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Abstract: Chronic kidney disease (CKD) subjects suffer from high risk of cardiovascular mortality,
and any intervention preventing the progression of CKD may have an enormous impact on public
health. In the last decade, there has been growing awareness that the gut microbiota (GM) can play
a pivotal role in controlling the pathogenesis of systemic inflammatory state and CKD progression.
To ameliorate the quality of life in CKD subjects, the use of dietary supplements has increased over
time. Among those, curcumin has demonstrated significant in vitro anti-inflammatory properties. In
this pilot study, 24 CKD patients and 20 healthy volunteers were recruited. CKD patients followed
nutritional counselling and were supplemented with curcumin (Meriva®) for six months. Different
parameters were evaluated at baseline and after 3–6 months: uremic toxins, metagenomic of GM,
and nutritional, inflammatory, and oxidative status. Curcumin significantly reduced plasma pro-
inflammatory mediators (CCL-2, IFN-γ, and IL-4) and lipid peroxidation. Regarding GM, after 6 months
of curcumin supplementation, Escherichia-Shigella was significantly lower, while Lachnoclostridium was
significant higher. Notably, at family level, Lactobacillaceae spp. were found significantly higher in
the last 3 months of supplementation. No adverse events were observed in the supplemented group,
confirming the good safety profile of curcumin phytosome after long-term administration.

Keywords: chronic kidney disease; curcumin; inflammation; lipid peroxidation; gut microbiota;
uremic toxins; Meriva
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1. Introduction

Chronic kidney disease (CKD) is a pathological condition due to the progressive loss
of renal function. From early stages to the end-stage renal disease (ESRD), CKD reaches
13.4% of worldwide prevalence [1]. Global increasing incidence and prevalence of CKD
are reasons for concern. CKD is widely recognized as one of the most relevant risk factors
for developing cardiovascular diseases (CVD) [2], which is, in turn, the leading cause
of morbidity and mortality for dialysis patients [3]: the increasing CKD incidence, then,
is related not only to a projected greater need for renal replacement therapy (RRT), but
also to an expected increased incidence of CVD. In this context, any medical or dietetic
intervention preventing the progression of CKD towards ESRD and improving the patients’
cardiovascular status may have an enormous impact on a public health level. Among the
pathogenic factors for the progression of CKD and the occurrence of its main complications,
inflammation and oxidative stress have been claimed to play a major role [4]. Moreover, it
is well known that in ESRD, a spontaneous reduction of protein and caloric intake often
occurs: the “Modification of Diet in Renal Disease Study Group” [5] study showed that
patients with ESRD had a protein and caloric intake reduction with progressive decline in
renal function, a phenomenon even more pronounced in the elderly. It is also known that
malnutrition, linked to inflammation and oxidative stress, is a risk factor associated with
increased morbidity and mortality of patients on hemodialysis [6]. Several interventions to
delay the progressive loss of renal function and/or to prevent the development of CVD
have been suggested and are now used by nephrologists. These include blood pressure
and proteinuria control; correction of calcium-phosphate disorders and anemia; smoking
cessation, and low-protein diets [7].

The growing awareness that the gut microbiota (GM) could play a pivotal role in con-
trolling a number of homeostatic host functions [8] gave purpose to researchers to explore
its possible connections to CKD. Indeed, the changes in quantitative and/or qualitative
composition of the intestinal microbial population have been implicated in the pathogen-
esis of different illnesses, including systemic inflammatory state, CKD progression, and
CKD-related cardiovascular complications [9]. It has been observed that GM consistently
changes over the course of CKD, inducing a metabolic burden that could further increase
the cardiovascular risk of CKD patients [10]. Moreover, metabolites derived from GM,
including the fermentation products of proteins or choline, such as p-cresyl sulfate (PCS)
and indoxyl sulfate (IS), may contribute to decline kidney function and worsen CVD [11].

While the human body naturally undergoes a series of changes in the immune sys-
tem and the oxidative status over its lifespan, CKD patients are also characterized by a
persistent state of low-grade chronic inflammation. This inflammation-mediated aging,
called “inflammaging”, is emerging as a central patho-mechanism of aging, suggesting
that it may be modulated to reduce the burden of disease in the elderly [12]. One of the
possibilities to modulate the systemic inflammatory condition is to act on the composition
of the GM. It has been suggested that interventions directed to modulate the bacterial
species inhabiting the gastrointestinal tract through supplementation with either probi-
otics/prebiotics or nutraceuticals might be effective in modifying the clinical outcomes
directly or indirectly mediated by changes in the inflammatory and oxidative status [13,14].
Referring to patients affected by renal disease, however, the majority of scientific evidence
has been obtained in experimental animal models or in the advanced stages of CKD, with
few data produced in the earlier stages of the disease, when the intervention might be more
plausibly effective [15].

To ameliorate the quality of life in unhealthy subjects, the use of dietary supplements
has recently and steadily increased. Among those, curcumin, an active ingredient in the
traditional herbal remedy and dietary spice turmeric (Curcuma longa), has demonstrated
significant in vitro anti-inflammatory properties [16]. Recent studies have shown that
curcumin increases the expression of intestinal alkaline phosphatase and tight junction
proteins, correcting gut permeability and thus reducing the levels of circulatory inflamma-
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tory biomolecules. Therefore, curcumin has potential anti-inflammatory in vivo effects on
CKD [17,18].

A wide range of curcumin formulations have been explored, through the years, in
order to improve the poor bioavailability and low oral absorption of curcumin. The food-
grade formulation of curcumin in phospholipids (Meriva®) improved curcumin bioabsorp-
tion thanks to the lecithin phospholipids delivery system (Phytosome®) able to optimize
the bioabsorption of the extract, with a physical and not pharmacological mechanism,
preventing curcumin self-aggregation [19]. Moreover, curcumin phytosome showed a
more efficient curcuminoids biotransformation by the human gut microbiota compared to
unformulated curcumin, without altering the natural profile of curcuma metabolites [20].
This suggests a potential improved clinical efficacy, since curcuminoid-reduced metabolites
have been recently reported as biologically active molecules in scientific literature (e.g.,
anti-inflammatory, antioxidant, hepato-protective effects). In a preclinical study, where the
mechanism of action of this formulation was deeply explored, curcumin phospholipids
proved to have a triple effect, being hepatoprotective, anti-inflammatory, and chemopreven-
tive [21]. Noteworthy is that curcumin phytosome allowed the exploitation of curcumin’s
beneficial activities in several unhealthy conditions, keeping a good safety profile, as re-
ported in human studies [22–26]. The anti-inflammatory properties were also noted by a
preliminary human study in which curcumin phytosome exhibited positive effects on kid-
ney health in subjects with temporary kidney disfunction, by ameliorating both objective
biomarkers (e.g., reduced albuminuria and oxidative stress) and subjective symptoms (e.g.,
individuals’ fatigue) [27].

In this scenario, our study aimed to observe the potential benefits of the oral curcumin–
phospholipid supplementation in subjects with mild CKD (stages 3a–4) through several
investigations. Along with the assessment of the supplementation safety, we explored its
interaction between the nutritional, inflammatory, and oxidative statuses from a clinical
point of view, and then focused on the gut microbiota composition and its changes due to
CKD and curcumin intake.

2. Materials and Methods
2.1. Patients

We enrolled 24 chronic kidney disease patients (CKD group) in conservative therapy
at the Nephrology and Dialysis Unit of the Azienda Socio-Sanitaria (A.S.S.T.) Santi Paolo
and Carlo, recruited from February 2018 to February 2019. In order to participate in the
study, patients had to meet the following inclusion criteria: CKD from stage 3a to 4 (defined
according to the GFR values of the KDOQI guidelines [7]), not being on hemodialysis
treatment; age ≥ 18 years; absence of chronic infections, active neoplasm, vasculitis, au-
toimmune or acute inflammatory diseases, gastro-intestinal pathologies, dementia, steroid
therapies, and pregnancy. Drop-out rates, due to reasons not related to curcumin supple-
mentation, were 12.5% (n = 3) after 3 months and 47.6% (n = 10) after 6 months. No adverse
effects were reported.

The age- and sex-matched control group (20 subjects) was enrolled at the Ophthalmol-
ogy Unit of the A.S.S.T. Santi Paolo and Carlo (Milan, Italy), in particular for anthropometric,
nutritional, and microbiome analyses. In order to participate in the study, control subjects
had to meet the same above-mentioned inclusion criteria, except for the presence of CKD
or other kidney-related pathologies.

All subjects gave their informed consent for inclusion before enrollment. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Milano Area 1 (MRC Project: 2017/ST/035). The
study was registered to ISRCTN registry (ISRCTN10446067).

2.2. Study Design and Supplementation

CKD patients (n = 24) received Meriva® 500 mg/tablet twice in a day for 3 or 6 months.
Meriva® was supplied by INDENA S.p.A. (Milan, Italy) as a food-grade lecithin formulation
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of curcumin in 500 mg film-coated tablets, containing a standardized amount of 100 mg
highly bioavailable curcuminoids. At baseline (T0) and after 3 months (T1) and 6 months
(T2) of Meriva® supplementation we collected patients’ clinical parameters, anthropometric
and body composition measures, dietary habits, and stool and blood samples. In Scheme 1,
the CONSORT flow diagram of the study is shown.

  

  

  

Assessed  for  eligibility  (n  =200  
CKD  subjects;;  n  =  20  non-CKD  

subjects)  
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¨      Other  reasons  (n  =  0)  
Excluded  non-CKD  subjects  (n  =  0)  

Analysed  at  T0  (n  =  24)  
¨  Excluded  from  analysis  (n  =  0)  

Analysed  at  T1  (n  =  21)  
¨  Excluded  from  analysis  (n  =  0)  
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Lost  to  follow-up  T2  (n  =  4  use  of  antibiotics;;  n  
=  6  participant  withdrew)  (n  =  10)  

   Analysis  

Follow-‐Up  

Scheme 1. CONSORT flow diagram. CKD patients, chronic kidney disease patients; T0, baseline; T1,
after 3 months; T2, after 6 months.

