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Summary

The composition of the intestinal lumen is likely to species. p-histidine at a Iluminal concentration of
have considerable influence upon the absorption, and 100mmolt! significantly enhanced subepithelial zinc

consequently the nutrition and/or toxicity, of ingested
zinc in aquatic environments, where zinc is both a
nutrient and a toxicant of importance. The effects of
amino acids upon intestinal zinc uptake in freshwater
rainbow trout (Oncorhynchus mykisswere studied using
an in vivo perfusion technique. The presence of histidine,
cysteine and taurine had distinct modifying actions upon
guantitative and qualitative zinc absorption, compared to
perfusion of zinc alone. Alterations in zinc transport were
not correlated with changes in levels of free zinc ion. The
chemical nature of the zinc—amino acid chelate, rather
than the chelation itself, appeared to have the most
important influence upon zinc absorption. L-histidine,

despite a strong zinc-chelating effect, maintained
gquantitative zinc uptake at control (zinc alone) levels.
This effect correlated with the formation of Zn(Hisyp

accumulation, but reduced the fraction of zinc that was
retained and absorbed by the fish. The possibility of
a Zn(His),-mediated pathway for intestinal uptake

is discussed. L-cysteine specifically stimulated the
accumulation of zinc post-intestinally, an effect attributed
to enhanced zinc accumulation in the blood. Taurine
increased subepithelial zinc accumulation, but decreased
the passage of zinc to post-intestinal compartments.
Amino acids are proposed to have important roles
in modifying intestinal zinc uptake with potential

implications for environmental toxicity as well as
aquaculture.

Key words: zinc, uptake, intestine, dietary metal, zinc-binding
ligand, transport, histidine, cysteine, taurine, amino acid, fish,
rainbow troutOncorhynchus mykiss.

Introduction

In aquatic ecosystems zinc is both an essential micronutrienharacterises thia vivo uptake of zinc in freshwater rainbow
and a toxicant of considerable significance. Biological roles afrout using an intestinal perfusion system. This method allowed
zinc are mediated by its structural and/or functional importanckinetic characterisation of zinc uptake and highlighted
in more than 300 enzymes and other proteins (Vallee andportant differences between intestinal uptake in freshwater
Falchuk, 1993). Consequently, zinc deficiency in fish leads tish and studies in mammals and marine teleosts. This
physiological perturbation of growth, reproduction, visiontechnique has been used in this study to investigate the roles
and immunity (Watanabe et al., 1997). Conversely, excessivaf amino acids in modifying the uptake and absorption of zinc.
environmental zinc can have severe impacts upon the survivial fish the introduction of an amino acid-zinc chelate to the
of aquatic organisms (Eisler, 1993). Two major routes for zindiet has been reported to increase zinc concentrations in the
uptake exist in fish (Hogstrand and Wood, 1996). Waterborneody of rainbow trout, compared to inorganic zinc treatments
zinc is absorbed mainbyia the gill, while the gut assimilates (Hardy et al., 1987; Paripatananont and Lovell, 1995). This has
particulate zinc from diet and imbibed water. Given thepotential benefits for the aquaculture industry where increased
speciation of zinc in natural waters (Rozan et al., 2000) andn(Il) absorption is associated with improved fish growth and
reliance upon food sources that may bioaccumulate the metatalth (Watanabe et al., 1997).

(Dallinger et al., 1987), the gut is likely to be the major source Facilitatory effects of amino acids on zinc absorption have
for zinc assimilation. The diet, however, is a complex chemicdbeen documented in a number of mammalian and invertebrate
mixture and its composition will have an important influencetissues (e.g. Wapnir et al., 1983; Ackland and McArdle, 1990;
upon zinc uptake and absorption, and consequently zirBobilya et al., 1993; Buxani-Rice et al., 1994; Horn et al.,
nutrition and toxicity. 1995; Vercauteren and Blust, 1996). Histidine and cysteine
The accompanying paper (Glover and Hogstrand, 2003)ave high binding affinities for zinc, with dissociation
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constantKq) values of 12.1 and 18.2, respectively, for Zn(ll)- Materials and methods
(amino acid) species (Martell and Smith, 1974). Amino acids Animals

