
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 175, 530-537 (1984) 

The Severity of Copper Deficiency in Rats is Determined by 
the Type of Dietary Carbohydrate (41832) 

MEIRA FIELDS,*y' RENATO J. FERRETTI,? SHELDON REISER,$ 
AND J. CECIL SMITH, J R . ~  

*Georgetown University Medical School, Washington, D. C. 2000 7, and 7 Vitamin and Mineral Nutrition 
Laboratory and $Carbohydrate Nutrition Laboratory, Beltsville Human Nutrition Research Center, 

Agricultural Research Service, US. Department of Agriculture, Beltsville, Maryland 20705 

Abstract. The purpose of this investigation was to study the interaction between copper and 
dietary carbohydrates on clinical and enzymatic indices associated with copper deficiency. Copper 
deficiency was produced in rats by feeding diets adequate in all nutrients including selenium 
and chromium, but marginal in copper ( 1.2 pg/g diet) containing 62% of either starch, fructose,or 
glucose. During the fifth week, the fmctose of the copper-deficient diet (20 rats) was replaced 
by either starch (10 rats) or by glucose (10 rats). The experiment was terminated after 1 1 weeks. 
Copper deficiency in rats fed fructose significantly lowered body weight and hematocrit, but 
increased liver weight, blood urea nitrogen, ammonia, cholesterol, and triglycerides when compared 
to rats fed starch or glucose. The copper metalloenzyme, superoxide dismutase, the selenoenzyme, 
glutathione peroxidase, and hepatic ATP were decreased in the copper-deficient rats fed fructose 
as compared to copper-deficient rats fed starch or glucose. These results indicate that fructose 
may be the dietary component which has a deleterious effect on copper and selenium status. 
Changing the type of dietary carbohydrate in copper-deficient rats from fructose to either starch 
or glucose ameliorated the severity of the deficiency. The protective effects were more pronounced 
with starch than with glucose. 

An interaction between dietary carbohy- 
drate and copper status of copper-deficient rats 
has been recently reported (1-3). The degree 
of the severity is dependent on the type of 
dietary carbohydrate; fructose produces the 
most severe, whereas starch produces the least 
severe deficiency, and glucose produces an in- 
termediate deficiency (2, 3). The diets used in 
those previous studies did not include sup- 
plemental chromium or selenium in the min- 
eral mix. Chromium has been implicated in 
glucose homeostasis (4, 5) and its deficiency 
impairs glucose metabolism (6). Copper de- 
ficiency has also been shown to adversely affect 
glucose tolerance (1, 2, 7-9). Selenium has 
been shown to interact with copper status (10- 
15) and copper-deficient rats have reduced ac- 
tivity of the selenoenzyme glutathione per- 
oxidase ( 1 2- 14). The copper metalloenzyme 
superoxide dismutase (SOD), and the seleno- 
enzyme glutathione peroxidase (GSH-Px) are 

' To whom reprint requests should be addressed: USDA, 
BHNRC, Vitamin and Mineral Nutrition Laboratory, 
Room 215, Bldg. 307, BARC-East, Beltsville, Md. 20705. 

scavengers of intermediates of oxygen metab- 
olism and are protectors against cellular dam- 
age ( 16). Thus the deficiency of other essential 
trace minerals in addition to copper, may 
contribute to the severity of the copper defi- 
ciency. 

The average daily dietary intake of copper 
for humans living in the United States is be- 
lieved to be only marginal (17-19) and well 
below the recommended level considered to 
be adequate and safe ( 17-20). In order to more 
closely simulate a marginal copper deficiency 
in rats, the level of dietary copper used in the 
present study was increased from 0.9 pg/g diet 
used in previous studies ( 1,2) to 1.2 pg/g diet. 