2.3. Clinical Parameters

Clinical data routinely investigated in the patient through periodic nephrological
visits were collected. In particular, we considered the following clinical parameters: serum
creatinine (mg/dL), azotemia (mg/dL), sodium (mEq/L), potassium (mEq/L), calcium
(mg/dL), phosphorous (mg/dL), and GFR (CKD–EPI formula).
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2.4. Body Composition

At each timepoint, the following anthropometric measures were collected: weight (kg),
height (m), waist circumference (cm), body mass index (BMI, calculated as body weight
expressed as kilograms divided by squared height reported in meters). Body composition
was assessed by bioimpedance analysis (BIA) through Body Composition Monitor (Frese-
nius Medical Care Italia S.p.A., Palazzo Pignano, Italy), mainly including total body water
(TBW), extracellular water (ECW), intracellular water (ICW), fat-free mass (FFM), and fat
mass (FM).

2.5. Dietary Habits and Nutritional Counseling

A three-day food diary was used to estimate patients’ food consumption. During the
nutritional visit, nutritionists, through the use of the Scotti Bassani Photographic Atlas
to better estimate food portions, analyzed the diary of the patient. The 3-day food diary
is a method of nutritional investigation, validated in the literature [28], that provides for
the recording of all foods and drinks consumed daily, during a period of time of 3 days,
including 2 working days and one during the weekend.

We used Ephood® (Sanipedia S.r.l., Bresso, Italy) web platform to collect patients’
nutritional data, dietary micronutrients and macronutrients. Ephood® software is based
on the food database of the European Institute of Oncology and contains 1570 servings,
830 foods, and 40 nutrients. During the first visit (T0), patients received nutritional coun-
seling to ameliorate dietary habits and improve conservative therapy, in accordance with
the KDOQI guidelines [7].

2.6. Inflammation and Lipid Peroxidation

The inflammation level was evaluated on patients’ plasma samples (blood samples cen-
trifuged at 4000 rpm at 4 ◦C for 20 min). In particular, eight cytokines/chemokines (IL-1β,
IL-4, IL-6, IL-12p70, IL-18, MCP-1, TNF-α, and INF-γ) were measured using the ELISA
(enzyme-linked immunosorbent assays) immunological test. We used the Fluorokine®

Multianalyte Profiling kit (R & D Systems, Minneapolis, MN, USA) through the Luminex®

200 analyzer, according to the manufacturing procedures.
To assess lipid peroxidation level in plasma samples, a Parameter™ TBARS

(thiobarbituric-acid-reactive substances) assay was used (R & D Systems, Minneapolis, MN,
USA), according to the manufacturing procedures. Briefly, in the presence of heat and acid,
malondialdehyde (MDA) reacts with TBA to produce a colored end-product that absorbs
light at 530–540 nm. The intensity of the color at 532 nm corresponds to the level of lipid
peroxidation in the sample, measured through a multimode microplate reader, EnSight™
(PerkinElmer, Beaconsfield, UK).

2.7. LC–MS/MS Analysis of Uremic Toxins

For the determination of total amount of uremic toxins, plasma (100 µL) was added
with IS (25 µL of Indoxyl 13C6 sulfate 50 µM) and deproteinized with 300 µL of 0.1% formic
acid in acetonitrile. After centrifugation (5 min, 13,400 rpm), 60 µL of the clean extract was
diluted with 100 µL of ammonium formate buffer (5 mM) and 10 µL was injected in the
LC–MS/MS apparatus.

For the determination of free circulating uremic toxins, plasma (200 µL) was added
with IS (50 µL of Indoxyl 13C6 sulfate 5µM in formate ammonium buffer 25 mM) and
centrifuged in a Vivaspin 500 30K MWCO PES for 25 min at 12,000 rpm. The protein-free
extract (200 µL) was withdrawn in a vial, and 10 µL injected in the LC–MS/MS apparatus.

LC–MS/MS conditions: the analytical system consists of an HPLC Dionex 3000 Ul-
tiMate system (Thermo Fisher Scientific, Waltham, MA, USA) coupled to a tandem mass
spectrometer AB Sciex 3200 QTRAP (Sciex, Milan, Italy) operated under negative ESI mode.
The analytes were examined by multiple reaction monitoring, checking the transitions as
follows: indoxyl 13C6 sulfate m/z 218 > 80 (DP −40 eV; CE −34 eV), indoxyl sulfate m/z 212
> 80 (DP −40 eV; CE −30 eV), and p-cresyl sulfate m/z 187 > 80 (DP −40 eV; CE −38 eV).
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The instrument parameters were as follows: CUR 30, GS1 40, GS2 50, capillary voltage
−4.5 kV, and source temperature 550 ◦C. Chromatographic separation was achieved on an
Acquity UPLC CSH Fluoro-phenyl 1.7 µm 2.1mm × 100 mm column (Waters, Milford, MA,
USA) using as mobile phase of (A) ammonium formate 5 mM + 0.01% formic acid, and
(B) acetonitrile. The elution program (%B) was 0–4 min 20–50%, 4–4.5 min 50–20%, main-
tained until 10 min. The flow rate was 0.35 mL/min, and the column and the autosampler
temperatures were 30 ◦C and 10 ◦C.

2.8. Gut Microbiota Sequencing

DNA was extracted from 200 mg of each stool specimen using the PSP® Spin Stool
DNA Plus Kit (Stratec Biomedical, Birkenfeld, Germany) according to the manufacturer’s
instructions. Extracted DNA was quantified by NanoPhotometer® NP80 (Implen, Munich,
Germany), and the acceptable concentration was >50 ng/L. The samples were stored at
−20 ◦C until analysis.

Intestinal bacterial genome sequencing was performed through the next-generation se-
quencing (NGS), using the Ion 16S™ Metagenomics Kit (Thermo Fisher Scientific, Waltham,
MA, USA) designed for rapid analysis of polybacterial samples and capable of analyz-
ing mixed microbial populations by sequencing 7 (V2, V3, V4, V6, V7, V8, and V9) of
the 9 hypervariable regions of the rRNA 16S. The amplified fragments were sequenced
through Ion PGM™ Systems (Thermo Fisher Scientific, Waltham, MA, USA), according to
the manufacturer’s instructions, and then analyzed through Ion Reporter™ software.

2.9. Statistical Analysis

The quantitative variables are reported as average values ± standard deviation. Statis-
tical analyses of the clinical parameters were performed using GraphPad Prism 6 software
for MacOs version.

Body composition analysis and blood chemistry tests were described using the Shapiro–
Wilk W test for normal data to compare the characteristics of the CKD population at
baseline (T0), after 3 months (T1), and after 6 months (T2) from the start of curcumin
supplementation. Comparisons among groups were performed through paired T-test for
parametric data and Wilcoxon signed-rank test for nonparametric data. Plasma uremic
toxins, cytokines, and lipid peroxidation were analyzed using one-way ANOVA with
Bonferroni correction. As for the gut microbiota data, the obtained 16S rRNA gene-paired
sequences were merged using Pandaseq (release 2.5) [29]. Reads were filtered by trimming
stretches of 3 or more low-quality bases (quality < 3) and discarding the trimmed sequences
whenever they were shorter than 75% of the original one.

Bioinformatic analyses on gut microbiota were conducted using the QIIME pipeline
(release 1.9.0) [30], clustering filtered reads into operational taxonomic units (OTUs) at 97%
identity level and discarding singletons as possible chimeras. Taxonomic assignment was
performed via the RDP classifier [31] against the SILVA database (release 132) [32].

Alpha-diversity was computed through the QIIME pipeline using the Chao1, the
number of OTUs, Shannon diversity, and Faith’s phylogenetic diversity whole tree (PD
whole tree) metrics; statistical evaluation among alpha-diversity indices was performed by
a nonparametric Monte Carlo-based test. To compare the microbial community structure of
the subjects, weighted and unweighted UniFrac distances and the Permanova test (adonis
function) in the R package vegan (version 2.0–10) [33] were used. Statistical taxonomic
differences were established through the R package “rstatix” (R version 3.6.3 via RStudio,
version 1.2.1335) with the Bonferroni correction. p-values below 0.05 were considered
significant among all comparisons and analyses, and labelled in the text either raw and/or
adjusted for clarity.
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3. Results
3.1. Patients’ Characteristics: Anthropometric Data and Clinical Parameters

In the present study, 24 patients affected by chronic kidney diseases were recruited,
(CKD group). Of these, 58% (n = 14) were male and 42% (n = 12) were female, mean age
71 ± 12 years old. Patients were stratified by CKD staging as follows: 20.8% (n = 5) were
stage 3a; 33.4% (n = 8) were stage 3b, and 45.8% (n = 11) were classified as stage 4.

As a control (CTRL) group, we enrolled 20 subjects without CKD, age- and gender-
matched. Within the CTRL group, 60% (n = 12) were male and 40% (n = 8) were female,
mean age 73 ± 8 years old. The absence of chronic kidney disease was confirmed by
creatininemia and GFR values, statistically different from the CKD groups (Table 1).

Table 1. Cohort characteristics. Data are reported as median (IQR).

CTRL (n = 20) CKD T0 (n = 24) CKD T1 (n = 21) CKD T2 (n = 11) p-Value

Gender M: 60% (n = 12)
F: 40% (n = 8)

M: 58% (n = 14)
F: 42% (n = 10)

M: 57% (n = 12)
F: 43% (n = 9)

M: 45.5% (n = 5)
F: 54.5% (n = 6) n.s.

Age (Y) 74 (68.5–78.7) 72 (67.5–78.8) 72 (66–77) 72 (67–81) n.s.
Height (m) 1.68 (1.58–1.75) 1.65 (1.62–1.71) 1.65 (1.62–1.70) 1.64 (1.60–1.71) n.s.
Weight (kg) 75 (66–80) 77.5 (63.3–83.0) 79.0 (64.7–81.0) 80.0 (64.0–85.0) n.s.

BMI (kg/m2) 25.20 (22.50–30.70) 27.40 (22.62–31.50) 27.53 (23.42–30.35) 28.04 (22.68–33.06) n.s.
Waist

circumference (cm) 99.0 (90.5–111.0) 102.0 (91.0–110.5) 103.0 (97.0–108.0) 99.5 (93.0–110.0) n.s.

Bioimpedance

TBW (l) 37.7 (29.9–44.1) 36.8 (33.5–42.2) 38.1 (34.8–40.6) 37.2 (35.3–45.0) *** CKD T0 vs.
CKD T1

ECW (I) 17.7 (14.2–19.9) 17.7 (15.5–19.5) 18.0 (16.1–20.0) 17.0 (16.1–19.2) n.s.
ICW (I) 19.8 (15.8–23.0) 19.5 (17.5–21.6) 20.0 (18.0–22.1) 20.0 (19.1–22.9) n.s.

