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ABSTRACT 

Chronic kidney disease (CKD) is a syndrome characterized by progressive and irreversible deterioration of renal 
function linked to slow destruction of renal parenchyma, eventually terminating in death when sufficient number 
of nephrons are damaged. Oxidative stress is commonly observed in CKD patients resulting from an imbalance 
between overproduction of reactive oxygen species (ROS) and impairment of defence mechanisms. Grape seed 
extract (GSE) is a polyphenolic mixture exhibiting antioxidant and anti-inflammatory properties. We conducted 
an interventional pilot study of supplementation with GSE capsules (GSE group, n = 23) or placebo (control 
group, n = 10) on CKD patients. Blood and urine samples were collected at baseline and after a six-month-long 
supplementation period to determine some renal function biomarkers, as well as antioxidant, anti-inflammatory 
and haematological parameters. GSE improved glomerular filtration rate (GFR) and proteinuria, increased the 
anti-oxidant status as assessed by high plasma catalase and superoxide dismutase and also lowered lipoperoxida-
tion and carbonylation. GSE ameliorated inflammation by decreasing CRP, triglyceridemia and counteracted 
anemia and thrombocytopenia. Supplementation with 2 g GSE/day for six months improved some kidney func-
tion parameters of CKD patients and this beneficial effect of GSE seems to be mediated at least partly by its an-
tioxidant and anti-inflammatory properties. 
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INTRODUCTION 

Chronic kidney disease (CKD) is a slow 
and progressive decline of kidney function 
that is often linked to long standing diseases 
such as diabetes and hypertension (Remuzzi 
et al., 2002). It is generally characterized by 
high amount of creatinine, low GFR and pro-
teinuria which predict an accelerated loss of 
renal function that irreversibly leads to end 
stage renal disease (Ritz et al., 1999). Oxida-

tive stress and inflammation play important 
roles in both the progress of CKD and relat-
ed complications (Massy and Nguyen-Khoa, 
2002). Oxidative stress results from an im-
balance between ROS overproduction and 
reduced antioxidant defences within mito-
chondria, leading to its dysfunction and con-
sequently to renal cell failure (Wallace, 
2005).  
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Grape seed extract (GSE) is a complex 
polyphenolics mixture containing flavonoïds, 
non flavonoïds, proanthocyanidins exhibiting 
multi-organ protection in various experi-
mental settings (Khanal et al., 2009). For in-
stance, GSE protects the heart (Charradi et 
al., 2011), the liver (Charradi et al., 2014), 
the brain (Charradi et al., 2012) and the kid-
ney (Charradi et al., 2013) against high fat 
diet (HFD)-induced obesity and lipotoxicity 
in rat. Furthermore high dosage GSE was 
even shown to improve renal injury in type 2 
diabetic rats through its anti-oxidant and an-
ti-inflammatory properties (Bao et al., 2015), 
and also to protect against arsenic (Zhang et 
al., 2014), cisplatin (Gao et al., 2014), ami-
kacin (Ulusoy et al., 2012a), and cyclospor-
ine A-induced nephrotoxicity (Ulusoy et al., 
2012b). 

The present work aims to test the ability 
of GSE to improve kidney dysfunction of 
CKD patients from various renal stages i.e 
stage 2, 3, 4. Data mainly show that although 
used at a low dosage, GSE improves several 
kidney function parameters as well as the an-
ti-oxidative status of CKD patients after a 6-
month-supplementation period. 

 
MATERIAL AND METHODS 

Subjects and study design 
CKD patients with renal failure (stages 2, 

3, 4) were recruited as volunteers at the haemo-
dialysis unit of the Regional Hospital of 
Menzel Bourguiba for a randomized double 
blind and placebo control pilot study. All pa-
tients suffered from diabetic nephropathy 
and hypertension. They were treated with in-
sulin (two doses per day), received captopril 
50 mg (2 tablets/day) for hypertension, furo-
semide 40 mg (asylix 2 tablets/day) for 
nephropathy, folic acid (foldine 2 tablets/ 
day) and iron (2 tablets/day) for anemia. Key 
exclusion criteria included smokers and 
haemodialysis patients receiving antioxidant 
supplements in the previous six months. All 
patients were asked to keep their habits and 
medication as usual and were dispatched into 
two groups: experimental and placebo. Pa-

tients in the placebo group (n = 10) were dis-
tributed as follows: 
 3 patients were from stage 2 