The major purpose of the present study was 
to determine whether the differential effects 
of dietary carbohydrate on indices of copper 
deficiency exists in rats fed diets containing 
supplemental selenium and chromium and 
only marginally deficient in copper. In ad- 
dition, it was important to determine whether 
the severity of copper deficiency in rats fed 
fructose could be reversed by changing the 
dietary carbohydrate to either glucose or 
starch. 
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Materials and Methods. Weanling male 
Sprague-Dawley rats weighing approximately 
40-45 g each were housed individually in 
stainless-steel cages with wire-mesh bottoms 
in a temperature- and humidity-controlled 
room with 12-hr periods of alternating light 
and dark. The rats were randomly divided 
into six groups fed different sources of dietary 
carbohydrates and levels of copper: (A) corn- 
starch, copper deficient (15 rats); (B) corn- 
starch, copper supplemented (10 rats); ( C )  
fructose, copper deficient (40 rats); (D) fruc- 
tose, copper supplemented (10 rats); (E) glu- 
cose, copper deficient (1 5 rats); (F) glucose, 
copper supplemented ( 10 rats). The cornstarch 
was obtained from Teklad, Madison, Wis- 
consin, the fructose from Hoffman-La Roche, 
Nutley, New Jersey, and the glucose from 
Clinton Corn Processing Company, Clinton, 
Iowa. 

All diets contained (g/kg diet) 622 carbo- 
hydrate, 200 egg white, 95 corn oil, 30 non- 
nutritive fiber (cellulose), 35 AIN-76 salt mix, 
(21) (copper omitted), 10 vitamin mix AIN- 
76A, and 2.7 choline bitartrate. The copper- 
supplemented groups (controls) were given 5 
pg Cu/ml in the form of CuS04 added to the 
deionized drinking water. All copper-deficient 
diets contained 1.20 k 0.02, 1.25 f 0.02, and 
1.26 k 0.0 1 pg Cu/g diet for starch, fructose, 
and glucose, respectively, as analyzed by flame 
atomic absorption spectrophotometry, using 
acid digestion prior to analysis. Multiple min- 
eral analysis of the diets showed similar levels 
of sodium, potassium, calcium, magnesium, 
iron, zinc, and manganese. To assure accuracy, 
National Bureau of Standards standard ref- 
erence materials were analyzed along with the 
diets. 

During the 5th week, the fructose in the 
copper-deficient diet of 20 randomly selected 
rats was replaced by either starch (10 rats) or 
glucose (10 rats). During the 1 lth week, he- 
moglobin (1) and hematocrit (22) were mea- 
sured on blood obtained from the tail vein. 
Two days later five rats from each group were 
randomly selected, and were killed by decap- 
itation. Blood was collected into citrated test 
tubes and the plasma was stored at -20°C 
prior to the analyses of ceruloplasmin (23), 
albumin (24), blood urea nitrogen (BUN) (25), 
ammonia (26), creatinine (27), cholesterol 
(28), and triglyceride (29). Five other rats from 

each dietary regimen were anesthetized with 
ether and liver homogenates (10% w/v) were 
immediately prepared from one portion of the 
liver in 0.2% v/v Triton X-100 as described 
by Paynter (30). The homogenates were 
treated with chloroform-ethanol to inactivate 
the manganese-dependent SOD. The homog- 
enates were mixed well and centrifuged at 
6000g for 20 min. The supernatant obtained 
was stored at -20°C overnight and then as- 
sayed for SOD activity. Activity of SOD was 
determined by the method of Misra and Fri- 
dovich (3 1 ) using a photochemical o-dianis- 
idine riboflavin assay. The other portion of 
the liver was homogenized in 0.15 M KCl, 
fractionated by centrifugation, and the su- 
pernatant obtained was assayed for Se-depen- 
dent GSH-Px activity using a final concen- 
tration of 0.3 mM t-butyl hydroperoxide as 
the substrate according to the method of Paglia 
and Valentine (32) as modified by Levander 
et al. (33). The protein content was determined 
by the method of Lowry et al. (34) using bo- 
vine serum albumin as a standard. The re- 
mainder of the liver was used to measure ATP 
levels. Hepatic ATP was extracted (35) and 
determined enzymatically (36). 

Data were subjected to analysis of variance 
(ANOVA) and Duncan’s multiple range test 
(37). Differences of P < 0.05 are reported as 
statistically significant. 

Results. The effects of dietary carbohydrate 
on body, liver, and heart weights are presented 
in Table I. Copper deficiency resulted in im- 
pairment of growth only in rats fed fructose. 
Liver weight was increased in rats fed the fruc- 
tose or glucose diet deficient in copper as 
compared to their copper-supplemented con- 
trols and to rats fed starch. However, liver 
weight was further increased in rats fed fruc- 
tose as compared to those fed glucose. Heart 
weight was increased due to copper deficiency 
only in rats fed fructose. Body weight was in- 
creased and liver weight decreased when starch 
or glucose replaced fructose. Heart weight was 
decreased by starch and increased by glucose 
when compared to rats continuously fed fruc- 
tose. 

