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Abstract: Hysterectomy has a variety of medical indications and improves pre-operative symptoms 

but might compromise the quality of life during recovery due to symptoms such as fatigue, headache, 

nausea, depression, or pain. The aim of the present study was to determine the effect of a standardized 

extract from French oak wood (Quercus robur) containing at least 40% polyphenols of the ellagitannins 

class, Robuvit®, on convalescence and oxidative stress of women after hysterectomy. Recovery status 

was monitored with the SF-36 questionnaire. The supplementation with Robuvit® (300 mg/day) during 

4 weeks significantly improved general and mental health, while under placebo some items 

significantly deteriorated. Oxidative stress and enhancement of MMP–9 activity was significantly 

reduced by Robuvit® versus placebo. After 8 weeks of intervention, the patients’ condition improved 

independently of the intervention. Our results suggest that the use of Robuvit® as a natural supplement 

relieves post-operative symptoms of patients after hysterectomy and reduces oxidative stress. The 

study was registered with ID ISRCTN 11457040 (13/09/2019).  

Keywords: hysterectomy; Robuvit®; oak wood extract; post-operative recovery; oxidative stress; 

matrix metalloproteinases; complementary medicine 

 

1. Introduction 

The surgical removal of the uterus, a hysterectomy, is one of the most common operative 

gynecological procedures.  

Total hysterectomy refers to the removal of the whole uterus including the cervix, subtotal 

hysterectomy refers to the removal of the uterus without the cervix. The latter is preferred by some 

surgeons in order to decrease the negative effect on pelvic floor and sexual functions, however, this has 

not been confirmed [1]. 
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Indications for hysterectomy include menorrhagia as the most frequent indication in 

premenopausal women due to myomas or adenomyosis, pelvic pain due to endometriosis/adenomyosis 

after unsuccessful conservative treatment and uterine prolapse. Malignancy or postpartum hemorrhage 

account only for 10% of all hysterectomies [2].  

In general, hysterectomy improves psychological and general wellbeing of the patients due to 

removal of the symptoms that led to the surgery. However, patients’ quality of life during postoperative 

recovery can be significantly impaired by symptoms such as fatigue, headache, nausea, depression, 

pain, wound infection and bleeding [3,4]. These symptoms may have an important social and economic 

impact [5]. 

So far, only a few studies have investigated the pathophysiology of the aforementioned 

postoperative symptoms. Some studies determined an association between fatigue, depression, anxiety, 

nausea and headache with oxidative stress [6–9]. 

During surgery, biological pathways leading to oxidative stress and the production of free radicals 

are activated [10,11]. The extent of oxidative stress depends on many factors such as the type, extent 

and time of surgery, operation technique, type of anaesthesia or perioperative analgesia [12–19]. 

Despite many studies on aspects of postoperative recovery, no consensus about a validated 

procedure to accelerate or assist recovery in this period exists [6]. 

Based on the reported positive effects of Robuvit® on energy levels and mental health [7] and the 

outcomes of clinical studies related to the improvement of fatigue symptoms [8–10], burnout [11], 

recovery after sport [20,21] or fatigue in medical convalescence [22], all in conjunction with the 

reduction of oxidative stress, we aimed to investigate the influence of Robuvit on the recovery of women 

after hysterectomy. Robuvit® (Horphag Research) (further referred to as Robuvit) is the proprietary 

water extract from the wood of French oak (Quercus robur L.) and contains at least 40% polyphenols 

such as ellagitannins. Roburins are ellagitannin dimers of which five structures have been reported so 

far, named A (Figure 1), B, C, D and E. Ellagitannin monomers are the stereoisomers vescalagin and 

castalagin [23,24]. In addition to roburins, Robuvit also contains gallic acid and ellagic acid [25,26]. 

 

Figure 1. Chemical structure of roburin A. 

Due to their high molecular weight, ellagitannins are not absorbed in the gastrointestinal tract, but 

are metabolized by gut bacteria yielding urolithins [27]. Urolithins A, B and C have been detected in 

plasma samples after the intake of Robuvit (25). 

In addition to the antioxidant properties of ellagitannins, anti-carcinogenic [28,29], anti-

inflammatory effects [30,31], antithrombotic [32] and antiplatelet properties [33] were described for 

ellagic acid. In our previous study, an increased total antioxidant capacity and a higher activity of 

antioxidative enzymes such as superoxide dismutase and glutathione peroxidase as well as decreased 
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levels of advanced oxidation protein products and lipoperoxides were determined after Robuvit 

administration (300 mg/day) to adult volunteers [34]. Additionally, in a pilot study, positive effects of 

Robuvit on mental health and energy level in healthy volunteers have been detected [7]. Evidence from 

gene expression analysis suggested that metabolites in the serum of volunteers after the intake of 

Robuvit can be responsible for improving functioning of ribosomes [25]. In addition, it was shown that 

urolithin A induces mitophagy promoting the regeneration of mitochondria for an improved 

performance [35]. 

Matrix metalloproteinases (MMPs) are enzymes responsible for the cleavage of extracellular 

matrix. They are important for normal tissue remodelling, but also contribute to matrix degradation 

under various pathologies [36,37]. The MMP family comprises almost 30 members that are historically 

divided into groups mostly by their substrate preference with MMP–2 and MMP–9 being gelatinases 

[36,38]. MMPs play a significant role in inflammatory processes. Any surgery involves tissue injury and 

is thus an event resulting in the onset of an inflammatory response. The subsequent wound healing is a 

complex process involving inflammation, proliferation and remodelling. The review by Pilcher et al. 

[39], details the role of MMPs in cutaneous wound healing. 

The primary outcome of the present study was to determine how Robuvit affected the mental and 

physical wellbeing of patients after vaginal hysterectomy followed by eight weeks of supplementation 

with Robuvit in a randomized, double-blind, placebo-controlled study. The secondary outcome was to 

determine the effect of Robuvit on oxidative stress and matrix metalloproteinase MMP–2 and MMP–9 

levels and activities. 

