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A B S T R A C T

Little evidence showed the interplay between tea and diet in the regulation of trace metal. Here, we examined
the effects of green tea polyphenols (GTPs) on the level of trace elements (TEs) in rats on food restriction or high-
fat diet. Thirty-six rats (Wistar, male) were randomly divided into 6 groups and fed on standard diet, food
restriction and high-fat diet with or without GTPs (200mg/kg bw/day) supplementation, respectively. Levels of
vanadium (V), manganese (Mn), iron (Fe), copper (Cu), zinc (Zn), selenium (Se), molybdenum (Mo) and cobalt
(Co) in feed, whole blood, femur and urine were measured by inductively coupled plasma mass spectrometry
(ICP-MS). Blood glucose, total cholesterol (TC), triglycerides (TG), high and low density lipoprotein-cholesterol
(LDL-C, HDL-C) in serum were determined. Decreased daily intakes of TEs were observed in rats on food re-
striction and high-fat diet. Decreased whole blood level of Zn, femur level of Co and increase urinary excretion of
Se were observed in rats fed on high-fat diet. GTPs altered the whole blood level of several TEs in rats on food
restriction (V, Zn, Co) or high-fat diet (V, Se), respectively, but not in rats fed on standard diet. The level of
several TEs in femur and the daily urinary excretion of V and Mo were altered by GTPs in rats on all of the three
diets. In addition, rats fed on high-fat diet developed dyslipidemia, which was ameliorated by GTPs. The data
indicated that diet status played a role in the effects of GTPs on TEs and lipid metabolism, and trace elements
may play a role in the modulation of lipid metabolic disturbances by high-fat diet and GTPs.

1. Introduction

Consumption of tea to benefit from its medicinal properties has been
practiced by mankind since ancient times. Nowadays, tea has become
the most widely consumed beverage. Green tea Polyphenols (GTPs), the
major functional components in green tea, were demonstrated anti-
oxidative, anti-inflammatory and anticancer activities [1–3].

Chemically, GTPs are a class of natural compounds with phenolic
structural features, which makes them potential chelators for metal
ions. With the development of electrochemical and optical technology
[4], GTPs had been shown to interact with Iron ions [5], Copper ions
[6] and Zinc ions and form polyphenol-metal-complexes in vitro [4,7].
Evidences in cell lines also revealed that (-)-epigallocatechin-3-gallate
(EGCG), the predominant catechin component of GTPs, redistributed

https://doi.org/10.1016/j.jtemb.2018.10.002
Received 13 December 2017; Received in revised form 24 September 2018; Accepted 2 October 2018

Abbreviations: GTPs, green tea polyphenols; TEs, trace elements; V, vanadium; Mn, manganese; Fe, iron; Cu, copper; Zn, zinc; Se, selenium; Mo, molybdenum; Co,
cobalt; EGCE, (-)-epigallocatechin-3-gallate; TC, total cholesterol; TGs, triglycerides; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein
Cholesterol; ALT, alanine Aminotrans; GSH-PX, glutathione peroxidase; ICP-MS, inductively coupled plasma mass spectrometry; C, standard diet group; L, food
restriction group; H, high-fat diet group; C+G, standard diet supplemented with GTPs group; L+G, food restriction supplemented with GTPs group; H+G, high-fat
diet supplemented with GTPs group
⁎ Corresponding author at: School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, 13 Hangkong Road, Wuhan, Hubei,

430030, China.
⁎⁎ Corresponding author.
E-mail addresses: qkygy@sina.com (G. Yang), yingcj@hust.edu.cn (C. Ying).

Journal of Trace Elements in Medicine and Biology 51 (2019) 91–97

0946-672X/ © 2018 Elsevier GmbH. All rights reserved.

T



the intracellular Copper ions and Zinc ions [8–10].
Study also suggested that the effects of tea on metals depends both

on the meal matrix and its components [11], indicating that GTPs might
affect trace elements status differently under different dietary patterns.
In a number of eastern countries, such as China, where tea and plant
foods are popular, iron and zinc deficiency is a major nutritional pro-
blem in the 20th century [12]. While in Japan where tea is also popular,
people not only have a lower rate of micronutrient deficiencies than
China, but also have the world’s longest life expectancy. Whether tea
consumption is related to iron and zinc deficiency and whether dietary
patterns play a role in those different effects of GTPs on trace elements
remain unsettled.

