Moya, J.; Saso, L. 

Joint cardioprotective effect of vitamin C and other antioxidants against reperfusion injury in patients with acute myocardial 

infarction undergoing percutaneous coronary intervention. Molecules 2021, 26, 5702. 

23. Monacelli, F.; Acquarone, E.; Giannotti, C.; Borghi, R.; Nencioni, A. Vitamin C, aging and Alzheimer’sdisease. Nutrients 2017, 

9, 670. 

24. Ragheb, S.R.; El Wakeel, L.M.; Nasr, M.S.; Sabri, N.A. Impact of rutin and vitamin C combination on oxidative stress and gly-

cemic control in patients with type 2 diabetes. Clin. Nutr. ESPEN 2020, 35, 128-135. 

25. Aljaadi, A.M.; Devlin, A.M.; Green, T.J. Riboflavin intake and status and relationship to anemia. Nutr. Rev. 2023, 81, 114-132. 

26. Werbach, M.R. Nutritional strategies for treating chronic fatigue syndrome, Altern. Med. Rev. 2000, 5, 93-108. 

27. Barnish, M.; Sheikh, M.; Scholey, A. Nutrient therapy for the improvement of fatigue symptoms. Nutrients 2023, 15, 2154. 

28. Ullah, H.; Sommella, E.; Santarcangelo, C.; D’Avino, D.; Rossi, A.; Dacrema, M.; Di Minno, A.; Di Matteo, G.; Mannina, L.; 

Campiglia, P.; Magni, P.; Daglia, M. Hydroethanolic extract of Prunus domestica L.: metabolite profiling and in vitro modula-

tion of molecular mechanisms associated to cardiometabolic diseases. Nutrients 2022, 14, 340. 

29. Cohen, H.A.; Varsano, I.; Kahan, E.; Sarrell, E.M.; Uziel, Y. Effectiveness of an herbal preparation containing echinacea, prop-

olis, and vitamin C in preventing respiratory tract infections in children: a randomized, double-blind, placebo-controlled, 

multicenter study. Arch. Pediatr. Adolesc. Med. 2004, 158, 217-221. 

30. Bates, D.; Maechler, M.; Bolker, B.; Walker, S. Fitting linear mixed-effects models using lme4, J. Stat. Soft. 2015, 67, 1–48. 

31. R Core Team R. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, 

Austria, 2020. Available online: http://www.r-project.org/index.html (accessed on 23 October 2022). 

32. Sumner, L.W.; Amberg, A.; Barrett, D.; Beale, M.H.; Beger, R.; Daykin, C.A.; Fan, T.W.M.; Fiehn, O.; Goodacre, R.; Griffin, J .L.; 

Hankemeier, T. Proposed minimum reporting standards for chemical analysis: chemical analysis working group (CAWG) 

metabolomics standards initiative (MSI). Metabolomics 2007, 3, 211-221. 

33. Calvert, M.; Blazeby, J.; Altman, D.G.; Revicki, D.A.; Moher, D.; Brundage, M.D.; CONSORT PRO Group, F.T. Reporting of 

patient-reported outcomes in randomized trials: the CONSORT PRO extension. JAMA 2013, 309, 814-822. 

34. Singh, B.; Singh, J.P.; Kaur, A.; Singh, N. Antimicrobial potential of pomegranate peel: a review. Int. J. Food sci. Technol. 2019, 

54, 959-965. 

35. Bassiri-Jahromi, S. Punica granatum (Pomegranate) activity in health promotion and cancer prevention. Oncol. Rev. 2018, 12, 

345 

36. Khomich, L.M.; Perova, I.B.; Eller, K.I. Pomegranatejuicenutritionalprofile. Vopr. Pitan. 2019, 88, 80-92. 

37. Benchagra, L.; Berrougui, H.; Islam, M.O.; Ramchoun, M.; Boulbaroud, S.; Hajjaji, A.; Fulop, T.; Ferretti, G.; Khalil, A. Antiox-

idant effect of moroccan pomegranate (Punicagranatum L. sefri variety) extracts rich in punicalagin against the oxidative stress 

process. Foods 2021, 10, 2219. 

38. Directive, E.U. Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of 

the laws of the Member States relating to food supplements. Official Journal of the European Communities: Legislation 2002, 45, 

51-57. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 May 2023                   doi:10.20944/preprints202305.1411.v1

https://extension.colostate.edu/docs/foodnut/09312.pdf
http://www.r-project.org/index.html
https://doi.org/10.20944/preprints202305.1411.v1


 

 

39. Norberg, E.B.; Boman, K.; Löfgren, B. Impact of fatigue on everyday life among older people with chronic heart failure. Aust. 

Occup. Ther. J. 2010, 57, 34-41. 

40. Yavuz, Ş.U.; Şendemir-Ürkmez, A.; Türker, K.S. Effect of gender, age, fatigue and contraction level on electromechanical de-

lay. Clin. Neurophysiol. 2010, 121, 1700-1706. 

