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Short-term ingestion of chlorogenic or caffeic acids decreases zinc but
not copper absorption in rats, utilization of stable isotopes and
inductively-coupled plasma mass spectrometry technique
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The amount of dietary trace elements absorbed from a meal depends, among other factors, on the
quantities of certain minor plant constituents present in the meal. These substances can act as
ligands and bind trace elements in the digestive tract in available or unavailable forms for
absorption. The present study was designed to investigate the extent to which different
polyphenols (PP) may influence Zn and Cu absorption in rats. Different PP of nutritional interest
(chlorogenic acid, caffeic acid, catechin and rutin) were studied using meals extrinsically-
labelled with stable isotopé€zn and®*Cu. Male Wistar rats were fed on a non-labelled semi-
synthetic diet containing (mg/kg) 38 Fe, 35 Zn ariil Cu for 8 d. PP were dissolved in dimethyl
sulfoxide as the solvent and added to the meal at 1 g/kg during 3 d before isotope administration
and until the end of the experiment (a further 3d). The control group received the dimethyl
sulfoxide only. After overnight food deprivation, rats were fed on the labelled test meals (49
diet+ 01 mg®’Zn and @ mg®°Cu) with 08 mg Dy as a faecal marker. Faeces and urine pools
were collected for 3d and analysed f6Zn and®®*Cu isotopic enrichment using the inductively-
coupled plasma mass spectrometry technique. Zn absorption was significantly less in rats fed on
chlorogenic acid or caffeic acid than in the control group. Catechin ingestion non-significantly
inhibited ®’Zn absorption. However, the PP studied were without effect on Cu absorption. The
study illustrates the effect of metal-binding phenolic compounds on mineral nutrition in the rat,
and the possible importance of the effects of different foods rich in these compounds on mineral
absorption in man.

Polyphenols: Cu absorption: Zn absorption: Isotope technique

The establishment of human requirements for essential However, many studies in animals and man have shown that
trace elements necessarily includes knowledge of the factorsthese compounds or PP-rich foods dramatically inhibited
affecting trace element availability for absorption. Although non-haem-Fe absorption (Hurrell, 1990; Tuntawir@bral.

it is recognized that Zn and Cu bioavailability from many 1991). This inhibitory effect seems to be due to the chelation
plant sources is generally low, the responsible factors havecapacity of these compounds relative to metal ions (Brune
not been clearly identified. Polyphenols (PP), a wide and et al. 1989). Many popular beverages such as tea, coffee and
complex group of substances, are naturally present in foodswine contain high levels of PP. The inhibitory effect of tea
of vegetable origin and constitute part of the human diet. and red wine on Fe absorption appears to be related to the
Their intake can range betweef@nd 2 g/d (Reddgt al. total amount of PP consumed (Dislet al. 1975; Morck
1985). Severain vitro and animal studies have demon- et al. 1983; Cooket al. 1995). The inhibitory action of
strated that PP have antioxidant activities and play a coffee on Fe absorption appears to be due to chlorogenic
potential role in cardiovascular diseases and cancer prevenacid (Gabrielli & De Sandre, 1995). The effect of PP on Zn
tion (Cook & Samman, 1996; Hertog & Hollman, 1996), and and Cu absorption has received little attention, although
there are recommendations to increase their daily intake.the available information suggests that such compounds can

Abbreviations: ®Cu*, Cu derived only from administered isotope; ICP/MS, inductively-coupled plasma mass spectrometry; PP, polyeripfézn
derived only from administered isotope.
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chelate these elements and should affect their availability Powdered diet (100 g) was mixed with 100 ml demineral-
for absorption (McDonalcet al. 1996). Since Zn and Cu ized water to form a semi-liquid food prepared on site.
belong to the transition group of elements as does Fe, it is
possible that PP can also modify their absorption. In a
human study, Ganji & Kies (1994) showed that tea con-
sumption resulted in a small but non-significantly adverse The isotope analysis of the enrich&@n as ZnO vyielded
effect on Zn balance in human subjects?(%). However,  the following values (atom %)“zn 111, ®zn 195, 4'zn
Recordet al. (1996), using the chemical-balance technique, 9480, °8zn 228, "°Zn 005. Enriched ZnO (25mg; 20 mg
have failed to show any effect of teas on the absorption of Zn) was first moistened with 1 ml demineralized water, and
Fe, Cu and Zn in rats. The stable-isotope approach isthen 1 ml 12x-HCI was added to transform the oxide into
now recognized to be an excellent tool for mineral bioavail- soluble ZnC}. The solution was then diluted with&/ml
ability studies (Janghorbani & Ting, 1990; Coudray & demineralized water to give a concentration of Zgnil.
Fairweather-Tait, 1998). Based on this principle, our study The isotope analysis of the enrich&€Cu as CuO yielded
was conducted to assess potential inhibitory effects of the following values (atom %)°Cu 039, %°Cu 9981.
different PP of nutritional interest (chlorogenic and caffeic Enriched CuO (8B mg; 70mg Cu) was first moistened
acids, catechin and rutin) on Zn and Cu absorption in rats with 1 ml demineralized water, and then 1 ml NHCI
fed on meals extrinsically labelled with stable isotop&&n (suprapure grade) was added and heated af@02 h to
and®°cu. transform the oxide into the soluble CyCIThe solution
was then diluted with 8 ml demineralized water to give a
, concentration of 7¢°Cul. The abundance and the con-
Materials and methods centrations of’Zn and®®Cu isotopes in these solutions were
Reagents and materials checked by ICP/MS before they were used.