Moreover, little is known about the in vivo effects of GTPs on the
status of TEs other than iron and dietary patterns were not considered
in most of the previous studies [13–16]. Western diet, characterized by
too much refined sugar and saturated fatty acids, and food restriction
(FR), a 30%–50% reduction in food intake relative to ad libitum, have
been reported to increase risk of micronutrient deficiencies [17,18].
Since a high number of people worldwide face restricted or high-fat
diet, an exploration of the effects of tea on metals under those dietary
patterns is needed.

Thus, this study aims to investigate the effects of GTPs on the levels
of eight TEs in rats fed on standard, restricted and high-fat diet, which
were to mimic the balanced, dietary restriction and western diet in
humans.

2. Materials and methods

2.1. Ethics statement

This study was approved by the Huazhong University of Science and
Technology Institutional Animal Care and Use Committee, in com-
pliance with NIH guidelines (permit number: S412).

2.2. Materials and chemicals

Green tea polyphenols (GTPs, purity> 98%) were obtained from
Fuzhou Rimian Inc. (Fuzhou, Fujian, China). Glucose, total cholesterol
(TC), triglycerides (TGs), high density lipoprotein-cholesterol (HDL-C),
low density lipoprotein Cholesterol (LDL-C), Alanine Aminotrans (ALT),
and Glutathione peroxidase (GSH-PX) assay kits were provided by
Nanjing Jiancheng Bioengineering Co. Ltd. (Nanjing, Jiangsu, China).
Multi-element Plasma Inductively Coupled Mass Spectrometry (ICP-
MS) standard solution Std.3 (1000mg/L Fe, K, Ca, Mg; 10mg/L Ag, Al,
As, Ba, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, T, V, Zn, Th, U) and Internal
Standard (100mg/L Sc, Ge, Rh, In, Tb, Bi, 6Li, Lu) were from O2si
Smart Solutions (Charleston, South Carolina, USA). Other chemicals
were obtained from Sigma-Aldrich (St. Louis, MO, USA)

2.3. Animals and experimental design

Thirty-six male Wistar rats (SPF level, 160 g–180 g) were obtained
from Hubei Provincial Center for Disease Control and Prevention, China
and then housed on a 12-h light/12-h dark cycle at our animal facility.

Rats were randomly divided into 6 groups (C: standard diet group,
L: restricted diet group, H: high-fat diet group, C+G: standard diet
supplemented with GTPs group, L+G: restricted diet supplemented
with GTPs group, H+G: high-fat diet supplemented with GTPs group.)
and fed on standard diet (C and C+G group; containing 52% Fiber,
23% Dry Matter, 20% Crude Protein and 5% Fat), restricted diet (L and
L+G group; containing 52% Fiber, 23% Dry Matter, 20% Crude Protein
and 5% Fat), high-fat diet (H and H+G group; 60% standard chow,
12% lard, 10% sugar, 8% yolk powder, 6% peanuts powder, 3% Casein
powder and 1% milk powder) with or without GTPs supplementation
(200mg/kg bw/day; C, L, H, C+G, L+G, and H+G group, n= 6 in
each group) for 18 weeks, respectively. The standard and high-fat diet

group (C and C+G, H, H+G group) had free access to food; while the
rats of the restricted diet group (L and L+G group) were served with
70% of the average food intake of the standard group. The percentages
of calories from carbohydrates, fat and protein were 62%, 14%, 24% in
standard chow and 38%, 45%, 17% in high-fat diet. GTPs were added to
the feed in C+G, L+G, H+G group based on the food intake and body
weight. In C+G, L+G and H+G groups, GTPs were administrated at a
dose of 200mg per kilogram of body weight per day, a dose that re-
duced fat deposits in high fat-fed rats in our previous study [19]. Daily
food intake and body weight were recorded; and 24 h urine of rats were
collected using metabolic cages. At the 18th week, rats were sacrificed
by decapitation; whole blood was collected and serum was separated.

