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Abstract
Long-term exposure to cadmium (Cd) leads to the development of a number of conditions associated with liver and kidney damage, reproductive 
and cardiovascular disorders, in addition to visual impairment, blindness and hearing loss, among others. Cadmium has been classified as a human 
carcinogen by the International Agency for Research on Cancer. The toxicity of Cd is related to its pro-oxidant properties and the associated increase 
in oxidative stress. Antioxidant ingredients may be helpful in preventing the adverse effects of Cd. The effect of well-known antioxidant vitamins 
(E, C, A and β-carotene) in the prevention of Cd-induced toxicity is presented in this study. Numerous studies in animal models have shown that 
the effects of vitamins: E, C, A, and β-carotene were effective in reducing Cd concentrations in organs and tissues and reduced Cd-induced changes 
in liver, kidney, and reproductive, circulatory, nervous, immune, and respiratory systems. In contrast, the limited number of human studies does 
not allow to accurately determine the role of these nutrients in reducing Cd-induced toxicity, indicating the need for further studies clarifying 
the role of antioxidant vitamins in reducing Cd-induced toxicity. However, it seems reasonable to promote the consumption of natural food prod-
ucts that are sources of antioxidant vitamins in groups of people with occupational and environmental exposure to Cd. Int J Occup Med Environ 
Health. 2022;35(4):367 – 92
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INTRODUCTION
The cadmium (Cd) content in the  environment is con-
stantly increasing, which is related to human activities 
and natural processes occurring in nature. The  increase 
in  Cd  content associated with human factor is due to 
the use of this metal in many industries, including the con-
struction of nickel-cadmium batteries, in galvanizing 
steel, paint pigments, and in agriculture for the produc-
tion of phosphate fertilizers, while natural sources of Cd 
are mainly volcanic eruptions and rock weathering [1].
Cadmium enters the  human body mainly through 
the  oral route, through respiratory tract and absorp-

tion through the skin is negligible. The highest exposure 
to Cd occurs during occupational exposure and concerns 
workers in the  electroplating, battery manufacturing 
and pigment industries. Smoking is an important source 
of chronic environmental exposure to Cd. Cadmium is 
also found in some foods, which include algal formula-
tions, cocoa-based products, crustaceans, edible offal, 
fungi, oilseeds, seaweeds and water mollusks. However, 
the highest amounts of dietary Cd come from products 
that are consumed in large quantities, such as grains and 
grains products, vegetables and vegetables products and 
starchy roots and tubers. Based on total diet studies con-
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tioxidants – vitamin: D, K and folic acid were examined. 
The protective properties of vitamins may be due to ac-
tivation of antioxidant enzymes and reduction of reac-
tive oxygen species. Studies on the reduction of oxidative 
stress intensity focus mainly on the antioxidant effect of 
vitamin E, C and A and β-carotene [3].
In this review, the results of animal and human studies 
analyzing the effects of well-known antioxidant vitamins 
such as vitamin E, C, A and β-carotene on the reduction 
of Cd induced toxicity are discussed.

METHODS
In this review, electronic database PubMed were used. 
Articles relevant for the  study were searched for using 
the  following keywords: cadmium and vitamin E, cad-
mium and vitamin C, cadmium and vitamin A, cadmium 
and β-carotene. Antioxidant vitamins were included be-
cause they may be helpful in preventing the adverse ef-
fects of Cd. As a result of the search 310 articles were col-
lected. The following inclusion criteria were used:

	– written in English,
	– full text article,
	– publication date: January 1, 1980–April, 30, 2021 (73.6% of 

those were published after 2000),
	– topic: exposure to Cd and use of antioxidant vitamins.

The analysis eventually included 57 original, reviewed 
articles in English (50 in vivo in animal models studies, 
and 7 human studies), in which a potentially modulating 
effect of antioxidant vitamins on Cd-induced toxicity has 
been studied (Figure 1).

RESULTS
Vitamin E
The effects of vitamin  E on reducing the  effects of Cd-
induced toxicity were analyzed in vivo in animal models 
and in 2 human studies. Different doses of vitamin E and 
varying exposure times were used in the  animal model 
studies. The results of the analyzed studies on the protec-