Stable-isotope preparation

Enriched 6’Zn (948 %) and ®°Cu (998 %) isotopes as o o
oxides were obtained from Euriso-top (Saint Aubin, Preliminary study: validation of faecal marker use and
France). Suprapure grade HAQHCI and HO,, pyridine, choice of stable-isotope doses and method of administration

hexane, dimethyl sulfoxide, and Zn, Cu, Dy and In standard |, this first study, we investigated the isotope doses of
solutions (1g/l) were _obta|.ned from Me.rck (Darmstadt, 015 mg %7zn and @5mg ®°Cu. Dy (1mg) was used as
Germany). Chlorogenic acid, caffeic acid, catechin and the faecal marker. The choice of these doses was based on
rutin were obtained from Sigma (Saint Quentin Fallavier, ysyal daily intake of Zn and Cu and their mean fractional
France). Trifluoroacetylacetone (980 ml/l) was purchased gpsorption, as well as on the natural abundance of investi-
from Aldrich-Chimie (Saint Quentin Fallavier, France). All gated isotopes and the degree of anticipated isotope enrich-
other chemicals were of the highest quality available, and ments in the waste product studied (faeces and urine). After
demineralized water was used throughout. an adaptation period to the semi-synthetic diet, twelve rats
The inductively-coupled plasma mass spectrometer were divided into two groups and placed in individual
(ICP/MS) used in our study for isotopic-ratio measure- metapolism cages. After a 16 h fast group 1 received the
ments was a Plasma_quad Il system (Fisons Instruments,isotope dose orally with Dy (2ml), and group 2 received
Manchester, UK), equipped with a Meinhard nebulizer. The he isotope dose mixed with a small meal (4 g semi-liquid
atomic absorptio_n spectrometer Perkin Elmer 560 (Perkin hon-labelled diet+ 4 ml isotope and Dy solution). The
Elmer, St-Quentin en Yvelines, France) was used for total sma|| meal was prepared 16 h before isotope administration
Zn and Cu measurements. to allow isotopes to equilibrate with the naturally-occurring
elements in the semi-liquid meal. Faeces and urine samples
Animals and diet were collected daily before and for five successive days
after isotope administration.
Male Wistar rats weighing 200s€ 5) g were used. They
were derived from the colony of laboratory animals of
the National Institute of Agronomic Research (INRA
of Clermont-Ferrand/Theix, France). The rats were housed
under conditions of constant temperature-{2@°), humid- The PP-containing diets and test meals were prepared as
ity (45-50%) and a standard dark cycle (20.00-08.00 follows. The PP investigated in the present study were
hours). The rats were maintained in compliance with chlorogenic acid, caffeic acid, catechin and rutin. Since
the guidelines formulated by the European Union (EEC, their solubility in water is low the PP were dissolved in
1986) for the use of experimental animals. Rats first went dimethyl sulfoxide at a concentration of 250g/l, and then
through an adaptation period of 8d with free access to adiluted with water to obtain a final concentration of 1 g/l.
semi-synthetic diet and demineralized water. The non- These solutions were used to prepare the semi-liquid food
labelled diet contained (g/kg): casein 200, wheat starch for the PP-tested groups; these were prepared on site (100 g
650, maize oil 50, fibre (cellulose) 50, mineral mixture diet+100ml PP solution) and offered throughout the
(American Institute of Nutrition, 1977) 35, vitamin mix- experiment. To prepare the test labelled meals, 2ml PP
ture (American Institute of Nutrition, 1977) 10-methio- solution %4 mg PP) and 2ml of a solution containitfgn
nine 3, choline bitartarate 2. Fe, Zn and Cu levels in this (001 mg), ®*Cu (0 mg) and Dy (0B mg) were mixed with
diet were 38, 35 and Bmg/kg dry weight respectively. 4 g semi-liquid non-labelled diet. Added isotopes were then

Polyphenol study: acute effect of polyphenol ingestion on
zinc and copper absorption
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allowed to equilibrate with the naturally-occurring Zn and absorption spectrometry (Perkin Elmer 560), using sero-
Cu in the semi-liquid diet overnight before being adminis- norm urine (Nycomed) as quality control, as previously
tered. Accurate concentrations of isotopes in this solution described (Arnauét al. 1993).

