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ABSTRACT Uremic patients with diabetes suffer from high levels of oxidative stress due to regular hemodialysis therapy

(neutrophil activation induced by hemo-incompatibility between the hemodialyser and blood) and complications associated

with diabetes. Several plasma biomarkers were screened in 13 uremic diabetic patients after receiving the mixture of (–)-

epigallocatechin gallate (EGCG), a major component of green tea extract, and Amla extract (AE), from Emblica officinalis,

the Indian gooseberry, for 3 months. We found that oral administration of a 1:1 mixture of EGCG and AE for 3 months

significantly improved antioxidant defense as well as diabetic and atherogenic indices in uremic patients with diabetes.

Furthermore, no significant changes in hepatic function, renal function, or inflammatory responses were observed. These

results suggest that a 1:1 combination of EGCG and AE is a safe and effective treatment for uremic patients with diabetes.
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INTRODUCTION

Hemodialysis is one of the therapeutic strategies used
for patients with end-stage renal failure (uremic pa-

tients). Although the hemodialysis process assists uremic
patients in the removal of low-molecular-weight metabolic
waste materials (uremic solutes), it is capable of activating
neutrophils because of the hemo-incompatibility between
the hemodialyser (artificial kidney) and blood.1 The acti-
vated neutrophils release large amounts of reactive oxygen
species into the blood, which results in increased oxidative
stress. This is called a neutrophil burst.2

In addition to hemodialysis, several factors, including
infection,3 overdose of iron supplements,4,5 and complica-
tions,6 increase the level of oxidative stress in uremic pa-
tients. Among these factors, complications resulting from
uremia are the most frequent cause of oxidative stress be-
cause most of these complications are not easily cured.
Furthermore, reduced renal function may increase accu-
mulation of reactive aldehyde and oxidized thiol or other

metabolic wastes that contribute to increased oxidative
stress and/or decreased levels of reduced glutathione.

This study focused on uremic patients with diabetes.
Regular hemodialysis and diabetic complications lead to
high levels of oxidative stress in these patients.7,8 Supple-
menting antioxidants might be a convenient and economic
strategy for reducing oxidative stress in uremic patients with
diabetes. In vitro and in vivo studies of herbal extracts for
treating uremic diabetic patients have provided evidence that
(–)-epigallocatechin gallate (EGCG), the major component
of green tea extract, is a powerful antioxidant and reactive
oxygen species scavenger.9,10 Amla, an extract of Emblica
officinalis (the Indian gooseberry), was shown to decrease
the production of advanced glycosylated end-products
(AGEs) and 5-hydroxymethylfurfural (glycosylated protein)
in vivo.11,12 This study was designed to investigate the po-
tential for use of a combination of EGCG and Amla extract
(AE) in the treatment of uremic patients with diabetes.

First, the optimal ratio of EGCG/AE was investigated by
several in vitro experiments, including the antioxidant power
and inhibition of AGE production with different EGCG/AE
ratios. Once the optimal ratio of EGCG/AE combination was
confirmed, tests were conducted in uremc diabetic patients
before and after receiving the optimal ratio of EGCG/AE for
3 months, including plasma antioxidant power, oxidative
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stress markers, diabetic indices, atherogenic markers, in-
flammatory markers, hepatic function, and renal function.

MATERIALS AND METHODS

Reagents

All reagents used in this study were from Sigma-Aldrich
Inc. (St. Louis, MO, USA). Standards for investigating
clinical biomarkers were from Randox Laboratories
(Crumlin, County Antrim, UK).

Plant extract

The extracts from green tea (EGCG) (batch number
911011) and from E. officinalis (AE) (batch number 608291)
were obtained from Numen Biotech Co., Ltd. (Taipei, Tai-
wan). The purity of EGCG was greater than 90% ( > 90% of
EGCG and < 0.1% of caffeine content). On the other hand, the
most abundant active compounds existing in AE are em-
blicanin A and emblicanin B.13 According to the information
provided from Numen Biotech Co., Ltd., AE contained 30%
of polyphenols (colorimetric method) and 2% of vitamin C
(by high-performance liquid chromatography analysis).