ducted in such countries as the United States, Australia, 
Sweden, France, Chile, Spain, Serbia and Denmark, it was 
estimated that 40–60% of total dietary Cd intake comes 
from rice, potatoes and wheat [2].
The harmful effects of Cd at high doses have long been 
known. Epidemiological studies also indicate signifi-
cant toxicity at long-term exposure to relatively low 
doses of  Cd. Long-term exposure to Cd is associated 
with dysfunction of such system as: urinary (glomerular 
and tubular damage, kidney stones), digestive (hepatic 
dysfunction), respiratory (pneumonitis, destruction of 
mucous membranes), cardiovascular (coronary heart 
disease, stroke, peripheral artery disease and changes in 
lipid profile, hypertension), skeletal (loss of bone density 
and mineralization, Itai-Itai disease), reproductive (tes-
ticular necrosis, estrogen-like effects, affection of steroid-
hormone synthesis). Cadmium has also been shown to 
have teratogenic and carcinogenic effects. The  Interna-
tional Agency for Research on Cancer has classified Cd 
as a group 1 carcinogen based on data obtained from oc-
cupational exposure in humans [1].
The toxic effects of Cd result from various mechanisms, 
but the most significant is the impairment of the antioxi-
dant system and the  associated increase in the  concen-
tration of reactive oxygen species. Moreover, Cd induces 
tissue injury through epigenetic changes in DNA ex-
pression. Other mechanisms include inhibition of heme 
synthesis, and impairment of mitochondrial function 
which is potentially connected with inducing apoptosis. 
The toxic effect of Cd is also associated with the inhibi-
tion of the activity of antioxidant enzymes as a result of 
the formation of bonds with the -SH groups of cell mem-
branes and cytoplasmic proteins. Moreover Cd may inter-
fere with the physiologic action of Zn or Mg.
Various nutrients are involved in reducing the  sever-
ity of oxidative stress, and in particular the benefits and 
function of the  well-known antioxidants such as vita-
min: E,  C,  A  and β-carotene and also lesser-known an-
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Vitamin E helped to reduce inflammation in kidney [19]. 
In other studies conducted on fish, rabbits and rats ex-
posed to Cd, a  reduction in the  severity of oxidative 
stress  [6,10,13,20] and histopathological changes in 
the kidney were observed [19,20]
A decrease in lactate dehydrogenase activity in urine 
was observed in a study by Shaikh et al. [10]. Vitamin E 
at a higher dose (400 mg/kg of diet) also alleviated func-
tional and structural damage in kidney tissue (including 
decreased β2 microglobulin in urine, improved glomeru-
lar filtration rate, decreased edema in renal tissue) of rats 
exposed to Cd  [21]. An improvement in renal function 
parameters and a decrease in malondialdehyde levels, an 
increase in reduced glutathione, superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPx), total 
antioxidant capacity in the kidney was demonstrated. Vi-
tamin E also contributed to the reduction of the renal cell 
apoptosis and the mRNA and protein expression levels of 
renal cell apoptotic regulatory molecules (Bax, Caspase-3, 
GRP94, GRP78, Caspase-8)  [22]. The  beneficial effect of 
vitamin E on renal function parameters by lowering cre-
atinine and urea in serum was observed in a study on rats 

tive role of vitamin E during Cd exposure are presented 
in Table 1.
Studies on animal models exposed to Cd have shown 
a  beneficial effect of vitamin  E supplementation on 
the  gastrointestinal tract, which was associated with 
a  reduction in the  severity of oxidative stress in the 
liver [4–10]. In studies on rats exposed to Cd, vitamin E 
also contributed to an increase in intracellular liver cal-
cium and reversal of morphological changes in this 
organ  [4], caused a  reduction in histological changes in 
the liver [11], and in addition, an increase in animal body 
weight and liver weight [5], as well as a reduction in his-
topathological  [5,7], and morphological changes of liver 
cells  [12], and in Cd accumulation  [5,6], and addition 
an increase in vitamin E concentration in the liver [5,13] 
were observed. In a study on fish exposed to Cd, a positive 
effect of vitamin E on liver function parameters was also 
observed – reduction of alanine aminotransferase (ALT) 
activity in the blood [14]. Decrease of liver enzymes activ-
ity was also shown in studies conducted on broiler chicks, 
fish and rats exposed to  Cd  [12,15–18]. Vitamin  E also 
contributed to the reduction of glucose levels in the blood 
in fish and rats exposed to Cd [16,17]. In one study con-
ducted on fish exposed to Cd, no effect of vitamin E was 
observed on the concentration of Cd in the liver [7].
The beneficial effect of vitamin E in animals exposed to Cd 
was also associated with increased protein and mRNA ex-
pressions of Nrf 2-related molecules (heme-oxygenase-1, 
NADPH quinine-oxidoreductase-1, glutamylcysteine 
ligase catalytic subunit, glutamate cysteine ligase modi-
fier subunit, glutathione S transferase) [5]. The protective 
effect of vitamin E on animals exposed to Cd was also due 
to reducing the apoptosis of liver cells by regulating apop-
tosis-related gene expression [7]. In another study in rats 
exposed to Cd, vitamin E did not affect gene expression of 
tumor necrosis factor α and c-fos [9].
Several studies have analyzed the beneficial effect of vi-
tamin E on the urinary system of animals exposed to Cd. 

Records identified through database 
searching based on title and abstract

PubMed: N = 310

Full-text articles assessed 
for eligibility: N = 57

Records excluded based on title 
and abstract: N = 253
– supplementation of mixtures 

 substances
– notanalyzed the influence of 

 antioxidant vitamins on the risk 
 related to exposure to cadmium

– publication in a language other 
 than English

Figure 1. The procedure of inclusion of studies in the review in animal 
models on vitamin E treatment and relationship between Cd exposure 
and vitamin E in blood concentration in human studies, collected 
on PubMed in May 2021



R E V I E W  P A P E R      A. SITEK AND L. KOZŁOWSKA

IJOMEH 2022;35(4)370

Ta
bl

e 1
. R

es
ult

s o
f s

tu
die

s i
n a

nim
al 

m
od

els
 w

ith
 ca

dm
ium

 (C
d)

 ex
po

su
re

 an
d v

ita
m

in 
E t

re
at

m
en

t a
nd

 re
lat

ion
sh

ip 
be

tw
ee

n C
d e

xp
os

ur
e a

nd
 vi

ta
m

in 
E i

n b
loo

d c
on

ce
nt

ra
tio

n i
n h

um
an

 st
ud

ies
,  

co
lle

cte
d o

n P
ub

M
ed

 in
 M

ay
 20

21

Re
fer

en
ce

Re
se

ar
ch

 m
od

el
St

ud
y d

es
cri

pt
ion

M
ain

 re
su

lts

4
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 8)
 –

 Cd
 (1

5 m
g/

kg
 b.