2.4. Determination of biochemical indexes

Serum levels of fast blood glucose, TC, TG, HDL-C, LDL-C, ALT and
GSH-PX were measured by spectra Max M2 versatile microplate reader
(Molecular Devices Corporation, USA) using the commercial kit
package according to the manufacturer’s instructions (Nanjing
Jiancheng Bioengineering Co. Ltd).

2.5. Histological study

Liver tissues were removed and parts of the liver tissue were fixed
with 4% paraformaldehyde. Liver tissues fixed in 4% paraformaldehyde
were then dehydrated, embedded in paraffin and stained with hema-
toxylin and eosin (HE). The samples were scanned under an IX-71 in-
verted fluorescence microscope (Olympus Corporation, Japan) at 200×
magnifications.

2.6. Sample preparation and trace element determination

Femur were removed from rats. Femur and feed were dried in
electrothermal constant-temperature dry box (Shanghai Pudong
Rongfeng Scientific Instrument Co., Ltd, China) for 48 h. Overnight
digestion of samples (0.050 g of solid specimens, 0.1ml of liquid spe-
cimens) were conducted in plastic centrifuge tube with nitric acid
(purity= 69%, Sigma-Aldrich), followed by heating in ET358B Hot
Plate (LabTech Corporation, USA) at 180 °C until no smoke and near
dry, then diluted with ultrapure water to a final volume of 10mL.

Calibration of the system was performed using solutions of trace
elements with a final concentration of 0.5, 5, 10, and 50 μg/l by dilu-
tion of a stock solution with 1% HNO3. The r value of the calibration
curve of all analyzed trace elements were greater than 0.9995.

The instrumental parameters of the 7900 ICP-MS (Agilent
Technologies, Inc., USA) used were as follows: radiofrequency power
(1850W), peristaltic pump (0.1 rpm), sampling depth (9.0 mm), sam-
pling cone (0.2 mm), plasma gas flow rate (15.0 L/min), auxiliary gas
flow rate (0.8 L/min), carrier gas flow rate (0.8 L/min), nebulizer pump
(40 rpm), S/C temperature (2.0 °C), oxide ions (156/140) ≤2.0%,
doubly charged (70/140) ≤3.0%.

The internal standards (Charleston, South Carolina, USA) were used
for quality control. Reference materials of whole blood (Seronorm™
Trace Elements Whole Blood L-3, Sweden) and urine (Seronorm™ Trace
Elements Urine L1, Sweden) were tested together with the samples. The
recoveries of all those analyzed metals were in the range of 90.4–99.7%
of certified values of reference materials.

2.7. Statistics

Data were presented as median (25 and 75 percentile boundaries).
The Shapiro -Wilk method was used to evaluate data normality.
Significance of the difference was assessed by the Mann-Whitney U test
using SPSS (version 12.0, SPSS, Inc, Chicago, USA). Level of sig-
nificance was P < 0.05.

N. Wu et al. Journal of Trace Elements in Medicine and Biology 51 (2019) 91–97

92



3. Results

3.1. Physiological and biochemical status of rats treated with different diets

Compare with the C group, the body weight of rats was significantly
lower in L group and significantly higher in the H group (P < 0.05,
Fig. 1A). GTPs supplement reduced the body weight of rats in both C
and H group (P < 0.05, Fig. 1A). Food intake in L and H group were
26% and 24% lower than the C group. The daily calorie intakes of rats
on standard chow, restricted and high-fat diet were 125.87 kcal
(117.69–131.60), 92.92 kcal (92.83–93.06), 127.00 kcal
(121.44–134.06), respectively. GTPs supplement had no significant

effects on the food intake and daily calorie intake (P < 0.05, Fig. 1B).
Ratio of visceral fat to body weight (g/100 g) of rats in H group were
significantly higher than C group (P < 0.05, Fig. 1C).

Rats in L group exhibited higher blood glucose (P < 0.05, Fig. 1D);
while rats in H group showed higher TC, LDL-C and lower HDL-C
(P < 0.05, Fig. 1E). GTPs supplement reduced the LDL-C in C group,
TC in L group and blood glucose, LDL-C and TC in H group (P < 0.05).
In addition, GTPs supplement increased the HDL-C in rats from both L
and H group (P < 0.05) (Fig. 1E). There was no significant difference
in ALT levels of all groups (Fig. 1F).