Participants

The baseline characteristic for the 13 uremic patients with
diabetes and 15 healthy volunteers enrolled in this study are
given inT1 c Table 1. The EGCG/AE tablet was administered
orally (one tablet per time, three times per day) to uremic
diabetic patients for 3 months. Each tablet contained 100 mg
of EGCG, 100 mg of AE, and 50 mg of excipient (starch).
The subjects were instructed to consume no EGCG, AE-
related foods, or additional drugs and to make no dietary
changes during the experimental period. The data for the
healthy volunteers served as normal ranges. Informed con-
sent was obtained from patients for oral administration of
herbal extracts and plasma utilization.

Ferric reducing/antioxidant power assay

The ferric reducing/antioxidant power (FRAP) assay for
this experiment was modified from the procedure of Othman
et al.14 The FRAP reagent was prepared by mixing acetate
buffer (246.1 mg of sodium acetate in 10 mL of 10% acetic
acid), Tris(pyridyl)-s-triazine solution [31.23 mg of Tris(-
pyridyl)-s-triazine and 0.044 mL of 37% HCl in 10 mL of
distilled water], and FeCl3 solution (54.06 mg of
FeCl3$6H2O in 10 mL of distilled water) in a ratio of 10:1:1

(by volume). The FRAP reagent (0.5 mL), distilled water
(0.05 mL), and plasma samples (with or without plant ex-
tracts) were placed into 1.5-mL vials and kept at room
temperature. After 4 minutes, the absorbance at 593 nm was
measured for all vials. During the experiment, distilled water
and FeSO4 functioned as blank and standard, respectively.
The FRAP data are expressed as FeSO4 equivalents.

Inhibition of AGEs formation

This protocol was modified from that of Nakagawa
et al.15 In brief, 1.2 mL of solution containing bovine serum
albumin (10 mg of bovine serum albumin dissolved in 1 mL
of 50 mM phosphate buffer [pH 7.4], 0.02% sodium azide,
25 mM glucose, and 25 mM fructose) and different ratios of
EGCG/AE (100 lg/mL) were placed into vials and incu-
bated at 37�C for 2 weeks. After incubation, the fluorescent
intensity for all vials was determined with an excitation
wavelength of 350 nm and an emission wavelength of
450 nm. The reaction mixture was also investigated at zero-
time, and the fluorescent data for this time point served as a
control. The AGEs inhibitory effect for different ratios of
EGCG/AE combinations is expressed as a percentage of the
control value.

Plasma nitrogen oxides

The level of plasma nitrogen oxides (NOx) was measured
using the Griess reagent.16 In brief, plasma samples (with or
without plant extracts) and Griess reagent were mixed at a
1:1 ratio, kept at room temperature for 5 minutes, and then
centrifuged at 13,500 g for 2 minutes. The supernatant was
collected, and the absorbance at 540 nm was measured.
Deionized water served as a blank. All data are expressed as
sodium nitrite (NaNO2) equivalents.

Plasma thiobarbituric acid–reactive substances

The process was modified from that of Ohkawa et al.17 In
brief, 0.1 mL of plasma sample, 0.1 mL of normal saline,
0.2 mL of 20% trichloroacetic acid, and 0.05 mL of thio-
barbituric acid reagent (20 mg of thiobarbituric acid in 6 mL
of 50% acetic acid) were placed into 1.5-mL vials and incu-
bated in a water bath at 85�C for 1.5 hours. After incubation,
0.6 mL of n-butanol was added, and the mixture was subjected
to low-speed centrifugation at room temperature for 10 min-
utes. The supernatant was collected, and the absorbance at
520 nm was measured. Normal saline served as a blank. All
data are expressed as malondialdehyde equivalents.

Table 1. Plasma Diabetic Markers for Uremic Patients After Receiving 1:1 (–)-Epigallocatechin

Gallate /Amla Extract for 3 Months

Participants Gender Age (years) Hemodialysis duration (months) Blood glucose (mg/dL)

Normal (n = 15) F, 9; M, 6 49 – 17 — 100.9 – 13.8
Uremic-DM (n = 13) F, 9; M, 4 66 – 16 86 – 65 171.9 – 73.3

Normal participants were healthy volunteers. Uremic-DM participants were uremic patients with diabetes mellitus.

