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A皿 ： To study the effects of epinephrine． 

homoeysteine， and other complexing agents on 

the cytotoxieity of copper sulfate． N唧  [c田Is： 

In vitro suspensions of human red cells incubated 

th cupric sulfate were used．and hemolysis was 

determined by extracellular hemoglobin． 

REsI】U S： The hemolytic activitv of CuS04 

(0．3 mrrol·L )was enhanced by the presence 

of epinephrine and to a lesser extent by homo— 

cysteine， whereas D-penieillamine， succimer， 

and mercaptedextran reduced the copper．induced 

hemolysis． e latter 3 chelating thiols also re- 

dueed the copper-epinephrine．．induced hemoly． 

sis． The plaslna protein ceruloplasmin reduced 

rrlarkedlv the copper-epinephrlne-induced hemo— 

lysis．even upon concentrations <20 ％ 0f thal 

of copper． Chromic chloride， as wel1．acted 

anti—hemolytically． C0NCUJS10N：The latter 

pmtecters may interact with the production or 

acfivit、T of toxic oxygen．while classical copper 

chelators sequester cupric ions from interaction 

with epinephrine or homoeysteine． 

Raised blood plasma levels of Cu“ may 

inidate an intravascular hemolysis⋯ ． In healthy 

humans．the concentration of Cu2 in blood is 

very low．considerably <1 pmo l·L一 ． n s is 

partly due to the high affinity of Cu f0r 

reactions with thiol，hydroxy1．or amino groups 

on proteinsu,2j
． When intredueed in excess inte 

tlle circulation，a considerable Dan of Cu is 

rapidly chelated to thiol groups on the er)ahro~ e 

membrane and／or intracellularly． s is a 

consequence of the lligh lg K．values(stability 
constants)of the complexes between Cu2 and 

。 
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ttIiols． that usually above 15 or 16l ． 

However，some thiols(eg，homocysteine)and 
some complexing agents (eg， epinephrine) 

possess strong reducing abilities，andmight bring 
about a conversion of Cu“ t0 Cu ．that may 

induce u／ldesirable reaetions ． Cu can interact 

th mo lecular O2 in the solution and generate 

supemxide radieals(Fig 1)。which are potential 
initiatom of lipid pemxidation and hemo lysis． 

隐 1． Protam~t mechrmlsm theinteraction 0fc 
with edlular ⅡKn由 m 。嵋曲 hleD拓 Ⅲ岫  ~lEl'oblc 

conditions． 

e lg K—value of the Cu“ ．epinephrine— 

complex is as high as about 15．and the 
correspo nding value for the homoc~teine-complex 

is presumably about 16tJ,4J． 

Hyperhomocystinemia and local epinephrine 

accumulations around receptor sites have been 

hypothesized to acx3elerhte cell i．jury． Both 
agents a strong  copper and iron chdators． 

Upon chelationand reduction ofthemetal ionsto 

species that interact with oxygen， activated 

oxygen speciesmaybe generatedinthe viciniLy of 
membrane surfaces／n vivo． Th us ，these agents 

may play a role in the pathogenesis of several 

diseases， including  acute hemo lytic crisis 

elmractenzlngsevere coppe rpo lsemng · 

In tlle present paper the eCth~ ytes were 

used． when smdying  the potential membrane 

toxicity of the copper-epinephrine and copper- 

homocysteine interactions． and the possible 

protective effects of the therapeutic agents 

penicillamine，suecime r，and other chelatom，as 

well as the scavenging  agents ceruloplasmi n and 

albumin． 
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M A I1ERIAIS AND ～Ⅱ明[I D Is 

Olemieals D．penicillamine(Pen)，L． 

homoeysteine(Hom)，Succimer(Suc)，and 
epinephrine were obrained from Sigma Che~ cal 

Co． SA． UIlit}li0l(Uni)was obtained from 
Heyl＆ Co．Berlin．Germany． Mercaptodextran 

th average molecular weight 20 000(SH．2O) 
was syn山esized as described previously ． 