FFM (%) 54.8 (46.0–60.3) 52.7 (46.6–59.5) 54.6 (49.2–66.2) 53.6 (46.2–67.9) n.s.

FM (%) 31.4 (25.1–38.4) 31.8 (28.2–37.3) 30.9 (24.5–34.4) 33.0 (21.7–37.6) *** CKD T0 vs.
CKD T1

Clinical parameters

Creatininemia
(mg/dL) 0.80 (0.70–1.00) 1.96 (1.46–2.73) 1.90 (1.57–2.80) 1.45 (1.48–2.50)

*** CTRL vs. CKD
T0

*** CTRL vs. CKD
T1

*** CTRL vs. CKD
T2

GFR
(ml/min/1.73 m2) 83.0 (70.0–91.0) 33.5 (22.1–39.8) 27.2 (21.0–45.5) 35.7 (24.0–45.0)

*** CTRL vs. CKD
T0

*** CTRL vs. CKD
T1

*** CTRL vs. CKD
T2

Azotemia (mg/dL) n.d. 60.0 (30.0–90.0) 46.5 (32.5–63.5) 35.0 (30.0–40.0) n.s.
Sodium (mEq/L) 140.0 (138.5–141.5) 142.3 (139.3–143.8) 141.9 (140.0–143.5) 143.0 (140.7–143.8) n.s.

Potassium (mEq/L) 4.40 (4.25–5.10) 4.60 (4.46–5.08) 4.60 (4.25–4.80) 4.55 (4.37–4.77) n.s.
Phosphorus

(mg/dL) n.d. 3.65 (3.20–4.00) 3.50 (3.00–4.00) 3.30 (3.10–4.10) n.s.

Calcium (mg/dL) n.d. 9.60 (9.31–9.99) 9.60 (9.45–9.99) 9.48 (9.26–9.59) n.s.

CTRL, control group; CKD T0, chronic kidney disease group at baseline; CKD T1, chronic kidney disease group
after 3 months of supplementation; CKD T2, chronic kidney disease group after 6 months of supplementation;
IQR, interquartile range; Y, years; BMI, body mass index; TBW, total body water; ECW, extracellular water; ICW,
intracellular water; FFM, fat-free mass; FM, fat mass; GFR, glomerular filtration rate; n.d., not determined; n.s.,
not significant; *** p < 0.0001.

Table 1 summarizes cohort characteristics, anthropometric data, bioimpedance analy-
sis, and clinical parameters. For the CKD group, parameters at the baseline (CKD T0), after
3 months (CKD T1), and 6 months (CKD T2) of Meriva® supplementation are reported.



Nutrients 2022, 14, 231 8 of 24

No significant differences were found for gender distribution, age, BMI, and waist
circumference between controls and CKD patients at the enrollment (T0) (Table 1). The
bioimpedance analysis showed for the CKD group a significant reduction in fat mass (FM)
percentage (T0 vs. T1; p < 0.0001) and a positive, but not significant, increasing trend in
fat-free mass (FFM) percentage after three months of Meriva® supplementation, at time T1
(Figure 1). No other differences in anthropometric parameters were observed at time T2,
after six months of Meriva® supplementation.

Figure 1. Effects of Meriva® supplementation on fat mass (FM), fat-free mass (FFM), and BMI: com-
parison between baseline (CKD T0), after 3 months supplementation (CKD T1), and after 6 months
supplementation (CKD T2); ** p < 0.001.

3.2. Nutrients Intake

At enrollment, nutritional counseling was provided to participants. However, the
majority of patients were already familiar with the nutritional indications, as diet is an
integral part of their conservative therapy [7].

The quantity and quality of macronutrients and micronutrients were extrapolated
from the three-day food diary (Table 2). Nutrients’ intake was analyzed at time T0, T1,
and T2 and also compared to the dietary habits reported by the CTRL group (Table 2).
Results showed a significant reduction in daily energy intake during the first trimester
(CKD T0 vs. T1, p < 0.05). At baseline, it is shown that CKD patients consumed more
carbohydrates than the CTRL population did (p < 0.05). This amount of total carbohydrates
significantly decreased after three months (p < 0.01) and after six months (p < 0.001) of
curcumin supplementation. In particular, a reduction was observed in starch intake at time
T1 (p < 0.05) as well as at time T2 (p < 0.01), and a decrease in soluble carbohydrates during
the entire semester (p < 0.05). A significant decrease in total protein consumption at time T1
(p < 0.05) was also observed. A more detailed analysis showed a reduction in plant proteins
consumption after 3 and 6 months (p < 0.01). Instead, no significant differences were
reported in lipids intake. Moreover, the amount of total fiber intake significantly decreased
at time T1 (p < 0.05). The principal micronutrients intake data showed a reduction in the
consumption of phosphorus and potassium after three months (p < 0.01), significantly
lower than the CTRL group intakes (p < 0.05).
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Table 2. Analysis of the differences in food consumption between the CTRL and the CKD groups
and effect of the nutritional counseling on the food consumption of CKD patients. Data are reported
as median (IQR).

CTRL (n = 20) CKD T0 (n = 24) CKD T1 (n = 21) CKD T2 (n = 11) p-Value

Caloric intake
(kcal/day) 1788 (1438–2226) 1839 (1399–2520) 1540 (1195–1871) 1270 (1131–2612) * CKD T0 vs.

CKD T1

Total
carbohydrates

(g/day)
154.4 (105.8–230.2) 215.9 (169.4–267.7) 160.6 (136.7–235.6) 128.0 (109.9–200.1)

* CTRL vs. CKD
T0 ** CKD T0 vs.
CKD T1 *** CKD
T0 vs. CKD T2

Starch (g/day) 93.34
(62.51–156.00)

118.80
(67.72–163.20) 89.56 (58.20–120.0) 64.77 (27.36–85.33)

* CKD T0 vs. CKD
T1 ** CKD T0 vs.

CKD T2

Soluble glucids
(g/day) 52.06 (36.70–72.27) 64.62 (46.90–92.12) 56.32 (36.50–79.68) 50.47 (36.03–60.06) * CKD T0 vs.

CKD T2

Fibers (g/day) 12.85 (9.80–18.58) 16.97 (14.49–20.35) 13.95 (11.41–16.07) 13.91 (10.89–19.64) * CKD T0 vs.
CKD T1

Table 2. Cont.

CTRL (n = 20) CKD T0 (n = 24) CKD T1 (n = 21) CKD T2 (n = 11) p-Value

Total lipids
(g/day) 52.72 (43.05–64.90) 57.15 (41.01–76.42) 49.29 (42.35–69.62) 49.82 (36.49–71.93) n.s.

Animal lipids
(g/day) 23.33 (16.59–33.67) 28.95 (18.07–38.84) 28.84 (19.47–35.98) 21.57 (14.24–30.28) n.s.

Plant lipids
(g/day) 27.58 (24.24–38.82) 28.49 (20.14–33.55) 22.04 (17.95–26.55) 21.73 (15.73–32.62) n.s.

Total proteins
(g/day) 59.18 (43.96–75.47) 60.08 (49.39–70.34) 49.17 (42.92–59.74) 40.66 (34.31–73.92) * CKD T0 vs.

CKD T1

Animal proteins
(g/day) 38.79 (31.37–50.88) 35.60 (24.17–47.05) 33.21 (24.43–40.70) 31.60 (22.14–40.58) n.s.

Plant proteins
(g/day) 19.01 (12.54–27.40) 23.16 (14.80–28.23) 16.37 (13.28–21.52) 13.67 (10.09–17.09)

*** CKD T0 vs.
CKD T1 *** CKD
T0 vs. CKD T2

Phosphorus
(mg/day)

997.4
(718.1–1216.0)

862.4
(756.2–1047.0) 813.8 (665.2–894.3) 684.2 (609.5–874.2)

* CTRL vs. CKD T1
** CKD T0 vs.

CKD T1

Potassium (g/day) 2.38 (1.71–3.66) 2.27 (1.78–2.75) 1.89 (1.60–2.39) 1.98 (1.58–2.28)
* CTRL vs. CKD T1

** CKD T0 vs.
CKD T1

CTRL, control group; CKD T0, chronic kidney disease group at baseline; CKD T1, chronic kidney disease group
after 3 months of supplementation; CKD T2, chronic kidney disease group after 6 months of supplementation;
IQR, interquartile range; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3. Inflammation

After three months of curcumin supplementation (T1), there was a significant reduction
in the monocyte chemoattractant protein 1 (MCP-1 or CCL-2), as shown in Figure 2A. The
curcumin-driven MCP-1 decrease was not confirmed at T2. On the contrary, at T2, a
significant decrease in IL-4 and IFN-γ levels was highlighted (Figure 2B,C).

For IL-1β, IL-6, IL-12p70, IL-18, and TNF-α, no statistical differences were found after
curcumin supplementation (data not shown).
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3.4. Lipid Peroxidation

Raw data showed large inter-individual differences; therefore, the measurements were
normalized to baseline values (CKD T0), as presented in Figure 3 A and B. During the
first trimester, there was a significant decrease in plasma TBARS levels of CKD patients
supplemented with curcumin phytosome (CKD T0 vs. CKD T1; p < 0.001), with a mean
reduction of 18%. A further decrease in TBARS levels (25%) was observed after six months
of supplementation (CKD T0 vs. CKD T2; p < 0.0001).

3.5. Uremic Toxins

The two main uremic toxins known to contribute kidney disease progression are
indoxyl sulfate (IS) and p-cresyl sulfate (PCS) [34]. Plasma concentrations of these two
molecules were determined at baseline, and after 3 months and 6 months of curcumin
supplementation. Although we did not observe a significant decrease in uremic toxins
levels at both T1 and T2 (Figure 4A,B), a reduction trend can be noted for total and free
PCS levels.
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3.6. Gut Microbiota Analysis

After reads alignment and quality filtering, a total of 29,048,198 reads were obtained,
with an average of 213,589.691. To avoid biases related to uneven sequencing depth,
samples were subsampled to 93,000 reads, according to the amount of sequences in the
least abundant sample.

3.6.1. Bacterial Biodiversity in the Dataset

Initially, we compared the gut microbiota biodiversity of CTRL and CKD groups, be-
fore and after curcumin supplementation. CKD patients before curcumin supplementation
(T0) showed higher alpha-diversity values compared with CTRL (p-values < 0.01, for all
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metrics). These differences gradually decreased in time after Meriva® intakes (CKD vs.
CKD T2, p = 0.04 for Chao1 and observed species metrics), leading toward values similar to
the CTRL ones (Figure 5A).