F, female; M, male.
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Plasma clinical markers

Clinical markers such as hepatic function, renal function,
atherogenic indices, and biomarkers for diabetes and in-
flammation were screened with a clinical analyzer (IM-
MULITE, DPC Cirrus Inc., Los Angeles, CA, USA).

Data analysis

All data are expressed as mean – SD values. Student’s
t test was used for data analysis, and statistical significance
was set at P < .05.

RESULTS

Optimal ratio of EGCG/AE

F1 c Figure 1A shows the FRAP values before and after adding
different ratios of EGCG/AE to plasma. Plasma FRAP is
approximately proportional to plasma antioxidant power.
We found that the results of plasma FRAP before and after
adding EGCG and AE in different ratios into plasma were as
follows: plasma only, 111 – 1 lM; plasma + 1:9 EGCG/AE,
118 – 1 lM; plasma + 2:8 EGCG/AE, 158 – 1 lM; plas-
ma + 3:7 EGCG/AE, 138 – 3 lM; plasma + 4:6 EGCG/AE,
138 – 2 lM; plasma + 5:5 EGCG/AE, 178 – 1 lM; plas-
ma + 6:4 EGCG/AE, 158 – 1 lM; plasma + 7:3 EGCG/AE,
165 – 3 lM; plasma + 8:2 EGCG/AE, 171 – 1 lM; and plas-
ma + 9:1 EGCG/AE, 178 – 2 lM. We found that plas-
ma + 5:5 EGCG/AE had the highest plasma FRAP among
these ratios (plasma only vs. 5:5 ratio, P < .05).

Figure 1B shows the inhibitory effect of AGEs production
after adding EGCG/AE in different ratios to a solution of
bovine serum albumin. The inhibitory effect of AGEs was as
follows: 1:9, 27.61 – 0.77%; 2:8, 26.87 – 1.26%; 3:7,
26.15 – 1.01%; 4:6, 38.60 – 1.25%; 5:5, 40.31 – 2.94%; 6:4,
42.83 – 1.59%; 7:3, 39.82 – 2.56%; 8:2, 40.55 – 2.56%; and
9:1, 38.52 – 1.83%, respectively. Figure 1B can be divided
into two groups based on AGEs inhibitory percentage of
EGCG/AE combinations: high AGEs inhibitory group (in-
cluding 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1) and low AGEs in-
hibitory group (including 1:9, 2:8, and 3:7). We found that
no significant difference was observed when 5:5 was com-
pared with 4:6, 6:4, 7:3, 8:2, or 9:1. This means that 4:6, 5:5,
6:4, 7:3, 8:2, and 9:1 statistically show similar AEGs in-
hibitory ability. On the other hand, a significant difference
(P < .01) was observed when 5:5 was compared with 1:9,
2:8, or 3:7. Based on the above data, we suggest that 5:5 is
the statistically optimal ratio for AGEs inhibition.

Figure 1C shows the level of plasma NOx (an oxidative
stress marker) before and after adding different ratios of
EGCG/AE into the plasma. The results were as follows:
plasma only, 500 – 3 ng/mL; 1:9, 513 – 3 ng/mL; 2:8,
538 – 3 ng/mL; 3:7, 525 – 2 ng/mL; 4:6, 500 – 4 ng/mL; 5:5,
488 – 2 ng/mL; 6:4, 575 – 5 ng/mL; 7:3, 525 – 5 ng/mL; 8:2,
538 – 3 ng/mL; and 9:1, 500 – 4 ng/mL, respectively. The
5:5 ratio of EGCG/AE showed the best potential for sup-
pression of plasma NOx formation (plasma only vs. 5:5
ratio, P < .001).

As mentioned above, 5:5 (or 1:1) EGCG/AE exhibited
excellent activity in increasing plasma FRAP (antioxidant),
inhibiting AGEs (glycosylated products) production, and
suppressing plasma NOx (oxidative stress) formation. On
the basis of these results, 1:1 EGCG/AE was the optimal
combination for the following experiments.