w.
 or

all
y)

	–
G1

 (N
=

 8)
 –

 Cd
 (1

5 m
g/

kg
 b.

w.
 or

all
y)

 an
d v

ita
m

in 
E (

30
0 m

g/
kg

 b.
w.

  
fo

r 3
 w

ee
ks

)

G1
 vs

. C
G

	–
liv

er
: w

eig
ht
↑,

 ca
lci

um
↑,

 M
DA
↓,

 PO
D↓

, C
AT
↑ S

OD
↑,

 m
or

ph
olo

gic
al 

ch
an

ge
s↓

5
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 8)
 –

 Cd
Cl 2 (5

 m
g/

kg
 b.

w.
 in

tra
ga

str
ic 

ad
m

ini
str

at
ion

 fo
r 4

 w
ee

ks
)

	–
G1

 (N
 =

 8)
 –

 Cd
Cl 2 (5

 m
g/

kg
 b.

w.
 in

tra
ga

str
ic 

ad
m

ini
str

at
ion

 fo
r 4

 w
ee

ks
)  

an
d v

ita
m

in 
E (

10
0 m

g/
kg

 b.
w.

 in
tra

ga
str

ic 
ad

m
ini

str
at

ion
 fo

r 4
 w

ee
ks

)

G1
 vs

. C
G

	–
liv

er
: w

eig
ht
↑,

 hi
sto

pa
th

olo
gic

al 
ch

an
ge

s↓
, C

d↓
, v

ita
m

in 
E↑

, A
LT
↓,

 
AS

T↓
, M

DA
↓,

 G
SH
↑,

 T-
AO

C↑
, S

OD
↑,

 CA
T↑

, G
Px
↑,

 pr
ot

ein
 an

d m
RN

A 
ex

pr
es

sio
n l

ev
els

 of
: N

rf2
↑,

 H
O-

1↑
, N

QO
-1
↑,

 G
CL

C↑
, G

CL
M
↑,

 G
ST
↑

	–
bo

dy
: w

eig
ht
↑

6
Ra

ts,
 Ch

ar
les

 Fo
ste

r
	–

CG
 (N

 =
 5)

 –
 Cd

Cl 2 (0
.05

 m
g/

kg
 b.

w.
 by

 ga
va

ge
 fo

r 3
0 d

ay
s)

	–
G1

 (N
 =

 5)
 –

 Cd
Cl 2 (0

.05
 m

g/
kg

 b.
w.

 by
 ga

va
ge

 fo
r 3

0 d
ay

s) 
an

d v
ita

m
in 

E  
(0

.4 
IU

/1
00

 g 
b.w

. b
y g

av
ag

e f
or

 30
 da

ys
)

G1
 vs

. C
G

	–
liv

er
: C

d↓
, M

DA
↓,

 G
SH
↑,

 G
SS

G↑
	–

kid
ne

y: 
Cd
↓,

 M
DA
↓,

 G
SH
↑,

 G
SS

G↑
7

Fis
h 

(C
ten

op
ha

ry
ng

od
on

 
ide

llu
s)

	–
CG

 (N
 =

 6)
 –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 si
ng

le 
do

se
 in

jec
te

d i
nt

ra
pe

rit
on

ea
lly

)
	–

G1
 (N

 =
 6)

 –
 Cd

Cl 2 (2
0 µ

m
ol/

kg
 b.

w.
 si

ng
le 

do
se

 in
jec

te
d i

nt
ra

pe
rit

on
ea

lly
)  

an
d v

ita
m

in 
E (

20
 IU

/k
g b

.w
. w

er
e g

ive
n 4

 da
ys

 po
st 

Cd
 in

jec
tio

n)

G1
 vs

. C
G

	–
liv

er
: C

d↔
, h

ist
op

at
ho

log
ica

l c
ha

ng
es
↓,

 M
DA
↓,

 ap
op

to
tic

 pe
rce

nt
ag

e↓
, 

ca
sp

as
e-

3↓
, c

as
pa

se
-8
↔

, c
as

pa
se

-9
↓,

 G
rp

78
↔

, B
ax
↓,

 AI
F↓

, B
cl-

2↑
8

Br
oil

er
 ch

ick
s, 

Co
bb

 
str

ain
	–

CG
 (N

 =
 10

) –
 Cd

 (1
00

 pp
m

 in
 fe

d f
or

 6 
we

ek
s)

	–
G1

 (N
 =

 10
) –

 Cd
 (1

00
 pp

m
 in

 fe
d f

or
 4 

we
ek

s) 
an

d v
ita

m
in 

E (
30

0 p
pm

 in
 fe

ed
 

fo
r 2

 w
ee

ks
)

	–
G2

 (N
 =

 10
) –

 Cd
 (1

00
 pp

m
 in

 fe
d f

or
 6 

we
ek

s) 
an

d v
ita

m
in 

E (
30

0 p
pm

 in
 fe

ed
 

fo
r 6

 w
ee

ks
)

G1
, G

2 v
s. 