The results of copper deficiency on blood 
parameters are reported in Table 11. Cerulo- 
plasmin activity, an indicator of copper status, 
was reduced by copper deficiency (Mean 
k SEM = 7.8 t- 0.6 U/liter) in all copper-de- 



w
l 

w
 

h,
 

TA
B

LE
 I.

 E
FF

EC
T O

F 
D

IE
T

A
R

Y
 

C
A

R
B

O
H

Y
D

R
A

TE
S 

(C
H

O
) 

A
N

D
 C

OP
PE

R 
(C

u)
 N

U
T

R
IT

U
R

E
 

O
N

 B
O

D
Y

, L
IV

ER
, AN

D
 H

EA
R

T W
EI

G
H

TS
 

O
F 

R
A

TS
 

St
ar

ch
 

Fr
uc

to
se

 
G

lu
co

se
 

AN
 O

VA
^ 

-c
u 

+
cu

 
-c

u 
+

cu
 

-c
u 

+
cu

 
C

u 
C

H
O

 
In

te
ra

ct
io

n 

(A
)I

 B
od

y 
w

t 
(g

) 
32

7 
f
 5

" 
33

2 
f
 8

" 
29

0 
f
 6

' 
32

2 
f
 4

" 
29

7 
2
 6

' 
31

3 
f
 9

"~
' 

S 
N

S 
N

S 

H
ea

rt 
w

t' 
0.

39
 f
 0

.0
1"

" 
0.

34
 f
 0

.0
lU

3'
 

0.
40

 f
 0

.0
1 '
 

0.
30

 f
 0

.0
1'

 
0.

45
 f
 0

.0
3'

 
0.

40
 k
 0

.0
4'

 
S 

S 
N

S 
Li

ve
r w

t' 
2.

4 
f
 0

.0
8"

 
2.

5 
f
 0

.0
2"

 
3.

5 
f
 0.

1 '
 

3.
1 
f
 0

.0
4'

 
2.

9 
f
 0

.0
8'

 
2.

6 
f
 0

.0
7"

 
S 

S 
S 

(B
)g

. B
od

y 
w

t 
(g

) 
33

1 
f
 7

" 
29

0 
f
 6

' 
30

5 
f
 2

' 
Li

ve
r w

t' 
2.

7 
f
 0

.0
3"

 
3.

5 
f
 0

.1
' 

3.
1 

?
 0

.1
' 

H
ea

rt 
w

t' 
0.

38
 f
 0

.0
1 "

 
0.

40
 f
 0

.1
" 

0.
48

 f
 0

.0
1 '
 

N
of

e.
 V

al
ue

s w
ith

in
 p

ar
am

et
er

 r
ow

s a
re

 e
xp

re
ss

ed
 a

s 
m

ea
ns

 f
 S

EM
. 

"*
 M

ea
ns

 w
ith

 d
iff

er
en

t s
up

er
sc

rip
t l

et
te

rs
 a

re
 s

ig
ni

fic
an

tly
 d

iff
er

en
t f

ro
m

 e
ac

h 
ot

he
r 

at
 P
 <

 0
.0

5 
as

 d
et

er
m

in
ed

 b
y 

D
un

ca
n'

s 
M

ul
tip

le
 R

an
ge

 T
es

t. 

JR
at

s 
fe

d 
st

ar
ch

, f
ru

ct
os

e,
 o

r g
lu

co
se

 th
ro

ug
ho

ut
 t

he
 e

xp
er

im
en

t (
1 1

 w
ee

ks
). 

gA
ll 

ra
ts

 w
er

e 
fe

d 
th

e 
fr

uc
to

se
 d

ie
t d

ef
ic

ie
nt

 in
 c

op
pe

r 
fo

r 4
 w

ee
ks

. T
he

 r
at

s 
w

er
e 

th
en

 d
iv

id
ed

 in
to

 th
re

e 
gr

ou
ps

 w
hi

ch
 w

er
e 

fe
d 

th
e 

co
pp

er
-d

ef
ic

ie
nt

 d
ie

t c
on

ta
in

in
g 

Q 8 E F 8 

dA
 2 

X
 3

 a
na

ly
si

s o
f 

va
ria

nc
e.

 
' g

/ 1
00

 g
 b

od
y 

w
t.