2. Material and Methods 

Subjects: Seventy female patients (age 52.9 ± 9.4 years) with a medical indication for vaginal 

hysterectomy were recruited to participate in the study between February 2015 and June 2018. All the 

patients underwent hysterectomy for benign indications such as meno–/metrorrhagia or uterine 

prolapse. Preoperatively, the patients did not take any analgesics or other drugs related to the 

symptomatology. Patients were registered at the Department of II. Gynecology and Obstetrics, Medical 

Faculty, Comenius University, Bratislava, Slovakia.  

Inclusion criteria: 

1. Age above 18 years. 

2. Medical indication for hysterectomy for benign indications such as meno/metrorrhagia or 

uterine prolapse. 

3. Signed informed consent. 

Exclusion criteria: 

1. Being enrolled in another study. 

2. Malignant disease, severe systemic disease, chronic autoimmune diseases. 

3. Significant psychiatric disorders or receiving antipsychotic drug. 

4. Preoperative intake of analgesics or other drugs related to the symptomatology. 

Since the present study was designed as an investigational pilot trial, a patient sample size was not 

calculated. 

Randomisation and blinding: Patients who underwent preoperative gynecological examination 

at the gynecological clinic and met the inclusion criteria were informed about the study and the 

possibility of enrolment. They were acquainted with the study protocol and answered the study 
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questions. Patients participating in the trial were assigned a sequential trial number (patient number). 

The list of trial numbers was linked to a computer-generated randomization list by StatsDirect program 

(randomized with seed: 57826). Capsules of Robuvit and placebo, identical in size, weight, colour and 

appearance, were delivered in boxes with code numbers to the Institute of Medical Chemistry, 

Biochemistry and Clinical Biochemistry of the Comenius University in Bratislava. The principal 

investigator, retaining the code, transferred the boxes to a technician of the same institute. The 

technician distributed the capsules of Robuvit or placebo from the coded boxes to the sample boxes for 

patients according to the randomisation scheme. The sample boxes for patients, marked with the sample 

number, were transferred to the Department of Gynecology and Obstetrics of the Medical Faculty. The 

technicians, the patients, the physicians and the statistician, evaluating the results of the study, were 

blinded until the end of the statistical evaluation. 

Intervention: After vaginal hysterectomy, capsules were dispensed to patients starting on the third 

day postoperatively. Patients received either 100 mg Robuvit three times daily (300 mg/day) (group 

with Robuvit) or three capsules placebo (group with placebo) for 8 weeks. Placebo capsules were of the 

same shape and appearance as capsules containing Robuvit. Robuvit® is a registered trademark of 

Horphag Research. Robuvit and placebo capsules were provided by Horphag Research. 

Patients were instructed to follow a standard diet, not to take antioxidant and polyphenol 

supplements. 

Clinical examination was performed before the intervention (week 0), after 4 and 8 weeks of 

Robuvit/placebo intervention. Patients were contacted by a doctor every week by phone and asked 

about compliance and possible problems. Fasting venous blood was collected before surgery (week 0) 

and 4 and 8 weeks after start of Robuvit or placebo administration. 

Four patients dropped out after signing informed consent. Sixty-six patients were included in this 

double-blind, randomized, placebo-controlled study and randomized into the active (33) and placebo 

groups (33). Five patients from the Robuvit and 13 patients from the placebo group dropped out shortly 

after surgery. Dropped out patients did not report any medical, but social or psychological reasons. The 

remaining patients completing the 4-week intervention (Robuvit group 28, placebo 20) and the 8-week 

intervention (Robuvit 24, placebo 17) were evaluated (Figure 2).  
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the study. 

Monitoring of post-operative recovery (primary outcome): Patients post-operational recovery 

was evaluated with the standardized and validated questionnaire SF-36 for health survey. Answers of 

patients were scored at baseline and after 4 and 8 weeks of intervention. All questionnaires underwent 

blinded analysis by a physician according to Hays et al. [40]. 

Biochemical analyses (secondary outcome): Fasting venous blood was collected before surgery 

(week 0) and after 4 and 8 weeks after the start of Robuvit/placebo administration (week 4, week 8).  

Blood plasma was obtained by centrifugation (10 min at 1200 x g) using EDTA as an anticoagulant. 

Serum was obtained by the standard procedure for blood samples by centrifugation in the absence of 

an anticoagulant. Blood plasma and serum samples were aliquoted and kept at –80 °C until analyses. 

Basic biochemical parameters (glucose, creatinine, uric acid, total proteins, triacylglycerols, total 

cholesterol, LDL- and HDL-cholesterol and high sensitivity C-reactive protein (hsCRP) were 

determined by standard biochemical procedures in Medirex servis, s.r.o. Bratislava.  

Investigation 

Analysed at the week 4 (n = 28) 

Analysed at the week 8 (n = 24) 

Analysed at the week 4 (n = 20) 

Analysed at the week 8 (n = 17) 

Follow-Up 

Dropped-out after week 4 (n = 3) Dropped-out after week 4 (n = 4) 

Enrollment 

Allocation 

Dropped out from the study after the 

signing of informed consent (n = 4) 

Placebo (n = 33) 

 Received allocated intervention (n = 20)  

 Dropped-out after week 0 (n = 13) 

 Robuvit (n = 33) 

 Received allocated intervention (n = 28) 

 Dropped-out after week 0 (n = 5) 

Assessed for eligibility (n = 70) 

from 138 addressed patients 

Randomized (n = 66) 
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The antioxidant capacity of plasma was determined by the TEAC method (trolox equivalent 

antioxidant capacity) on the Hitachi 911 automated analyser using the Randox set (United Kingdom). 

Antioxidant activity was expressed in nmol trolox/mL of plasma [41]. 

Lipid hydroperoxides (LPx) in blood serum were determined according to El–Saadani et al. [42], 

advanced oxidation protein products (AOPP) according to the modified Witko–Sarsat et al. [43]. 