CG
	–

blo
od

: C
AT
↓,

 SO
D↓

	–
liv

er
: T

BA
RS
↓,

 G
SH
↑

9
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 10
) –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 in
tra

pe
rit

on
ea

lly
 ad

m
ini

str
ed

 si
ng

le 
do

se
)

	–
G1

 (N
 =

 10
) –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 in
tra

pe
rit

on
ea

lly
 ad

m
ini

str
ed

 si
ng

le 
do

se
) 

an
d v

ita
m

in 
E (

50
 m

g/
10

0g
 b.

w.
 in

tra
ga

str
ica

lly
, p

re
tre

at
m

en
t) 

G1
 vs

. C
G

	–
liv

er
: M

DA
↓,

 G
SH
↔

, g
en

e e
xp

re
ssi

on
 (T

NF
-α

 an
d c

-fo
s)↔

 

10
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 6)
 –

 Cd
Cl 2 (5

 µm
ol/

kg
 b.

w.
 5 

tim
es

/w
ee

k f
or

 22
 w

ee
ks

)
	–

G1
 (N

 =
 6)

 –
 Cd

Cl 2 (5
 µm

ol/
kg

 b.
w.

 5 
tim

es
/w

ee
k f

or
 22

 w
ee

ks
) a

nd
 vi

ta
m

in 
E  

(1
00

 m
g/

kg
 b.

w.
 5 

tim
es

/w
ee

k f
or

 w
ee

k 1
3 a

nd
 15

0 m
g/

kg
 b.

w.
  

fro
m

 w
ee

k 1
6 t

o 2
2)

G1
 vs

. C
G

	–
se

ru
m

: A
LT
↓,

 LD
H↓

	–
liv

er
: G

SH
↔

, M
DA
↓

	–
kid

ne
y: 

GS
H↔

, M
DA
↓

	–
ur

ine
: L

DH
↓,

 pr
ot

ein
↓

11
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 5)
 –

 Cd
 (2

 m
g, 

sin
gle

 do
se

, in
tra

pe
rit

on
ea

lly
)

	–
G1

 (N
 =

 5)
 –

 Cd
 (2

 m
g, 

sin
gle

 do
se

, in
tra

pe
rit

on
ea

lly
) a

nd
 vi

ta
m

in 
E (

1.5
 m

g/
kg

)
G1

 vs
. C

G
	–

se
ru

m
: u

re
a↓

, c
re

at
ini

ne
↓,

 AL
P↔

, A
cP

T↓
, A

cP
P↓

	–
liv

er
: h

ist
olo

gic
al 

ch
an

ge
s↓

	–
kid

ne
y: 

his
to

log
ica

l c
ha

ng
es
↓

	–
te

ste
s: 

his
to

log
ica

l c
ha

ng
es
↓



ANTIOXIDANT VITAMINS IN CD-INDUCED TOXICITY    R E V I E W  P A P E R

IJOMEH 2022;35(4) 371

12
Fis

h,
 gr

as
s c

ar
p 

(C
ten

op
ha

ry
ng

od
on

 
ide

llu
s)

	–
CG

 (N
 =

 6)
 –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 si
ng

le 
do

se
 in

jec
te

d)
	–

G1
 (N

 =
 6)

 –
 Cd

Cl 2 (2
0 µ

m
ol/

kg
 b.

w.
 si

ng
le 

do
se

 in
jec

te
d)

  
an

d v
ita

m
in 

E (
20

 IU
/k

g b
.w

. w
er

e g
ive

n 4
 da

ys
 po

st 
Cd

 in
jec

tio
n)

G1
 vs

. C
G

	–
liv

er
: m

or
ph

olo
gic

al 
ch

an
ge

s↓
, A

ST
↓,

 AL
T↓

, C
AT
↑,

 SO
D↑

, G
Px
↑,

 CA
T 

m
RN

A e
xp

re
ssi

on
↑,

 SO
D 

m
RN

A e
xp

re
ssi

on
↑,

 G
Px

 m
RN

A e
xp

re
ssi

on
↑

13
Ra

bb
its

, N
ew

 
Ze

ala
nd

 W
hit

e
	–

CG
 (N

 =
 8)

 –
 Cd

Cl 2 (1
 g/

l w
at

er
 fo

r 3
0 d

ay
s)

	–
G1

(N
 =

 8)
 –

 Cd
Cl 2 (1

 g/
l w

at
er

 fo
r 3

0 d
ay

s) 
an

d v
ita

m
in 

E (
10

0 m
g o

ra
lly

  
fo

r 3
0 d

ay
s)

G1
 vs

. C
G

	–
pla

sm
a: 

vit
am

in 
E↑

, T
BA

RS
↓

	–
RB

C: 
TB

AR
S↓

, G
Px
↑,

 G
SH
↔

	–
liv

er
: v

ita
m

in 
E↑

, T
BA

RS
↓,

 G
Px
↑,

 G
SH
↔

	–
kid

ne
ys

: v
ita

m
in 

E↑
, T

BA
RS
↓,

 G
Px
↑,

 G
SH
↔

14
Fis

h,
 N

ile
 ti

lap
ia 

(O
reo

ch
ro

m
is 

nil
ot

icu
s)

	–
CG

 (N
 =

 20
) –

 Cd
 (5

0 m
g/

kg
 di

et
 fo

r 1
2 w

ee
ks

)
	–

G1
 (N

 =
 20

) –
 Cd

 (5
0 m

g/
kg

 di
et

 fo
r 1

2 w
ee

ks
) a

nd
 vi

ta
m

in 
E (

50
 m

g/
kg

 di
et

  
fo

r 1
2 w

ee
ks

)