were determined by ICP/MS. The mass spectrometer settings and plasma conditions
were optimized with a solution of 309 In/l as external
standard, with the instrument operating conditions as
follows: radio frequency generator @2 MHz, forward
After an 8d adaptation period to the non-labelled semi- radio frequency power 1350W, reflected radio-frequency
synthetic diet, the rats were assigned randomly to four PP power< 3 W, outer Ar flow-rate 14 litres/min, intermediate
groups of eight rats each, and to a control group of ten rats. Ar flow-rate (7 litre/min, nebulizer Ar flow-rate @6 litre/

The diet of the control group contained the same amount of min, mass resolution® Da at 10 % of peak height. Data
dimethyl sulfoxide as that used as solvent in the other collection variables were as follows: total replicates per
groups (i.e. dimethyl sulfoxide only). The rats then received integration 5, signal integration time per replicate 40s,
their respective diets for 3d before isotope administration. dwell time per sweep 20 ms, scanning mode: peak hop-
The day before isotope administration, the animals were ping five points per peak, sample uptake raiml/min.
placed in individual metabolism cages, and 24 h faecal and
urine samples (non-labelled samples) were collected from
each animal. At 06.00 hours, test labelled meals were
offered to the 16h fasted rats for 2h in the dark. The Zn has five stable isotopes with the following natural
unconsumed food was then recovered and accuratelyabundance (%)4Zn 488, 66Zn 2709, 67Zn 401, %8Zn 188,
weighed. Rats then continued to receive the PP-containing’°Zn 0B; Cu has only two stable isotopes with the follow-
non-labelled diets until the end of the experiment. Faecesing natural abundance (¥9fCu 692, 65Cu 308 (De Bievre
were collected quantitatively for the 3 d after isotope admin- & Taylor, 1993). Isotope percentage enrichmentf@n or
istration and pooled. Urine was collected over two periods ®°Cu in faeces or urine was obtained from the following
(0—36 and 36—72 h) after isotope administration. equation: 10& ((measured isotope ratiobaseline iso-
tope ratio)/baseline isotope ratio). Baseline isotope ratios
are obtained by the instrument for samples before isotope
administration and these should be similar to natural ratios
Individual faeces collected before and after isotope admin- which are as follows®’zn:*%zn 014695 and®®*Cu3Cu
istration were freeze-dried, powdered and sub-samples044509).

Experimental protocol

Calculations

Sample treatment and analysis

(0O259g) were ashed at 500or 10h. The ashes were Total faecal unabsorbed or urinary excreted isotopes
dissolved in @ ml 14mM-HNO; and heated for 2h at 100  were determined as previously described for Mg isotopes
on a hot plate, and diluted appropriately witli4m-HNO;. (Coudray et al. 1997): total ®’Zn or %°Cu derived only

Zn and Cu isotope ratios and Dy concentration were from the administered isotop€’Zn* and ®°Cu* respec-
determined by ICP/MS using Zn, Cu and Dy solutions as tively) = (total faecal or urine minerad(measured iso-
internal standards. The concentrations of Cu, Zn and Dy in tope ratio— baseline isotope ratio))/(¥ (measured isotope
final solutions of faeces for ICP/MS measurements was ratio— baseline isotope ratio)), where the isotope ratio is
about 200, 40 and 20 pg/l respectively. In was used as the®’Zn:®®zn for Zn and®*Cu®® Cu for Cu, Y is 3584 for Zn
external standard for faecal Dy determination. Total Zn (the reciprocal of @79 to convert®®Zn quantity to total
(2138 nm) and Cu (324 nm) were determined by flame Zn), and Y is 14451 for Cu (the reciprocal of 892 to
atomic absorption spectrometry (Perkin Elmer 560), using convert®*Cu quantity to total Cu). Total faecal and urinary
seronorm serum (Nycomed, Oslo, Norway) as quality Zn or Cu (mg) were determined by atomic absorption
control, as previously described (Arnaatlal. 1993). spectrometry.

