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Low Micromolar Concentrations of Copper Augment the Impairment of
Endothelium-Dependent Relaxation of Aortae From Diabetic Rabbits

N. Shukla, C.S. Thompson, G.D. Angelini, D.P. Mikhailidis, and J.Y. Jeremy

oth diabetes mellitus (DM) and elevated plasma copper concentrations are risk factors for cardiovascular disease (CVD). DM

s associated with impaired endothelial nitric oxide (NO) and with excess superoxide (O2
.�) formation. Copper is also elevated

n DM and is also associated with the generation of O2
.�. To explore possible interactions between DM and copper, the effect

f exogenous copper (CuCl2) on endothelium-dependent relaxation and cyclic guanosine monophosphate (GMP) formation

as investigated in aortae from diabetic rabbits. Rabbits were rendered diabetic by intravenous injection of alloxan. Six

onths after induction of DM, the aortae were excised, cut into rings, and mounted in an organ bath for isometric

easurement of acetylcholine (Ach)-evoked relaxation in rings precontracted with phenylephrine (PE). In parallel studies,

yclic (c)GMP formation by aortic rings following stimulation with Ach, calcium ionophore A23187 (A23187) and sodium

itroprusside (SNP) was assessed using radiommunoassay. The effect of copper on these parameters was then studied using

he same methods. Ach-evoked relaxation and Ach- and A23187-evoked cGMP formation were significantly impaired in aortae

rom diabetic rabbits compared to controls, effects that were reversed with superoxide dimutase (SOD) and catalase (CAT).

n contrast, there were no significant differences in SNP-stimulated relaxation or cGMP formation in aortae from diabetic

abbits compared to controls. Copper (1 to 10 �mol/L) promoted a further significant inhibition of Ach-stimulated relaxation

n aortae from diabetic but not control rabbits. This reduction by copper was again reversed by SOD and CAT. We conclude

hat copper augments the reduction of NO bioavailability, which is already impaired in aortae from diabetic rabbits due to

xcess production of O2
.� and H2O2. These results indicate that patients with DM may be susceptible to copper-mediated

asculopathy at much lower concentrations than those that promote vasculopathy in nondiabetic patients.
2004 Elsevier Inc. All rights reserved.
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OTH diabetes mellitus (DM)1,2 and elevated plasma con-
centrations of copper3,4 are independent risk factors for

ardiovascular disease (CVD). Although there are several re-
orts that plasma copper (and its carrier protein ceruloplasmin
CP]) are elevated in patients with both type 1 and type 2
M,5-10 the etiological role of copper in diabetic angiopathy is
nknown.
It is well established, however, that DM is associated with

ncreased vascular superoxide (O2
.�) and hydrogen peroxide

H2O2) formation.8-11 O2
.� elicits a number of pro-atherogenic

ffects, including the oxidation of lipids, the promotion of
ascular smooth muscle cell (VSMC) proliferation, and the
eaction with NO to produce peroxynitrite (ONOO�), which
educes the bioavailability of NO.12,13 In this latter context,
here is now increasing evidence that reduced NO formation is
n important etiological factor in diabetic angiopathy.14,15 Sim-
larly, copper is a potent pro-oxidant that catalyzes the gener-
tion of reactive oxygen species, including O2

.�, hydroxyl free
adicals (OH.) and H2O2, through Fenton-type and Haber-

iess reactions.16-18 In a relevant study, Daimon et al19 found
positive correlation between elevated serum levels of CP (a

opper-binding protein) and decreased serum NO levels in
atients with type 2 DM, indicating a pathological relationship
etween increased plasma copper and diminished NO forma-
ion in DM.

It is therefore proposed that in DM, copper may augment the
eneration of reactive oxygen species from arterial tissue, in
articular O2

.�, which would lead to reduced NO formation and
herefore impaired endothelial function. To test this proposal,
he effect of exogenous copper (� superoxide dismutase
SOD]) on endothelium-dependent relaxation and cyclic
uanosine monophosphate (cGMP) formation (index of endo-
helial NO bioactivity) in aortae from hyperglycemic, nonke-
otic, diabetic rabbits was studied. It has recently been estab-

ished that this rabbit model of DM promotes a significant

etabolism, Vol 53, No 10 (October), 2004: pp 1315-1321
mpairment of NO-mediated relaxation and cGMP forma-
ion.20,21