(GFR ≤ 90 ml/min/1.73m2) 
 4 patients were from stage 3 

(GFR ≤ 60 ml/min/1.73m2) 
 3 patients were from stage 4 

(GFR ≤ 30 ml/min/1.73m2) 
Patients in the GSE group (n = 23) were 

distributed as follows: 
 6 patients were from stage 2  
 11 patients were from stage 3 
 6 patients were from stage 4 

The GSE group was daily supplemented 
with six capsules of GSE, each capsule con-
taining 350 mg of grape seed powder. Two 
bottles of 90 capsules each were provided to 
each patient for one month during the entire 
six months long study which lasted from 
May to October 2011. The placebo group re-
ceived starch containing capsules in the same 
conditions. Blood samples were withdrawn 
after an overnight fasting at the beginning of 
the study and after 6 months of supplementa-
tion with either GSE or placebo. Urines were 
also collected at baseline and at the end of 
the experimentation for proteinuria determi-
nation. The study protocol was approved by 
the ethics committee on clinical research of 
the Regional Hospital of Menzel Bourguiba 
and informed consent was obtained for all 
participants. The procedures followed were 
in accordance with the Helsinki Declaration 
of 1975, as revised in 2000 and 2008. 

 
GSE preparation 

GSE was processed from a grape cultivar 
(Carignan) of Vitis vinifera from northern 
Tunisia. Seeds were carefully separated from 
skin, washed, dried and grounded with an 
electric grounder until a fine powder was ob-
tained. After mixing with 3 % colloïdal silica 
as excipient, the powder was conditioned in-
to capsules weighting approximately 
350 mg. Total polyphenolics content as well 
as polyphenol composition were determined 
previously (Charradi et al., 2014). 
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Biochemical analyses 
Haematological parameters were deter-

mined on whole blood by using automated 
procedures. GFR was calculated by the Mod-
ification of the Diet Renal Disease (MDRD) 
method. Plasma was processed by centrifu-
gation at 3000 rpm for 10 min and used for 
the determination of renal function bi-
omarkers as urea and uric acid using com-
mercial kits from Biomaghreb, Tunisia. 
Urine urea and uric acid were also deter-
mined and proteinuria evaluated using the 
biuret method (Ohnishi and Barr, 1978). Ox-
idative stress was assessed by measuring 
plasma lipoperoxidation (Draper and Hadley, 
1990), protein carbonylation (Levine et al., 
1990), H2O2 (Kakinuma et al., 1979), free 
iron (Leardi et al., 1998) as well as by meas-
uring antioxidant enzyme activities as cata-
lase (CAT) (Aebi, 1974), superoxide dis-
mutase (SOD) (Misra and Fridovich, 1972) 
and glutathione peroxidase (GPx) (Nakamu-
ra et al., 1974). 

Inflammation was evaluated using plas-
ma CRP and LDH. Triglyceridemia and cho-
lesterolemia were measured using commer-
cial kits from Biomaghreb (Fossati and Pren-
cipe, 1982; Allain et al., 1974) and plasma 
lipase using a previously described method 
(Humbert et al., 1997). 

 
Statistical analysis  

Results were expressed as mean ± SEM. 
Data were compared by a non-parametric 
test (Kruskal-Wallis). P value less than 0.05 
was considered significant. 

 
RESULTS 

We reported in Figure 1 the effect of a 6-
month-long supplementation with GSE on 
some renal hemodynamic parameters of pa-
tients suffering from kidney deficiency. GSE 
increased 1/plasma creatinine ratio by 
19.42 % (Figure 1A, p = 0.044), and de-
creased proteinuria by -32.67 % (Figure 1B, 
p = 0.041) but had no significant effect on 
plasma urea (Figure 1C) and uric acid (Fig-
ure 1D). Moreover GSE slightly improved 

GFR by +18.70 % (36.74 ± 5.74 versus 
43.62 ± 3.68, p = 0.604) (Figure 1E).  

GSE also affected several plasma bi-
omarkers of the antioxidant status. GSE 
slightly decreased plasma MDA by -14.96 % 
(Figure 2A, p = 0.0307), and protein car-
bonylation by -38.82 % (Figure 2B, p = 
0.0319) but had no significant effect on hy-
drogen peroxide (-14 %, Figure 2C, p = 
0.383). Moreover GSE highly increased 
plasma CAT by +95.94 % (Figure 3A, p = 
0.015) and SOD by +25.99 % (Figure 3C, p 
= 0.049) but had no effect on plasma GPx 
activity (Figure 3B).  