Urine volume was determined and 10ml urine was  The previously mentioned formula is obtained as follows
acidified with @1 ml 14m-HNO;. Isotope-ratio measure-  (e.g. for Cu):
ment on urine samples was performed as previously .
described (Veillon & Patterson, 1996). Briefly, an appro- measuredCu *3Cu = baseline®®Cu *cu + %°cu®cu,
priate volume of urine (8 ml) was dried and ashed at 500 (D
for 10h. The ashed sample was then dissolved &0 _ 65
14M-HNO; and @I ml H,O, (350ml/l) and heated to total Cu= (natural Cu+™Cur), 2)
dryness. This procedure was repeated three times to obtain
a white residue. Zn and Cu was then complexed with
trifluoroacetylacetone in the presence of pyridine ()5 — 63cx 1.4451 3)
and the complexes were extracted with hexane. The hexane
extract was removed and evaporated to dryness, and the drfEquation 2 becomes:
residue was taken up in2dml 14M-HNO; and made up to
5ml with demineralized water. Zn and Cu isotope ratios total Cu= (®3Cux 1.4451+°%5Cu"), (4)
were then determined by ICP/MS. The concentration of Cu
and Zn in final solutions of urine for ICP/MS measurements thus,
was about 150 and 50 pg/l respectively. Total Zn (81n)
and Cu (324 nm) were determined by flame atomic

natural Cu=®3Cux (/ ®3Cu natural abundange

%5cu* = total Cu— (*3Cux 1-4451). (5)
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From equation 1,

measured®Cu:%3Cu — baseline®*cu #3cu =%cu*:%3cu.

C. Coudrayet al.

Statistical analysis

Standard procedures were used to calculate means with
their standard errors. Throughout the preliminary study,

. ©) the statistical significance of differencés < 0-05) between
Equation 6 becomes: means was calculated by using Studenttsst. In the PP
5~ 63 . 65~ 63 study, results from five groups were compared by ANOVA
(measured®Cu **Cu — baseline™Cu **Cuy1 using the GLM procedure of Statistical Analysis Systems
— 85083y, %) (1989) according to the factorial model. The least-squares

Equation 7 becomes:

83cu = %°cu*/(measured®Cu #3Cu — baseline®>*cu £cu).

€)
From equations 5 and 8:
5cu* = total Cu— (1-4451 x ®°Cu*/
(measured®Cu#3Cu — baseline®®*cu®3cu). (9

Multiplying  eguation measuredCu *3cu—
baseline®*Cu3Cu gives:

9 by:

85cu* x (measured®Cu #3Cu — baseline®*cu ®3cu)
= total Cux (measure®Cu#3Cu — baseline®>*Cu#3Cu)
— (1-4451x%°Cu"). (10)
Then,
85cu* x (measured®Cu #3Cu — baseline®®*cu #3cu)

+ (1-4451x ®5Cu*) = total Cux (measured®Cu 3cu

mean statement was used to calculate the adjusted means.

Juo paysliand 949100865t L L£000S/4 101 0L/BJo"10p//:sdny

=

For each experimental diet the data are presented as adjusteds

means with their standard errors because the numbers of
animals were not identical for the five groups. The ANOVA
test was followed by a Duncan multiple range test. Differ-
ences between groups were considered as significant when
P < 0-05.

Results
Analytical performances

The isotope-ratio measurements were performed using an
ICP/MS instrument which permitted within- and between-
run percentage residual standard deviations as follows:
on standard solution§’zn:%®zn 051, 089, **cu®3cu
02, 076; on faecal mineralisate solutiof€Zn:*®zn
068, 124, ®°Cu®Cu 081, 097, on urine extracts
®7zn:*zn 083, 114, ®°Cu®3Cu 086, 092. The within-

and between-run percentage residual standard deviations
for Dy determinations werel® and 49 respectively. Total

Zn and Cu were analysed by atomic absorption spectro-
metry in faeces with the following within- and between-run
percentage residual standard deviatiorid:sd &1 for Zn

and 38 and 32 for Cu respectively. The corresponding

s~ 05 63
— baselineCu >Cu). 1y values (%) for urine analysis were as followsd 2nd 52
Rearranging equation 11, for Zn and 33 and 38 for Cu determinations.
85Cu* x (1-4451+ (measured®Cu #3cu Preliminary study
. 65~ 63
— baseline®Cu **Cu)) = total Cu The results of this preliminary study show that the kinetics
y (measurecfSCu:G?’Cu _ baseline®5cu 53cu). 12) of faecal Dy excretion closely paralleled those &n and

Thus, our formula is:

85cu* = (total Cux (measured®Cu3Cu
— baseline®®Cu 23Cu))/(1-4451+ (measured®Cu #3Cu

— baseline®®*cu ®3cu)).

®5Cu for both methods of administration (Fig. 1). Dy faecal
excretion was shown to be nearly complete in most of
rats (&95%), but not in three of them (Table 1). The
percentage recovery of Dy was only 67 and®for two

rats in the orally-administered group, and wa&8®r one

rat in the premixed-isotope group. The measured absorption
of ®’zn and®®Cu for these rats was very high, but it reached
the mean values when it was corrected to the percentage

o
)