Human serunl albumin(Alb)and cendoplasmin 

(Cer)was purchasedfromKabiAB，Stockholm， 
Sweden． 

Experimental Freshly drawn venous bleod 

from a healthy adtdt，mixed with citrate．was 

cenn4fngedL2J． nle red blood  cells were washed 

thrice in saline o0ntaining ucose l mmol·L一 ， 

bufferedto pH 7．4with Tfis 5mme l·L_。． n1e 

erythrecytes we∞ resuspended in 9 voliln~s ofthe 

$alne buffer． A1iquots wltll a fmal volume of 5 

mL of this cell suspension．mixed th CuSO4 

O．3 mmol·L一‘and tlle chdating agent to be 

tested．were incubated at 37 oC in a shaking 

water bath for 180 rain． nle hemolysis was 

quantified by measuring tlle hemoglobin 

concentration in the supematant．using Drabkin’s 

cyamnethemoglobin me thod． The hemolysis was 

expressedin％ oftotal hemolysis as obtained by 

addition of one dropof TfitonX-l0o． 

In山e 1st series of experiments the efi％acy 

of various agents to influence the o。1 per．induced 

hemolysis was assayed by simultaneous addition 

0f CllS O．3 mmo]·L and one of 山e agents， 

final concentration 0．3 mmol·L～ ：Pen，Hom， 

Suc，U【li，S H_．2O，epinephrine，or CrC13． Alb 

O．05 mmol·L_。or Cer 0．05 mmol·L_。．Pen 

O．05 mmol·L_。or epinephrine 0．05 mmol·L一 

were alsotested ． Six parallels of eachtrialwere 

carried out． 

In an other series of e~xpe rime nts 山e 

simultaneous addifion ofepinephr／ne，CuSO4 0．3 

mme l·L_ was combined with Pen．Hom，Suc． 

CrC13，orAlb 0．05 mmol·L一 ． 

In the 3rd series of experiments CuSO4 and 

epinephrine were added simultaneously， while 

Pen，Hom，orCrClswas added after10mi n． 

REs【J1 

After 3 h of incubation of red cells witll 

CuSO4 0．3 mmol·L～ the hemolysis was about 

1O％ (Tab 1)． 

]lab 1． neraot~isinducedbyClIISO40．3m 0I-L。。血  唱 3 

h 0f nI跏  神 hmmml red cells anti ag~tsto betested． 

~ ular hIm嘴10bi凸( anti range 0f6 L印Ⅱ出)妞％ 0f 

total h ∞ 曲 hI． 

CuSO4 plus H 0biI ％ 

一 (Controls) 
Epinephrlne 

Urddaiol 

H~aocrateine 

Sueci~er 

Peniciilamine 

Mew．aptodextran 

CrC]3 0．3 mmd·L一 

Albumin0．05Ⅱ血ol-L 

Cemloplasnfin 0．05 mmol·L 

9．8(8．8—12．5) 

54．5(4]．5—59 4) 

18．2(15．8—22 5) 

16．5(14．1—19．2) 
2．2(1．6—2．5) 

2．1(1．8—2．4) 
2．4(1 5—2．9) 

3．0(1 5—3．9) 

2 1(1．3—2．9) 

1．9(1．1—2．8) 

The spontaneous hemolysisin the abBe11ceof 

cop~rwas 2％ (r'~ge 1．O％ 一2．8％)． The 
presence of the chelating agents without CuS04 

did not sismflcanfly change this spontaneous 

hemolysis． 

Pen． Suc． or SH一2O O．3 mme l·L 

reduced tlle hemolysis to the same values as se∞ 

inthe absence ofCuSO4．viz about 2 ％ ． Non． 

stoechiometrically low concentrations of Alb or 

Cer0．05 mrr~l·L_。had a comparable efficacy． 

In contrast，such low concentration of Pen 0．05 

mmol·L～ had only a SlTlal[protecting potential， 

reducing山e hemolysis to 5．8％ (ratlge 5．0 ％ 
一 6．8 ％ )． 

U ni 0．3 mmol·L一 increased the hemolytic 

activitv of copper to about 18 ％ ． Hom 0．3 

mmol·L一 an d a low epinephrine concentration 

0．05 mmol·L brought about a comparable 

aceelemfian of the hemolysis． wherea8 epine． 

phrine 0．3 nmlol·L一 gave riseto a considerably 

increased copper-induced hemolysis， to about 

55 ％ after 3 h ofincubation． 

CICL protected against the hemolysis 

induced by copper alone．as well as against tlle 

cytolysis induced by the combined actiOll of 
copperand epinepIn~e( rab 2)． 

Pen， Suc，and SH．20， protected against 

tlle comb ined cytotoxic action of copper and 

epinephrine， an d agaiTl a relatively low Alb 

concentration 0．05 mmol·L一 was as efficient as 

Pen 0．3 mrr~l·L_。． Ho111 did not offer any 

significant protection in this respect． Upon 

addition after a delayed pe riod  of 10 min Hom 

again was witllout any effect． while Pen an d 
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CrCI~still had some protecting abihty，and Alb 

also acted as a protector(Tab 3)． 

1ab 2． Hm arsis I 田窖 3 h a 帆 of red cells with 

CllSO4O．3Inm0．·L。。蛐 ep Ir缸1e O．3衄 ∞卜L一 the 

Imamaee 0f由山衄 agents 0．3I∞ 0．·L～． Extraeekd~ 

m蛐 【 aml唧 of6 pa憎ⅡeIs) gila ％ 0f 
hI∞ 0岫 I． 

CuSO4+eplnep~ e p1uB Hemoglobird％ 

一 (Controls) 

Succimer 

Penicillamine 

Memaotodextran 

Homoeysteine 

crc】1 0．3 mmol·L 

21d~min 0．05 nmaol·L 

54 

5 

4 

3 

53 

3 

4 

(43．5—59．4 

(3．9—6．9) 