 

8 8 ;a
 

ei
th

er
 s

ta
rc

h,
 fr

uc
to

se
, o

r g
lu

co
se

 fo
r a

n 
ad

di
tio

na
l 7

 w
ee

ks
. 

TA
BL

E 
11

. E
FF

EC
T O

F 
FE

E
D

IN
G

 
C

O
PP

ER
-D

EF
IC

IE
N

T D
IE

TS
 C

O
N

TA
IN

IN
G

 
ST

A
R

C
H

, FR
U

C
TO

SE
, OR

 G
LU

C
O

SE
 

O
N

 H
EM

O
G

LO
B

IN
, H
EM

A
TO

C
R

IT
, PL

A
SM

A
 A
LB

U
M

IN
, B
U

N
, 

A
M

M
O

N
IA

, C
R

E
A

T
IN

IN
E

, 
C

H
O

LE
ST

ER
O

L (C
ho

l),
 A

N
D

 T
R

IG
LY

C
ER

ID
ES

 
(T

G
) 

m
 

H
em

og
lo

bi
n 

(g
/d

l) 
H

em
at

oc
rit

 
(n

) 
D

ie
t 

a 2 Z 
St

ar
ch

 
-c

u 
+

cu
 

Fr
uc

to
se

 
-c

u 
+

cu
 

G
lu

co
se

 
-cu

 
+

cu
 

A
N

O
V

A
' 

C
op

pe
r 

C
ar

bo
hy

dr
at

e 
In

te
ra

ct
io

n 

13
.7

 f
 0

.5
" 

14
.1

 f
 0

.4
" 

44
.0

 f
 0

.9
" 

45
.2

 f
 0

.8
" 

2.
8 
f
 0

.2
" 

2.
7 
f
 0

.2
" 

12
.5

 f
 0

.7
" 

12
.7

 f
 0

.4
" 

27
.2

 f
 4.

6' 
20

.1
 f
 0

.8
' 

0.
4 
f
 0

.1
 " 

0.
6 
f
 0

.3
" 

0.
72

 f
 0

.1
 1 

0.
71

 f
 0

.0
9 

93
 f
 5

; 
73

 f
 4

 
40

 f
 4

" 
33

 f
 5

" 

65
 f
 l

lb
 

32
 f
 2

" 
12

.5
 f
 0

.3
' 

13
.9

 f
 0

.3
" 

39
.2

 f
 0.

6'
 

44
.2

 f
 0

.8
" 

2.
1 
f
 0

.1
' 

3.
5 
f
 0

.2
' 

4.
3 
f
 0

.4
' 

1.
7 
f
 0

.2
' 

0.
73

 f
 0

.0
1 

0.
74

 f
 0

.0
3 

14
7 
f
 9

' 
85

 f
 5

' 

13
.2

 f
 0

.4
"~

~
 

13
.4

 f
 0.

3"
.' 

43
.2

 f
 0

.8
" 

43
.6

 k
 0

.6
" 

2.
4 
f
 0

.2
' 

3.
0 
f
 0

.2
' 

15
.3

 f
 0

.6
d 

11
.6

 f
 1

.0
" 

3.
0 
f
 0

.4
d 

1.
5 
* 0

.4
' 

0.
73

 f
 0

.0
2 

0.
69

 f
 0

.0
9 

11
3 
f
 1

2"
 

89
 f
 4

' 
39

 f
 3

" 
37

 f
 3

" 

S N
S 

N
S 

S N
S 

N
S 

S N
S 

N
S 

S S N
S 

S S S 

N
S 

N
S 

N
S 

S N
S 

S 

S N
S 

S 

N
ot

e. 
V

al
ue

s w
ith

in
 p

ar
am

et
er

 c
ol

um
n 

ar
e 

ex
pr

es
se

d 
as

 m
ea

ns
 f
 S

EM
. 

a-
dM

ea
n~

 w
ith

 d
iff

er
en

t s
up

er
sc

rip
t l

et
te

rs
 a

re
 s

ig
ni

fic
an

tly
 d

iff
er

en
t f

ro
m

 e
ac

h 
ot

he
r 

at
 P
 <

 0
.0

5 
as

 d
et

er
m

in
ed

 b
y 

D
un

ca
n'

s 
m

ul
tip

le
 r

an
ge

 te
st

. 
' A

 2
 X

 3
 a

na
ly

si
s o

f v
ar

ia
nc

e.
 E

ffe
ct

s 
an

d 
in

te
ra

ct
io

ns
 s

ig
ni

fic
an

t (
S)

 (
P c
 0

.0
5)

. N
on

si
gn

ifi
ca

nt
 (N

S)
. 