Beta-diversity (Figure 5B) analysis showed a significant divergence between CTRL
and CDK at the enrolment (unweighted Unifrac matrix: p = 0.023). The Meriva® intake
seems to promote a gut microbial shift towards the healthy subject community.

3.6.2. Taxonomic Composition

Several taxonomic differences between patients and healthy controls were found at
different phylogenetic levels. Taxonomic data at phylum, family, and genus phylogenetic
levels are shown in Table 3.

Figure 5. Biodiversity and phylogenetic analysis between cohorts. Bacterial ecological diversity was
assessed between CTRL group (grey), CKD group at baseline (green), and CKD groups supplemented
with curcumin (CKD T1, yellow; CKD T2, orange). (A) Alpha-diversity analysis with Chao1, observed
species (OTU count), Shannon index, and Faith’s phylogenetic tree metrics. (B) Principal coordinates
analysis showing the unweighted Unifrac beta-diversity; the first and second principal coordinates
(PCoA1 and PCoA2) are reported.
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Table 3. Taxonomic abundances and significances. Average relative abundance and standard devia-
tion at phylum, family, and genus phylogenetic levels.

Phylum Family Genus CTRL CKD T0 CKD T1 CKD T2 p-Value

Firmicutes 50.43 (20.54) 56.67 (15.24) 47.46 (12.01) 57.46 (18.61) 0.0428
(T0-T1)

Lachnospiraceae 21.84 (10.43) 21.30 (10.00) 20.32 (8.38) 22.96 (15.40)

0.014
(CTRL-T2);

0.033
(T1-T2)

Other
Lachnospiraceae 2.62 (2.54) 2.51 (2.82) 3.24 (2.26) 1.42 (1.40)

Lachnospiraceae
NK4A136 group 3.65 (4.96) 2.19 (2.64) 3.46 (3.65) 2.75 (2.35)

Roseburia 1.43 (1.55) 2.04 (2.90) 1.57 (2.43) 4.41 (3.03)
[Eubacterium]
eligens group 2.13 (2.31) 2.00 (1.40) 1.41 (1.67) 1.72 (2.34)

Blautia 0.93 (0.80) 1.83 (0.57) 1.11 (0.82) 0.35 (3.71)
Ruminococcaceae 17.20 (12.30) 20.75 (10.80) 16.53 (8.06) 20.00 (10.11)

Subdoligranulum 4.14 (5.40) 4.23 (2.45) 5.38 (7.41) 3.71 (7.10)
Ruminococcaceae

UCG-002 2.84 (5.02) 2.48 (3.30) 2.76 (2.65) 3.12 (3.13)

Faecalibacterium 1.58 (2.26) 2.46 (2.12) 2.63 (2.87) 2.01 (4.77)
Ruminococcus 2 0.48 (0.57) 2.39 (1.66) 2.26 (3.35) 2.33 (4.10)
[Eubacterium]

coprostanoligenes
group

1.57 (1.92) 2.07 (1.12) 1.19 (0.76) 1.04 (2.08) 0.0453
(T0-T1)

Christensenellaceae 4.03 (5.35) 4.77 (6.02) 2.14 (2.24) 5.95 (12.73)
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Table 3. Cont.

Phylum Family Genus CTRL CKD T0 CKD T1 CKD T2 p-Value

Christensenellaceae
R-7 group 3.93 (5.26) 4.66 (2.04) 5.66 (12.08) 2.20 (5.97)

Veillonellaceae 3.61 (7.28) 3.02 (4.39) 1.93 (2.66) 3.02 (2.59)
Dialister 2.31 (6.57) 2.10 (1.15) 2.24 (2.64) 2.35 (4.23)

Streptococcaceae 0.65 (0.85) 2.37 (3.85) 2.77 (4.97) 1.78 (2.64)
Streptococcus 0.64 (0.84) 2.36 (2.76) 1.76 (2.64) 4.97 (3.84)

Erysipelotrichaceae 1.00 (1.83) 1.44 (1.41) 1.36 (1.55) 0.97 (0.84)
Acidaminococcaceae 0.88 (1.44) 1.11 (1.69) 1.02 (1.46) 0.48 (0.71)

Bacteroidetes 28.01 (15.40) 28.90 (14.45) 36.80 (12.08) 27.68 (16.73)
Muribaculaceae 0.47 (1.06) 0.97 (2.55) 2.09 (6.01) 0.57 (1.64)
Barnesiellaceae 0.62 (0.80) 0.93 (1.28) 1.03 (0.95) 1.07 (1.65)

Bacteroidaceae 19.58 (15.17) 14.59 (11.04) 17.55 (11.52) 10.01 (7.27) 0.037
(CTRL-T2)

Bacteroides 19.57 (15.17) 14.586 (17.55) 10.01 (7.27) 11.52 (11.04)
Prevotellaceae 3.44 (7.46) 6.42 (10.04) 10.68 (13.90) 11.19 (18.77)

Prevotella 9 2.48 (7.54) 4.76 (7.20) 9.32 (17.86) 12.22 (9.25)
Rikenellaceae 1.83 (1.40) 3.75 (3.92) 2.97 (3.58) 3.09 (4.04)

Alistipes 1.67 (1.34) 3.44 (2.24) 2.07 (1.99) 1.69 (3.85)
Tannerellaceae 1.79 (1.83) 1.46 (0.93) 1.78 (1.08) 1.25 (1.11)

Parabacteroides 1.79 (1.83) 1.46 (1.78) 1.25 (1.10) 1.081 (0.93)
Proteobacteria 19.56 (23.55) 10.48 (11.26) 13.27 (14.16) 11.66 (18.12)

Enterobacteriaceae 17.68 (24.35) 8.58 (11.54) 10.21 (14.29) 9.34 (18.94)
Escherichia-

Shigella 8.44 (15.15) 2.54 (3.41) 5.20 (10.86) 5.64 (5.12)

Salmonella 2.25 (3.62) 2.44 (2.85) 2.09 (4.28) 3.88 (2.83)
Klebsiella 2.52 (5.55) 1.32 (1.70) 0.53 (1.30) 3.88 (2.17)

Desulfovibrionaceae 0.72 (0.93) 0.89 (0.66) 1.45 (1.24) 0.99 (1.10) 0.020
(CTRL-T1)

Actinobacteria 1.00 (1.02) 2.36 (2.90) 1.35 (1.24) 1.95 (2.85) 0.0361
(CTRL-T0)

Bifidobacteriaceae 0.51 (0.67) 1.30 (1.88) 0.75 (1.08) 1.27 (2.73)
Coriobacteriaceae 0.15 (0.25) 0.52 (1.11) 0.27 (0.31) 0.25 (0.42)

Verrucomicrobia 0.12 (0.12) 0.03 (0.09) 0.09 (0.04) 0.11 (0.01)

CTRL, healthy subjects; CKD T0, CKD patients at baseline; CKD T1 and CKD T2, CKD patients after 3 and
6 months of Meriva® supplementation, respectively. Only adjusted p-values (Bonferroni correction) are reported;
p-values < 0.05 were considered significant.

3.6.3. Comparisons with Healthy Subjects

In order to highlight specific taxa relative abundance variations between healthy
subjects and CKD patients, we focused on the patient’s gut composition before Meriva®

supplementation (Figure 6). Bacteroidaceae family, and Bacteroides at genus level, was found
significantly lower in CKD patients (19.6% in CTRL, 14.6% in CKD T0, raw p-value = 0.037,
both at family and at genus levels). Similarly, Lachnoclostridium spp. and Escherichia-Shigella
were depleted in CKD patients (adj p-value = 0.018 and p = 0.048, respectively).

To evaluate Meriva® supplementation effects on CKD gut bacterial community, we
compared CTRL subjects and curcumin-treated patients, grouping together CKD T1 and
T2 (Figure 7). We observed a decrease in Verrucomicrobia (CTRL 0.12% vs. CKD T1 +
T2 0.03%; raw p = 0.005; adjusted p = 0.016) and in Enterobacteriaceae relative abundance
(p = 0.047). Among the Enterobacteriaceae family, both Enterobacter and Escherichia-Shigella
genera were found to be depleted compared to healthy controls (adj p = 0.033 and p = 0.034,
respectively). On the other hand, there was a significant increase in the relative abundance
of Lachnoclostridium (2.04% vs. 0.6%; raw p < 0.001) of the Lachnospiraceae family (Figure S1).
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Figure 6. Taxonomic composition of CTRL subjects and CKD patients before curcumin supplementa-
tion. Barplots of average microbial relative abundances at family (A) and genus (B) level for healthy
subjects (CTRL) and CKD patients alone (T0).

Figure 7. Taxonomic composition of the gut microbiota of healthy subjects and CKD at baseline.
Barplots of average microbial relative abundances at family level for the control group (CTRL) and
CKD patients after 3 and 6 months of Meriva® supplementation (respectively, CKD T1 and T2)
grouped together.

3.6.4. Taxonomic Changes in CKD Patients during Meriva® Supplementation

We then focused our attention on curcumin-driven changes in CKD microbiota com-
position. At phylum level, there was a reduction in the abundance of Firmicutes after three
months of supplementation compared to untreated CKD (from 47.4% at CKD T0 to 56.7%
at CKD T1; p = 0.048), as shown in Figure S2. At family level, the relative abundance of Lac-
tobacillaceae spp. was found significantly increased at T2 compared to T1 (0.53% vs. 0.15%,
raw p-value = 0.033) and an interesting increasing trend was observed for Prevotellaceae,
from baseline to after 6 months of curcumin supplementation (Figure 8). At genus level,
Lachnospira had a steady increase over time (0.5% at T0, 1.1% at T1, and 2.1% at T2), with a
statistically significant difference between baseline and T2 (raw p-value = 0.030).
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Figure 8. Taxonomic composition of the CKD gut microbiota at family level. Barplots of average
microbial relative abundances at family level for CKD patients at baseline (CKD T0) and after 3 and
6 months of Meriva® supplementation (respectively, CKD T1 and T2).

3.6.5. Correlation between Gut Microbiota and Clinical Parameters

A multivariate analysis, to highlight possible influences of gut microbiota changes
on clinical parameters and vice versa, was performed by including the most significant
and relevant clinical parameters and the most abundant bacterial families (Figure 9) and
genera (Figure S3).