The gelatinolytic activities of metalloproteinases (MMPs) in plasma were analyzed by zymography 

in 10% polyacrylamide gels containing gelatin as a substrate as described previously [44]. MMP 

activities were visualized as transparent bands against a dark-blue background and quantified by 

ImageJ software (National Institutes of Health, Bethesda, USA). MMP–9 and MMP–2 proteolytic 

activities were identified by determination of the molecular weight of the bands in the gels. The change 

in MMPs activity was expressed as % change compared to baseline activity (week 0), which was preset 

to 100%. 

For Western blot analysis, after an electrophoretic separation, the proteins were transferred onto a 

nitrocellulose membrane as described previously [45]. The quality of the transfer was verified by 

Ponceau S staining of the nitrocellulose membranes after transfer. A specific anti-MMP–9 antibody (H–

129, Santa Cruz Biotechnology, dilution 1:333) was used as the primary antibody. Peroxidase-labeled 

anti-rabbit immunoglobulin (7074S, Cell Signaling Technology, dilution 1:2000) was used as the 

secondary antibody. The bound antibodies were detected by the enhanced chemiluminescence 

detection method. The change in MMPs level was expressed as % change compared to baseline level 

(i.e., before the surgery) which was preset to 100%. 

3. Statistics 

Normality of data was determined with the Shapiro–Wilk test. The data of the groups at the 

individual weeks of investigation were compared relative to baseline values using the paired t–test (two 

sided) or Wilcoxon test, depending on the data distribution. The data difference between the Robuvit 

and the placebo groups at the given weeks was analysed by the Mann–Whittney test. Friedman’s 

test was used for all pairwise comparisons (Conover) for analysing differences in treatments 

(Robuvit/placebo). Pearson correlation was calculated to determine correlations between parametric 

data and Spearman correlation between non-parametric data.  

Statistical analyses were performed with StatsDirect® 3.1.22 (StatsDirect Sales, Sale, Cheshire, M33 

3UY, UK) and IBM SPSS Statistics 23. GraphPad Prism 8 was used to prepare the figure. P < 0.05 was 

considered as significant in all statistical analyses.  

4. Results 

Basic demographic data of patients revealed no statistical difference between the treatment groups 

(Table 1). 

Table 1. Basic demographic data of patients. 

Group Robuvit Placebo p 

n 33 33  

Age in years ± SD 51.0±9.1 50.3±9.0 0.135 

BMI ± SD 27.3±5.3 27.1±4.9 0.563 

BMI – body mass index (weight (kg) / height (m2)), p – significance, n – number of patients, SD – standard 

deviation. 

Robuvit was well tolerated by all patients. No unwanted effects were observed during the study.  

Recovery state was monitored with the SF–-36 questionnaire for the health survey, in which higher 

scores indicate better function/health. The score values of the SF–36 items at the baseline (before the 

intervention, week 0) between the Robuvit and placebo groups were not significantly different. 

However, after 4 weeks of Robuvit intervention, there was a significant difference between the Robuvit 
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group and placebo in the general health (GH; 79.59 vs. 71.04, p = 0.016), social functioning (SF; 79.54 vs. 

65, p = 0.031) and mental health (MH) score (78.62 vs. 72.4 p = 0.019) (Figure 3). 

The treatment effect in the Robuvit group examined by the Friedman‘s test in SF–36 questionnaire 

was significant (p = 0.028). In contrast, significance of treatment effect was not confirmed for the placebo 

(p = 0.101).  

In contrast, negative scores were recorded in the placebo group for role limitations due to physical 

health (RP) (p = 0.014), for general health (GH) (p = 0.042), for physical component summary (PCS) (p = 

0.014) and whole physical and mental health (SF–36) (p = 0.043) (Figure 3, Supplement S1). 

Changes in scores of individual health items after Robuvit and placebo after 8-week administration 

exceeded the baseline value score of all items in both groups ( Supplement S1). 
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Figure 3. Changes in scores of individual health items after 4–week Robuvit and placebo administration (numbers of analysed data in both groups are given in 

Flow diagram). R–Robuvit, Pl–placebo, PF–physical functioning, RP–role limitations due to physical health, PB–pain, GH–general health, PCS–physical 

Component Summary, VT–vitality, SF–social functioning, RE–role limitations due to emotional problems, MH–mental health, MCS–mental component 

Summary, SF–36, whole physical and mental health.* p < 0.05 for positive difference in Robuvit group between week 4 and week 0,** p <0.01 for positive 

difference in Robuvit group between week 4 and week 0, p < 0.05 for negative difference in placebo group between week 4 and week 0,# p <0.05 for difference 

between Robuvit and placebo groups. 
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Biochemical parameters (glucose, creatinine, uric acid, triacylglycerols) were within the range of 

physiological values before surgery. However, before the surgery total cholesterol and LDL 

cholesterol were slightly elevated above the physiological range (5.35 and 3.84 mmol/L, respectively). 

Total protein level (TP) increased after 8 weeks of Robuvit intake from 66.17 to 72.19 g/L (p = 0.003) 

but remained within the range of the physiological values. In the placebo group, total protein level 

did not change significantly from 67.9 to 69.16 g/L (p = 0.237). hsCRP was within the reference range 

at the beginning as well as after 8 weeks of intervention. 

Markers of oxidative stress and activities of MMP–9 and MMP–2 before and after 4 and 8 weeks 

intake of Robuvit or placebo are summarised in Table 2. As baseline values of MMP–9 and MMP–2 

varied among the patients, we set each basic activity (week 0) to 100%. After 4 and 8 weeks, measured 

activities were adjusted to corresponding baseline values in order to reveal changes in respective 

MMP activities. 

Levels of oxidative stress markers (AOPP, lipoperoxides and TEAC), as well as activity of MMP–

9 were significantly different between Robuvit and placebo groups after the 4 weeks of intervention, 

indicating that Robuvit decreased oxidative stress. After 8 weeks, MMP–9 activity was not different 

anymore between the Robuvit and placebo groups. MMP–2 activities were higher both after 4 and 8 

weeks of intervention in both groups (Robuvit and placebo) compared to baseline. However, there 

was no difference between Robuvit and the placebo group (Table 2). 

