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Abstract - The gffects af zine and morcure on fuman
crptlroevie acetvlelolipestonae aofivity weee sfudiod, Bl nsed
24

Seelivideals aed affer Desolvsation, was frected withe 3 difleren

i fhis sty wes o ebluined  frosr cipgr et fealiioy
concentrationy of zine and meecarv. Sipadficasd suppressions in
aeciplcholinesirinse aclivity were recorded i froated saomples by
siwe amd mercwev, When cemparsd o conivels the resnining
aotivity was fonnd o be 53%0 with the Diphest consestrofion of
gine (21 mgldl, p< Q01 72% with dhe peiddle (14 mgldl,
g ) et 855 with fhe Towest ane (007 gl g0 In
Mo case of mevsney, N rewafning aclivily was Jennd o be 55%
wilft fhe Neighest corcontvation (8 npiee o< 00T F2% witl
Hhe priedidle (3.6 pgle, po< 08 awd T withe the lewest one
(28w, pood I Mercaey shewed g ponnd coreelation
between doves wsed o docrsases D activity (r=098 ) Fine alve
shiowed o Gnear coreelafion (e= 0.99), The divec! interaction of
maiad fons with weetvlcledinestrose ix proposed ax o mechanism
Sow depressed enzvae getivite, I i cowrclieded el Ziee caed
merciiey coplamination during aoolplchelinesierase moeasproment
ceive B at weree of crvvr Wil e e taies Sate seconal.
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INTRODUCTION

Recent weurs have witnessed  signilicant attention
Peing  paid e the pretlems  of  envirenmentid
contamination by o wide variety of chemical pollutants
including the beiney metals, Mercury and zing, divalent
aroup 1T T metals are the nuost prevalent commodilics

in othe efMaeos and dischar

pes enlering 1he [reshwater
svstems from ndustoics nvolved in the prodoction aff
s,

CALEln [,

fertilizers.

pesticiches, batterics,
and  allovs,  Mercury, @
nun-cssential metal, b5 oa powerful biocide, and zine,

petrochemicals,

thuugh essenlial momnute quantiics, s also known for
ns high tosicily e Tresheater Bauna, especially fish
which bald @ stracegic positiooy o the ransfer route o
higher trophic levels (1 Meroury, one ol 1he most Losic
metals, s o magor polletant in marine

cirvarimment, and the human risks doe te consumplie

neavy
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ol sl Fave

reported (2

contarmnatil  w ey P

3o 00 has been proved that wine causcs gill
tamage and  nhibition of romd
ing severe damage o (ET

Desides
il
effeets ol heavy metals such as meroury on the activily
ol eneymes hove been deseribed in fshes (13430
Mercury and zinc are Bsied along with cadmiom s
of - lactic and - plutamate
cxalvacetate fransaminase (400 The effecis of
chemucals apon the aetwity of cighl eneymes including
mercury and zine as inhibitors of beate delyadropenase
have heen reviewed with mercury being the strongest of
all the chemicals tested (7). Evidence for o sinc-binding
site i human seram butvrvlcholmesterase has also heen
found (81, T vivy mercury cxposune ciauses doecreases in
the acetvicholinesirase aclivities in the bepalopancrease
of the shrimp Callianassa tvrchena (3.9, A signilicant
suppression in AChE activity was recorded inoall the
organs [rom both mercory and zonc inloxicated fish (1.
Cholinesterase (Chls activity was determined moadeh
F1AC thalassinus Ted dict
different concentrations ol mercury, and 0 revealed that
merewry treatments decreised the Chb activity in the
ativms used (LN, Flosever, estimation of
AURLE activity prowides  addinonal
aboul many problems,  becaese  plsng
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i litsiters delydrogenase

41

heads wl o CUntaming

three crmeent
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infornuion
cholinesterse can dlso be depressed by inheriied trais
This

cavme has the potential for serving as o biochoamical

or by oeher causes, notably Tver disease (1112,

mchicitter ol foxie stress (30 0In the other hand i omay
bee pussible 1o in

exposure of hloed W0 zine and
mereiry s envirommental pollutaonts during analysis.
Tlenpce, 1he present study was aken wp o determine
the cftects of zine and mercary on human ervthrooyts