Fig. 1. Physiological and biochemical status of rats fed on different diets.
(A) The changes of body weight during 18 weeks; (B) Average food intake and daily calorie intake; (C) The ratio of visceral fat to body weight; (D) Blood glucose
levels; (E) Lipid profiles; (F) Serum ALT levels; The daily calorie intakes of rats on standard chow, restricted and high-fat diet were calculated by the average food
intake, percentages of calories from carbohydrates, fat and protein of different diets and energy coefficients of carbohydrates, fat and protein, respectively. C:
standard diet group, L: restricted diet group, H: high-fat diet group, C+G: standard diet supplemented with GTPs group, L+G: restricted diet supplemented with
GTPs group, H+G: high-fat diet supplemented with GTPs group. Data expressed as median (25–75), N= 6, * P < 0.05. The results of L+G and H+G group in
compare with C group were not included.
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3.2. Liver histology of rats treated with different diets

Fat vacuoles were observed in the liver specimen from H and H+G
group but not in other groups. However, the amount of fat vacuoles was
significantly less in H+G group than in H group (Fig. 2).

3.3. Dietary restriction and high-fat diet per se caused a lower elements
intake

The average daily intake of trace elements (V, Mn, Fe, Co, Cu, Zn,
Se, Mo) in L group were74% of C group (Table 1; P< 0.05); the V, Mn,
Fe, Co, Cu, Zn, Se and Mo intake of rats in H group were 97%
(P > 0.05), 45%, 45%, 59%, 46%, 58%, 84%, 65% (P < 0.05) of C
group, respectively. GTPs supplement had no significant effects on the

daily intake of TEs (Table 1; P > 0.05).

3.4. GTPs supplement altered the whole blood level of trace elements in rats
fed on restricted and high-fat diet, but not in rats fed on standard diet

Compared with rats on standard diet, whole blood level of Zn de-
creased by 47% in rats on high-fat diet (P < 0.05, Table 2). GTPs
supplement decreased the whole blood level of V by 58%, increased the
level of Zn and Co by 46% and 54% in rats on restricted diet, decreased
the whole blood level of V by 42% and increased Se by 21% in rats on
high-fat diet (Table 2; P< 0.05). However, GTPs supplement exhibited
no effects on the whole blood level of any TEs in rats on standard diet
(Table 2; P> 0.05).

As selenium is an element with low vaporization temperature, high

Fig. 2. Liver histology of rats fed on different diets.
H&E staining of the liver (10× 20); C: standard diet group, L: restricted diet group, H: high-fat diet group, C+G: standard diet supplemented with GTPs group, L+G:
restricted diet supplemented with GTPs group, H+G: high-fat diet supplemented with GTPs group.
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temperature in the process of sample preparation may induce in-
accurate results, we further evaluated the GSH-PX activity in whole
blood to assess selenium nutritional status to confirm the results. GTPs
supplementation increased the GSH-PX activity by 12% in rats on high-
fat diet, which was consistent with the results from ICP-MS (P< 0.05)
(Fig. 3).

3.5. GTPs supplement affect level of several trace elements in femur and
reduced the daily urinary excretion of V and Mo in rats on all three kinds of
diets

To further explore the effects of GTPs on the deep pool of trace
elements, level of TEs in the femur and urine were also determined.
Compared with rats on standard diet, femur level of Co decreased by
9% in rats on high-fat diet (P < 0.05, Table 3). In the results from the
femur, GTPs supplement decreased V in rats on all diets (by 45%, 46%
and 55% in rats on standard, restricted and high-fat diet, respectively.
P < 0.05, Table 3), decreased Cu and Co by 55% and 27% in rats on
standard diet (P < 0.05, Table 3), and decreased Mo by 73% and 77%
in rats on restricted and high-fat diet, respectively (P < 0.05, Table 3).