may irjcrease. bioquilability by removing chelateq ziqc Rainbow trout Oncorhynchus mykis#/albaum; 80-366g,
from dietary zinc-binding constituents such as phytic acidmean +5p. 149+6 g,N=103) were obtained from Wolf Creek
Evidence of such an action has been presented in studies9f 1, National Fish Hatchery, Kentucky, USA and transported
zinc absorption in fish where the beneficial effects of adding, ,4|ging facilities at the University of Kentucky. Fish were
zinc as an amino acid chelate were greater in diets thalsintained in 4001 fibreglass tanks with flowing, aerated and
contained high levels of phytic acid (Paripatananont anfechiorinated Lexington city tapwater. The water temperature
Lovell, 1995). This increase in bioavailability may be,q maintained in the range of 11-15°C, varying with season.
achieved in one of two ways. Amino acids may act to shutlig,,q \as withheld from fish for at least 5 days before
zinc from dietary compongnts Wlth I_ow zinc b!ndlng affinity experimentation.
to uptake surfaces with higher affinity (Wapnir et al., 1985;
Ackland and McArdle, 1990; Bobilya et al., 1993). Experimental procedure
Alternatively, the formation of an amino acid-zinc chelate Thein vivointestinal cannulation procedure was identical to
may create a substrate for transport across the epitheligdat described by Glover and Hogstrand (2002). Experimental
surface (Wapnir et al., 1983; Ashmead et al., 1985). perfusion solutions consisted &%Zn(Il) (as ZnCh: approx.
Experimental evidence regarding the exact mechanism d@fkBgml1, New England Nuclear) in a 77 mmotINaCl
the enhancement effect of amino acids upon zinc uptal®aline, with Zn(ll) added as Zn%@HO to a final
is scant. Physiological investigations have yet to yield aoncentration of 5amolI~1. Amino acids (- or p-histidine,L-
candidate transporter. Although the basic amino acid cgfrier or p-cysteine, taurine) were included individually in perfusates
was a candidate for mediating the uptake process in humavith Zn(ll) at the concentrations stated (2 or 100 mrmijl |
erythrocytes, subsequent experiments suggest this is not thkese two concentrations resulted in dramatically different
case (Horn et al., 1995). In lobster hepatopancreas epitheliaZih(I)-amino acid chelate speciation (Table 1), and allowed
was proposed that zinc may combine witproline to form a  the testing of hypotheses regarding potentially important
more readily transportable complex, in addition to acting at anptake moieties. Solutions were made fresh from stock on the
allosteric binding site to stimulate the absorption-gioline  day of experiment. The pH of perfused solutions was neither
(Monteilh-Zoller et al., 1999). adjusted, nor buffered and ranged from 6.0-6.4. Experimental
The role of amino acids in altering the uptake, fate angerfusions were of 3h duration.
metabolism of intestinally introduced zinc was the focus of Upon completion of experimental perfusion, tissue samples
the present study. Histidine and cysteine were chosen @stestinal epithelium and subepithelium, blood, carcass) were
amino acids that are known to have biological relevance a®llected, treated and analysed f5Zn(Il) activity in the
zinc chelators. Concentrations were tested that altered freeanner described previously (Glover and Hogstrand, 2002).
zinc ion activity and the nature of amino acid—zinc chelatesThroughout the text reference is made to a number of tissue
Taurine was included as an amino acid of biologicacompartments. These are defined as follows. Tissue scraped
importance, but without known chelation effects. The resultfrom the mucosal surface of the intestine is referred to as the
demonstrated the complex natureiofvivo intestinal zinc  ‘epithelial’ compartment. This will include both mucus, and
uptake, including an-histidine-mediated uptake pathway, mucosal intestinal cells. ‘Subepithelium’ denotes that intestinal
and specific actions ob-histidine andL-cysteine upon tissue remaining following scraping. The carcass remaining
qualitative zinc absorption. The results suggested that dietafgllowing intestinal excision is the ‘body’ compartment. ‘Post-
constituents could play a vital role in modulating intestinalintestinal’ parameters are those calculated using pooled blood
zinc uptake, with potential implications for aquaculture andand body data. ‘Retained zZn(ll) fraction’ is the proportion of
environmental toxicity. perfused Zn(ll) that is sequestered by the animal, and includes

Table 1.Zn(ll) speciation in the experimental treatments investigated

Zn?t ZnCr Zn(Cys) Zn(Cysy* Zn(His)* Zn(His)
Control [Zn(l1) alone] 87 11 - - - -
Zn(1)+2 mmol -1 Cysteine 6 0 86 8 - -
Zn(I1)+100 mmol i1 Cysteine 0 0 17 83 - -
Zn(I1)+2 mmol 1 Histidine 4 0 - - 65 31
Zn(1)+100 mmol i1 Histidine 0 0 - - 4 96

Values are the percentage of Zn(ll) present as a given species, and were calaltitedgeochemical equilibrium modelling syste
MINEQL+ (Version 4.01; Environmental Research Software).