ssaud Asianiun abpruqu

The same steps can be followed to obtain the formula for recovery of faecal marker (Table 1). As shown in Fig. 2, the
7zn*. majority of the unabsorbed isotope¥Zn and®°Cu) was
67Zn or®Cu apparent absorption, based on faecal isotope excreted within the 48 h after isotope administratis®% %
enrichment, was calculated from the following formula: and>93 % for the two methods of isotope administration.
100x ((administered isotope unabsorbed isotope excreted The administration of @5 mg ®’Zn or ®*Cu resulted in a
in the faeces)/administered isotope). Correction of absorp-large faecal isotope enrichment in the first 2d in both rat
tion for percentage faecal marker recovery was made groups. Moreover, more than 98 and 99 % of unabsorbed
according to the following equation: corrected absorption isotopes were excreted during 3d after isotope adminis-
=100 x (administered isotope (unabsorbed isotope/per- tration. The faecal isotope enrichments®&n and®Cu
centage faecal marker recovery)/administered isotope). Perimeasured in the 3d faeces pool were at least as high as
centage faecal marker recovery was calculated from the 100 % for each isotope for both methods of administration.
following formula: (administered Dy- faecal excreted Dy)/  The enrichment of’Zn and®>Cu in the 0—-24 h pooled urine
(administered Dy). samples averaged about 22 and 55% respectively. This
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Fig. 1. Faecal excretion patterns of faecal marker (dysprosium; 0) and unabsorbed isotopes (¢’Zn (M) and ®°Cu (0)), expressed as cumulative
percentage of total excreted element, in rats given 015 mg ®’Zn (2124 umol) and 0015 mg ®°Cu (231 pmol) and 1[0 mg dysprosium (6015 wmol)
either orally (a) or premixed with a small meal (b). Pooled faeces for each day were lyophilized, powdered and a subsample was mineralized and
analysed by inductively-coupled plasma mass spectrometry for determining dysprosium concentration and zinc and copper enrichments. Total
zinc and copper levels were determined by atomic absorption spectrometry. For details of procedures, see pp. 576-577.

shows clearly that isotope doses were sufficient and thenearly completely excreted within 3 & 99 %) when iso-
amount of unabsorbed isotopes in a 3d faeces pool istopes were premixed with the diet. We also obtained more
appropriate for determining apparent absorption of Zn and reliable results when isotopes were given premixed with the
Cu in rats. There was no statistically significant difference diet, with lesser variability between rats (L0 %). Since

in %7zn absorption between the two methods of administra- isotope administration by premixing with the diet is a more
tion. However, our results indicate that tFf€u absorption physiological process and permits a necessary equilibrium
was more efficient when the isotope was given orally than between the added isotopes and the naturally-occurring
when premixed with the diet. Unabsorbed isotopes were minerals of the diet, we used this method in our PP study.

Table 1. Individual values for percentage recovery of the faecal marker (dysprosium) and measured and corrected values
for intestinal absorption of 7Zn and ®°Cu stable isotopes given orally or premixed with a small meal to rats*

Measured absorption Corrected absorption
(%) (%)
Procedure for isotope
administration Rat no. %cu 87Zn Dy recovery (%) 55Cu 877n
Oral 1 398 4211 670 140 173
2 164 198 9712 1709 212
3 1900 186 989 218 2114
4 440 468 668 211 2301
5 240 1909 9211 213 170
6 188 230 93® 172 2108
Mean 2711 283 859 1809 203
SE 493 5013 6010 125 109
Premixed with meal 7 133 158 9709 13[4 150
8 lut 143 1001 1213 173
9 110 308 964 973 298
10 148 2003 9600 1209 1900
11 303 316 8314 183 1800
12 143 160 9712 138 153
Mean 154 2103 95[4 134 193
SE 309 3018 282 114 217
Significance of difference
between procedures NS NS NS P <001 NS

*For details of procedures, see pp. 576-577.
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Fig. 2. Faecal isotope enrichment (6’Zn:%¢zn (0) and ®°Cu:*3Cu (#)) over 5d after isotope administered orally (a) or premixed with a small meal
(b) in rats given 0015 mg 57Zn (2124 wmol) and 0015 mg %°Cu (281 wmol) and 1[0 mg dysprosium (6(15 wmol) after a 16 h fast. Faeces of each day
were lyophilized, powdered and a subsample was mineralized and analysed by inductively-coupled plasma mass spectrometry for isotope-ratio
measurements. For the 3d pooled faecal sample, 20mg/g faeces from the first 3d were mixed, mineralized and analysed. For details of
procedures, see pp. 576—577. For 3d pooled faeces, faecal isotope enrichments were: (a) 7Zn 115 %, ®Cu 102 %; (b) 57Zn 129 %, ®°Cu 114 %.

Polyphenol study faecal pools showed an isotope enrichment of 72 %%n
and 67 % for®®Cu in the control group. The enrichment of
On the basis of the results of the preliminary study, a target ®’Zn and®®Cu in the 0-36 h pooled urine samples averaged
dose of @ mg57Zn and @1 mg8:Cu with 08 mg Dy were about 28 and 58 % respectively for the control group. With
administered to each rat premixed with a small meal after athe analytical performance of the ICP/MS instrument
16 h fast. Rat growth was not affected by any of the PP used in the present study, such high values for enrichment
consumed for 6d in the present study. Analysis of the 3d guarantee highly-reliable isotope-ratio measurements.