G1
 vs

. C
G

	–
blo

od
: t

ot
al 

pr
ot

ein
↔

, a
lbu

m
in↔

, c
re

at
ini

ne
↓,

 ur
ea
↔

, A
LT
↓,

 AS
T↔

, 
Hb
↔

, R
BC
↔

, W
BC
↔

	–
bo

dy
: w

eig
ht
↔

, C
d r

es
idu

e↓
15

Br
oil

er
 ch

ick
s, 

Co
bb

 
str

ain
	–

CG
 (N

 =
 10

) –
 Cd

 (1
00

 pp
m

 in
 fe

d f
or

 6 
we

ek
s)

	–
G1

 (N
 =

 10
) –

 Cd
 (1

00
 pp

m
 in

 fe
d f

or
 4 

we
ek

s) 
an

d v
ita

m
in 

E (
30

0 p
pm

 in
 fe

ed
  

fo
r 2

 w
ee

ks
)

	–
G2

 (N
 =

 10
) –

 Cd
 (1

00
 pp

m
 in

 fe
d f

or
 6 

we
ek

s) 
an

d v
ita

m
in 

E (
30

0 p
pm

 in
 fe

ed
  

fo
r 6

 w
ee

ks
)

G1
, G

2 v
s. 

CG
	–

se
ru

m
: A

LT
↓,

 AL
P↓

, c
re

at
ini

ne
↓,

 ur
ea
↓

16
Fis

h,
 N

ile
 ti

lap
ia

(O
reo

ch
ro

m
is 

nil
ot

icu
s)

	–
CG

 (N
 =

 14
) –

 Cd
 (4

.64
 m

g/
l fo

r 3
0 d

ay
s)

	–
G1

 (N
 =

 10
) –

 Cd
 (4

.64
 m

g/
l fo

r 3
0 d

ay
s) 

an
d v

ita
m

in 
E (

50
 m

g/
kg

 b.
w.

  
fo

r 3
0 d

ay
s)

G1
 vs

. C
G

	–
blo

od
: R

BC
↑,

 H
b↑

, H
tc↑

, M
CV
↑,

 M
CH
↑,

 M
CH

C↑
, g

luc
os

e↓
, T

P↑
, T

L↓
, 

AS
T↓

, A
LT
↓,

 LP
O↓

, D
NA
↓

	–
co

nd
iti

on
 fa

cto
r: 
↔

17
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 7)
 –

 Cd
Cl 2 (5

 m
g/

kg
 b.

w.
 or

all
y f

or
 30

 da
ys

)
	–

G1
 (N

 =
 7)

 –
 Cd

Cl 2 (5
 m

g/
kg

 b.
w.

 or
all

y f
or

 30
 da

ys
)  

an
d v

ita
m

in 
E (

10
0 m

g/
kg

 b.
w.

 or
all

y f
or

 15
 da

ys
)

G1
 vs

. C
G

	–
pla

sm
a: 

TB
AR

S↓
, G

ST
↑,

 AS
T↓

, A
LT
↓,

 Al
P↑

, A
Ch

E↑
, T

P↔
, g

lob
uli

n↔
, 

alb
um

in↑
, g

luc
os

e↓
, b

ilir
ub

in↓
, u

re
a↓

, c
re

at
ini

ne
↓

	–
blo

od
: H

b↑
, T

EC
↑,

 TL
C↓

, H
tc↑

	–
liv

er
: T

BA
RS
↓,

 G
ST
↑,

 AS
T↔

, A
LT
↔

, A
lP↑

, p
ro

te
in↔

	–
te

ste
s: 

TB
AR

S↔
, G

ST
↔

, A
ST
↓,

 AL
T↓

, p
ro

te
in↔

	–
br

ain
: T

BA
RS
↓,

 G
ST
↔

, A
Ch

E↑
, p

ro
te

in↔
	–

sp
er

m
: c

on
ce

nt
ra

tio
n↑

, m
ot

ilit
y↑

, d
ea

d↓
, a

bn
or

m
al↓

18
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 8)
 –

 Cd
 (0

.4 
m

g/
kg

 b.
w.

, in
jec

te
d i

nt
ra

pe
rit

on
ea

lly
)

	–
G1

 (N
 =

 8)
 –

 Cd
 (0

.4 
m

g/
kg

 b.
w.

, in
jec

te
d i

nt
ra

pe
rit

on
ea

lly
)  

an
d v

ita
m

in 
E (

20
 U

I/k
g b

.w
. s

ing
le 

int
ra

m
us

cu
lar

ly 
do

se
)

	–
G1

 vs
. C

G
	–

blo
od

: R
BC
↑,

 H
b↑

, H
tc↑

, W
BC
↓,

 PL
T↑

	–
se

ru
m

: T
P↑

, T
L↓

, A
LT
↓,

 AS
T↓

	–
pla

sm
a: 

vit
am

in 
E↑

, v
ita

m
in 

C↑
, c

oe
nz

ym
e Q

10
↑

	–
er

yt
hr

oc
yt

es
: L

PO
↓,

 G
SH
↑,

 G
SS

G↓
, S

OD
↑,

 CA
T↑

, G
Px
↑,

 G
R↑

19
Fis

h,
 gr

as
s c

ar
p 

(C
ten

op
ha

ry
ng

od
on

 
ide

llu
s)