AURE serivity,

MAT

ALS AND METHODS

Acatylthiocholine dodide (ATCRDL quinidine sl

&5 -dithin-his-2-nitrabenzoic acid (1IYTNI wers
purchased  from sigma chemicsl company (LK),
hyamine 1622 {benzethonium chloride) was supplcd by
B chemicals Dad, (UK, and hufler sals by Fisons
scientife apparaies Lids (VK] Water was distilled and
cetonized. The 5- thionitrobenzoaie uscd 1o

amd

et



the micellar spectral shift was preparcd by the reaction
Between  DDTHNHE and  thweholine  penerated by
erythriocyte ACHE from acetvithiocholine iodide, Zine
sullate and mercuric chlaride (Merck, Germany] were
usedd o prepare the sick solutions.

DTHB reagent was prepured in 1 1oof 33 mmal/T.
(374 2 KaHPO and 100 ml of 0010 mol/L KHLPO,
(L300 2000 mly Enough amownts of he lamer were
aclded 10 hring the pil of the former 10 7.0, Then .27
mmal (107 mg) of IYINE and 20 mol (16 mg) of
guinidioe selfate were prepared in L Lol the buller
amd stored inoa dark bottle, w400

ATCRL substrate (0.2 mal/T): 330 mg of ATChI
wirs dissobeed in 100 ml ol water, and freezed Tor
subsequent wse. [mmediaiely before use, the subsirate
was Thawed and diluted with L0 ml of water, and mixed
thizroughly,

Stopping reagent: This was 43 mmaol/L (20 g/Ly of
hyamine 1622 i water, which was stored at 30 0 durk
bstLle.

samples: Bloods used i this stedy were obilained
friom 24 healthy  indwwloals who i oo known
exposure oy ChE inhibitors, Blood was centrifuged
GO0 rpme o sepiarale ervthrocytes from plasmi. One
huodred gl ol the bottom lver was aken and added 1o
ool of distilled water, This procedure causes relense of
erviirocytes  AChLL  Temolysates were frozen uniil
assayed, Activity of AChL m oeryibrocyles was assayed
aceording 1o the methed of George and Abernethy
(13), which s o modilied procedure of Ellman (12), To
3 plass test tubes containing 3 mi of hemolyzed hlond,
mme Slock solution wis added (0092 =03 to prepare

solution of (L7, 140 and 2.1 mgidl ol zine per
erythrocyte,  Moercury  treaiment was alse done by

adding certain concentratioms ol mercury stock solution
(025 100 w0 o prepare 28, 56 and H4 ongly
Mercury  per erythrocyle, W
incubated for 30 min inowowater bath ser ae 370 and
then were used for enzyme assay, directly,

Student t-test (poired, two-tdl] was appied o data
ol the control and treatment groups W0 delermimne
significance of differences in ACDHLE activity, Z-1es0 was
performed  Looanalyvee signilicance of the relationships
hetween decrssed enryme activity and metal doses.

RESULTS

These  solutions

A significant suppression in ACBEE  activity  was
recorded in vitre after exposure ol human eryihrocytes
to cither metal. hut these changes  followed  wo
different trends, depending upon the metal  used.
Elfects of dilferenl concentrations of zinc and mercury
on - ervihrocyie ChE activily Bave been presented in
figures 1 and 2 respectively. As shown in these lgures,
hoth #ine and mercury treatments significantly (<0013
decreased the ACRE activity moall concentrations used.

Actn Moedica Traniva, Yol 38, No 3 02000

In comparison with controls the remanmg activily wis
Foumnd by he witly the Bighest, T2% with the midkdhe
and B3 with the lowest zine concentrations. In the
case of marcery, the remeaming activity was Toand 1o he
5%, 2%, and 7Y with the haghest, middle and
[hsge respons.

MIErewnry were
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lwest  concentralions  respeclivily,
correlation  coellicienis wine anil
r=0.40%% and ro= (0 respectively.
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Fig. 1. Effects of ditferent concentrations of mercury an
Taman BB accrylehalinestorase activity

[rata are mean = SEM of 24 samples.

FrDifterence berween treated and control groups s
signilicant at =il

r = .9
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Fig, 2. BEffeors of different concentrations of zine on human
HBEC acetvicholinesterase activily

[rata are mean = 35M of 24 samples.