Biochemical tests in uremic diabetic patients at zero-time
and after receiving 1:1 EGCG/AE for 3 months

Plasma antioxidant/oxidative status. b F2Figure 2A shows
the plasma FRAP determined in the healthy volunteers
(Normal, served as the normal range) and uremic diabetic

FIG. 1. Determination of the optimal (–)-epigallocatechin gallate
(EGCG):Amla extract (AE) ratio based on (A) plasma ferric reducing/
antioxidant power (FRAP) assay, (B) advanced glycosylated end
products (AGEs) inhibitory percentage, and (C) plasma nitrogen oxides
(NOx) assay. Plasma FRAP and plasma NOx were determined before
(plasma-only [P]) and after adding EGCG/AE in different ratios to
plasma. AGEs inhibitory percentage was determined after adding
EGCG/AE in different ratios to a solution containing bovine serum
albumin, glucose, and fructose. *P < .05, ***P < .001 compared with P;
**P < .01 compared with 1:9. Data are mean – SD values (n = 3).
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patients at zero-time (Uremic-DM-M0) and after receiving
1:1 EGCG/AE for 3 months (Uremic-DM-M3). The results
were as follows: Normal, 76.80 – 22.34 lM; Uremic-DM-
M0, 95.38 – 23.88 lM; and Uremic-DM-M3, 112.15 –
24.07 lM. The values for Uremic-DM-M0 and Uremic-DM-
M3 were significantly different (Uremic-DM-M0 < Uremic-
DM-M3, P < .05).

Figure 2B shows results for plasma thiobarbituric acid–
reactive substances, a plasma oxidative stress marker, for
healthy volunteers and patients. The data were as follows:

Normal, 11.49 – 2.29 lM; Uremic-DM-M0, 20.31 – 3.2 lM;
and Uremic-DM-M3, 12.92 – 1.66 lM. The values for Ure-
mic-DM-M0 and Uremic-DM-M3 were significantly dif-
ferent (Uremic-DM-M0 > Uremic-DM-M3, P < .001).

Figure 2C shows the results for plasma NOx (one of the
plasma oxidative stress markers) for healthy volunteers and
patients. The data were as follows: Normal, 813 – 263 ng/
mL; Uremic-DM-M0, 837 – 283 ng/mL; and Uremic-DM-
M3, 66 – 201 ng/mL. The difference between the Uremic-
DM-M0 and Uremic-DM-M3 values was not significant.

Diabetic markers. b F3Figure 3 summarizes the levels of
plasma diabetic markers in uremic diabetic patients before
and after receiving 1:1 EGCG/AE for 3 months. In Figure
3A, the levels of plasma glucose were as follows: Normal,
100.93 – 13.77 mg/dL; Uremic-DM-M0, 171.92 – 13.77 mg/
dL; and Uremic-DM-M3, 134.62 – 25.43 mg/dL. The values
for Uremic-DM-M0 and Uremic-DM-M3 were significantly
different (Uremic-DM-M0 > Uremic-DM-M3, P < .05).

Figure 3B shows the results for glycosylated hemoglobin
for healthy volunteers and patients. The data were as follows:
Normal, 4.5 – 0.2%; Uremic-DM-M0, 7.54 – 0.79%; and
Uremic-DM-M3, 7.50 – 0.96%. The values for Uremic-DM-
M0 and Uremic-DM-M3 were not significantly different.

FIG. 2. Plasma antioxidant status and oxidative markers for uremic
patients after receiving 1:1 EGCG/AE for 3 months: healthy volun-
teers (Normal) (n = 15) and uremic diabetic patients (n = 13) at zero-
time (Uremic-DM-M0) and after receiving 1:1 EGCG/AE for 3
months (Uremic-DM-M3): (A) plasma FRAP (antioxidant index), (B)
plasma thiobarbituric acid–reactive substances (TBARS) (oxidative
marker), and (C) plasma NOx (oxidative marker). Data are mean –
SD values. Significant differences (compared with Uremic-DM-M0)
are indicated: *P < .05, ***P < .001.