CHO-RELATED COPPER DEFICIENCY 533 

ficient rats regardless of the nature of dietary 
carbohydrates as compared to copper-supple- 
mented controls (mean = 1 18 k 16 U/l). He- 
moglobin and hematocrit were reduced due 
to copper deficiency only in rats fed fructose. 
Plasma albumin was reduced by copper de- 
ficiency in rats fed fructose and glucose. Cop- 
per deficiency increased BUN and ammonia 
in rats fed fructose and glucose, but the in- 
crease was more pronounced in rats fed fruc- 
tose. Creatinine was neither affected by copper 
deficiency nor by the type of dietary carbo- 
hydrates. Plasma cholesterol was increased by 
copper deficiency in all rats regardless of the 
type of dietary carbohydrates, but the increase 
was greater in rats fed fructose. Triglyceride 
was increased only in rats fed the fructose diet 
deficient in copper. 

The effects of replacing dietary fructose with 
either starch or glucose on blood parameters 
in copper deficient rats are presented in Table 
111. Ceruloplasmin activity (mean = 7.8 -t 1.1 
U/liter) was not affected by changing the type 
of dietary carbohydrates. Hemoglobin, he- 
matocrit, and albumin were increased by re- 
placing the dietary fructose by either starch 
or glucose as compared to rats continuously 
fed the fructose diet. BUN was decreased by 
replacement of fructose with either starch or 
glucose; the decrease being greater with starch 
than with glucose. Ammonia was decreased 
by replacing fructose with either glucose or 
starch; in contrast, creatinine was unaffected. 
Plasma cholesterol was significantly decreased 
in rats previously fed fructose, but switched 
to either starch or glucose; however, the de- 
crease was significantly greater for feeding 
starch compared to glucose. Plasma triglyc- 
erides were decreased only in rats changed to 
the starch diet. 

As ceruloplasmin activity was reduced to 
the same extent by all copper deficient diets, 
it was impossible to differentiate between the 
degrees of the severity on this parameter alone. 
Therefore, the tissue activity of the copper 
metalloenzyme SOD was measured. In ad- 
dition, the activity of the selenoenzyme GSH- 
Px was measured to provide an index of se- 
lenium status. Table IV presents liver activities 
of SOD, GSH-Px, and ATP concentrations. 
All copper deficient rats exhibited reduced 
SOD compared to the copper-supplemented 
controls; however, SOD was further reduced 



534 CHO-RELATED COPPER DEFICIENCY 

in rats fed fructose. GSH-Px activity was de- 
creased only in the rats fed fructose-25 and 
5096, for those fed the copper-supplemented 
or -deficient diet, respectively. Hepatic ATP 
was reduced in copper deficiency by feeding 
the rats fructose or glucose when compared 
to copper-supplemented controls and to rats 
fed starch. However, the decrease in ATP was 
of much greater magnitude in the copper-de- 
ficient rats fed fructose than those fed glucose. 

The effect of replacing fructose with starch 
or glucose in the copper-deficient diets on he- 
patic SOD and GSH-Px activities and ATP 
concentration is also presented in Table IV. 
SOD and GSH-Px activities and ATP con- 
centrations were significantly increased due to 
changing the dietary fructose to either starch 
or glucose as compared to rats continuously 
fed fructose. 

Discussion. The results of this study dem- 
onstrate that although the copper-deficient 
diets were only marginally deficient in copper, 
and the diet included all known essential nu- 
trients including recommended levels of se- 
lenium and chromium, dietary fructose ag- 
grevated the copper deficiency. In addition, 
fructose impaired selenium status. The results 
obtained after dietary fructose was replaced 
by either starch or glucose further supports 
this contention. Thus, it is possible to mark- 
edly increase the severity of copper deficiency 
by feeding fructose and to decrease the severity 
by feeding glucose or even more so by starch. 
A comparison of the severity of copper defi- 
ciency in rats fed diets containing fructose, 
starch, or glucose as the sole source of dietary 
carbohydrate has been recently reported (3). 
Although it has been suggested that dietary 
fructose increases the requirement and/or uti- 
lization of copper, these effects could not be 
demonstrated in rats fed a diet adequate in 
copper. Thus, the increased requirement and/ 
or utilization appears to be manifested only 
when the level of dietary copper falls below a 
certain critical level. 