	–
CG

 (N
 =

 3)
 –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 si
ng

le 
do

se
 in

jec
te

d)
	–

G1
 (N

 =
 3)

 –
 Cd

Cl 2 (2
0 µ

m
ol/

kg
 b.

w.
 si

ng
le 

do
se

 in
jec

te
d)

  
an

d v
ita

m
in 

E (
20

 IU
/k

g b
.w

. w
er

e g
ive

n 4
 da

ys
 po

st 
Cd

 in
jec

tio
n)

	–
blo

od
: C

d↔
, R

BC
↔

, H
b↔

, a
po

pt
os

is↔
, le

uk
oc

yt
es
↔

, ly
so

zy
m

e↔
	–

tru
nk

 ki
dn

ey
: C

d↔
, h

ist
op

at
ho

log
ica

l c
ha

ng
es
↓,

 ap
op

to
sis
↔

,  
ex

pr
es

sio
n o

f C
D 

4 L
 an

d C
D 

8β
 m

RN
A↔

 



R E V I E W  P A P E R      A. SITEK AND L. KOZŁOWSKA

IJOMEH 2022;35(4)372

20
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 6)
 –

 Cd
Cl 2 (2

0 m
g/

kg
/b

.w
. b

y o
ra

lly
 fo

r 3
0 d

ay
s)

	–
G1

 (N
 =

 6)
 –

 Cd
Cl 2 (2

0 m
g/

kg
/b

.w
. b

y o
ra

lly
 fo

r 3
0 d

ay
s) 

 
an

d v
ita

m
in 

E (
20

 m
g/

kg
/b

.w
. b

y o
ra

lly
 fo

r 3
0 d

ay
s)

G1
 vs

. C
G

	–
kid

ne
y: 

M
n-

SO
D↑

, C
u/

Zn
-S

OD
↑,

 CA
T↑

, G
Px
↑,

 G
R↑

, G
ST
↓,

 LP
x↓

,  
his

to
pa

th
olo

gic
al 

ch
an

ge
s↓

21
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 10
) –

 Cd
 (5

0 p
pm

 in
 th

e d
rin

kin
g w

at
er

 fo
r 2

0 w
ee

ks
)

	–
G1

 (N
 =

 10
) –

 Cd
 (5

0 p
pm

 in
 th

e d
rin

kin
g w

at
er

 fo
r 2

0 w
ee

ks
)  

an
d v

ita
m

in 
E (

40
 m

g/
kg

 of
 di

et
 fo

r 2
0 w

ee
ks

)
	–

G2
 (N

 =
 10

) –
 Cd

 (5
0 p

pm
 in

 th
e d

rin
kin

g w
at

er
 fo

r 2
0 w

ee
ks

)  
an

d v
ita

m
in 

E (
40

0 m
g/

kg
 of

 di
et

 fo
r 2

0 w
ee

ks
)

G1
 vs

. C
G

	–
se

ru
m

: A
CE
↓

	–
blo

od
: p

re
ssu

re
↓

	–
kid

ne
y: 

GF
R↑

, m
or

ph
olo

gic
al 

ch
an

ge
s↔

	–
ur

ine
: β

2 m
icr

og
lob

uli
n↔

G2
 vs

. C
G

	–
se

ru
m

: A
CE
↓

	–
blo

od
: p

re
ssu

re
↓

	–
kid

ne
y: 

GF
R↑

, m
or

ph
olo

gic
al 

ch
an

ge
s↓

	–
ur

ine
: β

2 m
icr

og
lob

uli
n↓

22
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 8)
 –

 Cd
Cl 2 (5

 m
g/

kg
 b.

w.
 in

tra
ga

str
ic 

ad
m

ini
str

at
ion

 fo
r 4

 w
ee

ks
)

	–
G1

 (N
 =

 8)
 –

 Cd
Cl 2 (5

 m
g/

kg
 b.

w.
 in

tra
ga

str
ic 

ad
m

ini
str

at
ion

 fo
r 4

 w
ee

ks
)  

an
d v

ita
m

in 
E (

10
0 m

g/
kg

 b.
w.

 in
tra

ga
str

ic 
ad

m
ini

str
at

ion
 fo

r 4
 w

ee
ks

)

G1
 vs

. C
G

	–
se

ru
m

: B
UN
↓,

 cr
ea

tin
ine
↓

	–
kid

ne
y: 

vit
am

in 
E↑

, C
d↔

, M
DA
↓,

 G
SH
↑,

 SO
D↑

, C
AT
↔

, G
Px
↑,

 T-
AO

C↑
, 

re
na

l c
ell

 ap
op

to
sis
↓,

 hi
sto

pa
th

olo
gic

al 
ch

an
ge

s↓
, B

cl-
2↑

, B
ax
↓,

  
ca

sp
as

e-
3↓

, G
rp

94
↓,

 G
rp

78
↓,

 ca
sp

as
e-

8↓
	–

we
igh

t: 
bo

dy
↑,

 ki
dn

ey
↑

23
Fis

h,
 gr

as
s c

ar
p 

(C
ten

op
ha

ry
ng

od
on

 
ide

llu
s)

	–
CG

 (N
 =

 6)
 –

 Cd
Cl 2 (2

0 µ
m

ol/
kg

 b.
w.

 si
ng

le 
do

se
 in

jec
te

d)
	–

G1
 (N

 =
 6)

 –
 Cd

Cl 2 (2
0 µ

m
ol/

kg
 b.