Zn(ll) was added as ZnS@H,O (ACS Grade, Sigma Chemical Co., St Louis, MO, USA), and speciation calculated at experimental
temperatures of approximately 15°C.
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that Zn(Il) which is trapped by the ‘epithelium’. Because this = 120
compartment may be regularly sloughed, Zn(ll) accumulate =
here may not be available for uptake. Hence the ‘absorbe & 100-
Zn(ll) fraction’ is the proportion of perfused zn(ll) that S
accumulates in post-epithelial compartments, and can threfo E 80+
be considered Zn(Il) which is truly absorbed. °
For all treatments @Zn(Il) budget was constructed. For some § 60+
experiments it was noted that not®8n(ll) could be accounted =
for. This was likely a consequence of Zn(ll) binding tog'\‘ 401 —e— Control
experimental apparatus. To correct for this, parameters we g o= it'.g,sst{gmee
adjusted based on the percentage of recovered radioactiv @ 201
(Hardy et al., 1987). For calculation of epithelial, subepithelia §
and post-intestinal accumulation rates, data were standardis & 01¢ . . . . . . . . .
to account for differences in the retained Zn(ll) fraction 0 20 40 60 80 100 120 140 160 180
that otherwise may have distorted patterns of accumulatiol Time (min)

Sfetterl:gegrigﬂr?tbsocf)rbzid(llz)n(e”r)lt:ﬁﬁgo?ks\earglrﬁ?nﬁtngtgﬁ drgfjlizg(rﬁg. 1: Profile oﬁ5Zn(II) actiyity ol:_)taineq from the efferent cannula
. ' .~ following perfusion of the intestine with $@noll-1 Zn(ll) alone
accumUIe}t'on param.ete_rs .therefore represent the _qua“taF"(control), or in solution with 100 mmat! L-cysteine on -histidine.
change in Zn(l) distribution caused by the amino acityalyes are means sem. (N=4-6 for amino acid treatmentsi=10
treatments. All calculations were based on equations describfor control). Slope values (3.98 forcysteine, 3.71 for-histidine,
in the accompanying paper (Glover and Hogstrand, 2002). and 2.71 for Zn(ll) alone) were calculated over the linear phase of
Data are expressed as means.eM. Significant effects outflow (approx. 20-50 min).
(P<0.05) of treatments were tested using analysis of varianc
(ANOVA), unless otherwise stated.
treatment groups were unchanged from the controls [Zn(Il)
alone]. This effect was stereospecific, as neitHeistidine nor
Results D-cysteine exhibited a significantly altered slope of recovered
The geochemical equilibrium modelling program %5Zn(ll) (data not shown).
MINEQL+ (Version 4.01; Environmental Research Software) Retained and absorbed Zn(ll) fractions [measures of
was used to determine Zn(ll) speciation within the perfusateguantitative Zn(ll) absorption] were closely correlated.
used (Table 1). While 87 % of Zn(ll) in control experimentsAlterations in the retained fraction resulted in concomitant
was present as free Zrion, 94-100% of Zn(ll) in histidine changes in the absorbed fraction, with no significant difference
and cysteine experiments was chelated. At 2mmhalino  in the magnitude of the change between the two measures (Fig.
acid concentrations the majority of Zn(ll) was bound in2A-C). In control treatments, where Zn(lIl) was perfused alone,
mono-amino acid complexes, while at 100mmblimost 27 % of the total perfused Zn(ll) was retained by the fish, while
Zn(Il) was present as bis-amino acid species. Zn(ll) speciatiohl % of the total perfused Zn(Il) was considered absorbed. In