The daily urinary excretion of Se in H group was lower than in C
group by 52% (P < 0.05, Table 3); no significant difference was ob-
served in the daily urinary excretion of V, Mn, Fe, Co, Cu, Zn or Mo
among C, L and H group (P>0.05, Table 3). GTPs supplement reduced
the daily urinary excretion of V by 52%, 39%, 73% and Mo by 61%,
75%, 81% in rats on standard, restricted and high-fat diet, respectively
(P < 0.05, Table 3).

4. Discussion

In the current study, we found that 200mg/kg bw/day GTPs de-
creased the whole blood level of V in rats fed on both restricted and
high-fat diet, increased Zn, Co in rats fed on restricted diet, and in-
creased Se in rats fed on high-fat diet. However, no effects on the whole

blood level of V, Mn, Fe, Cu, Zn, Se, Mo or Co were observed in rats fed
on standard chow. Meantime, GTPs supplement decreased several TEs
in femur and decreased daily urinary excretion of V and Mo in rats on
all of the three diets. In addition, decreased whole blood level of Zn and
abnormal lipid metabolism were observed in high-fat diet rats and GTPs
ameliorated high-fat diet induced dyslipidemia and body weight gain.
These finding indicated that the effects of GTPs on trace elements status
are modified by dietary patterns and Zn, Se may play a role in the
modulation of lipid metabolic disturbances by high-fat diet andGTPs,
respectively.

The effects of dietary restriction on the level of trace metals had
been rarely investigated. In our dietary restriction animal models, de-
spite the almost 30% lower overall food intake, the rats still maintained
the homeostasis of eight TEs in whole blood without affecting the daily
urinary excretion and femur content of those elements except the

Table 1
Daily trace elements intake of rats fed on different diets through feed.

elements C C+G L L+G H H+G

V (μg/d) 19.01(17.78–19.88) 19.07(18.03–20.23) 14.04(14.02–14.06)* 13.89(13.70–14.05) 18.49(17.68–19.52)* 19.24(18.07–19.70)
Mn (mg/d) 2.81(2.63–2.94) 2.82(2.67–2.99) 2.08(2.07–2.08)* 2.06(2.03–2.08) 1.27(1.21–1.34)* 1.32(1.24–1.35)
Fe (mg/d) 11.05(10.33–11.55) 11.08(10.48–11.75) 8.16(8.15–8.17)* 8.07(7.96–8.16) 5.06(4.84–5.34)* 5.26(4.49–5.39)
Co (μg/d) 6.16(5.76–6.44) 6.18(5.84–6.55) 4.55(4.54–4.55)* 4.50(4.44–4.45) 3.66(3.50–3.86)* 3.81(3.57–3.90)
Cu (mg/d) 0.46(0.43–0.48) 0.46(0.44–0.49) 0.34(0.34–0.34)* 0.34(0.33–0.34) 0.21(0.19–0.21)* 0.21(0.19–0.21)
Zn (mg/d) 1.67(1.56–1.74) 1.67(1.58–1.77) 1.23(1.23–1.23)* 1.22(1.20–1.23) 0.96(0.92–1.01)* 1.00(0.94–1.02)
Se (μg/d) 7.23(6.76–7.56) 7.25(6.86–7.69) 5.34(5.33–5.35)* 5.28(5.21–5.34) 6.10(5.83–6.44)* 6.34(5.96–6.50)
Mo (μg/d) 44.45(41.57.76–46.48) 44.59(42.16–47.29) 32.82(32.79–32.87)* 32.49(32.02–32.85) 29.06(27.78–30.67)* 30.23(28.40–30.96)

Daily food intake of rats and the concentrations of eight trace elements in feed were used to calculate the daily trace elements intake. C: standard diet group, L:
restricted diet group, H: high-fat diet group, C+G: standard diet supplemented with GTPs group, L+G: restricted diet supplemented with GTPs group, H+G: high-fat
diet supplemented with GTPs group. Data expressed as median (25–75), N= 6, * P<0.05 vs. C; # P<0.05 vs. L; $ P<0.05 vs. H. The results of L+G and H+G
group in compare with C group were not included.