41. Swamy, M.S.L.; Naveen, S.; Singsit, D.; Naika, M.; Khanum, F. Anti-fatigue effects of polyphenols extracted from pomegran-

ate peel. Int. J. Integr. Biol. 2011, 11, 69-72. 

42. Trexler, E.T., Smith-Ryan, A.E., Melvin, M.N., Roelofs, E.J. and Wingfield, H.L. Effects of pomegranate extract on blood flow 

and running time to exhaustion. Appl. Physiol. Nutr. Metab. 2014, 39, 1038-1042. 

43. Suzuki, M.; Itokawa, Y. Effects of thiamine supplementation on exercise-induced fatigue. Metab. Brain Dis. 1996, 11, 95-106. 

44. Huck, C.J.; Johnston, C.S.; Beezhold, B.L.; Swan, P.D. Vitamin C status and perception of effort during exercise in obese adults 

adhering to a calorie-reduced diet. Nutrition 2013, 29, 42-45. 

45. Yeom, C.H.; Jung, G.C.; Shin, S.W.; Kim, S.; Choi, J.; Lee, W.; Kang, J.; Song, K. Changes in worker fatigue after vitamin C ad-

ministration. J. Orthomol. Med. 2008, 23, 205. 

46. Grabež, M.; Škrbić, R.; Stojiljković, M.P.; Vučić, V.; Grujić, V.R.; Jakovljević, V.; Djuric, D.M.; Suručić, R.; Šavikin, K.; Bigović, 

D.; Vasiljević, N. A prospective, randomized, double-blind, placebo-controlled trial of polyphenols on the outcomes of in-

flammatory factors and oxidative stress in patients with type 2 diabetes mellitus. Rev. Cardiovasc. Med. 2022, 23, 57. 

47. Hosseini, B.; Saedisomeolia, A.; Wood, L.G.; Yaseri, M.; Tavasoli, S. Effects of pomegranate extract supplementation on in-

flammation in overweight and obese individuals: a randomized controlled clinical trial. Complement. Ther. Clin. Pract. 2016, 22, 

44-50. 

48. Jafarirad, S.; Goodarzi, R.; Mohammadtaghvaei, N.; Dastoorpoor, M.; Alavinejad, P. Effectiveness of the pomegranate extract 

in improving hepatokines and serum biomarkers of non-alcoholic fatty liver disease: a randomized double blind clinical trial. 

Diabetes. Metab. Syndr. 2023, 17, 102693. 

49. Jafari, T.; Fallah, A.A.; Reyhanian, A.; Sarmast, E. Effects of pomegranate peel extract and vitamin E on the inflammatory sta-

tus and endothelial function in hemodialysis patients: a randomized controlled clinical trial. Food Funct. 2020, 11, 7987-7993. 

50. Urbaniak, A.; Basta, P.; Ast, K.; Wołoszyn, A.; Kuriańska–Wołoszyn, J.; Latour, E.; Skarpańska–Stejnborn, A. The impact of 

supplementation with pomegranate fruit (Punica granatum L.) juice on selected antioxidant parameters and markers of iron 

metabolism in rowers. J. Int. Soc. Sports Nutr. 2018, 15, 35. 

51. Trombold, J.R.; Barnes, J.N.; Critchley, L.; Coyle, E.F. Ellagitannin consumption improves strength recovery 2-3 d after eccen-

tric exercise. Med. Sci. Sports Exerc. 2010, 42, 493-8. 

52. Lamb, K.L.; Ranchordas, M.K.; Johnson, E.; Denning, J.; Downing, F.; Lynn, A. No effect of tart cherry juice or pomegranate 

juice on recovery from exercise-induced muscle damage in non-resistance trained men. Nutrients 2019, 11, 1593. 

53. O’Doherty, M.G.; Gilchrist, S.E.C.M.; Young, I.S.; McKinley, M.C.; Yarnell, J.W.G.; Gey, K.F.; Evans, A.; Skidmore P.M.L.; 

Woodside, J.V. Effect of supplementation with B vitamins and antioxidants on levels of asymmetric dimethylarginine (AD-

MA) and C-reactive protein (CRP): a double-blind, randomised, factorial design, placebo-controlled trial. Eur. J. Nutr. 2010, 49, 

483-492. 

54. Lu, X.Y.; Han, B.; Deng, X.; Deng, S.Y.; Zhang, Y.Y.; Shen, P.X.; Hui, T.; Chen, R.H.; Li, X.; Zhang, Y. Pomegranate peel extract 

ameliorates the severity of experimental autoimmune encephalomyelitis via modulation of gut microbiota. Gut Microbes 2020, 

12, 1857515. 

55. Sheedy, J.R.; Wettenhall, R.E.; Scanlon, D.; Gooley, P.R.; Lewis, D.P.; Mcgregor, N.; Stapleton, D.I.; Butt, H.L.; De Meirleir, K.L. 

Increased d-lactic acid intestinal bacteria in patients with chronic fatigue syndrome. In Vivo 2009, 23, 621-628. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 May 2023                   doi:10.20944/preprints202305.1411.v1

https://doi.org/10.20944/preprints202305.1411.v1