MATERIALS AND METHODS

rugs and Materials

Acetylcholine (ACH), alloxan, calcium ionophore A23187
A23187), catalase (CAT), copper chloride (Cu Cl2), isobutyl methyl
anthine, phenylephrine (PE), sodium nitroprusside (SNP), CuZn SOD,
AT, and all buffer components were purchased from Sigma Chemical
o (Poole, UK). Dual-range [125I] cGMP kits were purchased from
mersham Radiochemicals (Amersham, UK).

nduction of Diabetes

Male New Zealand white rabbits (3 kg) were injected intravenously
ith alloxan (Sigma) via the lateral ear vein at a stat dose of 65
g/kg20,21 and age-matched controls with saline alone. The diabetic

abbits were fed ad libitum with SDS standard rabbit chow (SDS,
hitham, UK) and allowed free access to water. Blood was sampled

or plasma glucose when the rats were killed. Urine was also monitored
ver the duration of diabetes for glucose, ketone bodies, and proteins
ith Multistix (Ames Division, Miles Laboratories, Stoke Poges, UK)

s previously described.20,21 Any animals displaying ketonuria or pro-
einuria were excluded from the study.

rgan Bath Studies

Six months after the induction of DM, rabbits were killed by cervical
islocation and the aortae rapidly excised and placed in cold oxygenated
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1316 SHUKLA ET AL
reb’s solution (KRB). Adventitial tissue was removed and aortae cut into
-mm rings and mounted vertically in a 15-mL capacity organ attached to
Grass FTO3 force displacement transducer (Linton Instruments, Norfolk,
K) and data recorded on disc using MacLab (Linton Instruments). In

ach experiment, 4 rings were set up simultaneously. An initial tension of
g was applied to the suspended rings, which were then equilibrated for

0 minutes, after which time tension was reset. The experiment com-
enced after a further equilibration time of 30 minutes. Divalent CuCl2

�SOD or CAT) was then added to the organ bath chamber at different
oncentrations and left to equilibrate for 30 minutes. Contraction was then
licited with PE (1 to 3 �mol/L), with the concentration of PE being
djusted to give the same level of tension (2 g) in all rings. The rings were
hen relaxed with a cumulative concentrations of the endothelium-depen-
ent vasodilator, Ach (0.01 to 10 �mol/L) or the endothelium-independent
asodilator, SNP (0.001 to 10 �mol/L).

GMP Formation

Aortae from control and diabetic rabbits were cut into 2-mm segments
s described above. Rings were then placed in polypropylene tubes con-
aining 250 �mol/L of the phosphodiesterase (PDE) inhibitor, isobutyl-
ethylxanthine (IBMX) in KRB and various concentrations of copper

nd/or CuZn SOD or CAT. After a 30-minute incubation at 37°C, cGMP
ormation was stimulated with: (1) ACH (generates NO through a recep-
or-mediated increase in Ca2� and NOS activation), (2) A23187 (activates
O synthase through elevation of cytosolic Ca2�), and (3) SNP (an NO
onor that activates guanylyl cyclase directly). Tubes were incubated for a
urther 20 minutes at 37°C. Reactions were stopped by the addition of 1
ol/L perchloric acid and the tissues sonicated (3 � 30 seconds; Soniprep,
SE, Bucks, UK). Following centrifugation at 1,000 � g for 15 minutes,

upernatants were taken and neutralized with 1 mol/L K3PO4. Aliquots
ere then taken and acetylated with triethylamine/acetic anhydride (1/2,
ol/vol) and diluted with phosphate-buffered saline (PBS; pH 7.4). To
hese, cGMP standards (0 to 256 fmol) 200 �L diluted antisera against
GMP antisera containing [125I] cGMP was added. Following overnight
ncubation at 4°C, antisera against rabbit globulins in phosphate buffer was
dded to each tube and incubated on melting ice for 15 minutes. Tubes
ere then centrifuged at 2,500 rpm for 10 minutes. Supernatants were
ecanted into vials and scintillation fluid added and counted in a gamma
article counter. Standard curves were compiled and unknown values
alculated.

ata Analysis and Statistics

Comparisons of weights, plasma glucose and plasma lipids between
he 6 month diabetic groups and the age-matched controls were per-
ormed using the Mann-Whitney U paired test. For the cGMP mea-
urements, data are related to mg tissue/min (wet weight). Each data
oint is expressed as the mean � SD. Responses of isolated aortic rings
o Ach and SNP are expressed as percent relaxation of PE-induced
ontraction. Statistical analyses were performed using 1-way repeated-
easures analysis of variance (ANOVA) followed by Bonferroni’s test

or comparisons among multiple groups. Differences among means was
onsidered significant at P � .05. Data were analyzed using Graphpad
San Diego, CA).