The difference in MMP–9 activities between the Robuvit and placebo groups after 4 weeks was 

accompanied by unchanged protein concentrations of this enzyme in plasma samples (median 101.9 

% in placebo, 105.5 % in Robuvit, p = 0.83). 

Table 2. Markers of oxidative stress and MMP–9 and MMP–2 before and after 4 and 8 weeks of 

intervention with Robuvit or placebo. 

  Robuvit      Placebo     p  p  

Week of intervention 0 4 8 0 4 8 
R vs. Pl 

at W4 

R vs. Pl 

at W8 

AOPP (µmol/L) 64.0±28.7 62.0±22.7 68.4±22.9 65.4±25.8 100.7±42.3 102.5±41.1     

n 28 24 24 27 20 18     

p W vs. W0   0.663 0.961   0.010 0.02 <0.001 <0.01 

Lipoperoxides 

(nmol/mL) 
36.2±10.4 30.9±9.8 31.4±9.5 36.3±10.3 40.2±8.5 39.1±8.02     

n 28 24 24 27 20 16     

p W vs. W0   <0.001 <0.001  0.622 0.597 0.030 0.017 

TEAC 

(nmol/mL) 
3.27±0.41 3.55±0.37 3.89±0.43 3.18±0.47 3.11±0.31 3.45±0.53     

n 26 26 26 20 20 18     

p W vs. W0   0.0164 <0.001   0.202 0.145 0.001 0.015 

MMP–9 (% of W0) 100 107.9±20.1 106.8±45.9 100 136.7±39.9 111.3±49.4     

n 28 28 27 21 20 19    

p W vs. W0   0.086 0.546   0.0012 0.490 0.0064 0.912 

MMP–2 (% of W0) 100 133.5±62.8 135.8±62.1 100 130.3±27.5 129.7±34.6    

n 27 27 27 19 19 19    

p W vs. W0   0.005 0.007   0.0002 0.0017 0.341 0.611 

AOPP–Advanced oxidation protein products; TEAC–trolox equivalent antioxidant capacity; MMP–

matrix metalloproteinase; p–statistical significance; W–week; n–number of samples; vs.– versus. 

Use of analgesics during the recovery period underlined these findings since intake of analgesics 

was considerably lower in the Robuvit group (8/28) as compared to placebo (10/20). 

The correlation analysis between oxidative stress markers, MMP activities and significantly 

altered parameters in the SF–36 questionnaire revealed no correlation between MMP levels and 

significantly changed items of the SF–36 questionnaire after 4-weeks (GH, SF, MH). However, higher 
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MMP–9 activity correlated with lower antioxidant capacity (Spearman's rank correlation coefficient 

(Rho) = –0,473043, 95% CI for rho (Fisher's Z transformed) = –0,735995 to –0,086071, Two sided p = 

0.0207), unlike the placebo, where this correlation was not significant (p = 0.183). 

5. Discussion 

The improvement of general and mental health under Robuvit, in contrast to the post-operative 

worsening of general health under the placebo, suggested that the use of Robuvit improved post-

operative recovery and reconvalescence within the four weeks following surgery, leading to 

significant differences in scores for general and mental health and social functioning in favour of 

Robuvit. 

The fact that scores of all items in the SF–36 questionnaire where higher compared to baseline 

values after 8 weeks for Robuvit as well as for placebo, indicated that patients experienced a full 

recovery, a complete convalescence and improved well-being due to the of elimination of pre- and 

post-operative symptoms after 8 weeks. 

The results of the present study are in accordance with results of our preceding study, 

demonstrating an improvement of energy metabolism and mental health of healthy adults by 

supplementation with Robuvit [7]. In patients recovering from hysterectomy, significant 

improvements of general health (+16.5%), social functioning (+22.5%) and mental health (+11.7%) 

relative to baseline were observed after 4 weeks. In contrast, the patients in the placebo group 

reported a significant worsening of role of limitations due to physical health (–37,8%), general health 

(–3%), physical component summary (–14%) and general health (SF–36; –6.4%). The differences 

between the Robuvit and placebo group in general health, social functioning and mental health 

indicated a highly significant improvement of mental and physical well-being by Robuvit 

supplementation. Increasing scores of all evaluated items after 8 weeks of supplementation over 

baseline in both groups indicated full recovery of patients. 

The use of Robuvit over 8 weeks of hysterectomy did not affect the basic biochemical parameters 

(glucose, creatinine, uric acid, triacylglycerols, total- LDL- and HDL-cholesterol, hsCRP) in patients, 

with the exception of the total protein levels, that were significantly increased in the Robuvit group. 

Natella et al. [25] found that Robuvit metabolites present in the serum of volunteers who took Robuvit 

for 5 days affected ribosomes, cell cycle and spliceosome pathways. Based on those results it could 

be speculated that Robuvit improved the functioning of cellular ribosomes and enhanced protein 

synthesis, thereby supporting recovery after surgery [46–48]. 

Our results confirmed the antioxidant potency of Robuvit which prevented elevation of AOPP 

levels in patients after hysterectomy in contrast to placebo, where the levels of the mentioned marker 

were significantly increased. Lipoperoxides decreased in the Robuvit group, but not in the placebo 

group, after 4 weeks of treatment. Antioxidant capacity increased in the Robuvit group, but not under 

placebo after the 4 and 8 weeks of intervention. This is consistent with the findings of Horváthová et 

al. [34], Ippolito et al. [22] and Belcaro et al. [49]. 

Various research groups described increased activities of MMP–9 in patients after surgery [50–

52]. However, the increase of MMP–9 activities in our patients was significantly lower after four 

weeks of intervention with Robuvit compared to the placebo (p = 0.006). As we did not 

simultaneously observe a difference in MMP–9 protein concentrations between the placebo and 

Robuvit groups, the decrease in MMP–9 activity in the Robuvit group was not based on decreased 

protein synthesis.  