 

 
Figure 1: Effect of GSE supplementation on re-
nal function biomarkers of CKD patients. 
1/plasma creatinine ratio (A), proteinuria (B), 
plasma urea (C), plasma uric acid (D) and GFR 
(E). Data are presented as mean ± SEM. GSE 
(after 6 months treatment) vs. GSE (at 0 month): 
*p < 0.05. GSE (after 6 months treatment) vs. 
Placebo (after 6 months treatment): #p < 0.05 
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Figure 2: Effect of GSE supplementation on 
plasma pro-oxidant biomarkers of CKD patients. 
MDA (A), protein carbonylation (B), H2O2 (C). 
Data are presented as mean ±SEM. Placebo (af-
ter 6 months treatment) vs. Placebo (at 0 month): 
§p < 0.05. GSE (after 6 months treatment) vs. 
GSE (at 0 month): *p < 0.05. GSE (after 6 
months treatment) vs. Placebo (after 6 months 
treatment): #p < 0.05 
 

 
Figure 3: Effect of GSE supplementation on 
plasma antioxidant enzyme activities of CKD pa-
tients. CAT (A), GPx (B) and SOD (C) activity. 
Data are presented as mean ± SEM. GSE (after 
6 months treatment) vs. GSE (at 0 month): *p < 
0.05. GSE (after 6 months treatment) vs. Place-
bo (after 6 months treatment): #p < 0.05 

 
We reported in Table 1 the effect of GSE 

on plasma biochemistry and inflammation of 
CKD patients. After a six-month-long treat-
ment period, GSE partially alleviated plasma 

CRP by -12.81 % (+82.83 % for placebo, p = 
0.028 against +56.40 % for GSE, p = 0.168), 
totally counteracted plasma LDH (p = 0.623) 
and increased free iron by +13.26 % (p = 
0.019) versus placebo. Furthermore GSE 
slightly depressed triglyceridemia 
by -16.44 % (p = 0.067), increased plasma 
lipase activity by +29.67 % (p = 0.006), but 
had no effect on cholesterolemia.  

Table 2 reported the effect of GSE on 
some haematological parameters of CKD pa-
tients. GSE slightly increased white blood 
cells (WBC) by +23.48 % (p = 0.276) espe-
cially the granulocytes. GSE also prevented 
anemia of CKD patients. A decrease tenden-
cy in red blood cells (RBC) from 4.72 ± 0.14 
to 4.37 ± 0.19 in control placebo patients (p 
= 0.127) was noticed which was cleaned by 
GSE treatment, allowing the stabilization of 
RBC from 4.22 ± 0.21 ( control 0 month 
GSE) to 4.23 ± 0.25 (6 months treatment 
GSE) (p = 0.692). Furthermore GSE did not 
affect haemoglobin nor did it prevent the de-
crease in haematocrit of CKD patients from 
39.33 ± 0.81 to 35.53 ± 0.96 in control (p = 
0.016) and from 37.22 ± 0.84 to 33.30 ± 1.42 
in GSE treated patients (p = 0.049). However 
GSE significantly counteracted thrombocy-
topenia by +24.63 % (p = 0.030) when com-
pared to placebo which increased platelets by 
+10.93 % (p = 0.327).  

We reported in Table 3 the effect of a 
six-month-long GSE treatment on kidney 
function biomarker as GFR. The initial num-
ber of stage 4 and 3 patients tend to decrease 
from 6 to 2 and from 11 to 10 patients re-
spectively reaching an overall number of 5 
patients who swell the ranks of stage 2, ris-
ing the cohort of stage 2 patients from 6 to 
11 representing + 83.33 %. No GFR change 
(no improvement nor worsening) occurred in 
the placebo group.  

 
DISCUSSION 

The present work is a preliminary and pi-
lot study dealing with the effect of GSE 
treatment on CKD patients of various renal 
failure stages. Data mainly show that even 
when used at a low dosage, GSE exerts a 
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Table 1: Effect of GSE on anthropometric parameters, plasma biochemistry and inflammation of CKD patients 

 
0 month After 6 months treatment p-value 

Placebo 
(n = 10) 

GSE 
(n = 23) 

Placebo 
(n = 10) 

GSE 
(n = 23) 

(Placebo(6 months) 
vs. Placebo(0 month))

(GSE (6 months) vs. 
GSE (0 month)) 

(GSE (6 months) vs. 
Placebo (6 months)) 