RESULTS

nimal Weights, Serum Glucose, and Cholesterol
oncentrations

The starting weights in both the control and diabetic rabbit
roups were similar (control: median, 3.0 kg; range, 2.7 to 3.5,
� 6; diabetic: median, 3.1; range, 2.8 to 3.6, n � 6). The

iabetic rabbits were significantly (P � .03) lighter than the

ontrol group (control: median, 4.1 kg; range, 3.5 to 4.35, n � r
; diabetic: median, 3.6; range, 3.0 to 3.9, n � 6). Serum
lucose concentrations (nonfasting) were significantly elevated
P � .009) in the 6-month diabetic group (median, 32.2; range,
8.3 to 41.1, n � 6) compared to controls (median, 6.4 mmol/L;
ange, 6.1 to 7.5 mmol/L, n � 6). Serum cholesterol and serum
riglycerides were not significantly different between control
nd diabetic groups, as previously described.20,21 All animals
isplayed an absence of ketone bodies in the urine when
ssessed with Multistix.

rgan Bath Studies and cGMP Levels

Ach-stimulated relaxation was significantly impaired in aor-
ae from diabetic rabbits compared to controls (Fig 1). The
mpairment of Ach-stimulated relaxation in diabetic animals
as reversed with SOD (500 U/mL) and CAT (100 U/mL) in

ortae from diabetic rabbits (Fig 1), but had no effect on
elaxation in aortae from nondiabetic, control rabbits (Table 1).

Following preincubation for 30 minutes with CuCl2 (at 0.1
mol/L, 1 �mol/L, and 10 �mol/L), there was a further sig-
ificant inhibition of Ach-stimulated relaxation in aortae from
iabetic rabbits, an effect reversed with 500 U/mL SOD and
00 U/mL CAT (Fig 2). In contrast, incubation for 30 minutes
ith copper (0.1 �mol/L to 10 �mol/L), had no significant

ffect on ACH-stimulated relaxation in aortae from control

Fig 1. ACH-mediated relaxation of aortae from control (E) and

iabetic (F) rabbits of 6 months duration and effect of 500 U/mL SOD

■ ) and 100 U/mL CAT (�) on impaired relaxation in diabetic aortae

nly (SOD and CAT were without significant effect on relaxation in

ontrol aotric rings). Each point represents the mean � SD, n � 6.

P < .0001 when comparing relaxation in aortae from diabetic com-

ared to control rabbits control and �P < .001 when comparing the

ffect of addition of SOD or CAT on relaxation in diabetic aortae.
abbits (Table 1).
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1317COPPER IMPAIRS ENDOTHELIAL FUNCTION IN DIABETIC RABBITS
Ach-stimulated and A23187-stimulated cGMP formation
as significantly impaired in aortae from diabetic rabbits com-
ared to controls (Fig 3). The similarity of the impairment of
GMP formation to that of relaxation in response to Ach
onsolidates that the reduction of relaxation in diabetic aortae is
ue to an impairment of the NO-cGMP axis rather than other
athways (eg, endothelium-dependent hyperpolarizing factor
EDHF] or prostaglandin I2). This impairment of cGMP for-

Table 1. Effect of 30-Minute Preincubation of Aortae From Con

on ACH-Evo

% Maximal AC

1 � 10�8 3 � 10�8

No CuCl2 10 � 1 24 � 3
1 �mol/L CuCl2 13 � 3 25 � 3
10 �mol/L CuCl2 11 � 2 24 � 3
No CuCl2 � SOD 13 � 4 26 � 4
1 �mol/L CuCl2 � SOD 12 � 3 25 � 3
10 �mol/L CuCl2 � SOD 11 � 1 24 � 3
1 �mol/L CuCl2 � CAT 13 � 3 23 � 3
10 �mol/L CuCl2 � CAT 9 � 1 20 � 4

NOTE. Values are means � SD, n � 6. No statistically significant ef
ith no additions) were detected.