It has been described that MMP activation may be a consequence of posttranslational 

modification induced by oxidizing agents [53]. An inhibition of this activation by Robuvit would be 

consistent with the antioxidant action documented in the present study. A similar effect on the 

activation of both MMP–9 and MMP–2 proteins was found after application of quercetin in mice with 

abdominal aortic aneurysms [54]. Another possible explanation for the lower MMP activity would 

be that constituents or metabolites of Robuvit acted as direct inhibitors of MMP. 

It has been discussed that MMP–9 inhibition modulates inflammatory reactions, resulting in 

faster neovascularization of connective tissues in an animal hernia model [55]. MMP inhibition with 
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doxycycline was associated with improved hernia repair, concomitant reduction of MMP levels and 

increased collagen 1 deposition [56]. Moreover, curcumin application resulted in faster wound 

closure compared to a control group, downregulation of MMP–9 expression and increased collagen 

production [57]. MMP–2 and MMP–9 were suggested as effective biomarkers for wound status [58]. 

We did not observe a direct association between oxidative stress and MMP activities, except for 

the negative correlation between MMP–9 activity and total antioxidant status in the Robuvit group 

after 4 weeks. Fu et al. [59] found that pro-inflammatory cytokines increase MMP–9 expression which 

may contribute to the association of increased inflammation with increased oxidative stress and 

increased MMP–9 activity. Suppressing oxidative stress with Robuvit can at least partially contribute 

to MMP–9 inhibition. 

A limitation of the present study was the use of one questionnaire form for assessment of the 

physical and mental condition of patients during convalescence in the home environment. Another 

limitation was the low number of patients being evaluated in this pilot trial. Hence, the results should 

be confirmed in a bigger study. Another limitation is that we did not control the dietary habits and 

treatment of patients after hysterectomy with antibiotics. This could influence the formation of 

different metabolites of Robuvit with different biological activities by different bacterial flora in 

individual patients [60]. To conclude, supplementation with Robuvit for 4 weeks improved 

convalescence of patients following hysterectomy, probably through its antioxidant activity as well 

as by the inhibiting of MMP–9 activity. An increased synthesis rate of proteins might have played a 

role in recovery as well. Further studies are needed in order to evaluate whether Robuvit should be 

generally recommended for improvement of post-operative reconvalescence. 

Ethics approval and consent to participate: The study was done in accordance with the ethical standards of the 

institutional research committee and was approved by the Ethics Committee of the University Hospital and the 

Faculty of Medicine, Comenius University Bratislava (No 159/2014, 25.06.2014) and was performed in 

accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. 

Written informed consent was obtained from patients prior to participation in the study. Details that might 

disclose the identity of the subject under study were omitted. 

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Supplement S1: Score 

values for each item in the Robuvit and placebo groups at baseline and at weeks 4 and 8 of supplementation.  

Author Contributions: Conceptualization, V.F., Z.D. and P.H.; Methodology, M.J.; Software, M.J.; Formal 

Analysis, M.F.(Matej Fülöp); Investigation, J.R., M.H., M.F.(Michaela Feriancová), D.R., J.M.; Writing-Original 

Draft Preparation, VF. and Z.D.; Writing-Review & Editing, P.H. and M.B.; Visualization, Z.D..; Supervision, 

Z.D.; All authors assisted in manuscript reviewing and approved the submitted manuscript. All authors have 

read and agreed to the published version of the manuscript. 

Funding: This study was financially supported by a Horphag Res. grant (QR2014–04), a Mind and Health, civil 

association, grant of the Ministry of Education of SR (VEGA 2/0160/18) and a grant of Research Agency (EU 

Structural Funds ITMS 26230120009). 

Acknowledgments: Robuvit and placebo were provided by Horphag Research. Authors wish to thank all 

patients who participated in the study, to M. Borošová, for clinical investigation of some patients, to Ľ. 

Chandogová, D. Opálená and M. Janukovics for excellent technical and clinical assistance, to Michaela 

Krupičková–Šuplatová for partial analyses of biochemical parameters in her diploma thesis, to L. Miková for her 

help in editing the literature. 

Conflicts of Interest: The authors declare no conflicts of interest 

References 

1. Lethaby, A.; Mukhopadhyay, A.; Naik, R. Total versus subtotal hysterectomy for benign gynaecological 

conditions. Cochrane Database Sys. Rev. 2012, 4, CD004993. 

2. Domingo, S.; Pellicer, A. Overview of current trends in hysterectomy. Expert Rev. Obstet. Gynecol. 2009, 4, 

673–685. 

3. Persson, P.; Brynhildsen, J.; Kjølhede, P. Hysterectomy multicentre study group. A 1–year follow up of 

psychological wellbeing after subtotal and total hysterectomy a randomised study. BJOG 2010, 117, 479–

487. 



Nutrients 2018, 10, x FOR PEER REVIEW  12 of 14 

 

4. Jovanović, D.; Milovanović, D.R.; Jeremić, N.; Nikolic, T.; Stojic, I.; Jakovljevic, V.; Vukovic, N. Oxidative 

stress parameters after abdominal hysterectomy and their relationships with quality of recovery. Ser. J. Exp. 

Clin. Res. 2019, 20, 27–36. 

5. Theunissen, M.; Peters, M.L.; Schepers, J.; Maas, J.W.; Tournois, F.; van Suijlekom, H.A.; Gramke, H.F.; 

Marcus, M.A. Recovery 3 and 12 months after hysterectomy, epidemiology and predictors of chronic pain, 

physical functioning, and global surgical recovery. Medicine (Baltimore) 2016, 95, e3980, 

doi:10.1097/MD.0000000000003980. 

6. Lee, L.; Tran, T.; Mayo, N.E.; Carli, F.; Feldman, L.S. What does it really mean to “recover” from an 

operation? Surgery 2014, 155, 211–216. 