Age (years) 62.7 ± 2.4 62.3 ± 1.9      

Weight (kg) 80.4 ± 5.5 74.1 ± 2.7      

Sex ratio (M/F) 6/4 13/10      

BP max (cm Hg) 16.1 ± 0.3 15.7 ± 0.2 16.1 ± 0.3 15.7 ± 0.2 1.000 1.000 1.000 

BP min (cm Hg) 8.3 ± 0.3 8.3 ± 0.1 8.3 ± 0.3 8.3 ± 0.1 1.000 1.000 1.000 

Glycemia (mmol/L) 6.9 ± 1.2 7.8 ± 0.9 6.7 ± 1.1 7.3 ± 0.7 0.423 0.050 0.507 

CRP (mg/L) 1.8 ± 0.3 1.8 ± 0.5 3.3 ± 0.2 § 2.9 ± 0.3 0.028 0.161 0.678 

LDH (U/L) 308.5 ± 30.6 305.9 ± 16.9 330.1 ± 55.4 307.6 ± 39.2 0.609 0.623 0.625 

Free iron (µmol/L) 12.0 ± 1.1 12.7 ± 0.7 15.1 ± 0.9 17.1 ± 0.5 * 0.234 0.019 0.461 

Triglyceride (mmol/L) 1.8 ± 0.4 1.8 ± 0.1 1.8 ± 0.4 1.5 ± 0.1 0.624 0.067 0.969 

Cholesterol (mmol/L) 4.7 ± 0.8 4.9 ± 0.2 5.0 ± 0.4 5.1 ± 0.2 0.522 0.331 0.640 

Lipase (µmol/L) 6.8 ± 0.5 8.1 ± 0.7 6.9 ± 0.3 8.9 ± 0.5 * 0.584 0.006 0.254 

BP: Blood pressure; CRP: C-Reactive Protein; LDH: Lactate Dehydrogenase. Data are presented as mean ± SEM. Placebo (after 6 months treatment) vs. Placebo (at 0 month): §p < 0.05. 
GSE (after 6 months treatment) vs. GSE (at 0 month): *p < 0.05. 
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Table 2: Effect of GSE on CKD patients hematology 

 
0 month After 6 months treatment p- value 

Placebo 
(n = 10) 

GSE 
(n = 23) 

Placebo 
(n = 10) 

GSE 
(n = 23) 

(Placebo(6 months) 
vs. Placebo(0 month))

(GSE (6 months) vs. 
GSE (0 month)) 

(GSE (6 months) vs. Place
bo (6 months)) 

WBC (x10³/µl) 6.62 ± 0.99 6.77 ± 0.40 6.18 ± 0.77 7.63 ± 0.66 0.688 0.276 0.189 

LY# (x10³/µl) 2.30 ± 0.33 2.87 ± 0.29 2.33 ± 0.29 2.39 ± 0.23 0.749 0.220 0.827 

MO# (x10³/µl) 0.22 ± 0.05 0.27 ± 0.04 0.26 ± 0.06 0.22 ± 0.04 0.636 0.461 0.497 

GR# (x10³/µl) 4.14 ± 0.65 3.26 ± 0.33 3.63 ± 0.48 3.37 ± 0.78 0.749 0.958 0.897 

RBC (x106/µl) 4.72 ± 0.14 4.22 ± 0.21 4.37 ± 0.19 4.23 ± 0.25 0.127 0.692 0.574 

Hgb (g/dl) 12.87 ± 0.35 11.76 ± 0.57 13.03 ± 0.33 12.62 ± 0.69 0.872 0.531 0.302 

Hct (%) 39.33 ± 0.81 37.22 ± 0.84 35.53 ± 0.96 § 33.30 ± 1.42 * 0.016 0.049 0.269 

MCV (fl) 83.72 ± 3.03 78.77 ± 4.90 81.57 ± 1.75 77.94 ± 4.70 0.200 0.869 0.779 

MCH (pg) 27.37 ± 1.17 27.88 ± 0.56 29.92 ± 0.69 30.67 ± 0.77 * 0.065 0.014 0.673 

MCHC (g/dl) 32.65 ± 0.35 32.97 ± 0.50 36.68 ± 0.10 § 36.71 ± 0.34 * 0.004 <0.001 0.724 

RDW (%) 14.06 ± 0.49 13.31 ± 0.13 14.42 ± 0.33 13.74 ± 0.40 0.927 0.677 0.049 

PLT (x10³/µl) 196.56 ± 16.41 188.10 ± 12.61 218.00 ± 18.68 234.43 ± 13.05* 0.327 0.030 0.537 