Table 2
Effects of GTPs on concentrations of eight trace elements in whole blood of rats fed on different diets.

elements C C+G L L+G H H+G

V (μg/L) 19.35(10.5–45.17) 13.80(9.88–37.62) 24.02(15.00–35.18) 10.05(8.61–16.78)# 7.82(6.71–16.53) 4.54(3.93–6.30)$

Mn (mg/L) 0.83(0.57–1.54) 1.02(0.78–1.98) 0.38(0.24–0.65) 0.74(0.56–1.14) 0.23(0.15–0.69) 0.34(0.29–0.56)
Fe (g/L) 0.55(0.42–0.64) 0.64(0.61–0.66) 0.53(0.50–0.61) 0.67(0.57–0.70) 0.53(0.50–0.61) 0.59(0.56–0.61)
Co (μg/L) 10.65(6.64–24.26) 13.60(9.1–18.36) 3.29(2,12–4.90) 7.10(4.95–14.91)# 2.03(1.18–12.83) 7.27(4.08–27.53)
Cu (mg/L) 1.35(0.70–2.50) 0.72(0.46–1.35) 0.78(0.61–0.97) 0.37(0.22–0.64) 1.00(0.80–5.47) 1.52(0.96–47.73)
Zn (mg/L) 12.19(8.99–18.14) 13.22(10.46–16.69) 6.74(4.53–10.24) 12.58(10.43–14.64)# 6.43(4.67–8.85)* 6.94(6.56–9.20)
Se (mg/L) 0.39(0.21–0.44) 0.27(0.22–0.47) 0.30(0.18–0.33) 0.20(0.16–0.26) 0.41(0.37–0.45) 0.52(0.47–0.53)$

Mo (μg/L) 18.21(12.21–48.83) 20.54(13.50–36.83) 31.82(25.33–40.23) 18.82(13.84–33.55) 17.75(15.86–26.46) 21.15(18.22–25.39)

C: standard diet group, L: restricted diet group, H: high-fat diet group, C+G: standard diet supplemented with GTPs group, L+G: restricted diet supplemented with
GTPs group, H+G: high-fat diet supplemented with GTPs group. Data expressed as median (25–75), N=6, * P<0.05 vs. C; # P<0.05 vs. L; $ P<0.05 vs. H. The
results of L+G and H+G group in compare with C group were not included.

Fig. 3. GSH-PX activity in whole blood of rats fed on different diets.
GSH-PX activity in whole blood is measured to further assess the nutritional
status of selenium. C: standard diet group, L: restricted diet group, H: high-fat
diet group, C+G: standard diet supplemented with GTPs group, L+G: re-
stricted diet supplemented with GTPs group, H+G: high-fat diet supplemented
with GTPs group. Data expressed as median (25–75), N=6, * P < 0.05.
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decreased body weight. While the daily intake of Zn was obviously
lower (58.0% of rats on standard diet) in the high-fat diet fed rats, and
the Zn level in whole blood was decreased after long-term high-fat diet
intervention, which explained why rats on high-fat diet are prone to
develop Zn deficiency [20–22]. Meanwhile, the decrease of Zn was
accompanied with increased body weight and dyslipidemia. In con-
sistent with our results, erythrocyte Zn level was also found to be ne-
gatively associated with BMI in population [23]. Since no significant
difference in the calorie intake was observed between the control and
the high-fat diet group, Zn insufficiency may be one of the causes of
weight gain and dyslipidemia.

The results that GTPs had no effects on whole blood levels of trace
elements (V, Mn, Fe, Cu, Zn, Se, Mo and Co) in rats fed on standard diet
are in agreement with the results from Ganji V et al. [24], and Basu A
et al. [25]. Although the whole blood levels of eight TEs were not al-
tered by GTPs, the levels of V, Co and Cu in femur were reduced by
GTPs as well as the daily urinary excretion of V and Mo. Since the daily
trace elements intakes were the same as the control and GTPs were
reported to interact with Cu ion in vitro [26,27], GTPs may affect the
absorption of V, Co and Cu in intestinal and the reduction of those trace
elements in the femur and urine may be the regulatory mechanism of
the body to maintain the homeostasis of trace elements in the blood.
The dose of 200mg/kg bw/day used in our animal model is equivalent
to the consumption of 8–13 cups of green tea for a 60 kg man a day,
which was higher than the recommended daily consumption of human
(4–6 cups of green tea, 540mg of total green tea catechins per day)
[28]. Thus, tea consumption is unlikely to affect minerals levels in
whole blood of population following normal diet. The zinc and iron
deficiencies observed in eastern countries (China, in 20th century) may
not be related to the consumption of tea. As GTPs decreased the LDH-C
level as well, it may benefit individuals following normal diet without
causing those eight trace element deficiency.