7. Országhová, Z.; Waczulíková, I.; Bürki, C.; Rohdewald, P.; Ďuračková, Z. An effect of oak–wood extract 

(Robuvit®) on energy state of healthy adults—A pilot study. Phytother. Res. 2014, 29, 1219–1224. 

8. Belcaro, G.; Cornelli, U.; Luzzi, R.; Cesarone, M.R.; Dugall, M.; Feragalli, B.; Hu, S.; Pellegrini, L.; Ippolito, 

E.  Improved management of primary chronic fatigue syndrome with the supplement French oak wood 

extract (Robuvit®): A pilot, registry evaluation. Panminerva Med. 2014, 56, 63–72. 

9. Belcaro, G.; Cornelli, U.; Luzzi, R.; Ledda, A.; Cacchio, M.; Saggino, A.; Cesarone, M.R.; Dugall, M.; 

Feragalli, B.; Hu, S. Robuvit® (Quercus robur extract) supplementation in subjects with chronic fatigue 

syndrome and increased oxidative stress. A pilot registry study. J. Neurosurg. Sci. 2015, 59, 105–117. 

10. Belcaro, G.; Saggino, A.; Cornelli, U.; Luzzi, R.; Dugall, M.; Hosoi, M.; Feragalli, B. Improvement in mood, 

oxidative stress, fatigue and insomnia following supplementary management with Robuvit®. J. Neurosurg. 

Sci. 2018, 62, 423–427. 

11. Belcaro, G.; Hosoi, M.; Feragalli, B.; Luzzi, R.; Dugall, M. Supplementation with Robuvit® in subjects with 

burnout associated to high oxidative stress. Minerva Med. 2018, 109, 211–217. 

12. Szymczyk, G.; Beltowski, J.; Marciniak, A.; Kotarski, J. Assesment of serum lipid peroxide levels and 

antioxidant status in females who had undergone total abdominal hysterectomy without closing of 

peritoneum. Gin. Pol. 2003, 74, 1397–1403. 

13. Szymczyk, G.; Bełtowski, J.; Marciniak, A.; Kotarski, J. Serum isoprostanes levels in patients after 

abdominal hysterectomy. Rocz. Akad. Med. Bialymst. 2005, 50, 322–324. 

14. Kaur, G.; Mishra, S.; Kaur, A.; Sehgal, A.; Nageswari, K.S.; Prasad, R. Retention of ovaries and oxidative 

stress of surgery. Int. J. Gynaecol. Obstet. 2007, 97, 40–43. 

15. Kulacoglu, H.; Ozdogan, M.; Gurer, A.; Ersoy, E.P.; Onder Devay, A.; Duygulu Devay, S.; Gulbahar, O.; 

Gogkus, S. Prospective comparison of local, spinal, and general types of anaesthesia regarding oxidative 

stress following Lichtenstein hernia repair. Bratisl. Lek. Listy 2007, 108, 335–339. 

16. Mas, E.; Barden, A.E.; Corcoran, T.B.; Phillips, M.; Roberts, L.J. 2nd; Mori, T.A. Effects of spinal or general 

anesthesia on F₂–isoprostanes and isofurans during ischemia/reperfusion of the leg in patients undergoing 

knee replacement surgery. Free Radic. Biol. Med. 2011, 50, 1171–1176. 

17. Rosenfeldt, F.; Wilson, M.; Lee, G.; Kure, C.;  Ou, R.; Braun, L.; de Haan, J. Oxidative stress in surgery in 

an ageing population: Pathophysiology and therapy. Exp. Gerontol. 2013, 48, 45–54. 

18. McDonald, C.I.; Fraser, J.F.; Coombes, J.S.; Fung, Y.L. Oxidative stress during extracorporeal circulation. 

Eur. J. Cardiothorac. Surg. 2014, 46, 937–943. 

19. Fricova, J.; Vejrazka, M.; Stopka, P.; Krizova, J.; Belacek, J.; Rokyta, R. The influence of preemptive analgesia 

on postoperative analgesia and its objective evaluation. Arch. Med. Sci. 2010, 6, 764–771. 

20. Belcaro, G.; Hu, S.; Strong, J.; Feragalli, B.; Vinciguerra, G.; Cacchio, M.; Cesarone, M.R. G3 sports 

supplement in short triathlon: Improvements in training, performance, recovery and oxidative stress. 

Minerva Med. 2018, 109, 451–456. 

21. Vinciguerra, M.G.; Belcaro, G.; Cacchio, M. Robuvit® and endurance in triathlon: Improvements in training 

performance, recovery and oxidative stress. Minerva Cardioangiol. 2015, 63, 403–409. 

22. Ippolito, E.; Belcaro, G.; Luzzi, R.; Hosoi, M.; Dugali, M.; Rohdewald, P.; Faragalli, B.; Cotellese, R.; 

Peterzan, P. Robuvit®: Improvement of fatigue in medical convalences. J. Sports Med. Phys. Fit. 2018, 58, 

678–683. 

23. Mayer, W.; Gabler, W.; Riester, A.; Korger, H. On tannins compounds from the wood of chestnut and oak 

wood−IIs. Isolation of castalagin, vescalagin, castalin and vescaline. Justus Liebigs Ann. Chem. 1967, 707, 

177–181. 



Nutrients 2018, 10, x FOR PEER REVIEW  13 of 14 

 

24. Hervé du Penhoat, C.L.M.; Michon, V.M.F.; Shuyun, P.; Viriot, C.; Scalbert, A.; Gage, D. Structural 

elucidation of new dimeric ellagitannins from Quercus robur L. roburins AE. J. Chem. Soc. Perkin Trans. 

1991, 7, 1653–1660. 

25. Natella, F.; Leoni, G.; Maldini, M.; Natarelli, L.; Comitato, R.; Schonlau, F.; Virgilli, F.; Canali, R. Absorption, 

metabolism, and effects at transcriptome level of a standardized French oak wood extract, Robuvit, in 

healthy volunteers: Pilot study. J. Agric. Food Chem. 2014, 62, 443–453. 