The mechanisms by which the feeding of 
fructose as compared with starch or glucose 
aggrevate the symptoms associated with cop- 
per deficiency are as yet unidentified. Dietary 
fructose has been shown to provoke a greater 
glycemic and insulin response when compared 
to starch in the rat (38). Copper deficiency 
has a similar effect on glucose tolerance (1, 2, 

+I +I +I +I +I +I 
00-  oovl w'?'? w'?'? 
-00 -00 

+I +I +I t l  +I t 
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7-9). In addition, increased serum triglycerides 
and cholesterol have been reported after 
ingestion of carbohydrates containing fructose 
(39) and by low copper intake ( 1 ,  2, 40-42). 
Decreased insulin binding ( 1 , 43), decreased 
ATP content of the liver (2, 43-45) and in- 
creased activity of glucose-6-phosphatase in 
rat liver (46, 47) have been described both 
after sucrose or fructose intake. In vitro, the 
activity of glucose-6-phosphatase has been de- 
creased due to low copper concentration (48). 
As the metabolism of copper and fructose oc- 
curs mainly in the liver, it would be expected 
that indices of liver functions would be im- 
paired by copper deficiency in rats fed fructose. 
Increased liver weight, decreased plasma al- 
bumin, and increased plasma ammonia and 
BUN were noted in copper-deficient rats fed 
fructose. These impaired metabolic and clin- 
ical indices could not be attributed to impaired 
renal function, as all rats, regardless of the 
type of dietary carbohydrate and copper nu- 
triture, had normal plasma creatinine con- 
centration. Thus the increased levels of BUN 
in rats fed fructose could be due to the ac- 
celerated protein catabolism which is presum- 
ably a reflection of the more severe copper 
deficiency. On the other hand, decreased 
plasma albumin and increased levels of am- 
monia would indicate hepatocellular damage. 
In that regard, BUN and ammonia levels re- 
mained elevated after the carbohydrate source 
was changed from fructose to starch or glucose, 
and did not return to the lower levels of rats 
continuously fed glucose or starch. 

The cellular activities of the copper metal- 
loenzyme SOD and the selenoenzyme GSH- 
Px were reduced due to copper deficiency, but 
the reduction was more pronounced by dietary 
fructose. The interaction between copper de- 
ficiency and selenium status has been shown 
to occur in rats fed diets based on evaporated 
milk ( 12) powdered milk ( 13) and sucrose ( 14) 
but not glucose (1 5,49). Also, recently a cop- 
per-selenium interaction was reported in fish 
(trout) ( 1  1). A 25% reduction in GSH-Px ac- 
tivity was also found in rats fed the fructose 
diet adequate in copper. The reduced SOD 
and GSH-Px activities have been shown to 
accentuate the increased lipid peroxidation of 
tissue membranes ( 1 9 ,  which could result in 
uncoupling of oxidative phosphorylation and 
in the inhibition of the electron transport in 

the mitochondria of copper-deficient rat liver 
(50). However, the reduced tissue ATP ob- 
served in this study could be due to other 
metabolic processes such as the reduced ac- 
tivity of cytochrome oxidase (5 l),  swelling of 
mitchondria (50), increased amount of un- 
saturated fatty acids (52) or reduced levels of 
mitochondria sulfhydryl (SH) groups (5 3). 

As dietary fructose has been shown to ag- 
grevate copper status when copper intake is 
inadequate, it was important to determine if 
replacing fructose with a more protective car- 
bohydrate such as starch or glucose could re- 
verse or lessen the degree of the deficiency, 
without increasing the dietary copper concen- 
tration. If the dietary copper deficiency is 
marginal, and the diet is deficient only in cop- 
per, fructose apparently has no adverse effect 
that is permanent and cannot be reversed. The 
interaction between dietary fructose and cop- 
per deficiency is specific for fructose; once 
fructose is removed from the diet, the dele- 
terious effects cease to exist. The enhanced 
severity induced by feeding fructose was re- 
versible and the impaired metabolic and cel- 
lular indices were ameliorated by altering only 
the type of dietary carbohydrate. Although 
both starch and glucose were protective against 
the severity of copper deficiency, starch was 
more effective. 

It has been reported that the dietary copper 
intake in subjects living in industrialized so- 
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