With GTPs supplementation, decreased V and increased Zn, Co le-
vels in whole blood, decreased V and Mo levels in femur were observed
in rats fed on restricted diet as well as decreased urinary excretion of V
and Mo. Those data indicated that despite reducing the urinary excre-
tion and the femur levels of certain trace elements; the body loses the
maintenance of the V content in whole blood under the dual effects of
food reduction and GTPs. Vanadium, an essential trace element, plays a
role in promoting glucose transport and metabolism, lipid, DNA, and
protein synthesis [29]. That may partly explain why higher blood
glucose was observed in both L and L+G group. For zinc in the whole
blood, we found a phenomenon. GTPs do not affect the whole blood

level of zinc when the zinc intake is sufficient (standard diet), but in-
creased whole blood zinc when zinc intake drops to 70% of normal
(dietary restriction). However, when the zinc intake drops to 58%
(high-fat diet), GTPs no longer show any zinc increasing effect. An
explanation for this phenomenon may be that polyphenols are known to
chelate zinc which might alter their bioaccessibility during intestinal
absorption and improve zinc absorption [30,31]. Those zinc atoms that
enter the cells may not suffice to produce significant increments of total
zinc content when there is excess or too little zinc (available zinc has
been fully utilized) present in feed.

In our high-fat diet animal models, we found that GTPs increased
GSH-PX activity and the whole blood level of Se simultaneously in rats
fed on high-fat diet, neither increase in GSH-PX activity or Se level by
GTPs supplementation was observed in rats on normal or restricted diet.
Increased of the GSH-PX activity and serum selenium concentration by
green tea consumption was also observed by Hamdaoui MH in rats on
basic diet [32]. Generally, GTPs is believed to exert antioxidative ef-
fects by inhibiting the body’s oxidant enzymes, improving the body’s
antioxidant enzyme activity, chelating transition metal ions, anti-lipid
oxidation in vitro and scavenging ROS directly [33]. As the GSH-PX
activity is an important component of the body's antioxidant system
[34] and GTPs supplementation ameliorated high-fat induced lipid
metabolism variation and body weight gain, the data reported here may
add a new dimension to the understanding of the possible mechanisms
underlying the anti-oxidative effects of GTPs. The modulation of GTPs
on Se may be a reason for their health promotion benefits in high-fat
induced lipid metabolism and obesity [35].

Although GTPs supplementation increased the whole blood level of
Zn, Co in rats fed on restricted diet and Se, GSH-PX activity in rats fed
on high-fat diet, and ameliorated high-fat induced dyslipidemia. GTPs
also reduced the content of V in whole blood of rats fed on both re-
stricted and high-fat diet. Since GTPs supplements can be taken without
professional supervision, and often by people intent to lose weight or to
prevent other health problems, the effects of GTPs on trace element
status observed in rats on food restriction and high-fat diet deserves
considerable public attention. Thus, further researches about the effects
of GTPs consumption on trace elements in humans on different diets are
in need. From a "first do no harm" point of view, individuals on food
restriction or high-fat diet should monitor their TEs status if they con-
sume GTPs regularly.

Table 3
Effects of GTPs on trace elements concentrations in femur and urinary excretion of trace elements of rats fed on different diets.