in taurine experiments was not calculated owing to insufficienfig. 2A—C these figures were normalised to 100% to allow
information about the chemical equilibria of taurine withdirect comparison between treatment effects on retained and
perfusate constituents. The dissociation constant of taurinexbsorbed Zn(ll) fraction.
Zn(Il) complexes Kq¢=4.6) (Sakurai and Takeshima, 1983), is Of all the amino acid solutions tested, none significantly
much lower than those of cysteinkg€18.2) and histidine increased the retained or absorbed fraction of perfused Zn(ll)
(Kg=12.1) with zn(ll). It was likely, however, that at the above that observed with Zn(ll) alone. The inclusion of
high amino acid concentrations used, a significant proportioh00 mmoltl amino acids in Zn(ll) perfusates, however,
of zZn(ll) was bound to taurine. While the amino acidgenerally resulted in decreased retained and absorbed Zn(ll)
concentrations used were supraphysiological, the altered Zn(lfjactions (Fig. 2A—C). The exception washistidine, which
speciation induced allowed differentiation between the effectgroduced no alteration in these parameters. This effect was
of Zn(ll) chelation and the nature of the chelated species. Thesttistically different from the response gehistidine at the
concentrations also permitted comparison with studies in theame concentration. There were no other stereospecific effects
mammalian literature (e.g. Wapnir et al., 1983; Aiken et al.noted. Amino acid treatments at 2 mnmldaused a consistent,
1992h). yet insignificant, decrease in retained and absorbed Zn(ll)
Plots of the appearance &PzZn(ll) from the efferent fractions.
cannulae (Fig. 1) showed that the slopes of the linear portion Amino acids had little impact upon epithelial (mucus and
of recovered®zn(ll) differed in the presence othistidine and  epithelial cells) zZn(ll) accumulation (Fig. 3A-C). The only
L-cysteine at 100mmot}l. These treatments also reachedeffect of note was a significant stimulation of epithelial
steady state more rapidly than the control. Slopes obtained accumulation with 100 mmot} p-histidine when compared
taurine experiments and for 2mmdi tysteine and histidine with the corresponding 2 mmofitreatment.
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Zn(ll) accumulation in the subepithelial compartmentcontrast to histidine,-cysteine at 100 mmat} significantly
(intestinal tissue remaining following scraping) wasenhanced the passage of Zn(ll) into post-intestinal (blood
significantly and markedly increased in the presencand body) compartments (Fig. 3B). Control values of
of 100mmolt! b-histidine (Fig. 3A). The rate of 145nmolkglh—! were stimulated 227 %. This response was
363 nmolglh-! for 100 mmolt! p-histidine was threefold strongly concentration- and sterecisomer-dependent. Taurine,
higher than that of the control [Zn(ll) alone]. This effect wasat 100 mmolt, but not at 2mmott, greatly reduced zZn(ll)
mimicked to a lesser extent by 100 mniil-histidine, which  accumulation into  the post-intestinal compartment,
exhibited a smaller 1.5-fold stimulation. These increases werncomitant with significantly enhanced subepithelial zZn(Il)
not observed at the lower amino acid concentrations tested. &zcumulation.