Over time, Enterobacteeriaceae spp. were found less positively correlated with both
total and free indoxyl sulfate (p-value = 0.006 for total IS at T0), with PCS, with soluble
glucids (p = 0.002 at T0), and with eGFR (p = 0.021 at T1 and p = 0.013 at T2). On the other
hand, Bacteroidaceae spp. were found statistically related to carbohydrates (p = 0.044 at both
T1 and T2) and vegetable lipids (p = 0.047 at T2), with a higher correlation over the time of
curcumin assumption. Notably, although not statistically significant, the Streptococcaceae
family was found more positively correlated at T2 with carbohydrates and fibers amounts.
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Figure 9. Co-abundant analysis of the main bacterial families and clinical parameters. Co-abundances
have been elaborated through Spearman correlation and are shown as R values reporting co-absence
(blue) of bacterial and clinical parameter abundances; co-presence of both (red).

4. Discussion

In this study, the effects of curcumin phytosome supplementation were investigated
in CKD patients through a multifaceted analysis of the nutritional status, dietary intakes,
inflammation status, and oxidative stress, together with plasma levels of uremic toxins and
gut microbiota composition.
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The investigated clinical parameters showed that, during the six months of supplemen-
tation, eGFR did not decline. The majority of CKD patients at baseline were overweight,
with an average BMI of 27.19 kg/m2. Notably, bioimpedance analysis showed a significant
decrease in fat mass and an increasing trend in fat-free mass in the first trimester. This data
is in contrast with another study reporting that metabolic alterations caused by CKD usually
lead to a decrease in lean mass and consequently to underweight [35]. However, a study
conducted in Italy found an average BMI of 27.0 kg/m2 in a population of patients with
chronic kidney disease, in accordance with our findings [36]. Another study, by Johansen
K.L. and colleagues, assessed that 65% of patients with CKD were obese or overweight,
with a prevalence of sarcopenia or muscle wasting that ranged from 20% to 44% [37].

Nutritional approach is extremely important in CKD because it can limit the pro-
gression of renal failure and all associated complications [38]. At the beginning of the
study, nutritional counseling was provided to CKD patients. However, the majority of
patients were already familiar with the nutritional indications, as they are an integral part
of conservative therapy [7].

The aim was to recall the importance of lowering protein intake and limiting sodium,
phosphorus, and potassium consumption. Results showed a decrease in total daily calories
as well as in total carbohydrates and proteins intake. Importantly, a reduction was observed
in phosphorus and potassium intake. Patients were more prone to follow our nutritional
advice during the first trimester, underlining the importance of monthly surveillance to
improve patients’ adherence to the dietetic therapy.

Curcumin showed an anti-inflammatory effect in lowering plasma cytokines amounts
during six months of curcumin supplementation. In particular, a significant decrease
of MCP-1 was observed after three months from the beginning of the supplementation.
Notably, MCP-1 is overexpressed in patients with CKD and increases inflammation through
the recruitment of macrophages involved in atherosclerotic processes [39]. In vitro studies
revealed that curcumin can inhibit this cytokine production in human monocytes or alveolar
macrophages [40]. Moreover, in vivo studies highlighted the direct effect of curcumin
in reducing MCP-1 gene expression in acute small intestinal inflammation or chronic
kidney disease, ameliorating intestinal and kidney functions [41,42]. Notably, curcumin
supplementation significantly reduced this pro-inflammatory chemokine in humans with
metabolic syndrome [43].

In our study, curcumin phytosome also induced a reduction in IL-4 and IFN-γ plasma
levels after 6 months of supplementation. IL-4 has pleiotropic functions, modulates the
immune response by acting on various cell types, such as T lymphocytes, B lymphocytes,
macrophages, and endothelial cells [44]. The overproduction is associated with allergic
phenomena [45]. Babaei E. and colleagues revealed a significant decrease in IL-4 production
in mice with cancer receiving dendrosomal curcumin [46]. The same result was also
seen in mice with allergic conjunctivitis after intraperitoneal curcumin injections [47]. A
randomized, double-blind, crossover trial investigating serum cytokines levels in obese
individuals has shown a decrease in IL-4 amount due to a dietary supplementation with
curcuminoids [48], in accordance with our data.

Regarding IFN-γ, it is implicated in tissue homeostasis, immunomodulation, and
inflammation. It is mainly produced by NK (natural killer) cells, which are responsible
for the development of kidney damage and promote the onset of CKD [49]. In addition,
IFN-γ interferes with the repair process of damaged tubular cells, contributing to the
progression of renal disfunction [50]. Moreover, a preclinical study demonstrated the
increase of PPARγ and reduction of NFkB, demonstrating the anti-inflammatory effect
of curcumin phytosome [21]. To our knowledge, we are reporting for the first time that
curcumin supplementation can lower plasma levels of IFN-γ in humans.

The anti-cytokine effect of curcumin phytosome Meriva®has been demonstrated in
different pathological conditions. In particular, curcumin phytosome supplementation
induced PPARγ and reduced NFkB in a transgenic mouse model of hepatitis B virus-related
hepatocellular carcinoma [21]. PPARγ is a key receptor on cell nucleous that controls the
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expression of a very large number of genes and plays a fundamental anti-inflammatory
role in the immune response through its ability to inhibit the expression of inflammatory
cytokines and direct the differentiation of immune cells towards anti-inflammatory phe-
notypes [21]. Moreover, this curcumin formulation is a promising therapeutic agent in
neuroinflammation. A recent study on GFAP-IL6 transgenic mice of chronic neuroinflam-
mation, where IL-6 is overexpressed in the brain, highlighted a positive modulation of
neural cells morphology, demonstrating that phytosomal curcumin is able to attenuate the
inflammatory pathology [51]. The anti-cytokine effect of curcumin is also currently being
studied in Coronavirus disease 2019 (COVID-19). An interesting randomized controlled
trial on forty COVID-19 patients supplemented with nano-curcumin showed a significant
reduction in IL-1β and IL-6 expression and secretion [52]. The same pro-inflammatory
cytokines reduction was demonstrated in patients with osteoarthritis, a pathological condi-
tion characterized by chronic inflammation, supplemented with 1 g daily of phytosomal
curcumin for 8 months [53].

Lipid peroxidation analysis showed an average decrease of 18% after three months
from the start of the study and an average decrease of 25% at the end of six months
of supplementation. Numerous in vitro studies already explained how curcumin acts
with antioxidant activity by limiting oxidative processes, reducing circulating ROS and
lipid peroxidation phenomena. Mohamedain M. Mahfouz and colleagues showed that
the presence of curcumin decreases conjugated diene and lipid peroxides in oxidized
LDL isolated from human plasma [54]. Another study performed by the University of
Amsterdam observed that curcumin suppresses the MAP-kinase pathway in human fetal
astrocytes and reduces reactive oxygen species in neuronal cells [55]. Sadeghi A. and
colleagues described the role of curcumin in ameliorating the inflammatory responses
stimulated by palmitate in muscular cells: curcumin repressed the phosphorylation of
IKKα, IKKβ, and JNK and decreased ROS levels [56]. Other preclinical studies showed
an increased amount of antioxidant enzymes after curcumin supplementation [57–59].
However, the antioxidant effects of curcumin have not been extensively documented on
human individuals. According to our results on lipid peroxidation, a reduction in TBARS
levels was observed in patients with diabetes mellitus after curcumin supplementation
in a randomized, parallel-group, placebo-controlled study [60]. The antioxidant effect of
curcumin was seen also in a single-blind, randomized study where twenty patients with
tropical pancreatitis showed a significant reduction in the erythrocyte MDA levels after
curcumin therapy [61].

Then, we evaluated the two main uremic toxins known to contribute to kidney disease
progression: indoxyl sulfate (IS) and p-cresyl sulfate (PCS) [34]. IS and PCS are produced
by human colon microorganisms from dietary amino acids, are directly responsible for the
progression of renal damage, and increase cardiovascular risks [62]. Plasma concentrations
of these two molecules did not significantly change after 3 or 6 months of curcumin
supplementation. Noteworthy, plasma concentrations of IS and PCS did not increase in
the supplemented group, supporting the stability observed in the clinical parameters of
the enrolled CKD population. Usually, there is an increment in uremic toxins levels as the
renal damages get worse, but this was not observed after supplementation. Interestingly,
a reduction trend can be noted for total and free PCS levels, after both 3 and 6 months of
curcumin phytosome supplementation.

In a recent study by Salarolli et al., the oral supplementation of curcumin (2.5 g of
turmeric for three months) seemed to reduce PCS plasma levels in hemodialysis patients [63].

The presence of dysbiosis in CKD patients leads to an increased growth of microor-
ganisms with proteolytic enzymes involved in the metabolism of uremic toxins [64].

Surprisingly, the present study found higher alpha-diversity values in CKD groups
compared with CTRL subjects, age- and sex-matched. Noteworthy, CKD patients followed
specific nutritional advice, whereas the CTRL group was on a free diet. A recent systematic
review investigated the alteration of gut microbiota in CKD compared to healthy sub-
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jects [65]: only 33.3% of the studies showed higher richness in CKD subjects, among which
we found an Italian study that reported our same result [66].

In particular, in our study, Bacteroidaceae family was found significantly lower in
CKD patients, and Bacteroides followed the same abundances and statistics at genus level.
Lachnoclostridium spp. were found deeply reduced in CKD patients, as well as Escherichia-
Shigella, which was found present at 8.4% of relative abundance in healthy subjects and
at 2.5% in CKD patients. To better understand the effects of Meriva® supplementation
on the CKD gut microbiota, we performed a comparison of CTRL subjects and patients
after the months of curcumin intake, grouping together CKD T1 and T2. At phylum level,
in Meriva® supplementation there was a significantly lower presence of Verrucomicrobia,
whereas, at family level, Enterobacteriaceae were found significantly lower in CKD patients
supplemented with curcumin, reflected in an analogous lower abundance of the Enterobacter
genus in the same cohort. Of the same family, at genus level, Escherichia-Shigella was found
reduced as well, while there was a significant higher presence of Lachnoclostridium of the
Lachnospiraceae family. Notably, at family level, Lactobacillaceae spp. were found significantly
higher at T2 compared with T1 and an interesting increasing trend was observed in the
Prevotellaceae group, from baseline to after 6 months of curcumin supplementation.

Saccharolytic and butyrate-producing bacteria (Prevotella, F. prausnitzii, Roseburia)
seem to play an important role in the maintenance of gut barrier function. In fact, butyrate
promotes colon motility, reduces inflammation, increases visceral vascularization, inhibits
tumor cell progression, and induces differentiation of T-regulatory cells [67].