Sample Element C C+G L L+G H H+G

Femur (μg/g) V 0.11(0.09–0.17) 0.06(0.0–0.08)* 0.13(0.12–0.16) 0.07(0.06–0.09)# 0.11(0.09–0.13) 0.05(0.03–0.07)$

Mn 0.98(0.71–1.37) 0.84(0.78–1.05) 0.91(0.78–1.22) 1.33(1.08–2.63) 0.87(0.75–0.98) 0.89(0.64–1.18)
Fe 64.94(58.42–99.61) 75.37(59.37–90.48) 111.98(63.36–128.30) 108.54(95.63–130.88) 69.97(43.84–86.15) 58.94(37.68–72.63)
Co 0.11(0.11–0.12) 0.08(0.08–0.09)* 0.11(0.10–0.11) 0.11(0.08–0.14) 0.10(0.09–0.11)* 0.08(0.055–0.14)
Cu 1.32(0.80–1.59) 0.60(0.47–0.79)* 1.05(0.87–1.28) 1.43(.63–2.51) 0.78(0.68–2.18) 0.58(0.33–1.35)
Zn(mg/g) 0.13(0.11–0.15) 0.13(0.13–0.14) 0.15(0.14–0.16) 0.11(0.08–0.13) 0.12(0.11–0.13) 0.14(0.13–0.15)
Se 0.23(0.19–0.30) 0.23(0.21–0.26) 0.26(0.23–0.28) 0.24(0.22–0.33) 0.20(0.17–0.21) 0.22(0.14–0.23)
Mo 0.37(0.32–0.61) 0.43(0.19–0.48) 0.48(0.35–0.65) 0.13(0.22–0.33)# 0.39(0.24–0.64) 0.09(0.05–0.15)$

Urine (μg/d) V 0.23(0.20–0.33) 0.11(0.08–0.13)* 0.23(0.19–0.27) 0.14(0.09–0.19)# 0.22(0.17–0.27) 0.06(0.05–0.09)$

Mn 4.04(2.29–5.33) 2.10(1.52–3.63) 2.92(2.32–3.95) 3.20(2.02–4.18) 2.18(1.66–2.68) 1.55(1.04–3.59)
Fe 30.78(24.75–248.73) 59.10(42.26–86.82) 59.16(40.52–116.63) 87.88(57.22–183.29) 47.04(18.06–68.90) 40.62(34.37–67.71)
Co 0.13(0.12–0.18) 0.15(0.11–0.88) 0.17(0.10–0.20) 0.15(0.13–0.20) 0.15(0.11–0.21) 0.13(0.11–0.80)
Cu 3.44(1.75–14.35) 4.41(1.65–7.47) 2.66(0.96–3.48) 3.05(2.20–3.37) 2.30(1.10–3.13) 2.64(1.51–3.00)
Zn 13.79(9.48–19.58) 14.58(12.06–18.45) 23.34(17.65–27.66) 30.19(18.31–42.43) 26.96(15.36–31.28) 17.20(12.61–44.44)
Se 4.34(3.25–5.15) 3.65(3.34–3.82) 4.59(3.72–4.83) 3.50(2.90–4.35) 2.10(1.57–2.89)* 1.98(1.61–2.11)
Mo 18.87(16.67–31.45) 7.46(6.49–9.10)* 25.81(21.41–27.42) 6.45(4.18–6.93)# 15.8(14.56–18.62) 2.93(2.30–3.34)$

The concentrations of eight trace elements in urine and 24 h urine output of rats were used to calculate the daily urinary excretion of trace elements. C: standard diet
group, L: restricted diet group, H: high-fat diet group, C+G: standard diet supplemented with GTPs group, L+G: restricted diet supplemented with GTPs group, H
+G: high-fat diet supplemented with GTPs group. Data expressed as median (25–75), N=6, * P<0.05 vs. C; # P<0.05 vs. L; $ P<0.05 vs. H. The results of L+G
and H+G group in compare with C group were not included.
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5. Conclusion

Green tea polyphenols did not alter the trace elements levels in
whole blood of rats on standard diet, but altered trace elements
homeostasis in rats fed on food restriction and high-fat diet; Meantime,
GTPs supplement decreased several TEs in femur and increased daily
urinary excretion of V and Mo in rats on all of the three diets. In ad-
dition, rats fed on high-fat diet developed dyslipidemia and body
weight gain, which was ameliorated by GTPs. The results indicate that
the interaction between nutrients and non-nutrients in organisms were
extremely complex. More researches are needed to clarify the complex
relationship and the underlying mechanisms.
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