Table 2. Effect of polyphenol ingestion on apparent 67Zn absorption with and without correction for faecal marker (dysprosium) in rats*
(Values are means with their standard errors for ten rats for the control group and eight rats for the other groups)

Without correction With correctiont
Recovery of
Ingested Faecal excretion of ~ Absorption of faecal marker Faecal excretion of Absorption of
Treatment group 57Zn (ng) 577Zn (ug/3d) 577Zn (%) Dy (%) 57Zn (ug/3d) 577Zn (%)

Control: Mean 8742 66012 24[3% 9682 683% 218%
SE 0B9 135 1049 3B4 1035 0B8
Chlorogenic acid: Mean 8782 7102 19m° 96072 7322 16@°
SE 0B7 130 1439 421 130 104

Caffeic acid: Mean 8362 6802° 188° 970? 70032 150°
SE 3043 3097 109 492 3097 1334
Catechin: Mean 8619? 6872 209" 9622 7122 178%
SE 0B6 123 1070 502 123 1035
Rutin: Mean 7501° 588" 220 952 612° 18332
SE ol 1a7 156 389 1av 168

ab Mean values within the same column with unlike superscript letters were significantly different (P < 0-05).
*For details of procedures, see pp. 576-577.
T Calculated by dividing the amount of unabsorbed isotope by the percentage recovery of faecal marker in the faeces.
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Intestinal absorption of’Zn calculated on the basis of urine isotope-enrichment measurementsl@%), when
the 3d pooled faeces without and with correction for the mineral retention is measured. A target dose d&f Mg
recovery percentage of faecal marker are shown in Table 2.6’Zn (about 10 % of intake) andiDmg ®°Cu (about 50 %
Chlorogenic and caffeic acids significantly decreased the of intake) was applied in our PP study. The preliminary
absorption of®”Zn when compared with control group study showed also th&fZn absorption was similar for both
(P < 0-05) for both measured and corrected absorption methods of administration of the isotope, where&§u
values. However, catechin and rutin were without effect absorption was higher whef?Cu was given orally than
on®7Zn absorption in the present study. The PP tested in thewhen premixed with the diet. A similar finding was also

present study did not show any significant effect®@u obtained for Mg absorption in our laboratory (C Coudray,
absorption before or after correction for percentage recov- D Pepin, JC Tressol, J Bellanger and Y Rayssiguier,
ery of the faecal marker, as shown in Table 3. unpublished results). Thus, the measured mineral absorption
Table 4 shows the effect of PP ingestion°dzin retention from isotopes premixed with diet is more representative of
in rats. The determination of urinary elimination ozn that of the naturally-occurring mineral in the diet. For this

during the 3d after isotope administration indicated that reason, this method of administration was applied in the PP
the tested PP did not have any significant effect on urinary study. The preliminary study was also designed to deter-
excretion of®’zZn. The results of the present study showed mine whether Dy (a lanthanide element) can be used as a
that only chlorogenic and caffeic acids significantly quantitative faecal marker for Zn and Cu absorption studies
decreased the retention ¥&n in the rat. in rats. This approach is based on the assumption that these %
The determination of°Cu urinary elimination indicated  elements (lanthanides) are not absorbed. Several human
that the different PP tested did not show any significant studies have already reported that such elements could be
effect on urinary excretion dPCu (Table 4). These results  useful as faecal markers (Schuetteal. 1993; Fairweather-
show clearly that the PP compounds studied here did notTait et al. 1997). In our study,®’zn and ®*Cu, and
exert any effect on either absorption or retentiot*@u in Dy exhibited almost identical faecal excretion patterns.
the rat under our experimental conditions. Consequently’Zn or ®®Cu absorption values were the
same from the 2nd day until day 5 of isotope administration,
when this absorption was corrected for the percentage
recovery of the faecal marker in the analysed faecal mate-
Before undertaking a large study on the effect of PP rial. The results of this preliminary study showed clearly
ingestion on Zn and Cu absorption, we carried out a that Dy can be used as a quantitative faecal marker in the
preliminary experiment to validate our operating conditions. ¢’Zn and®*Cu absorption studies in the rat.
The chosen dose of isotope should be low enough not to PP compounds tested in the present study were selected
disturb the mineral homeostasis, but high enough to permitbecause they were commercially available and they
reliable isotope-ratio measurements by ICP/MS. The faecalresembled commonly-consumed PP. However, it is worth
isotope enrichments obtained in the 3 d pooled faeces werenoting that there is a wide variety of PP in foods, and that
more than 100 % for botli’Zn and ®Cu. Consequently, the PP studied are only similar but not identical to food
the doses of @5mg®'Zn or ®Cu were sufficiently large ~ PP. Chlorogenic and caffeic acids are found in coffee, and
to study the absorption of these metals in rats. However, many fruits, vegetables and legumes, and previous studies
administering such large doses is necessary for reliablehave shown their inhibitory effect on Fe absorption (Hurrell,
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Discussion