Some studies described how curcumin helps to maintain the integrity of the intestinal
barrier and its permeability, promoting a better composition of the intestinal microbiota.
This activity was studied mainly in mice. It was observed that nanoparticle curcumin im-
proves gut microbiota structure and mucosal permeability in mice with colitis [68]. A study
by Feng W. et al. showed that mice fed a high-fat-diet and supplemented with curcumin
decreased hepatic fat deposition and ameliorated gut microbiota composition [69].

Our study has a design limitation regarding the small sample size and the high
drop-out rates, not related to curcumin supplementation. However, we believe that CKD
groups were in-depth characterized, with promising results that should be confirmed in a
placebo-controlled trial.

5. Conclusions

Our pilot study demonstrated the promising benefits of curcumin supplementation in
chronic kidney disease. In particular, curcumin phytosome significantly reduced plasma
pro-inflammatory mediators (MCP-1, IFN-γ, and IL-4) and lipid peroxidation. It is note-
worthy that plasma concentrations of uremic toxins did not increase in the supplemented
group, supporting the stability observed on the clinical parameters of the enrolled CKD
population. Regarding gut microbiota analysis, after 6 months of curcumin supplemen-
tation, CKD’s alpha-diversity showed a significant trend toward values similar to the
healthy ones. At phylum level, there was a significantly lower presence of Escherichia-
Shigella, while there was a significant higher presence of Lachnoclostridium. Notably, at
family level, Lactobacillaceae spp. were found significantly higher in the last 3 months
of supplementation.

Regarding tolerability, no adverse events were observed in the supplemented group,
confirming the good safety profile of curcumin phytosome after long-term administration.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14010231/s1, Figure S1: Taxonomic composition of the gut microbiota of healthy subjects
and CKD at baseline; Figure S2: Taxonomic composition of the CKD gut microbiota at family level;
Figure S3: Co-abundant analysis of the main bacterial families and clinical parameters.

https://www.mdpi.com/article/10.3390/nu14010231/s1
https://www.mdpi.com/article/10.3390/nu14010231/s1


Nutrients 2022, 14, 231 21 of 24

Author Contributions: Conceptualization, L.S.; methodology, L.S., R.P. and E.B.; formal analysis,
F.P.; investigation, F.P., A.M., G.P. (Giada Piazzini), C.C., E.O. and M.D.C.; resources, F.P. and G.P.
(Giada Piazzini); data curation, F.P., A.M. and M.D.C.; writing—original draft preparation, F.P., A.M.,
C.C. and E.O.; writing—review and editing, E.O., E.B., L.B., R.P., C.B., L.D.R., P.S., A.R. and G.P.
(Giovanna Petrangolini); Supervision, P.F., M.V. and M.G.C.; project administration, L.S.; funding
acquisition, L.S. 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 according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Milano Area 1 (protocol code MRC
Project: 2017/ST/035, approved on 1 August 2017).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Fondazione Umberto Veronesi for supporting Francesca Pivari with
FUV Post-doc Fellowship Grant 2021. Thanks to Giorgia Garoldini, Chiara Parodi, Jessica Monti,
Vittorio Rossano, Alessandra Piontini, Paola De Simone, Lisa Polenghi, Marta Berni and Ilaria Gatto
for your valuable support.

Conflicts of Interest: Antonella Riva and Giovanna Petrangolini are employees of Indena S.p.A.;
Milan, Italy.

References
1. Hill, N.R.; Fatoba, S.T.; Oke, J.L.; Hirst, J.A.; O’Callaghan, C.A.; Lasserson, D.S.; Hobbs, F.D.R. Global prevalence of chronic

kidney disease—A systematic review and meta-analysis. PLoS ONE 2016, 11, e0158765.
2. Cozzolino, M.; Galassi, A.; Pivari, F.; Ciceri, P.; Conte, F. The Cardiovascular Burden in End-Stage Renal Disease. Contrib. Nephrol.

2017, 191, 44–57.
3. Go, A.S.; Chertow, G.M.; Fan, D.; Mcculloch, C.E.; Hsu, C.-Y. Chronic Kidney Disease and the Risks of Death, Cardiovascular

Events, and Hospitalization. N. Engl. J. Med. 2004, 351, 1296–1305. [CrossRef]
4. Carrero, J.J.; Stenvinkel, P. Inflammation in End-Stage Renal Disease-What Have We Learned in 10 Years? In Seminars in Dialysis;

Blackwell Publishing Ltd.: Hoboken, NJ, USA, 2010.
5. Levey, A.S.; Greene, T.; Kusek, J.W.; Beck, G.J. MDRD Study Group: A simplified equation to predict glomerular filtration rate

from serum creatinine. J. Am. Soc. Nephrol. 2000, 11, 155.
6. Kopple, J.D.; Levey, A.S.; Greene, T.; Chumlea, W.C.; Gassman, J.J.; Hollinger, D.L.; Maroni, B.J.; Merrill, D.; Scherch, L.K.;

Schulman, G.; et al. Effect of dietary protein restriction on nutritional status in the Modification of Diet in Renal Disease Study.
Kidney Int. 1997, 52, 778–791. [CrossRef]

7. Levey, A.S.; Coresh, J.; Bolton, K.; Culleton, B.; Harvey, K.S.; Ikizler, T.A.; Johnson, C.A.; Kausz, A.; Kimmel, P.L.; Kusek, J.; et al.
K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and stratification. Am. J. Kidney Dis.
2002, 39, S1–S266.

8. Fan, Y.; Pedersen, O. Gut microbiota in human metabolic health and disease. Nat. Rev. Microbiol. 2021, 19, 55–71. [CrossRef]
9. Wu, I.W.; Hsu, K.H.; Lee, C.C.; Sun, C.Y.; Hsu, H.J.; Tsai, C.J.; Tzen, C.Y.; Wang, Y.C.; Lin, C.Y.; Wu, M.S. P-cresyl sulphate and

indoxyl sulphate predict progression of chronic kidney disease. Nephrol. Dial. Transplant. 2011, 26, 938–947. [CrossRef]
10. Vaziri, N.D.; Wong, J.; Pahl, M.; Piceno, Y.M.; Yuan, J.; Desantis, T.Z.; Ni, Z.; Nguyen, T.H.; Andersen, G.L. Chronic kidney disease

alters intestinal microbial flora. Kidney Int. 2013, 83, 308–315. [CrossRef]
11. Briskey, D.; Tucker, P.; Johnson, D.W.; Coombes, J.S. The role of the gastrointestinal tract and microbiota on uremic toxins and

chronic kidney disease development. Clin. Exp. Nephrol. 2017, 21, 7–15. [CrossRef]
12. Fulop, T.; Witkowski, J.M.; Pawelec, G.; Alan, C.; Larbi, A. On the immunological theory of aging. Interdiscip. Top. Gerontol. 2014,

39, 163–176.
13. Tsai, Y.L.; Lin, T.L.; Chang, C.J.; Wu, T.R.; Lai, W.F.; Lu, C.C.; Lai, H.C. Probiotics, prebiotics and amelioration of diseases. J.

Biomed. Sci. 2019, 26, 1–8. [CrossRef]
14. Quigley, E.M.M. Nutraceuticals as modulators of gut microbiota: Role in therapy. Br. J. Pharmacol. 2020, 177, 1351–1362. [CrossRef]
15. Ramezani, A.; Raj, D.S. The gut microbiome, kidney disease, and targeted interventions. J. Am. Soc. Nephrol. 2014, 25, 657–670.

[CrossRef]
16. Pivari, F.; Mingione, A.; Brasacchio, C.; Soldati, L. Curcumin and type 2 diabetes mellitus: Prevention and treatment. Nutrients

2019, 11, 1837. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa041031
http://doi.org/10.1038/ki.1997.395
http://doi.org/10.1038/s41579-020-0433-9
http://doi.org/10.1093/ndt/gfq580
http://doi.org/10.1038/ki.2012.345
http://doi.org/10.1007/s10157-016-1255-y
http://doi.org/10.1186/s12929-018-0493-6
http://doi.org/10.1111/bph.14902
http://doi.org/10.1681/ASN.2013080905
http://doi.org/10.3390/nu11081837
http://www.ncbi.nlm.nih.gov/pubmed/31398884


Nutrients 2022, 14, 231 22 of 24

17. Ghosh, S.S.; Krieg, R.; Massey, H.D.; Sica, D.A.; Fakhry, I.; Ghosh, S.; Gehr, T.W.B. Curcumin and enalapril ameliorate renal
failure by antagonizing inflammation in 5/6 nephrectomized rats: Role of phospholipase and cyclooxygenase. Am. J. Physiol.-Ren.
Physiol. 2012, 302, F439–F454. [CrossRef] [PubMed]

18. Jiménez-Osorio, A.S.; García-Niño, W.R.; González-Reyes, S.; Álvarez-Mejía, A.E.; Guerra-León, S.; Salazar-Segovia, J.; Falcón,
I.; Montes de Oca-Solano, H.; Madero, M.; Pedraza-Chaverri, J. The effect of dietary supplementation with curcumin on redox
status and Nrf2 activation in patients with nondiabetic or diabetic proteinuric chronic kidney disease: A pilot study. J. Ren. Nutr.
2016, 26, 237–244. [CrossRef] [PubMed]

19. Cuomo, J.; Appendino, G.; Dern, A.S.; Schneider, E.; McKinnon, T.P.; Brown, M.J.; Togni, S.; Dixon, B.M. Comparative absorption
of a standardized curcuminoid mixture and its lecithin formulation. J. Nat. Prod. 2011, 74, 664–669. [CrossRef] [PubMed]

20. Bresciani, L.; Favari, C.; Calani, L.; Francinelli, V.; Riva, A.; Petrangolini, G.; Allegrini, P.; Mena, P.; Del Rio, D. The effect of
formulation of curcuminoids on their metabolism by human colonic microbiota. Molecules 2020, 25, 940. [CrossRef]

21. Teng, C.F.; Yu, C.H.; Chang, H.Y.; Hsieh, W.C.; Wu, T.H.; Lin, J.H.; Wu, H.C.; Jeng, L.B.; Su, I.J. Chemopreventive Effect of
Phytosomal Curcumin on Hepatitis B Virus-Related Hepatocellular Carcinoma in A Transgenic Mouse Model. Sci. Rep. 2019,
9, 1–13. [CrossRef] [PubMed]