FIG. 3. Plasma diabetic markers for uremic patients after receiving
1:1 EGCG/AE for 3 months: Normal (n = 15) and Uremic-DM-M0
and Uremic-DM-M3 (n = 13): (A) plasma glucose and (B) plasma
glycosylated hemoglobin (HbA1c). Data are mean – SD values. Sig-
nificant differences (compared with Uremic-DM-M0) are indicated:
*P < .05.
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Atherogenic markers. Several atherogenic markers
were examined in uremic diabetic patients before and after
receiving 1:1 EGCG/AE for 3 months.T2 c Table 2 shows that
Uremic-DM-M0 and Uremic-DM-M3 were significantly
different for the markers of high-density lipoprotein (HDL)
(Uremic-DM-M0 < Uremic-DM-M3, P < .05) and the low-
density lipoprotein (LDL)/HDL ratio (Uremic-DM-M0 >
Uremic-DM-M3, P < .05). The decrease in the LDL/HDL
ratio (Uremic-DM-M0 > Uremic-DM-M3) is likely to be
due to the increased HDL in Uremic-DM-M3.

Hepatic and renal functions.T3 c Table 3 summarizes the
results for hepatic and renal functions in patients before and
after receiving 1:1 EGCG/AE for 3 months. Differences
between Uremic-DM-M0 and Uremic-DM-M3 for all
markers were not statistically significant.

Inflammatory marker.F4 c Figure 4 shows that the plasma
levels of the inflammatory marker C-reactive protein for
Normal (0.07 – 0.08 mg/dL), Uremic-DM-M0 (0.62 –
0.88 mg/dL), and Uremic-DM-M3 (0.48 – 0.41 mg/dL). The
difference between Uremic-DM-M0 and M3 was statisti-
cally insignificant.

DISCUSSION

Uremic patients with diabetes suffer from high levels of
oxidative stress due to regular hemodialysis therapy (neu-
trophil burst) and diabetic complications. Therefore, the use
of herbal extracts to reduce oxidative stress and diabetes-
induced pathological reactions might be a convenient, eco-
nomic, and alternative therapeutic strategy for uremic
patients with diabetes. From a review of several studies, we
found that EGCG exhibits potent antioxidant power for re-
ducing oxidative stress. On the other hand, AE exhibits
potential in decreasing the formation of glycosylated pro-
teins. Therefore we hypothesized that a combination of
EGCG and AE may have potential for the treatment of
uremic patients with diabetes. Several in vitro experiments
were first conducted to determine the optimal ratio of
EGCG/AE, for antioxidant power and AGEs inhibition.
That is because uremic diabetic patients suffer from high
levels of oxidative stress, and we expect that supplementa-
tion of the optimal ratio of EGCG/AE can reduce oxidative
stress and decrease the risk of complications associated with
it. On the other hand, uremic diabetic patients also suffer

from high levels of damage induced by glucose. Therefore
we investigated the AGEs inhibitory ability of different
ratios of EGCG/AE. We expect that supplementation of an
optimal ratio of EGCG/AE combination can reduce the
damage induced by glycosylation.

Figure 1 shows that a 1:1 mixture of EGCG and AE was
the optimal ratio based on investigation of antioxidant
power (Fig. 1A, FRAP assay), AGEs inhibitory effect (Fig.
1B), and suppression of oxidative stress markers (Fig. 1C,
plasma NOx). As a result, further investigations were done
with uremic diabetic patients before and after receiving 1:1
EGCG/AE for 3 months. Thirteen uremic diabetic patients
were selected based on examinations of their renal function
and plasma glucose, and 15 healthy volunteers were selected
as normal references. The healthy subjects were signifi-
cantly younger than the uremic diabetic subjects. Earlier
studies used dosages of 800 mg of EGCG/day18 and 450 mg
of AE/day for a human study.19 We used dosages of 300 mg
of EGCG and 300 mg of AE/day in this study. The plasma
antioxidant/oxidative status was investigated in uremic pa-
tients with diabetes after they received 1:1 EGCG/AE for 3
months. We found that the plasma FRAP value was sig-
nificantly improved and the plasma thiobarbituric acid–
reactive substances (oxidative marker) level was signifi-
cantly decreased. These results indicate that 1:1 EGCG/AE

Table 2. Determination of Plasma Atherogenic Indices in Uremic Diabetic Patients After Receiving 1:1 (–)-Epigallocatechin