Fig 2. Effect of CuCl2 on ACH-evoked relaxation of aortic rings

rom diabetic rabbits (6 months duration). (F) Diabetic aorta without

dditions, (Œ) diabetic aorta plus 0.1 �mol/L CuCl2, (■ ) diabetic aorta

lus 1 �mol/L CuCl2, (�) diabetic aorta plus 10 �mol/L CuCl2, (ƒ)

iabetic aorta plus 1 �mol/L CuCl2 plus calatase (100 U/mL), (E)

iabetic aorta plus 1 �mol/L CuCl2 plus SOD (500 U/mL). Each point

epresents the mean � SD, n � 6. ✸ P < .0001 when comparing the

ffect of copper with control and �P < .001 when comparing the
ffect of SOD or CAT on CuCl2-mediated inhibition of relaxation. c
ation was reversed by 500 U/mL SOD and partially by 100
/mL CAT (Fig 3).
There were no significant differences in SNP-stimulated

elaxation (Fig 4) or on SNP-stimulated cGMP formation (Ta-
les 2 and 3) by aortae from diabetic rabbits compared to
ontrols.

DISCUSSION

The present study demonstrates that low micromolar concen-
rations of copper augment an already impaired endothelium-

ondiabetic Rabbits With CuCl2 With or Without SOD or CAT

Relaxation

ked Relaxtion (concentration of acetylcholine, mol/L)

1 � 10�7 3 � 10�7 1 � 10�6 3 � 10�6

42 � 7 65 � 8 76 � 9 80 � 10
43 � 5 63 � 14 76 � 15 82 � 11
42 � 6 66 � 10 78 � 8 88 � 9
42 � 3 64 � 8 74 � 7 87 � 8
41 � 5 62 � 9 76 � 9 85 � 11
44 � 3 60 � 10 79 � 11 85 � 9
46 � 4 58 � 5 72 � 6 80 � 9
39 � 3 60 � 10 75 � 8 82 � 12

of CuCl2 with or without SOD or CAT compared to zero controls (ie,

Fig 3. Effect of CuCl2 (Cu) (�500 U/mL SOD or � 100 U/mL

alatase [CAT]) on cGMP formation simulated with (a) ACH and (b)

23187 in aorta from control and diabetic rabbits (mean � SD; n � 6

nimals). **P < .001 comparing control with diabetics (no additions);

P < .001 comparing Cu additions with zero additions; #P < .01
trol N

ked

H-Evo

fects
omparing Cu additions with SOD or CAT.
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1318 SHUKLA ET AL
ependent relaxation and cGMP formation in aortae from rabbits
ith hyperglycemic DM but not from nondiabetic rabbits. The

nhibition of these effects with SOD and CAT demonstrates that
opper is exerting this effect through an augmentation of both O2

.�

nd H2O2 formation
In a previous study, it was demonstrated that copper (at 20

mol/L and greater) actually promotes the formation of NO in
ortae from nondiabetic rats.22 However, O’Brien et al23 demon-
trated that low micromolar concentrations of copper impaired
CH-evoked relaxation in mesenteric arteries from insulin-resis-

ant rats (nonhyperglycemic), an effect also blocked by SOD.
hiarugi et al24 also recently demonstrated that low micromolar

Table 2. Effect of CuCl2 on SNP-Evoked Rela

% Maximal S

1 � 10�8 3 � 10�8

Controls
No CuCl2 2 � 0.2 3 � 0.3
1 �mol/L CuCl2 3 � 0.2 2 � 0.1
10 �mol/L CuCl2 3 � 0.2 2 � 0.1

Diabetic rabbits
No CuCl2 2 � 0.2 3 � 0.3
1 �mol/L CuCl2 3 � 0.2 2 � 0.1
10 �mol/L CuCl2 3 � 0.2 2 � 0.1

Fig 4. SNP-stimulated relaxation aortae from control (E) and di-

betic (F) rabbits of 6 months duration and effect of CuCl2 (Œ). Data

re means � SD, n � 6.
NOTE. Values are means � SD, n � 6. No significant effects of CuCl2 co
oncentrations copper impair ACH-evoked relaxation in aortae
rom normal (ie, nondiabetic rats) but only after prolonged (�3
ours) incubation with the cation and in the presence of fetal
ovine serum (FBS). However, this effect was not SOD-inhibit-
ble.24