Table 3. Effect of polyphenol ingestion on apparent ®Cu absorption with and without correction for faecal marker (dysprosium) in rats*
(Values are means with their standard errors for ten rats for the control group and eight rats for the other groups)

Without correction With correctiont

Recovery of

Ingested Faecal excretion Absorption of faecal marker Faecal excretion Absorption of

Treatment group 55Cu (ng) 55Cu (ng) 55Cu (%) Dy (%) of 55Cu (pg/3d) 55Cu (%)
Control: Mean 911® 7602 163 96[8* 780% 1332
SE 072 0B9 124 3B4 0B9 0B4
Chlorogenic acid: Mean 913? 7902 1372 9607 8132 10092
SE 059 207 201 421 207 107
Caffeic acid: Mean 871 7402 1532 9700* 765* 12p?
SE 3[B8 426 174 492 4126 132
Catechin: Mean 9062 7302 186 96[2% 765% 1562
SE 069 124 143 512 124 131
Rutin: Mean 7813° 6357 1932 95132 6601° 15062
SE oaz 162 2[06 389 162 175

ab Mean values within the same column with unlike superscript letters were significantly different (P < 0-05).
*For details of procedures, see pp. 576-577.
T Calculated by dividing the amount of unabsorbed isotope by the percentage recovery of faecal marker (Dy) in the faeces.
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Table 4. Effect of polyphenol ingestion on ®’Zn and ®°Cu urinary excretion and retention in rats*
(Values are means with their standard errors for ten rats for the control group and eight rats for the other groups)

65Cu

67Zn

Retention of
55Cu (%)

Urinary excretion
of 5Cu (ng/3d)

Faecal excretion
of 85Cut (ug/3d)

Ingested
*°Cu (ng)

57Zn (%)

Retention of
2132

Urinary excretion
of 7zn (ng/3d)

Faecal excretion
of 5znt (ug/3d)

Ingested
*Zn (ng)

Treatment group

12012

119
oas

78092

911*
o2
915B*

0B35%
oa1

6832

878?

Control: Mean

104
9B*
188
106°

0B9
8152

127
15@°

13as
733%

0B9
878%

SE

1277
0as

0m0*
0032

Chlorogenic acid: Mean

2007
7632

089
87n®

119
153°

1030
7003%

037
83[6*

SE

1342
oo

0B322
0m8

Caffeic acid: Mean

141
140

4126
7632

388

906

130
16920

307
713%

343

86

SE

131*
o6

080%
022

Catechin: Mean

123
136°

124
6601°

0B9

783°

189
160720

066 123
61@°

7501°

SE

1B42
0010

086*
o4

Rutin: Mean

131

112

02

165

1av

011

SE

abMean values within the same column with unlike superscript letters were significantly different (P < 0-05).

*For details of procedures, see pp. 576-577.
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T Calculated by dividing the amount of unabsorbed isotope by the percentage recovery of faecal marker (Dy) in the faeces.

1990; Gutniskyet al. 1992). Catechin, in the form of
epigallocatechin gallate is the main constituent of green
tea, and very abundant in our diet (proanthocyanides).
Rutin, quercetin glycosylated to a carbohydrate, is a
strong antioxidant and an important flavonoid present in
many food items. PP levels in the diet used in the present
study were 1g/kg for the four tested compounds, which
corresponds to 20 mg/d. The PP doses used in the present
study correspond to a daily consumption of 4000 mg PP for
a 65kg human subject, representing two to four times the
nutritional daily intake. Although only the acute effect of
PP was studied in the present study, PP were fed for 3d
before administrating>Cu- and®7Zn-labelled test meals

to rats, to avoid the effect of previous meals. Indeed, it
is known that diets fed before test meals can affect post-
prandial mineral absorption (Garcia-Lopetzal. 1990).

The present results indicated that acute ingestion of
chlorogenic or caffeic acids significantly decreasédn
absorption in rats, whereas they were without effect®@u
absorption in rats. However, neither catechin nor rutin
ingestion significantly affected®Cu or ®’zZn absorption
under our experimental conditions.