MPV (fl) 8.20 ± 0.46 8.43 ± 0.31 8.40 ± 0.48 8.12 ± 0.17 0.630 0.620 0.542 

Data are presented as mean ± SEM. Placebo (after 6 months treatment) vs. Placebo (at 0 month): §p < 0.05. GSE (after 6 months treatment) vs. GSE (at 0 month): *p < 0.05.  
WBC: white blood cells; LY#: lymphocytes; MO#: monocytes; GR#: granulocytes; RBC: red blood cells; Hgb: haemoglobin; Hct: haematocrit; MCV: mean cell volume; MCH: mean cell haemoglobin; 
MCHC: mean cell hemoglobin concentration; RDW: red cell distribution width; PLT: platelets; MPV: mean platelet volume  

 
Table 3: Effect of GSE on the progression of CKD stages 

Stage GFR 
0 month After 6 months treatment 

Placebo (n = 10) GSE (n = 23) Placebo (n = 10) GSE (n = 23)

2 60 ≤ GFR ≤ 90 mL/min/1.73 m2 3 6 3 11 (+5) 

3 30 ≤ GFR ≤ 60 mL/min/1.73 m2 4 11 4 10 (-1) 

4 15 ≤ GFR ≤ 30 mL/min/1.73 m2 3 6 3 2 (-4) 

GFR: Glomerular Filtration Rate 
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clear beneficial effect on some renal function 
biomarkers as well as on the antioxidant sta-
tus of CKD patients. To our knowledge, our 
work is the first one to describe such relevant 
and hopeful clinical trials data for million 
CKD patients worldwide.  

First of all GSE improves some kidney 
function parameters as it enhances GFR and 
clearly lowers proteinuria. This result is of 
utmost importance as reduction in pro-
teinuria to the lowest achievable level is an 
important predictor of long term renal pro-
tection (de Zeeuw et al., 2004), as it is in-
creasingly recognized that proteinuria may 
actually be pathological and etiological in 
CKD progress and not just symptomatic 
(Roscioni et al., 2014). An association be-
tween hyperuricemia and CKD in middle-
aged population has also been recently de-
scribed (Zhu et al., 2014). As in our present 
case GSE affects both plasma, urine urea and 
uric acid, its clinical use could be envisaged 
as an uric acid-lowering therapy substitute to 
allopurinol. 

The beneficial effect of GSE on renal 
function seems to be mediated, at least par-
tially, by its antioxidant and anti-inflamma-
tory properties. After a six-month-period of 
treatment, GSE counteracts both plasma 
lipoperoxidation and carbonylation as well 
as CRP and LDH, and clearly increases 
plasma CAT and SOD (Rodrigo and Bosco, 
2006). Moreover GSE improves some blood 
parameters that were shown to be linked to 
CKD as anemia (Tbahriti et al., 2013), 
thrombocytopenia (Attman et al., 2011), hy-
pertriglyceridemia (Stegmayr, 2014) and low 
plasma lipase activity (Dorgalaleh et al., 
2013). Importantly no patient drop out of the 
study nor adverse side effects were noted 
during the entire clinical trial period. Our da-
ta corroborate several previous works in the 
field demonstrating the heightening of oxida-
tive and inflammatory biomarkers along with 
a decrease in antioxidant biomarkers in CKD 
patients. As rightly emphasized (Rodrigo and 
Bosco, 2006), only few studies dealing with 
the effect of polyphenols in humans are 
available, and our contribution is the first to 

show the effectiveness of GSE to improve 
renal function in CKD patients from various 
clinical stages. As a support, dietary supple-
mentation with concentrated red grape juice 
was shown to exert antioxidant and anti-
inflammatory effect in haemodialysis pa-
tients (Castilla et al., 2008). Moreover our 
data are in line with recent animal studies 
demonstrating the usefulness of grape seed 
polyphenols in the improvement of renal 
dysfunction (Bao et al., 2015; Zhang et al., 
2014; Gao et al., 2014; Ulusoy et al., 2012a, 
b). In particular the use of high dosage GSE 
(higher than 500 mg/kg) was recently shown 
to exert relevant beneficial health effects 
(Jhun et al., 2013; Tsao et al., 2012; Yang et 
al., 2012) whereas lower dosages were less 
effective (Goey et al., 2013). 