26. Trebatická, J.; Ďuračková, Z. Psychiatric disorders and polyphenols: Can they be helpful in therapy? Oxid. 

Med. Cell. Longev. 2015, 2015, doi:10.1155/2015/248529. 

27. Tomás–Barberán, F.A.; González–Sarrías, A.; García–Villalba, R.; Núñez–Sánchez, M.A.; Selma, M.V.; 

García–Conesa, M.T.;  Espín, J.C. Urolithins, the rescue of “old” metabolites to understand a “new” 

concept: Metabotypes as a nexus among phenolic metabolism, microbiota dysbiosis, and host health status. 

Mol. Nutr. Food Res. 2017, 61, 1500901, doi:10.1002/mnfr.201500901. 

28. Chung, Y.C.; Lu, L.C.; Tsai, M.H.; Chen, Y.J.; Chen, Y.Y.; Yao, S.P.; Hsu, C.P. The inhibitory effect of ellagic 

acid on cell growth of ovarian carcinoma cells. Evid. Based Complement Alternat. Med. 2013, 2013, 306705, 

doi:0.1155/2013/306705. 

29. Vanella, L.; Di Giacomo, C.; Acquaviva, R.; Barbagallo, I.; Li Volti, G.; Cardile, V.; Abraham, N.G.; Sorrenti, 

V. Effects of ellagic acid on angiogenic factors in prostate cancer cells. Cancers 2013, 5, 726–738. 

30. Marín, M.; Giner, R.M.; Ríos, J.L.; Recio, M.C. Intestinal anti–inflammatory activity of ellagic acid in the 

acute and chronic dextrane sulphate sodium model of mice colitis. J. Ethnopharmacol. 2013, 150, 925–934. 

31. Rosillo, M.A.; Sánchez-Hidalgo, M.; Cárdeno, A.; Aparicio-Soto, M.; Sánchez-Fidalgo, S.; Villegas, I.; de la 

Lastra, C.A. Dietary supplementation of an ellagic acid–enriched pomegranate extract attenuates chronic 

colonic inflammation in rats. Pharmacol. Res. 2012, 66, 235–242. 

32. Larrosa, M.; Tomás–Barberán, F.A.; Espín, J.C. The dietary hydrolysable tannin punicalagin releases ellagic 

acid that induces apoptosis in human colon adenocarcinoma Caco–2 cells by using the mitochondrial 

pathway. J. Nutr. Biochem. 2006, 17, 611–625. 

33. Chang, Y.; Chen, W.F.; Lin, K.H.; Hsieh, C.Y.; Chou, D.S.; Lin, L.J.; Sheu, J.R.; Chang, C.C. Novel bioactivity 

of ellagic acid in inhibiting human platelet activation. Evid. Based Complement Alternat. Med. 2013, 2013, 

595128, doi:10.1155/2013/595128. 

34. Horvathova, M.; Orszaghova, Z.; Laubertova, L.; Vavakova, M.; Sabaka, P.; Rohdewald, P.; Durackova, Z.; 

Muchova, J. Effect of the French oak wood Extract Robuvit on markers of oxidative stress and activity of 

antioxidant enzymes in healthy volunteers: A pilot study. Oxid. Med. Cell. Longev. 2014, 2014, 639868, 

doi:10.1155/2014/639868. 

35. Ryu, D.; Mouchiroud, L.; Andreux, P.A.; Katsyuba, E.; Moullan, N.; Nicolet-Dit-Félix, A.A.; Williams, 

E.G.; Jha, P.; Lo Sasso, G.; Huzard, D.; et al. Urolithin A induces mitophagy and prolongs lifespan in C. 

elegans and increases muscle function in rodents. Nat. Med. 2016, 22, 879–888. 

36. Bencsik, P.; Bartekova, M.; Görbe, A.; Kiss, K.; Pálóczi, J.; Radosinska, J.; Szűcs, G.; Ferdinandy, P. MMP 

activity detection in zymograms. Methods Mol. Biol. 2017, 1626, 53–70. 

37. Radosinska, J.; Barancik, M.; Vrbjar, N. Heart failure and role of circulating MMP–2 and MMP–9. 

Panminerva Med. 2017, 59, 241–253. 

38. Hannocks, M.J.; Zhang, X.; Gerwien, H.; Chashchina, A.; Burmeister, M.; Korpos, E.; Song, J.; Sorokin, L. 

The gelatinases, MMP–2 and MMP–9, as fine tuners of neuroinflammatory processes. Matrix Biol. 2019, 75, 

102–113, doi:10.1016/j.matbio.2017.11.007. 

39. Pilcher, B.K.; Wang, M.; Qin, X.J.; Parks, W.C.; Senior, R.M.; Welgus, H.G. Role of matrix 

metalloproteinases and their inhibition in cutaneous wound healing and allergic contact hypersensitivity. 

Ann. N. Y. Acad. Sci. 1999, 878, 12–24. 

40. Hays, R.D.; Sherbourne, C.D.; Mazel, R.M. The RAND 36–item health survey 1.0. Health Econ. 1993, 2, 217–

227. 

41. Re, E.; Pellegrini, L.; Prottegente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying 

an improved ABTS radical cation decolorization assay. Free Radic. Biol. Med. 1999, 9–10, 1231–1237. 

42. El–Saadani, M.; Esterbauer, H.; El-Sayed, M.; Goher, M.; Nassar, A.Y.; Jürgens, G. A spectrophotometric 

assay for lipid peroxides in serum lipoproteins using a commercially available reagent. J. Lipid Res. 1989, 

30, 627–630. 



Nutrients 2018, 10, x FOR PEER REVIEW  14 of 14 

 

43. Witko–Sarsat, V.; Gausson, V.; Nguyen, A.T.; Touam, M.; Drüeke, T.; Santangelo, F.; Descamps-Latscha, B. 

AOPP–induced activation of human neutrophil and monocyte oxidative metabolism: A potential target for 

N–acetyl–cysteine treatment in dialysis patients. Kidney Int. 1998, 64, 82–91. 