*roDarlerence between treated and control groups s
significant o1 <001,

r= A



Avetylehnlinesternse inhihition by gine and mercury

DISCUSSION

Ihe activity of ACRE, an cneyme that modulates
the  amount  of  the  neuroransmitter sobstance
acelylcholine at the nerve cell junction {which also
mononenervous  tssues in addition 1o
nerveus wssies), s reported o vary in different organs
in response 10 environmental siress, including heiny
metal stress (1) As determined 0 the present study,
the buman erythrocytes exposed o three  different
concentratioms of mercury and zine relevant o human
cxpasare  exhibited  remarkable with o
decrease o AChE activity, Since mercury s a strong
sulllydryl - inhabitor, o that  cellular
integrity 18 serously impared in the presence ol loxic
mercury ions resulting moreduced  eneyme  furnover,
Therefore in vive, decreased ACHE activity could he
attributed o the structural damage 10 the cellular
rachinery concernad with ememue production (137, 0
the other hand, the decrease in AChE activity could he
due 1o the binding of zine and mercury jons 1o lipud rich
structural - components ol mitachondria and
subseguently affecting the activities of emogmes  like
AURE which are associated  direetly with lipid-rich
[raction, cspecially where integrity. ol the structural
COMPONENLS 1§ necessary far maximum catalylic activity.
Furthermore the decrcase in ACHE activity could e
due o the decreased synthesis of the ensyme by the
mhibitory  nature ricants ond  also due
asphyxiation (1), The decrcase in ACKL leads o wnie
flaxes,  differential - membrane  permeabiliy and
disturbed  metabole and  nervows activity, In vive
Suppression i the activity of AChE s organ-dependent
and s atnibuted 1o the differential sensitivity of the
ACKhE  present o the organs, Added e it the
magnitude ol metal accumulation in the targel lssoes
and biological halt-life of the metal are considered of
prime impartance in the modolation or modifeation of
the AChE. The measurcment af hrain ACHE activity in
aquatic animals is considered 1o reveal the extenl of
polletion of aguatic eovironment, which s clirecrly
proportional te the concentrations ol the  pollutants.
The studies of {Hll e al, (4] revealed thar death ocours
in fish when ACRE activity falls below a critical Jevel
and inhibiion of the brain ACKE o the level of 70w
A% is oritical 1o fOshes. Next 1o the brain, the greater
spppression in the  actvity of  newromuscular
rransmission and wonic uxes s associted  with
rension under imposed toxic metal stress. Studies on
treshwater fish indicated that mercury inhibited AChE
mare potently than zine, Also mereury was reported 1o
allfect more severely than zinc the sensory and motor
organs in the  central pervous system leading 1o
accumulation of acetylcholine and inhibition of ACKHE
activity in the pervous and muoscular tissues (1} Dur
results show no significant difference between rate of
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wvitriations
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AURE mbibition by zine and mercury. As shown in
fzures 1 and 2. hoth zine and mercury  show
approsimately similar trends of AChL inhibition. This
imharmonioes fnding between the present study and
thut of Suresh e al. (1) can be relaed 1o different
specics used  for cach stody, Uliimately o vitro
depression of ervibrocyle AChE activity can be caused
by dircet ettect of metal jons, L, o decrease m guantity
of the eneyme, or may be doe o the mecaction of
metals and sullbydedl groups of the eneyvme. The
present paper represents the first record of the effect of
Zme mercury  on AChE activity in human
ervihroecyle  and thiat  both  mercury, i
nonessential metal, and zine, an essential meal, which
belong 1o growp HE in the pedodic tble suppress
ACKE awtwvity i human red hloed cells, The absenoe of
detectable levels of mercury o the environment or
humian food oyele cannol be aken as o lack of toxicity,
Residues may disappear from water, [ood or other
possible sources of exposure but ACHE depression al
slightly v levels may continue for several davs or
wocks due oy accumularion properties of ane and
mercury, The in vivo etfects of zine and mercury on
human ACRE activity remaing 10 Be cleared by further
studies, The dircel imteraction of metal ions with AChE
s propased as @ mechamsm for depressed  ensyme
activity. In the end it is proposed that sine and mercury
contamination during acetylcholimesterase measuremens

anl
reveils

comn be oo osouree of crror that muost be aken nto
HCConnt.
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