Remarkably that in our present case, 
GSE improvement in kidney function of 
CKD patients has been obtained at a low 
GSE dosage of 35 mg/kg if we consider the 
weight of the starting grape seed powder, 
and highly lower if we consider the polyphe-
nol content. Our laboratory has recently 
demonstrated the efficiency of high dosage 
GSE (till 4 g/kg) in multi-organ protection 
against various insults as obesity (Charradi et 
al., 2011, 2012, 2013), stroke (Safwen et al., 
2015), or chemotherapeutic treatment (Mok-
ni et al., 2012). In fact, our studies were in-
spired from the pionneering work of Bagchi 
et al. (2000) and other subsequent studies 
that led to the elaboration of calibrated and 
commercial GSE preparations which evi-
denced the safety of high dosage GSE (till 
2 g/kg) in long-term experiments (Benti-
vegna and Whitney, 2002). In light of these 
data it appears that the concentration of GSE 
used in the present study (35 mg/kg) is far 
less from the No Observed Adverse Effect 
Level (NOAEL) of IH 636 or oligonol GSE 
preparation (Fujii et al., 2007). In addition as 
GSE recently received the Generally Recog-
nized As Safe (GRAS) certification from US 
FDA (2011), its use opens a new and safe 
approach for the validation of high dosage 
GSE to impede CKD. Most importantly and 
although used at very low level, GSE seems 
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to slow down the progression of CKD and 
even to reverse the decline in kidney func-
tion (Choi et al., 2014) as described in the 
present pilot study i.e from stages 4 and 3 to 
stage 2. 

Nevertheless the current interventional 
pilot study suffers from several limitations. 
First the sample size is too small to be of ro-
bust statistical significance. Although GSE 
was used at low dosage, a significant im-
provement in the decline of some kidney 
function biomarkers after a six-month-
treatment period was obtained. Duration of 
the study should be extended to increase 
blood and urine sampling and a ten fold 
higher GSE dosage (350 mg/kg) should be 
tested to reach improvement of statistical 
significance. Owing to its tremendous safety, 
GSE is increasingly used at high dosage 
(more than 500 mg/kg) according to our own 
data (Charradi et al., 2011, 2014, 2012, 
2013) or to current literature (Li et al., 2015; 
Mansouri et al., 2011; Margalof et al., 2015). 

In conclusion, due to the multi-organ 
safety and beneficial health effects of grape 
polyphenols, clinical trials using high GSE 
dosage should be urgently planned to con-
firm these preliminary and hopeful data. 

 
Conflict of interest 

The authors declare no conflict of inter-
est. 

 
REFERENCES 

Aebi H. Methods of enzymatic analysis, 2nd ed. 
Weinheim: Verlag Chemie, 1974. 

Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. 
Enzymatic determination of total serum cholesterol. 
Clin Chem. 1974;20:470-5.  

Attman PO, Samuelsson O, Alaupovic P. The effect 
of decreasing renal function on lipoprotein profiles. 
Nephrol Dial Transplant. 2011;26:2572-5.  

Bagchi D, Bagchi M, Stohs SJ, Das DK, Ray SD, 
Kuszynski CA, et al. Free radicals and grape seed 
proanthocyanidin extract: importance in human health 
and disease prevention. Toxicology. 2000;148:187-
97. 

Bao L, Zhang Z, Dai X, Ding Y, Jiang Y, Li Y, et al. 
Effects of grape seed proanthocyanidin extract on re-
nal injury in type 2 diabetic rats. Mol Med Rep. 2015; 
11:645-52.  

Bentivegna SS, Whitney KM. Subchronic 3-month 
oral toxicity study of grape seed and grape skin ex-
tracts. Food Chem Toxicol. 2002;40:1731-43. 

Castilla P, Davalos A, Teruel JL, Cerrato F, Fernan-
dez-Lucas M, Merino JL, et al. Comparative effects of 
dietary supplementation with red grape juice and vit-
amine E on production of superoxide by circulating 
neutrophil NADPH oxidase in haemodialysis patients. 
Am J Clin Nutr. 2008;87:1053-61.  

Charradi K, Sebai H, Elkahoui S, Ben Hassine F, 
Limam F, Aouani E. Grape seed extract alleviates 
high-fat diet-induced obesity and heart dysfunction by 
preventing cardiac siderosis. Cardiovasc Toxicol. 
2011;11:28-37.  

Charradi K, Elkahoui S, Karkouch I, Limam F, Has-
sine FB, Aouani E. Grape seed and skin extract pre-
vents high-fat diet-induced brain lipotoxicity in rat. 
Neurochem Res. 2012;37:2004-13.  

Charradi K, Elkahoui S, Karkouch I, Limam F, 
Hamdaoui G, Hassine FB, et al. Grape seed and skin 
extract alleviates high-fat diet-induced renal lipotoxi-
city and prevents copper depletion in rat. Appl Phys-
iol Nutr Metab. 2013;38:259-67.  

Charradi K, Elkahoui S, Karkouch I, Limam F, Ben 
Hassine F, El May MV, et al. Protective effect of 
grape seed and skin extract against high-fat diet-
induced liver steatosis and zinc depletion in rat. Dig 
Dis Sci. 2014;59:1768-78.  