22. Tenero, L.; Piazza, M.; Zanoni, L.; Bodini, A.; Peroni, D.; Piacentini, G.L. Antioxidant supplementation and exhaled nitric oxide in
children with asthma. Allergy Asthma Proc. 2016, 37, e8–e13. [CrossRef]

23. Hu, S.; Belcaro, G.; Dugall, M.; Peterzan, P.; Hosoi, M.; Ledda, A.; Riva, A.; Giacomelli, L.; Togni, S.; Eggenhoffner, R.; et al.
Interaction study between antiplatelet agents, anticoagulants, thyroid replacement therapy and a bioavailable formulation of
curcumin (Meriva®). Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 5042–5046. [PubMed]

24. Panahi, Y.; Kianpour, P.; Mohtashami, R.; Jafari, R.; Simental-Mendía, L.E.; Sahebkar, A. Efficacy and Safety of Phytosomal
Curcumin in Non-Alcoholic Fatty Liver Disease: A Randomized Controlled Trial. Drug Res. 2017, 67, 244–251. [CrossRef]

25. Thota, R.N.; Dias, C.B.; Abbott, K.A.; Acharya, S.H.; Garg, M.L. Curcumin alleviates postprandial glycaemic response in healthy
subjects: A cross-over, randomized controlled study. Sci. Rep. 2018, 8, 1–8. [CrossRef]

26. Pastorelli, D.; Fabricio, A.S.C.; Giovanis, P.; D’Ippolito, S.; Fiduccia, P.; Soldà, C.; Buda, A.; Sperti, C.; Bardini, R.; Da Dalt, G.;
et al. Phytosome complex of curcumin as complementary therapy of advanced pancreatic cancer improves safety and efficacy of
gemcitabine: Results of a prospective phase II trial. Pharmacol. Res. 2018, 132, 72–79. [CrossRef] [PubMed]

27. Ledda, A.; Belcaro, G.; Feragalli, B.; Hosoi, M.; Cacchio, M.; Luzzi, R.; Dugall, M.; Cotellese, R. Temporary kidney dysfunction:
Supplementation with Meriva® in initial, transient kidney micro-macro albuminuria. Panminerva Med. 2019, 61, 444–448.
[CrossRef]

28. Thompson, F.E.; Subar, A.F. Dietary Assessment Methodology. In Nutrition in the Prevention and Treatment of Disease; Elsevier Inc.:
Amsterdam, The Netherlands, 2013; pp. 5–46. ISBN 9780123918840.

29. Masella, A.P.; Bartram, A.K.; Truszkowski, J.M.; Brown, D.G.; Neufeld, J.D. PANDAseq: Paired-end assembler for illumina
sequences. BMC Bioinform. 2012, 13, 31. [CrossRef]

30. Caporaso, J.G.; Kuczynski, J.; Stombaugh, J.; Bittinger, K.; Bushman, F.D.; Costello, E.K.; Fierer, N.; Peña, A.G.; Goodrich, J.K.;
Gordon, J.I.; et al. QIIME allows analysis of high-throughput community sequencing data. Nat. Methods 2010, 7, 335–336.
[CrossRef] [PubMed]

31. Wang, Q.; Garrity, G.M.; Tiedje, J.M.; Cole, J.R. Naive Bayesian classifier for rapid assignment of rRNA sequences into the new
bacterial taxonomy. Appl. Environ. Microbiol. 2007, 73, 5261–5267. [CrossRef]

32. Pruesse, E.; Quast, C.; Knittel, K.; Fuchs, B.M.; Ludwig, W.; Peplies, J.; Glöckner, F.O. SILVA: A comprehensive online resource
for quality checked and aligned ribosomal RNA sequence data compatible with ARB. Nucleic Acids Res. 2007, 35, 7188–7196.
[CrossRef] [PubMed]

33. Oksanen, J.; Blanchet, F.G.; Kindt, R.; Legendre, P.; Minchin, P.R.; O’Hara, R.B. Vegan: Community Ecology Package. R Package
Version 2.0 ± 10. 2013. Available online: http://CRAN.R-project.org/package=vegan (accessed on 7 December 2021).

34. Lekawanvijit, S.; Kompa, A.R.; Wang, B.H.; Kelly, D.J.; Krum, H. Cardiorenal syndrome: The emerging role of protein-bound
uremic toxins. Circ. Res. 2012, 111, 1470–1483. [CrossRef]

35. Fouque, D.; Kalantar-Zadeh, K.; Kopple, J.; Cano, N.; Chauveau, P.; Cuppari, L.; Franch, H.; Guarnieri, G.; Ikizler, T.A.; Kaysen,
G.; et al. A proposed nomenclature and diagnostic criteria for protein-energy wasting in acute and chronic kidney disease. In
Proceedings of the Kidney International; Nature Publishing Group: Berlin, Germany, 2008; Volume 73, pp. 391–398.

36. De Nicola, L.; Minutolo, R.; Chiodini, P.; Zoccali, C.; Castellino, P.; Donadio, C.; Strippoli, M.; Casino, F.; Giannattasio, M.;
Petrarulo, F.; et al. Global approach to cardiovascular risk in chronic kidney disease: Reality and opportunities for intervention.
Kidney Int. 2006, 69, 538–545. [CrossRef] [PubMed]

37. Johansen, K.L.; Lee, C. Body composition in chronic kidney disease. Curr. Opin. Nephrol. Hypertens. 2015, 24, 268–275. [CrossRef]
38. Cupisti, A.; Brunori, G.; Di Iorio, B.R.; D’Alessandro, C.; Pasticci, F.; Cosola, C.; Bellizzi, V.; Bolasco, P.; Capitanini, A.; Fantuzzi,

A.L.; et al. Nutritional treatment of advanced CKD: Twenty consensus statements. J. Nephrol. 2018, 31, 457–473. [CrossRef]
[PubMed]

39. Deshmane, S.L.; Kremlev, S.; Amini, S.; Sawaya, B.E. Monocyte chemoattractant protein-1 (MCP-1): An overview. J. Interf.
Cytokine Res. 2009, 29, 313–326. [CrossRef] [PubMed]

40. Abe, Y.; Hashimoto, S.; Horie, T. Curcumin inhibition of inflammatory cytokine production by human peripheral blood monocytes
and alveolar macrophages. Pharmacol. Res. 1999, 39, 41–47. [CrossRef]

http://doi.org/10.1152/ajprenal.00356.2010
http://www.ncbi.nlm.nih.gov/pubmed/22031851
http://doi.org/10.1053/j.jrn.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/26915483
http://doi.org/10.1021/np1007262
http://www.ncbi.nlm.nih.gov/pubmed/21413691
http://doi.org/10.3390/molecules25040940
http://doi.org/10.1038/s41598-019-46891-5
http://www.ncbi.nlm.nih.gov/pubmed/31316146
http://doi.org/10.2500/aap.2016.37.3920
http://www.ncbi.nlm.nih.gov/pubmed/30070343
http://doi.org/10.1055/s-0043-100019
http://doi.org/10.1038/s41598-018-32032-x
http://doi.org/10.1016/j.phrs.2018.03.013
http://www.ncbi.nlm.nih.gov/pubmed/29614381
http://doi.org/10.23736/S0031-0808.18.03575-9
http://doi.org/10.1186/1471-2105-13-31
http://doi.org/10.1038/nmeth.f.303
http://www.ncbi.nlm.nih.gov/pubmed/20383131
http://doi.org/10.1128/AEM.00062-07
http://doi.org/10.1093/nar/gkm864
http://www.ncbi.nlm.nih.gov/pubmed/17947321
http://CRAN.R-project.org/package=vegan
http://doi.org/10.1161/CIRCRESAHA.112.278457
http://doi.org/10.1038/sj.ki.5000085
http://www.ncbi.nlm.nih.gov/pubmed/16395261
http://doi.org/10.1097/MNH.0000000000000120
http://doi.org/10.1007/s40620-018-0497-z
http://www.ncbi.nlm.nih.gov/pubmed/29797247
http://doi.org/10.1089/jir.2008.0027
http://www.ncbi.nlm.nih.gov/pubmed/19441883
http://doi.org/10.1006/phrs.1998.0404


Nutrients 2022, 14, 231 23 of 24

41. Bereswill, S.; Muñoz, M.; Fischer, A.; Plickert, R.; Haag, L.M.; Otto, B.; Kühl, A.A.; Loddenkemper, C.; Göbel, U.B.; Heimesaat,
M.M. Anti-inflammatory effects of Resveratrol, Curcumin and Simvastatin in acute small intestinal inflammation. PLoS ONE
2010, 5, e15099. [CrossRef]

42. Jacob, A.; Chaves, L.; Eadon, M.T.; Chang, A.; Quigg, R.J.; Alexander, J.J. Curcumin alleviates immune-complex-mediated
glomerulonephritis in factor-H-deficient mice. Immunology 2013, 139, 328–337. [CrossRef]

43. Hewlings, S.; Kalman, D. Curcumin: A Review of Its Effects on Human Health. Foods 2017, 6, 92. [CrossRef]
44. Gadani, S.P.; Cronk, J.C.; Norris, G.T.; Kipnis, J. IL-4 in the Brain: A Cytokine To Remember. J. Immunol. 2012, 189, 4213–4219.

[CrossRef]
45. Gour, N.; Wills-Karp, M. IL-4 and IL-13 signaling in allergic airway disease. Cytokine 2015, 75, 68–78. [CrossRef]
46. Babaei, E.; Sadeghizadeh, M.; Hassan, Z.M.; Feizi, M.A.H.; Najafi, F.; Hashemi, S.M. Dendrosomal curcumin significantly

suppresses cancer cell proliferation in vitro and in vivo. Int. Immunopharmacol. 2012, 12, 226–234. [CrossRef]
47. Chung, S.H.; Choi, S.H.; Choi, J.A.; Chuck, R.S.; Joo, C.K. Curcumin suppresses ovalbumin-induced allergic conjunctivitis. Mol.