Post-intestinal Zn(Il) accumulation was analysed to

160. A  wmm Control determine if the effects of taurine and cysteine at
== L-hitidine  mmol |‘1)_l 100 mmolt! were compartment-specific. Taurine was
140 - = '-D'_?]'iﬂig'i?% ((%Or?ernTll)—lll) ) found to decrease both blood and body zZn(ll)
120 . = p-histidine (100 mmol I-%) accumulation, whereas the stereospecific effect-of
cysteine was solely on the plasma and erythrocyte Zn(ll)
1004 _L accumulation rate (Fig. 4).
80 - 8§ 8
60 - Discussion
* 18 Quantitative Zn(Il) absorption: evidenceshistidine
401 * 48 mediated uptake
20+ "L‘ Luminal amino acids had defined and specific
0. : ' : ' influences upon the intestinal uptake and absorption of
Retainedzn(ll) fradion  AbsorbedZn(ll) fradion Zn(ll) in freshwater rgmbow trgut. .leferences in the
= interaction of Zn(Il) with the epithelial surface and the
g B - CoNtrol transport and fate of Zn(ll) beyond the mucosal barrier
§ 1204 == L-cysteine 2 mmol I71) were apparent. The most notable effect on quantitative
e == L-oysteine (100mmol 1<) zn(jl) "absorption (absorbed and retained Zn(ll)
< 100 £= p-cysteine 2 mmol 19 fraction) was the stereospecific actionLeffiistidine in
S 5 = p-cysteine (100 mmol I1) U9 '
E= maintaining Zn(Il) absorption at control levels [Zn(ll)
S 801 alone]. At the gill epithelium it has been demonstrated
= that ionic Zn(Il) concentration is the major determinant
g 601 * of Zn(ll) uptake (Rainbow, 1995; Vercauteren and
§ Blust, 1996). Moieties that chelate Zn(Il) may modulate
8 40 1 * 8 waterborne uptake by decreasing the amount of free
e Zn(ll) available to the uptake surface. Consequently a
S 20 1 correlation between zZn(ll) uptake and the ionic Zn(ll)
e concentration should be observed. Experiments with
g 0 _ ' — _ histidine did not exhibit such a relationship. While
2 RetainedZn(ll) fradion  AbsorbedZn(ll) fradion addition of 2mmoH! L-histidine resulted in an
= Control
== Taurine 2 mmol |—1) Fig. 2. Effect of (A) histidine, (B) cysteine or (C) taurine
1404 C = Taurine (100 mmol I1) solutions upon retained and absorbed 2Zn(ll) fractions
8§ § following perfusion of in vivo cannulated intestine in
1201 L combination with 5@umol |- Zn(l1). Retained Zn(ll) fraction
L represents the fraction of perfused Zn(ll) accumulated in the
100+ animal over the course of the 3-h perfusion (100% of the
80 . control is equal to a retained Zn(ll) fraction of 2.7 %), whereas
* .8 absorbed Zn(ll) fraction represents the proportion of perfused
60 4 Zn(ll) accumulated in post-epithelial compartments (100 % of
* § the control is equal to an absorbed Zn(ll) fraction of 11 %).
40 | Control data are consistent across all three plots. Values are
means #s.e.M. of 4—6 replicates for amino acid treatments,
20 A and of 10 replicates for control values. *Significant
differences between control and treatmérttetweennp- and
0 : ) L-stereoisomers, arfdbetween treatment concentrations were

RetainedZn(ll) fracion  AbsorbedZn(ll) fradion tested aP<0.05, ANOVA.
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insignificant decrease in quantitative Zn A
absorption, at 100mmofl L-histidine Zn(ll) 400 * Control
absorption was equivalent to control levels. This 350 l = L-histidine 2 mmol I-%)
in contrast to a significant decrease in Zn(ll) up == L-histidine (100 mmO|1|‘1)
with the other amino acids tested. The mainten 300 8 == phididine gona%orlrgl |)—1)
of control levels of Zn(Il) uptake corresponded tc
formation of a Zn(Hig) moiety. The significance 2501 I
these data is twofold. First, in the case of the 200 §
epithelium, uptake was not solely dependent upo
free Zn(ll) species. Second, the chemical natu 1504
the chelated species, not the chelation itself, see 100 5 5
be the determining factor in the absorption
chelated Zn(Il) moieties. 50 -
A specific effect of histidine upon zZn(ll) upte 0

has been observed previously in a wide ranc
species and tissues. There are two theories to e
these actions. Histidine may act as a donor mol:
facilitating the release of zZn(ll) to a membr. 300 B

Epithdium Subepithdium Post-integine

transport entity (Wapnir et al., 1985; Ackland S = E—?:C;gline @ mmol 1) *+8
McArdle, 1990; Bobilya et al., 1993). Alternativi £ 250 == |-cysteine (100 mmol (1) l
theL-histidine—zinc chelate may be transported ir ; = p-cysteine 2 mmol I71)
across the epithelium (Wapnir et al., 1983; Ashn ¢ ,qo| — D-cysteine (100 mmol 1)
et al., 1985). Both these models of transport acc g
for the stereospecificity of the observed respc g 150 T §
Either the Zn(-His), complex had a competiti .% ¥
advantage in gaining access to the transport m = 100
or the transporter itself exhibited enantio 5
dependence. From the experiments described I &
is not possible to discern the naturerdfistidine- = 50
mediated Zn(ll) uptake. Significantly different slo
of Zn(ll) recovered from the outflow cannula fio1 0- ' ' ' ' ' '
histidine compared to control armthistidine als Epithdium Subepitheium Post-inteine
lend support to a stereospecific mechanism of z
uptake, a mechanism that also differed from 300. C
uptake of unchelated zZn(ll). 5§

The histidine effect upon intestinal Zn(Il) upt: :
. . . . . 250 -
in rainbow trout was mediated by a Zn(Hispecies l