Gallate /Amla Extract for 3 Months

Atherogenic indices T-CHO TG HDL LDL LDL/HDL ratio HCY

Normal 195.07 – 39.18 180.69 – 113.31 58.67 – 9.15 106.67 – 24.56 1.85 – 0.46 6.94 – 3.06
Uremic-DM-M0 176.77 – 25.78 207.69 – 48.73 30.85 – 6.04 104.38 – 22.57 3.46 – 0.85 22.97 – 7.71
Uremic-DM-M3 183.77 – 33.71 200.23 – 59.96 36.77 – 8.03* 105.54 – 27.51 2.91 – 0.67* 21.95 – 4.56

Data are mean – SD values.

Significant differences (compared with Uremic-DM-M0) are indicated: *P < .05.

HCY, homocysteine (mmol/L); HDL, high-density lipoprotein (mg/dL); LDL, low-density lipoprotein (mg/dL); T-CHO, total cholesterol (mg/dL); TG,

triglycerides (mg/dL).

Table 3. Hepatic and Renal Functions in Uremic Diabetic

Patients After Receiving 1:1 (–)-Epigallocatechin

Gallate /Amla Extract for 3 Months

Clinical marker Normal Uremic-DM-M0 Uremic-DM-M3

ALB 4.05 – 0.39 4.02 – 0.29 3.94 – 0.25
GLO 2.94 – 0.43 3.61 – 0.51 3.54 – 0.53
ALP 60.27 – 36.74 368.38 – 155.59 428.62 – 174.72
AST 22.01 – 6.23 27.54 – 13.88 33.08 – 20.53
GPT 30.07 – 13.85 21.77 – 21.71 31.31 – 25.24
(-GTP 19.41 – 9.81 54.31 – 61.22 44.54 – 42.21
BUN 17.13 – 7.15 57.08 – 12.49 63.38 – 14.12
Cr 0.99 – 0.25 8.59 – 1.87 8.38 – 1.83
UA 5.69 – 1.37 7.24 – 1.44 7.98 – 2.12
IP 3.49 – 0.63 4.22 – 1.75 4.64 – 1.77

Data are mean – SD values. b AU3

ALB, albumin (g/dL); ALP, alkaline phosphatase (U/L); ALT, alanine

transaminase (U/L); AST, aspartate transaminase (U/L); BUN, blood urea

nitrogen (mg/dL); Cr, creatinine (mg/dL); GLO, globulins (mg/dL); c-GTP, c-

glutamyl transpeptidase (U/L); IP, inorganic phosphorus (mg/dL); UA, uric

acid (mg/dL).
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was capable of enhancing antioxidant defense in uremic
patients with diabetes. An earlier study showed that poly-
phenol-rich extracts led to the increase of plasma antioxidant
defense due to the elevated level of plasma polyphenols.20 In
this study, the polyphenol contents of EGCG and AE were
90% and 30%, respectively. Both extracts contained a high
level of polyphenols. Therefore, we suggest that the increase
of antioxidant power in uremic diabetic patients receiving
1:1 EGCG/AE was due to the elevated level of plasma
polyphenols after ingestion of these polyphenol-rich extracts.

In addition to antioxidant defense, several clinical markers
were investigated in the uremic diabetic patients in this study.
After the 3-month trial, the levels of plasma glucose, plasma
HDL, and LDL/HDL ratio were improved significantly in
uremic diabetic patients. These findings illustrate that a 1:1
mixture of EGCG/AE can reduce the risk of complications
associated with diabetes and atherosclerosis in uremic diabetic
patients. Furthermore, Table 3 and Figure 4 show that changes
in an inflammatory marker as well as hepatic and renal func-
tions were statistically insignificant. These results suggest that
receiving 1:1 EGCG/AE was safe in the 3-month trial.

This study shows that 1:1 EGCG/AE improves antioxi-
dant defenses, diabetic markers, and atherogenic indices in
uremic diabetic patients. In addition, no hepatic or renal
toxicity and no inflammatory response were observed during
the experimental period. These findings suggest strongly
that 1:1 EGCG/AE has potential for use in the treatment of
uremic patients with diabetes.
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