w.
 si

ng
le 

do
se

 in
jec

te
d)

  
an

d v
ita

m
in 

E (
20

 IU
/k

g b
.w

. w
er

e g
ive

n 4
 da

ys
 po

st 
Cd

 in
jec

tio
n)

	–
he

ad
 ki

dn
ey

: C
d↔

, h
ist

op
at

ho
log

ica
l c

ha
ng

es
↓,

 ap
op

to
sis
↔

,  
ex

pr
es

sio
n o

f C
D 

4 L
 an

d C
D 

8β
 m

RN
A↔

	–
sp

lee
n:

 Cd
↔

, h
ist

op
at

ho
log

ica
l c

ha
ng

es
↓,

 ap
op

to
sis
↔

, e
xp

re
ssi

on
  

of
 CD

 4 
L a

nd
 CD

 8β
 m

RN
A↔

 

24
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 8)
 –

 Cd
Cl 2 (0

.2 
m

g/
10

0 g
 b.

w.
, s

ing
le 

do
se

 su
bc

ut
an

eo
us

ly)
	–

G1
 (N

 =
 8)

 –
 Cd

Cl 2 (0
.2 

m
g/

10
0 g

 b.
w.

, s
ing

le 
do

se
 su

bc
ut

an
eo

us
ly)

  
an

d v
ita

m
in 

E (
15

0 m
g/

kg
 ch

ow
 fo

r 3
 da

ys
)

	–
G2

 (N
 =

 8)
 –

 Cd
Cl 2 (0

.2 
m

g/
10

0 g
 b.

w.
, s

ing
le 

do
se

 su
bc

ut
an

eo
us

ly)
  

an
d v

ita
m

in 
E (

30
0 m

g/
kg

 ch
ow

 fo
r 3

 da
ys

)

G1
, G

2 v
s. 

CG
	–

se
ru

m
: t

es
to

ste
ro

ne
↑

	–
te

sti
s: 

St
AR

 m
RN

A↑
, 3

β-
HS

D↑
, 1

7β
-H

SD
↑,

 M
DA
↓,

 SO
D↑

, G
Px
↑

25
M

ice
, S

wi
ss 

alb
ino

	–
CG

 (N
 =

 24
) –

 Cd
Cl 2 (1

 m
g/

kg
 b.

w.
 in

tra
pe

rit
on

ea
l in

jec
tio

n)
	–

G1
 (N

 =
 24

) –
 Cd

Cl 2 (1
 m

g/
kg

 b.
w.

 in
tra

pe
rit

on
ea

l in
jec

tio
n)

  
an

d v
ita

m
in 

E (
10

0 m
g/

kg
 b.

w.
 in

tra
pe

rit
on

ea
l in

jec
tio

n)

G1
 vs

. C
G

	–
te

ste
s: 

LP
P↓

, a
sco

rb
ic 

ac
id↑

, S
OD
↔

, C
AT
↑,

 G
SH
↑

	–
sp

er
m

: a
bn

or
m

ali
ty
↓,

 co
un

t↔

Ta
bl

e 1
. R

es
ult

s o
f s

tu
die

s i
n a

nim
al 

m
od

els
 w

ith
 ca

dm
ium

 (C
d)

 ex
po

su
re

 an
d v

ita
m

in 
E t

re
at

m
en

t a
nd

 re
lat

ion
sh

ip 
be

tw
ee

n C
d e

xp
os

ur
e a

nd
 vi

ta
m

in 
E i

n b
loo

d c
on

ce
nt

ra
tio

n i
n h

um
an

 st
ud

ies
, 

co
lle

cte
d o

n P
ub

M
ed

 in
 M

ay
 20

21
 –

 co
nt

.

Re
fer

en
ce

Re
se

ar
ch

 m
od

el
St

ud
y d

es
cri

pt
ion

M
ain

 re
su

lts



ANTIOXIDANT VITAMINS IN CD-INDUCED TOXICITY    R E V I E W  P A P E R

IJOMEH 2022;35(4) 373

26
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 5)
 –

 Cd
Cl2

 (0
.2 

m
g/

kg
 b.

w.
 su

bc
ut

an
eo

us
ly 

fo
r 1

5 d
ay

s)
	–

G1
 (N

 =
 5)

 –
 Cd

Cl2
 (0

.2 
m

g/
kg

 b.
w.

 su
bc

ut
an

eo
us

ly 
fo

r 1
5 d

ay
s) 

 
an

d v
ita

m
in 

E (
75

 m
g/

kg
 b.

w.
 by

 ga
str

ic 
int

ub
at

ion
 fo

r 1
5 d

ay
s)

G1
 vs

. C
G

	–
te

sti
s: 

pr
ot

ein
 co

nt
en

t↑
, C

AT
↑,

 PO
D↑

, S
OD
↑,

 TB
AR

S↓
, G

R↑
	–

pr
os

ta
te

: C
AT
↔

, P
OD
↑,

 SO
D↔

, T
BA

RS
↓,

 G
R↑

	–
se

m
ini

fer
ou

s t
ub

ule
s: 

ep
ith

eli
al 

he
igh

t↑
, d

iam
et

er
↑,

 sp
er

m
at

og
on

ia↑
, 

pr
im

ar
y s

pe
rm

at
oc

yt
es
↑,

 se
co

nd
ar

y s
pe

rm
at

oc
yt

e, 
sp

er
m

at
ids
↑,

  
his

to
log

ica
l c

ha
ng

es
↓

27
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 8)
 –

 Cd
Cl 2 (0

.4 
m

g C
d/

kg
 b.