In diabetic animal models, the apparent excess formation of
oth O2

.� and H2O2 by arterial tissues, as assessed by the use of
nhibitors, has been documented.8-11,25 In diabetic patients, an
mpairment of forearm blood flow (an index of endothelial NO
ormation) and its reversal with antioxidants has also been
eported.26-28 These (and many other) studies have led to the
aradigm that oxidative stress is central to the etiology of
iabetic angiopathy.29 The excess production of O2

.� by the
asculature of diabetic animals may also be attributable to the
verexpression of endogenous O2

.� generating enzymes, in-
luding NADPH oxidase, xanthine oxidase, cyclooxgenase,
nd lipoxygenase, as well as the auto-oxidation of glucose and
itochondrial respiration.30 The overproduction of O2

.� in DM
as also been ascribed, in part, to a reduction in endogenous
ascular SOD activity, which has been demonstrated in the
iabetic rabbit model.31 A reduction of SOD activity has been
eported for the aorta from diabetic rats32,33 and in human
rythrocytes.34,35 However, other reports indicate there is no
hange of SOD36-38 or increased SOD,39 and therefore whether
here is a reduction of SOD in DM remains equivocal.

In the present study, CAT also partially reversed the inhibitory
ffect of copper on relaxation and cGMP formation, indicating that

2O2 also plays a role in reducing NO bioavailability. Increased

2O2 in diabetic rats has been demonstrated10,11 and decreased
ascular CAT activity has been reported in the aorta of diabetic
abbits.31 H2O2 has been shown to react with NO to produce a
inglet oxygen, thereby reducing NO bioavailability.40 Copper
lso catalyses Fenton-type reactions that generate O2

.� from H2O2

s a precursor:16,17

Cu2� � H2O23 Cu� � 2H� � O2
.� (1)

Furthermore, reduced copper (Cu�) catalyzes hydroxyl rad-
cal (OH.) formation,16,17 which in turn can generate even more

2
.� via Haber-Weiss reactions18:

Cu� � H2O23 Cu2� � OH� � OH. (2)

OH. � H2O23 H2O � O2
.� � H� (3)

in Aortae from control or Diabetic Rabbits

oked Relaxation (concentration of SNP, mol/L)

� 10�7 3 � 10�7 1 � 10�6 3 � 10�6

� 1.3 49 � 5 85 � 8 99 � 7
� 1.4 50 � 5 86 � 5 93 � 6
� 1.4 48 � 4 84 � 8 90 � 6

� 1.3 50 � 5 84 � 8 95 � 7
� 1.4 47 � 5 79 � 7 88 � 6
� 1.4 53 � 5 82 � 8 87 � 6
xation

NP-Ev

1

12
9

11

12
10
14
mpared to zero controls (ie, with no additions) were detected.
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1319COPPER IMPAIRS ENDOTHELIAL FUNCTION IN DIABETIC RABBITS
The Cu2� generated in (2) could feed back into reaction (i),
romoting further O2

.� formation. Since O2
.� react readily with NO

o reduce NO bioavailability, these reactions would readily explain
hy copper augments the impairment in NO-dependent relaxation

nd GMP observed in aortae from diabetic rabbits. An impairment
f CAT activity reported in rabbits would also provide fuel for
urther O2

.� production via these reactions.
These observations may be of clinical significance since several

tudies have now identified elevated plasma levels of copper and
ts carrier protein CP in both type 1 and type 2 DM.4-6 Walter et
l6 reported that diabetic subjects with retinopathy, hypertension,
r microvascular disease had higher plasma copper concentrations
ompared with both diabetic subjects without complications and
ith nondiabetic control subjects. Daimon et al19 found a corre-

ation between elevated plasma copper levels and diminished NO
roduction in type 2 diabetic patients, a relationship that could be
xplained by enhanced endogenous O2

.� formation. Sajithlal et al
roposed a role for copper in mediating the formation of advanced
lycation end-products (AGEs), major factors for diabetic angi-
pathy.41,42 In this context, the glycation of SOD (and a concom-
tant reduction in its activity) has also been demonstrated in DM,34

hich would also result in increased O2
.� formation. Other studies

ave demonstrated an enhanced oxidation of low-density lipopro-
ein in DM that is attributable to copper.43 Copper also augments
he formation of O2

.� from thiols, in particular, homocysteine,44

hich is itself associated with diabetic angiopathy and with a
eduction of NO formation in DM.21