(3．1—5．9) 
(2．1—5．6) 

(45 4—59．0 

(2．2—5．0) 

(3．0—6．0) 

1l曲 3． H即 山 血 g 3 h of．ma】b日ti0n 0fted cells,filth 

ClISO4叫 印i玎唧 【 _曲0l盯 eonamtradm~-0．3山 
·L。。)． A ,-ha~ a or Cri b 0．3 I∞ 0．·L一 
added10 n吐ntd~．rthe枷 id帆 0f copper蛐 q血* Irine． 

Delayed addition of Hemoglobir,／％ 

一 (C0IIh山 ) 

Penieillamine 

Homccvsteine 

crc】 0．3 nmaol·L 

D巧℃U 

The present study shows that epinephrine 

and some reducing thiols( and Hom)can 
accelerate copper-indueed hemolysis． Ⅵfe have 

previously reported that C could interact th 

u or membl~ttle thiol groups，删 ~ereby ve 
ri seto superoxide anionformationL ． Apparent— 

ly， reduci thiol groups of some cellular 

membranesL as wen as of and Hom caIl 

promo te the coi1vei~lOll ofCu2 to Cu (Fig 1)． 

Epinephrine has also been reported to bring about 

such reduction ofCu2 7 J． 

U．1der aerobic conditions， the Cu thus 

formed， undergoes spontaneous antoxidation to 

C ．accompanied by reduction of molecular 

O2，to the superoxide form (Fig 1)，that can be 
fu~ er transformed to more reactive and toxic 

oxygenmdicals，which ng aboutthe hemolytic 
ac 【)nL 

． 

It appears that tI】e Cu2 ／Cu ．interchanges 

inthemodel system used here involve atleasttwo 

important steps，first the reduction ofC112 by a 

reducing agents， and subsequently the auto- 

xidation IequiIil唱 the presence of oxygen，that 
leads to formation ofactivated o~gen species． 

The fn'st of these steps can be markedly 

inhibited by addition of a chelating agen t wlth 

lli出 amni押 for dle C ， such as Pen J， 
Suc【 

．
or SH．20C5 3

，
that renders the Cu2 

unavailableforthe reducing agents． 

1rhe second step，the autorddation，can be 

inhibited by lowering of the p o’in the solution 

． ．

i dy 

conditions⋯  ． 

The presence of Cr3 appears to inhibit the 

reactivity of o~gen ． and it is relevant that it 

inhibits peroxidafions in membrane systems 

presumably by enzym~ inhibitionL ． Cer can 

oxidize Cu directly， without a simuhan~ous 

conversion of molecular oxygen to the superoxide 

anion，and may also砌 as a scavenger owif1g to 

its inherent superoxide dismutafing ab ill~ ． 
The scavenging ability of sub-stoechiometrie Alb 

concentrations(0．05 mmol·L )can not be 

fully understoodfrom itsabiH~ to chelate Cu2 ． 

Alb and Cer appear to possess oxygen radical 

scavenging potentialities． 

In acute eas~s of clinical copper poisoning 

there is a marked  excess of copper ions that 

mpidXy invades blood plasma  before any Cer 

induefion can take Dlace． A life．threatening 

hemo!ysis might be precipitated acutay in such 
CaSeSL1 J

．  

The chronic coppe r retention characterizing 

eholestatie COilelifiOns is not considered to be 

hazardousinthisrespect．asitisassociated with 

significantly inereased synthesis of the protective 

agent C 13 J． Patients suffering from the 

chronic copper retention of Wjlson’s di$ease． 

however， are at risk of developing acme 

hemolyfic cfisis． since their Cer synthesis is 

deranged ，andtheirAlb synthesismayalso be 

reduced． 1rhe latter patients Beed the protection 

offered by life．1ong treatment with Pen or other 

cheh ing agent[ 
． 

In chronically copper-poisoned  sheep an 

acute life-threatening hemolysis might be 

precip!ty~ted in a period with excessive physiologic 
sh'ess 14 

，
that most likely is accompanied by 

increased pla$ma levels of epinephrine． It 

should be noted however，that the prohemolytic 

4  9  4  9  
田 锯 

一 一 一 一 

5  7  4  8  

0 ∞ 

5  4  5  9  
巧 皿 ∞ 
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epinephrine concentrations used in otlr vgtro 

model are several factors higher than average 

concenmations in vivo． But the possibilitv of 

localized accumulations of epinephrine on 

lnembrafle Sl~aces can not be miected． 9 
Horn and epinephrine may initiate oxygen 

In 

radical production and lip0pemxida 0n ／a 赫∞ ， 

in the presence of iron or copper ions． Such 11 

processes ma y involve not only cellulf12- 

membranes，but also U)L lip0pmIe particles． 
C or n ． in the Dresence of Hom and 12 

epinephrine ma y thereby aceelemte tIle 

atherosclemtic process in humansL ． 13 

14 
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