Choi BH, Kang KS, Kwak MK. Effect of redox mod-
ulating NRF2 activators on chronic kidney disease. 
Molecules. 2014;19:12727-59.  

de Zeeuw D, Remuzzi G, Parving HH, Keane WF, 
Zhang Z, Shahinfar S, et al. Proteinuria, a target for 
renoprotection in patients with type 2 diabetic 
nephropathy: lessons from RENAAL. Kidney Int. 
2004;65:2309-20.  

Dorgalaleh A, Mahmudi M, Tabibian S, Khatib ZK, 
Tamaddon GH, Moghaddam ES, et al. Anemia and 
thrombocytopenia in acute and chronic renal failure. 
Int J Hematol Oncol Stem Cell Res. 2013;7:34-9.  

Draper HH, Hadley M. Malondialdehyde determina-
tion as index of lipid peroxidation. Methods Enzymol. 
1990;186:421–31.  



EXCLI Journal 2016;15:424-433 – ISSN 1611-2156 
Received: April 30, 2016, accepted: June 07, 2016, published: June 27, 2016 

 

 

432 

FDA agency response letter GRAS notice no 
GRN000124, 
http://www.fda.gov/food/ingredientspackaginglabelin
g/gras/noticeinventory/ucm153940.htm. Accessed 1 
June, 2011. 

Fossati P, Prencipe L. Serum triglycerides determined 
colorimetrically with an enzyme that produces hydro-
gen peroxide. Clin Chem. 1982;28:2077–80.  

Fujii H, Sun B, Nishioka H, Hirose A, Aruoma OI. 
Evaluation of the safety and toxicity of the oligomer-
ized polyphenol oligonol. Food Chem Toxicol. 2007; 
45:378-87.  

Gao Z, Liu G, Hu Z, Li X, Jang X, Jiang B, et al. 
Grape seed proanthocyanidin extract protects from 
cisplatin-induced nephrotoxicity by inhibiting reticu-
lum stress-induced apoptosis. Mol Med Rep. 2014;9: 
801-7.  

Goey AK, Meijerman I, Beijnen JH, Schellens JH. 
The effect of grape seed extract on the pharmacoki-
netics of dextromethorphan in healthy volunteers. Eur 
J Clin Pharmacol. 2013;69:1883-90.  

Humbert G, Guingamp MF, Linden G. Method for the 
measurement of lipase activity in milk. J Dairy Res. 
1997;64:465–9.  

Jhun JY, Moon SJ, Yoon BY, Byun JK, Kim EK, 
Yang EJ, et al. Grape seed proanthocyanidin extract-
mediated regulation of STAT3 proteins contributes to 
Treg differentiation and attenuates inflammation in a 
murine model of obesity-associated arthritis. PLoS 
One. 2013;8:e78843.  

Kakinuma K, Yamaguchi T, Kaneda M, Shimada K, 
Tomita Y, Chance B. A determination of H2O2 release 
by the treatment of human blood polymorphonuclear 
leucocytes with myristate. J Biochem. 1979;86:87–95.  

Khanal RC, Howard LR, Prior RL. Procyanidin con-
tent of grape seed and pomace and total anthocyanin 
content of grape pomace as affected by extrusion pro-
cessing. J Food Sci. 2009;74:174–82.  

Leardi A, Caraglia M, Selleri C, Pepe S, Pizzi C, No-
taro R. Desferioxamine increases iron depletion and 
apoptosis induced by ara-C of human myeloid leu-
kaemic cells. Br J Haematol. 1998;102:746–52.  

Levine RL, Garland D, Oliver CN, Amici A, Climent 
I, Lenz AG. Determination of carbonyl content in ox-
idatevely modified proteins. Methods Enzymol. 1990; 
186:464–78.  

Li SG, Ding YS, Niu Q, Xu SZ, Pang LJ, Ma RL, et 
al. Grape seed proanthocyanidin extract alleviates ar-
senic-induced oxidative reproductive toxicity in male 
mice. Biomed Environ Sci. 2015;28:272-80.  

Mansouri E, Panahi M, Ghaffari MA, Ghorbani A. 
Effects of grape seed proanthocyanidin extract on ox-
idative stress induced by diabetes in rat kidney. Iran 
Biomed J. 2011;15:100-6.  

Margalof M, Pons Z, Bravo FI, Muguerza B, Arola-
Arnal A. Tissue distribution of rat flavanol metabo-
lites at different doses. J Nutr Biochem. 2015;26:987-
95.  