As mentioned, copper in blood is bound almost entirely to
P, which itself is elevated in DM.19 Indeed, the elevation of
lasma copper levels in DM may be due to an elevation of CP.
n its own right, elevated plasma levels of CP is a risk factor for
VD.2,3 It has been demonstrated that CP promotes the de-

truction of NO through O2
.� formation, as well as endothelial

ell toxicity through the generation of H2O2.45,46 Thus, copper
ay not need to be dissociated from its binding sites for it to

ave a pathological impact.
In the present study we investigated the effect of free copper

nly and found that copper as low as 1 �mol/L had an emphatic
nhibitory effect on endothelium dependent relaxation in aortic
ings from diabetic but not control rabbits. However, in healthy
ndividuals, free copper (ie, not bound to proteins) in blood is
lmost zero as it is bound to CP and other proteins, including
lbumin.47 However, a large proportion of copper associated
ith blood proteins is “loosely bound.”47-51 Gutteridge48 dem-
nstrated that approximately 40% of total copper (8 �mol from
total of 19 �mol) was dissociable from serum. It is implicit

hat copper be exchangeable or loosely bound for it to be

Table 3. Effect of CuCl2 With or Without SOD or CAT on SN

cGMP Formation
(fmol/mg tissue/min) Basal 1 �mol/L CuCl2 10 �mol/L CuCl2

Control 4 � 46 480 � 46 470 � 43
Diabetic 3 � 46 475 � 44 460 � 46

NOTE. Values are means � SD, n � 6.
ptaken by tissues for their copper requisites. Thus, the copper e
oncentrations at which we observed effects are within this
oncentration range (ie, low micromolar).

Perhaps more importantly and of relevance to the present
ork, several studies have demonstrated that reactive oxygen

pecies readily dissociate copper from CP and other copper-
inding proteins. ONOO� (the byproduct of the reaction be-
ween NO and O2

.�) also dissociates copper from CP,49 which
as been proposed as a self-perpetuating cascade that would
urther promote oxidant stress.44 H2O2 causes a conformational
hange in CP that releases copper from its binding sites elicit-
ng DNA damage.50 In tissues, copper is bound largely to

etallothioneins.51 In turn, it has been demonstrated that glu-
ose increase endothelial metallothionein levels52 and that

2O2 can release copper from the protein,53,54 as for CP. As
iscussed above, H2O2 appears to be generated by aortic tissue
rom diabetic animals, which may constitute a mechanism by
hich free copper is released and made available for the effects
ocumented here.
Although little is known about the degree of dissociation of

opper from blood proteins or from binding sites in tissue in
atients with DM, Eaton and Qian55 demonstrated that there is
wice the amount of exchangeable copper in the plasma of
iabetic rats compared to control animals. In another study it
as found that in diabetic patients with advanced nephropathy

hat copper is dissociated from both CP and albumin, appar-
ntly within the kidney.56 Whether this is the case in other
issues, in particular within the vasculature, warrants investi-
ation.
To summarize, the present study demonstrates that low
icromolar concentrations of copper promote the formation

f O2
.� in aortae from diabetic rabbits. In DM there is an a

riori increase in O2
.� and H2O2 formation in arterial tissue,

hich is mediated through an upregulation of O2
.� and H2O2

enerating enzymes and/or a downregulation of antioxidant
ystems. Although copper exerts no effect in normal arterial
issues, DM renders the vasculature susceptible to the pro-
xidant attack by copper. The possibility that reactive oxy-
en species liberate copper from its binding sites would also
ppear to worthy of further study. It is suggested that inter-
ention with drugs that inhibit the formation of O2

.� (or
revent the interaction between copper and the oxygen free
adicals [eg, copper chelators]) may be therapeutically use-
ul in reducing oxidative stress in DM. These data also
redict that other factors that can augment the Fenton and
aber-Weiss reactions (eg, other transition metals and thi-
ls) may also promote oxidant stress in DM. However, due
o the limitations of available tissue, we were unable to

mulated cGMP Formation in Aortae From Diabetic Rabbits

�mol/L CuCl2
� 500 U/mL

SOD

10 �mol/L CuCl2
� 500 U/mL

SOD

1 �mol/L CuCl2
� 100 U/mL

CAT

10 �mol/L CuCl2
� 100 U/mL

CAT

490 � 47 475 � 58 486 � 83 475 � 58
456 � 49 443 � 67 482 � 71 443 � 67
P-Sti

1

xplore this possibility in the present study.
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