44. Giannakos, E.; Vardali, E.; Bartekova, M.; Fogarassyova, M.; Barancik, M.; Radosinska, J. Changes in 

activities of circulating MMP–2 and MMP–9 in patients suffering from heart failure in relation to gender, 

hypertension and treatment: A cross–sectional study. Physiol. Res. 2019, 65, S149–S152. 

45. Bartekova, M.; Barancik, M.; Pokusa, M.; Prokopova, B.; Radosinska, J.; Rusnak, A.; Breier, A.; Jezova, D. 

Molecular changes induced by repeated restraint stress in the heart: The effect of oxytocin receptor 

antagonist atosiban. Can. J. Physiol. Pharmacol. 2015, 93, 827–834. 

46. Thomson, E.; Ferreira–Cerca, S.; Hurt, E. Eukaryotic ribosome biogenesis at a glance. J. Cell. Sci. 2013, 126, 

4815–4821. 

47. Frank, J. The ribosome—A macromolecular machine par excellence. Chem. Biol. 2000, 7, 133–141. 

48. Yamashita, D.; Sano, Y.; Adachi,Y.; Okamoto, Y.; Osada, H.; Takahashi, T.; Yamaguchi, T.; Osumi, 

T.; Hirose, F. hDREF regulates cell proliferation and expression of ribosomal protein genes. Mol. Cell. Biol. 

2007, 27, 2003–2013. 

49. Belcaro, G.; Luzzi, R.; Hosoi, M.; Dugall, M.; Cesarone, M.R. Supplementation with Robuvit® in post–

traumatic stress disorders associated to high oxidative stress. Minerva Med. 2018, 109, 363–368. 

50. Okamoto, T.; Akaike, T.; Sawa, T.; Miyamoto, Y.; van der Vliet, A.; Maeda, H. Activation of matrix 

metalloproteinases by peroxynitrite–induced protein S–glutathiolation via disulfide S–oxide formation. J. 

Biol. Chem. 2001, 276, 29596–29602. 

51. Wang, L.; Cheng, X.; Li, H.; Qiu, F.; Yang, N.;  Wang, B.;  Lu, H.; Wu, H.; Shen, Y., Wang, Y.; et al. 

Quercetin reduces oxidative stress and inhibits activation of c–Jun N–terminal kinase/activator protein–1 

signaling in an experimental mouse model of abdominal aortic aneurysm. Mol. Med. Rep. 2014, 9, 435–442. 

52. Lin, T.C.; Lin, F.Y.; Lin, Y.W.;  Hsu, C.H.;  Huang, G.S.; Wu, Z.F.; Tsai, Y.T.; Lin, C.Y.; Li, C.Y.; Tsai, C.S. 

Matrix metalloproteinase–9 production following cardiopulmonary bypass was not associated with 

pulmonary dysfunction after cardiac surgery. Mediat. Inflamm. 2015, 2015, 341740, doi:10.1155/2015/341740. 

53. Galley, H.F.; Macaulay, G.D.; Webster, N.R. Matrix metalloproteinase–9, tissue inhibitor of 

metalloproteinase–1 and tumour necrosis factor alpha release during cardiopulmonary bypass. Anaesthesia 

2002, 57, 659–662. 

54. Mayers, I.; Hurst, T.; Puttagunta, L.; Radomski, A.; Mycyk, T.; Sawicki, G.; Johnson, D.; Radomski, M.W.  

Cardiac surgery increases the activity of matrix metalloproteinases and nitric oxide synthase in human 

hearts. J. Thorac. Cardiovasc. Surg. 2001, 122, 746–752. 

55. Böhm, G.; Groll, J.; Heffels, K.H.; Heussen, N.; Ink, P.; Alizai, H.P.; Neumann, U.P.; Schnabel, 

R.;  Mirastschijski, U. Influence of MMP inhibitor GM6001 loading of fibre coated polypropylene meshes 

on wound healing: Implications for hernia repair. J. Biomater. Appl. 2018, 32, 1343–1359. 

56. Tharappel, J.C.; Ramineni, S.K.; Reynolds, D.; Puleo, D.A.; Roth, J.S. Doxycycline impacts hernia repair 

outcomes. J. Surg. Res. 2013, 184, 699–704. 

57. Yen, Y.H.; Pu, C.M.; Liu, C.W.; Chen, Y.C.; Chen, Y.C.; Liang, C.J.; Hsieh, J.H.; Huang, H.F.; Chen, Y.L.  

Curcumin accelerates cutaneous wound healing via multiple biological actions: The involvement of TNF–

α, MMP–9, α–SMA, and collagen. Int. Wound J. 2018, 2018, doi:10.1111/iwj.12904. 

58. Dini, V.; Papadia, F.; Francesco, F.D.; Salvo, P.; Paolicchi, A.; Janowska, A.; Chiricozzi, A.; Oranges, T. 

Potential correlation of wound bed score and biomarkers in chronic lower leg wounds: An exploratory 

study. J. Wound Care 2017, 26, S9–S17. 

59. Fu, Z.; Ye, Q.; Zhang, Y.; Zhong, Z.; Xiong, Y.; Wang, Y.; Hu, L.; Wang, W.; Huang, W.; Ko, D.S. 

Hypothermic machine perfusion reduced inflammatory reaction by downregulating the expression of 

matrix metalloproteinase 9 in a reperfusion model of donation after cardiac death. Artif. Organs 2016, 40, 

E102–E111. 

60. Volpp, L.; Ferianec, V.; Ježovičová, M.; Ďuračková, Z.; Scherf–Clavel, O.; Hȍgger, P. Constituent and 

metabolites of a French oak wood extract (Robuvit®) in serum and blood cell samples of women undergoing 

hysterectomy. Front. Pharmacol 2020, 11, 74. 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).  