. . . . mmm Control

There is compelling evidence from studies 200 == Taurine @ mmol )
mammalian erythrocytes that passage into s 1 == Taurine (100 mmol I-1)
bis-histidine Zn(Il) complex is responsible for
stimulatory effects of histidine (Horn et al., 19 150 + L 5
Vercauteren and Blust (1996) showed a facilitate 5
effect of histidine upon zZn(ll) in the mussMytilus 100 4
edulis correlated with the mono-histidine spec
Uptake of zZn(ll) across the blood—brain barrie 50 4 8
rats was also believed to be mediated by Zn(t ﬂ
(Buxani-Rice et al., 1994). Where there is evidt 0 - : : : : : .
for histidine-mediated Zn(Il) uptake in mamma Epitheium Subepithdium Post-integine

intestine, Zn(Hig) is the species implicated (Wap

et al., 1983). While the nature of the uptake sp Fig. 3. Effect of (A) histidine, (B) cysteine or (C) taurine solutions upon

remains controversial there is increasing evid Zn(1l) accumulation rate into epithelium (scrapings), subepithelium (intestinal
. . ; tissue remaining following scraping) and post-intestinal (pooled blood and
acros_s a wide range of organisms, tissues body) compartments following perfusion of vivo cannulated intestine in
experimental systems that Zn(ll) uptake can  compination with 5Qmoll- Zn(ll). Values are means £Em. of 4-10
achieved by a histidine-mediated process. replicates. *Significant differences between control and treatrhdxatween
The lack of a stimulatory action of amino ac  p- andL-sterecisomers, arfdbetween treatment concentrations were tested at
upon quantitative Zn(ll) uptake in the present s _P<0.05, ANOVA.
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450 * amino acid transport in fish is thought to be more promiscuous
=) 400 mmm Control than that of adult mammals. For at least some amino agids,
5 mEmm L-Cysieine andL-isomers are able to share the same transporter (Huang
g 3501 g %%s;aene and Chen, 1975). It is possible, therefore, that the actioms of
£ 300- * histidine could be, in part, mediated by a transportep-of
2 histidine—zinc complexes.
= 2501 The effects of cysteine upon intestinal Zn(ll) absorption are
% 200- distinct from those of histidine. Snedeker and Greger (1983)
E 150 described a similar situation in rats. Cysteine hadLan
3 enantiomer-dependent stimulatory action upon post-intestinal
& 100+ Zn(ll) absorption. Time-to-steady-state Zn(ll) flux fecysteine
= 50 - * was also greater than for theésomer, indicating a mechanistic
N 0 I_LI ] difference at the uptake surface. Such a difference may again be