Massy ZA, Nguyen-Khoa T. Oxidative stress and 
chronic renal failure: markers and management. J 
Nephrol. 2002;15:336-41.  

Misra HP, Fridovich I. The role of superoxide anion 
in the autoxidation of epinephrine and a simple assay 
for superoxide dismutase. J Biol Chem. 1972;247: 
3170–5.  

Mokni M, Hamlaoui-Guesmi S, Amri M, Marzouki L, 
Limam F, Aouani E. Grape seed and skin extract pro-
tects against acute chemotherapy toxicity induced by 
doxorubicin in rat heart. Cardiovasc Toxicol. 2012; 
12:158-65.  

Nakamura W, Hosoda S, Hayashi K. Purification and 
properties of rat liver glutathione peroxidase. Biochim 
Biophys Acta. 1974;358:251–61. 

Ohnishi ST, Barr JK. A simplified method of quanti-
tating protein using the biuret and phenol reagents. 
Anal Biochem. 1978;86:193-200.  

Remuzzi G, Schieppati A, Ruggenenti P. Clinical 
practice. Nephropathy in patients with type 2 diabetes. 
N Engl J Med. 2002;346:1145-51.  

Ritz E, Rychlík I, Locatelli F, Halimi S. End-stage re-
nal failure in type 2 diabetes: A medical catastrophe 
of worldwide dimensions. Am J Kidney Dis. 1999;34: 
795-808.  

Rodrigo R, Bosco C. Oxidative stress and protective 
effects of polyphenols: comparative studies in human 
and rodent kidney. A review. Comp Biochem Physiol 
C Toxicol Pharmacol. 2006;142:317-27.  

Roscioni SS, Lambers Heerspink HJ, de Zeeuw D. 
Microalbuminuria: target for renoprotective therapy 
PRO. Kidney Int. 2014;86:40-9.  

Safwen K, Selima S, Mohamed E, Ferid L, Pascal C, 
Mohamed A, et al. Protective effect of grape seed and 
skin extract on cerebral ischemia in rat: implication of 
transition metals. Int J Stroke. 2015;10:415-24.  

Stegmayr B. Uremic toxins and lipases in haemodial-
ysis: a process of repeated metabolic starvation. Tox-
ins (Basel). 2014;6:1505-11.  



EXCLI Journal 2016;15:424-433 – ISSN 1611-2156 
Received: April 30, 2016, accepted: June 07, 2016, published: June 27, 2016 

 

 

433 

Tbahriti HF, Kaddous A, Bouchenak M, Mekki K. Ef-
fect of different stages of chronic kidney disease and 
renal replacement therapies on oxidant-antioxidant 
balance in uremic patients. Biochem Res Int. 2013; 
2013:358985.  

Tsao FH, Culver BJ, Pierre JF, Shanmuganayagam D, 
Patten CC Jr, Meyer KC. Effect of prophylactic sup-
plementation with grape polyphenolics on endotoxin-
induced serum secretory phospholipase A2 activity in 
rats. Comp Med. 2012;62:271-8.  

Ulusoy S, Ozkan G, Ersoz S, Orem A, Alkanat M, 
Yucesan FB, et al. The effect of grape seed proantho-
cyanidin extract in preventing amikacin-induced 
nephropathy. Ren Fail. 2012a;34:227-34.  

Ulusoy S, Ozkan G, Yucesan FB, Ersoz S, Orem A, 
Alkanat M, et al. Anti-apoptotic and anti-oxidant ef-
fects of grape seed proanthocyanidin extract in pre-
venting cyclosporine A-induced nephropathy. Neph-
rology (Carlton). 2012b;17:372-9.  

Wallace DC. A mitochondrial paradigm of metabolic 
and degenerative diseases, aging, and cancer: a dawn 
for evolutionary medicine. Annu Rev Genet. 2005;39: 
359-407.  

Yang H, Xu Z, Liu W, Wei Y, Deng Y, Xu B. Effect 
of grape seed proanthocyanidin extracts on methyl-
mercury-induced neurotoxicity in rats. Biol Trace El-
em Res. 2012;147:156-64.  

Zhang J, Pan X, Li N, Li X, Wang Y, Liu X, et al. 
Grape seed extract attenuates arsenic-induced ne-
phrotoxicity in rats. Exp Ther Med. 2014;7:260-6.  

Zhu P, Liu Y, Han L, Xu G, Ran JM. Serum uric acid 
is associated with incident chronic kidney disease in 
middle-aged populations: a meta-analysis of 15 cohort 
studies. PLoS One. 2014;9:e100801.  

 

 