This is the first time that the effect of these phenolic
compounds on the absorption of essential trace elements
has been studied using the stable-isotope approach. The
observed decreasesifZn absorption reached 25 % in rats
receiving chlorogenic acid and 27 % in those receiving
caffeic acid. Chlorogenic acid is a phenolic acid, an ester
of caffeic acid and quinic acid, occurring in a variety of
fruits and vegetables. In fact, chlorogenic acid exists in
several chemical forms, the one used in the present
study, caffeoyl-quinic acid (the commercially-available
chlorogenic acid), being the most common form in coffee.
Chlorogenic acid has been reported previously to exert an
inhibitory action on intestinal Fe absorption in rats (Brown
et al. 1990; Gutniskyet al. 1992). Further, Morclet al.
(1983) demonstrated that coffee inhibited Fe absorption in
a concentration-dependent fashion in human subjects.

Our results showed that acute ingestion of catechin
is without significant effect orf’Zn absorption or°°Cu
absorption in rats. In the present study, the effect of
catechin on Zn absorption was less than that of chlorogenic
or caffeic acids. Since catechin also contains catechol
groups, an explanation other than the chemical structure
per semay be found for this difference. A possible expla-
nation is that the insolubility of the catechin molecule in
water prevents formation of a complex between the catechol
group of catechin and the mineral ions in the gastro-
intestinal lumen (Spenceet al. 1988). Previous studies
have shown that tea consumption (rich in catechin deriva-
tives) can impair trace element absorption, particularly
Fe, in human subjects and animals (Diskdral. 1975),
and Fairweather-Tait & Piper (1991) confirmed a previous
report that long-term ingestion of tea impairs Fe status in
rats (Brownet al. 1990), but Bruneet al. (1989) reported
no effect of catechin on Fe absorption in man. The effect of
catechin on Zn or Cu absorption is still unclear. Greger &
Lyle (1988) reported that tea or catechin ingestion increased
tissue Zn and Cu levels in rats, but Recadal. (1996)
observed that absorption of Fe, Cu and Zn was not affected
by the green or black tea or crude green tea extract in rats.
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Flanaganet al. (1985) reported that the ingestion of tea Coudray C, Ppin D, Tressol JC, Bellanger J & Rayssiguier Y
with a single meal had no effect on absorption®&n in (1997) Study of magnesium bioavailability using stable
human subjects. However, Ganji & Kies (1994) showed a  isotopes and the inductively-coupled plasma mass spectrometry
small but not statistically significant adverse effect of tea gr?t?:r:q;c?u:zatlh; lr\lalztriulcr:??e? %“5‘17 dg‘;g'e labelling approaches.
consumption on Zn bioavailability in their subjects. " ' IO . .
The present study showed that acute ingestion of rutin, De Bievre P & Taylor PDP (1993) Table of isotopic composition

. . of the elementdnternational Journal of Mass Spectrometry lon
the precursor of quercetin, was without effect Yn or Processl23 149-166.

®*Cu absorption. The result obtained here can be explainedpisier pB, Lynch SR, Charlton RW, Torrance JD, Bothwell TH,
in a number of ways. First, rutin has the lowest solubility ~ walker RB & Mayet F (1975) The effect of tea on iron

of the PP studied and thus is less available for absorption. absorptionGut 16, 193—200.

Second, rutin may be less efficient in its ability to chelate EEC (1986)Guidelines for the Use of Experimental Animals

minerals than the other PP investigated. We have not found L358-86/609/EEC. Brussels: Commission of European
any published values for its stability constants with these = Community. .

minerals. Finally, the low molar ratio of rutin: minerals in Fairweather-Tait SJ, Minihane AM, Eagles J, Owen L & Crews

: : : HM (1997) Rare earth elements as non-absorbable fecal
the diet may be also responsible for this observed effect. markers in studies of iron absorptioAmerican Journal of

~ In conclusion, the findings of the present study are very  ~pnical Nutrition 65, 970—976.

interesting from a nutritional point of view. Not only can  gainyeather-Tait SJ & Piper Z (1991) The effect of tea on iron and
PP decrease non-haem-Fe absorption, but they can also ajuminium metabolism in the raBritish Journal of Nutrition
negatively affect Zn absorption in the réfzn absorption 65, 61—68.

was decreased by 25% in rats receiving chlorogenic or Flanagan PR, Cluett J, Chamberlain MJ & Valberg LS (1985)
caffeic acid. This negative effect on Zn absorption should Dual-isotope method for determination of human zinc absorp-
thus be considered seriously in populations consuming tion: the use of a test meal of turkey medournal of Nutrition
diets consisting primarily of plant foods. Such diets contain _ 115 111-122. _ _

a considerable amount of dietary fibre and PP which may Gabrielli GB & De Sandre G (1995) Excessive tea consumption
have a considerable effect on mineral bioavailability. can inhibit the efficacy of oral iron treatment in iron-deficiency

. . - anemia.HaematologicaB80, 518—520.
Human studies are needed to confirm these rat studies. Ganji V & Kies CV (1994) Zinc bioavailability and tea consump-

tion: study in healthy humans consuming self-selected and
laboratory-controlled dietsPlant Foods for Human Nutrition
46, 267-276.
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