explained by a specific transport entity or may represent a
competitive advantage far-cysteine to donate Zn(ll) to a
Fig. 4. Effect of 100 mmott cysteine or taurine upon blood and membrane moiety for uptake. The experiments described here
body (carcass remaining after dissection) Zn(ll) accumulation ratego not allow for a distinction between these scenarios.
foIIowing perfusion of in vivo intestine in combination with Cysteine infusion in rats was found to increase p|asma Zn(”)
50pumol 1=t Zn(ll). Values are means sem. of 4-10 replicates. |gyels (Abu-Hamden et al., 1981). The increase in post-
*Significant differences tested B€0.05, ANOVA. intestinal Zn(ll) levels in the present study was the result of
enhanced Zn(ll) accumulation specifically in the blood
is not surprising. Dietary supplementation of low molecularrompartments. Body Zn(ll) accumulation rate was unchanged,
mass Zn(ll)-binding ligands such as cysteine and histidindespite the fact that this compartment has reserve capacity for
enhance uptake by chelating Zn(ll), removing it from othermccumulation (Glover and Hogstrand, 2002). In the study of
dietary constituents. Consequently Zn(ll) bioavailability isAbu-Hamdan (1981), the rise in plasma zZn(ll) levels was
increased. In the present experiments competing ligand®ncomitant with an increase in Zn(ll) excretion. It is not
were absent and therefore enhancement of quantitative Zn(kpown whether a similar effect exists in the present
uptake was not observed. Lack of any effect at this levahvestigation. Enhanced post-intestinal Zn(ll) may be a result
does not necessarily equate with a lack of biological effecof increased plasma cysteine levels, drawing Zn(ll) from the
Aquacultural studies have shown that Zn-methioninespithelium into the blood where it is retained. Alternatively the
complexes can more easily meet piscine dietary Zn(llpassage of a cysteine—Zn(ll) chelate into the blood is possible
requirements than Zn(ll) in inorganic complexes(Ashmead et al., 1985).
(Paripatananont and Lovell, 1995), without altering the amount
of Zn(ll) absorbed (Wekell et al., 1983). The beneficial effectdE=ffects of taurine: evidence for reciprocal regulation of Zn(ll)
of organic Zn(ll) chelates may be explained by altered patterns uptake pathways
of accumulation, such as those observed by Hardy et al. (1987)The marked effect of taurine upon Zn(ll) absorption was
and below. unexpected. Taurine was included in the study as a control,
being an amino acid with low affinity for Zn(ll) (Sakurai and
Qualitative Zn(Il) absorption is modulated by luminal amino Takeshima, 1983). Harraki and colleagues (1994) reported
acids taurine stimulation of Zn(Il) absorption in human fibroblasts.
Examination of qualitative changes in Zn(Il) absorptionTo our knowledge this report and the present study are unique
provides further evidence of specific effects of amino acidé exhibiting an influence of taurine upon Zn(ll) uptake. While
on metal metabolism. Histidine stereoisomers stimulated thearely reported, such an association is not without biological
passage of Zn(ll) into the subepithelium (intestinal tissueelevance. Both Zn(ll) and taurine are found in high
remaining after mucosal scraping). In contrast to the concentrations in the tapetum lucidum of the retina (Sturman,
enantiomer effect upon quantitative Zn(ll) absorption, this effect983), mossy fibre boutons of the cerebral cortex and
was only statistically significant in the presence-diistidine.  hippocampus (Crawford, 1983; Wu et al.,, 1985), and in
Interestingly Aiken and colleagues noted a similar scenario. lnombination both enhance membrane stability (Gaull et al.,
rat erythrocytes the effect of histidine upon uptake of Zn(Il) wad985).
stereospecific (Aiken et al., 1992a); however, histidine also acted Taurine is the only modulator of Zn(Il) metabolism thus far
to influence body distribution of Zn(li) vivoin an enantiomer- tested in thén vivo perfused trout intestine that has effects on
independent manner (Aiken et al., 1992b). both subepithelial and post-intestinal Zn(ll) accumulation.
Such results are difficult to explain. In mammalian systemJaurine uptake was shown to be*Nependent in flounder
the actions of a transporter in mediating an altered tissuatestine (King et al., 1986), and the replacement of \\i¢h
distribution can be eliminated, owing to strict stereospecificitycholine did not affect the pattern of Zn(Il) accumulation with
of such entities (Aiken et al., 1992b). However, intestinataurine in rainbow trout intestine (C. N. Glover and C.

Erythrocyte Plasma Body
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Hogstrand, unpublished observations). The effect noted isinfluence zn transport into cultured endothelial cétmac. Soc. Exp. Biol.

therefore likely to be unrelated to taurine uptake, assuming thatMed. 202 159-166.
. . d bet . T ; Buxani-Rice, S., Ueda, F. and Bradbury, M. W. B(1994). Transport of
taurine transport Is conserve etween Species. 1aurine IS¢ g5 at the blood-brain barrier during short cerebrovascular perfusion in

known to alter the membrane binding and transport 8f Ca the rat: its enhancement by histidide Neurochem62, 665-672.

(Huxtable, 1992)_ Reports have shown interactions betwedsfawford, I. L. (1983). Zinc and the hippocampus: histology, neurochemistry,
pharmacology and putative functional relevanceNgurobiology of the

Ce*and Zn(”) in fish gi" and gut absorption (e'g' HoQStrand Trace Elementged. I. E. Dreosti and R. M. Smith), pp. 163-211. Clifton,
et al.,, 1995, 1996) (C. N. Glover and C. Hogstrand, in NJ: Humana.

preparation). The taurine-induced response may be a secondﬁﬁgiﬂge" R., Prosi, F., Segner, H. and Back, H1987). Contaminated food
nd uptake of heavy metals by fish — a review and a proposal for further

effect due to alteration of €ametabolism, or an action of researchOecologia73, 91-98.
taurine specifically upon transport or membrane interactions @fsler, R. (1993).Zinc Hazards to Fish, Wildlife, and Invertebrate: A Synoptic

Zn(ll). The effect of taurine is intriguing given it is the most R,e‘r’:edeio"?lg:%a'geP?" 10. Washington, DC: US Department of Interior,
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