Vis. 2012, 18, 1966–1972.
48. Ganjali, S.; Sahebkar, A.; Mahdipour, E.; Jamialahmadi, K.; Torabi, S.; Akhlaghi, S.; Ferns, G.; Parizadeh, S.M.R.; Ghayour-

Mobarhan, M. Investigation of the effects of curcumin on serum cytokines in obese individuals: A randomized controlled trial.
Sci. World J. 2014. [CrossRef] [PubMed]

49. Law, B.M.P.; Wilkinson, R.; Wang, X.; Kildey, K.; Lindner, M.; Rist, M.J.; Beagley, K.; Healy, H.; Kassianos, A.J. Interferon-γ
production by tubulointerstitial human CD56bright natural killer cells contributes to renal fibrosis and chronic kidney disease
progression. Kidney Int. 2017, 92, 79–88. [CrossRef] [PubMed]

50. García-Sánchez, O.; López-Novoa, J.M.; López-Hernández, F.J. Interferon-γ Reduces the Proliferation of Primed Human Renal
Tubular Cells. Nephron Extra 2014, 4, 1–7. [CrossRef] [PubMed]

51. Ullah, F.; Liang, H.; Niedermayer, G.; Münch, G.; Gyengesi, E. Evaluation of Phytosomal Curcumin as an Anti-inflammatory
Agent for Chronic Glial Activation in the GFAP-IL6 Mouse Model. Front. Neurosci. 2020, 14, 170. [CrossRef] [PubMed]

52. Valizadeh, H.; Abdolmohammadi-Vahid, S.; Danshina, S.; Gencer, M.Z.; Ammari, A.; Sadeghi, A.; Roshangar, L.; Aslani, S.;
Esmaeilzadeh, A.; Ghaebi, M.; et al. Nano-curcumin therapy, a promising method in modulating inflammatory cytokines in
COVID-19 patients. Int. Immunopharmacol. 2020, 89, 107088. [CrossRef]

53. Belcaro, G.; Cesarone, M.R.; Dugall, M.; Pellegrini, L.; Ledda, A.; Grossi, M.G.; Togni, S.; Appendino, G. Efficacy and safety of
Meriva®, a curcumin-phosphatidylcholine complex, during extended administration in osteoarthritis patients. Altern Med. Rev.
2010, 15, 337–344. [PubMed]

54. Mahfouz, M.M.; Zhou, S.Q.; Kummerow, F.A. Curcumin prevents the oxidation and lipid modification of LDL and its inhibition
of prostacyclin generation by endothelial cells in culture. Prostaglandins Other Lipid Mediat. 2009, 90, 13–20. [CrossRef]

55. Drion, C.M.; van Scheppingen, J.; Arena, A.; Geijtenbeek, K.W.; Kooijman, L.; van Vliet, E.A.; Aronica, E.; Gorter, J.A. Effects of
rapamycin and curcumin on inflammation and oxidative stress in vitro and in vivo—In search of potential anti-epileptogenic
strategies for temporal lobe epilepsy. J. Neuroinflamm. 2018, 15, 1–11. [CrossRef]

56. Sadeghi, A.; Rostamirad, A.; Seyyedebrahimi, S.; Meshkani, R. Curcumin ameliorates palmitate-induced inflammation in skeletal
muscle cells by regulating JNK/NF-kB pathway and ROS production. Inflammopharmacology 2018, 26, 1265–1272. [CrossRef]

57. Lin, X.; Bai, D.; Wei, Z.; Zhang, Y.; Huang, Y.; Deng, H.; Huang, X. Curcumin attenuates oxidative stress in RAW264.7 cells by
increasing the activity of antioxidant enzymes and activating the Nrf2-Keap1 pathway. PLoS ONE 2019, 14, e0216711.

58. Ali, B.H.; Al-Salam, S.; Al Suleimani, Y.; Al Kalbani, J.; Al Bahlani, S.; Ashique, M.; Manoj, P.; Al Dhahli, B.; Al Abri, N.; Naser,
H.T.; et al. Curcumin Ameliorates Kidney Function and Oxidative Stress in Experimental Chronic Kidney Disease. Basic Clin.
Pharmacol. Toxicol. 2018, 122, 65–73. [CrossRef]

59. Samarghandian, S.; Azimi-Nezhad, M.; Farkhondeh, T.; Samini, F. Anti-oxidative effects of curcumin on immobilization-induced
oxidative stress in rat brain, liver and kidney. Biomed. Pharmacother. 2017, 87, 223–229. [CrossRef] [PubMed]

60. Usharani, P.; Mateen, A.A.; Naidu, M.U.R.; Raju, Y.S.N.; Chandra, N. Effect of NCB-02, Atorvastatin and Placebo on Endothelial
Function, Oxidative Stress and Inflammatory Markers in Patients with Type 2 Diabetes Mellitus: A Randomized, Parallel-Group,
Placebo-Controlled, 8-Week Study. Drugs R D 2008, 9, 243–250. [CrossRef] [PubMed]

61. Durgaprasad, S.; Ganesh Pai, C.; Vasanthkumar; Alvres, J.F.; Namitha, S. A pilot study of the antioxidant effect of curcumin in
tropical pancreatitis. Indian J. Med. Res. 2005, 122, 315–318.

62. Barreto, F.C.; Barreto, D.V.; Liabeuf, S.; Meert, N.; Glorieux, G.; Temmar, M.; Choukroun, G.; Vanholder, R.; Massy, Z.A. Serum
indoxyl sulfate is associated with vascular disease and mortality in chronic kidney disease patients. Clin. J. Am. Soc. Nephrol.
2009, 4, 1551–1558. [CrossRef] [PubMed]

63. Salarolli, R.T.; Alvarenga, L.; Cardozo, L.F.M.F.; Teixeira, K.T.R.; de SG Moreira, L.; Lima, J.D.; Rodrigues, S.D.; Nakao, L.S.;
Fouque, D.; Mafra, D. Can curcumin supplementation reduce plasma levels of gut-derived uremic toxins in hemodialysis patients?
A pilot randomized, double-blind, controlled study. Int. Urol. Nephrol. 2021, 53, 1231–1238. [CrossRef]

64. Vaziri, N.D.; Zhao, Y.Y.; Pahl, M.V. Altered intestinal microbial flora and impaired epithelial barrier structure and function in
CKD: The nature, mechanisms, consequences and potential treatment. Nephrol. Dial. Transplant. 2016, 31, 737–746. [CrossRef]

65. Zhao, J.; Ning, X.; Liu, B.; Dong, R.; Bai, M.; Sun, S. Specific alterations in gut microbiota in patients with chronic kidney disease:
An updated systematic review. Ren Fail. 2021, 43, 102–112. [CrossRef]

http://doi.org/10.1371/journal.pone.0015099
http://doi.org/10.1111/imm.12079
http://doi.org/10.3390/foods6100092
http://doi.org/10.4049/jimmunol.1202246
http://doi.org/10.1016/j.cyto.2015.05.014
http://doi.org/10.1016/j.intimp.2011.11.015
http://doi.org/10.1155/2014/898361
http://www.ncbi.nlm.nih.gov/pubmed/24678280
http://doi.org/10.1016/j.kint.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/28396119
http://doi.org/10.1159/000353587
http://www.ncbi.nlm.nih.gov/pubmed/24575118
http://doi.org/10.3389/fnins.2020.00170
http://www.ncbi.nlm.nih.gov/pubmed/32226360
http://doi.org/10.1016/j.intimp.2020.107088
http://www.ncbi.nlm.nih.gov/pubmed/21194249
http://doi.org/10.1016/j.prostaglandins.2009.06.005
http://doi.org/10.1186/s12974-018-1247-9
http://doi.org/10.1007/s10787-018-0466-0
http://doi.org/10.1111/bcpt.12817
http://doi.org/10.1016/j.biopha.2016.12.105
http://www.ncbi.nlm.nih.gov/pubmed/28061405
http://doi.org/10.2165/00126839-200809040-00004
http://www.ncbi.nlm.nih.gov/pubmed/18588355
http://doi.org/10.2215/CJN.03980609
http://www.ncbi.nlm.nih.gov/pubmed/19696217
http://doi.org/10.1007/s11255-020-02760-z
http://doi.org/10.1093/ndt/gfv095
http://doi.org/10.1080/0886022X.2020.1864404


Nutrients 2022, 14, 231 24 of 24

66. Margiotta, E.; Miragoli, F.; Callegari, M.L.; Vettoretti, S.; Caldiroli, L.; Meneghini, M.; Zanoni, F.; Messa, P. Gut microbiota
composition and frailty in elderly patients with Chronic Kidney Disease. PLoS ONE 2020, 15, e0228530. [CrossRef] [PubMed]

67. Canani, R.B.; Di Costanzo, M.; Leone, L.; Pedata, M.; Meli, R.; Calignano, A. Potential beneficial effects of butyrate in intestinal
and extraintestinal diseases. World J. Gastroenterol. 2011, 17, 1519–1528. [CrossRef] [PubMed]

68. Ohno, M.; Nishida, A.; Sugitani, Y.; Nishino, K.; Inatomi, O.; Sugimoto, M.; Kawahara, M.; Andoh, A. Nanoparticle cur-
cumin ameliorates experimental colitis via modulation of gut microbiota and induction of regulatory T cells. PLoS ONE 2017,
12, e0185999.

69. Feng, W.; Wang, H.; Zhang, P.; Gao, C.; Tao, J.; Ge, Z.; Zhu, D.; Bi, Y. Modulation of gut microbiota contributes to curcumin-
mediated attenuation of hepatic steatosis in rats. Biochim. Biophys. Acta-Gen. Subj. 2017, 1861, 1801–1812. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0228530
http://www.ncbi.nlm.nih.gov/pubmed/32236095
http://doi.org/10.3748/wjg.v17.i12.1519
http://www.ncbi.nlm.nih.gov/pubmed/21472114
http://doi.org/10.1016/j.bbagen.2017.03.017
http://www.ncbi.nlm.nih.gov/pubmed/28341485

	Introduction 
	Materials and Methods 
	Patients 
	Study Design and Supplementation 
	Clinical Parameters 
	Body Composition 
	Dietary Habits and Nutritional Counseling 
	Inflammation and Lipid Peroxidation 
	LC–MS/MS Analysis of Uremic Toxins 
	Gut Microbiota Sequencing 
	Statistical Analysis 

	Results 
	Patients’ Characteristics: Anthropometric Data and Clinical Parameters 
	Nutrients Intake 
	Inflammation 
	Lipid Peroxidation 
	Uremic Toxins 
	Gut Microbiota Analysis 
	Bacterial Biodiversity in the Dataset 
	Taxonomic Composition 
	Comparisons with Healthy Subjects 
	Taxonomic Changes in CKD Patients during Meriva® Supplementation 
	Correlation between Gut Microbiota and Clinical Parameters 


	Discussion 
	Conclusions 
	References