w.
, in

tra
pe

rit
on

ea
lly

, s
ing

le 
do

se
)

	–
G1

 (N
 =

 8)
 –

 Cd
Cl 2 (0

.4 
m

g C
d/

kg
 b.

w.
, in

tra
pe

rit
on

ea
lly

, s
ing

le 
do

se
)  

an
d v

ita
m

in 
E (

20
 U

I/k
g b

.w
., s

ing
le 

do
se

)

G1
 vs

. C
G

	–
te

ste
s: 

LP
O↓

, S
OD
↑,

 CA
T↑

, G
Px
↑,

 G
R↑

, G
ST
↑,

 vi
ta

m
in 

C↑
, v

ita
m

in 
E↑

28
Ra

ts,
 Sp

ra
gu

e 
Da

wl
ey

	–
CG

 (N
 =

 5)
 –

 Cd
Cl 2 (0

.2 
m

g/
kg

 b.
w.

 su
bc

ut
an

eo
us

ly 
fo

r 1
5 d

ay
s)

	–
G1

 (N
 =

 5)
 –

 Cd
Cl 2 (0

.2 
m

g/
kg

 b.
w.

 su
bc

ut
an

eo
us

ly 
fo

r 1
5 d

ay
s) 

 
an

d v
ita

m
in 

E (
75

 m
g/

kg
 b.

w.
 by

 ga
str

ic 
int

ub
at

ion
 fo

r 1
5 d

ay
s)

G1
 vs

. C
G

	–
pla

sm
a: 

te
sto

ste
ro

ne
↑,

 Cd
↓,

 Zn
↔

	–
sp

er
m

: d
ail

y p
ro

du
cti

on
↑,

 effi
cie

nc
y o

f p
ro

du
cti

on
↑

	–
te

sti
s: 

Cd
↓,

 Zn
↑

	–
bo

dy
 w

eig
ht

: in
iti

al↔
, fi

na
l↑

29
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 8)
 –

 Cd
 (2

 m
g/

kg
 b.

w.
 fo

r 2
8 d

ay
s)

	–
G1

 (N
 =

 8)
 –

 Cd
 (2

 m
g/

kg
 b.

w.
 fo

r 2
8 d

ay
s) 

an
d v

ita
m

in 
E (

10
0 I

U/
kg

 b.
w.

  
fo

r 2
8 d

ay
s)

G1
 vs

. C
G

	–
te

ste
s: 

we
igh

t↔
, M

fn
1↑

, M
nf

2↑
, B

cl-
2↑

, B
ax
↓,

 ca
sp

as
e-

9↓
,  

ca
sp

as
e 3

/7
↓

30
Ra

ts,
 W

ist
ar

	–
CG

 –
 Cd

Cl 2 (2
.18

 m
M

/k
g b

.w
. fo

r 3
 da

ys
)

	–
G1

 –
 Cd

Cl 2 (2
.18

 m
M

/k
g b

.w
. fo

r 3
 da

ys
) a

nd
 vi

ta
m

in 
E (

25
0 m

g/
kg

 b.
w.

  
pr

et
re

at
m

en
t, 

tw
ice

 a 
we

ek
 fo

r 1
 m

on
th

)

G1
 vs

. C
G

	–
er

yt
hr

oc
yt

es
: S

OD
↑,

 CA
T↑

, G
SH
↑,

 G
SH

-R
↔

, G
ST
↓

31
Ra

ts,
 W

ist
ar

	–
CG

 (N
 =

 8)
 –

 ci
ga

re
tte

 sm
ok

e e
xp

os
ed

 (f
or

 1 
h e

ac
h d

ay
 ov

er
 90

 da
ys

)
	–

G1
 (N

 =
 8)

 –
 ci

ga
re

tte
 sm

ok
e e

xp
os

ed
 (f

or
 1 

h e
ac

h d
ay

 ov
er

 90
 da

ys
)  

an
d v

ita
m

in 
E (

10
 m

g/
kg

 b.
w.

 in
tra

m
us

cu
lar

 ov
er

 90
 da

ys
)

G1
 vs

. C
G

	–
len

s: 
Cd
↔

, F
e↓

, p
at

ho
log

ica
l c

ha
ng

es
↓

32
Ra

ts,
 Al

bin
o

	–
CG

 (N
 =

 5)
 –

 Cd
 (0

.4 
m

g/
kg

 b.
w.

 fo
r 3

0 d
ay

s)
	–

G1
 (N

 =
 5)

 –
 Cd

 (0
.4 

m
g/

kg
 b.

w.
 fo

r 3
0 d

ay
s) 

an
d v

ita
m

in 
E (

5 m
g/

kg
 b.

w.
  

on
 al

te
rn

at
e d

ay
s f

or
 30

 da
ys

)

G1
 vs

. C
G

	–
ce

re
be

llu
m

: G
SH
↑,

 G
SS

G↓
, G

SH
/G

SS
G↑

, G
R↔

, G
PD

H↔
	–

ce
re

br
al 

he
m

isp
he

re
s: 

GS
H↑

, G
SS

G↓
, G

SH
/G

SS
G↑

, G
R↑

, G
PD

H↑
	–

br
ain

 st
em

: G
SH
↑,

 G
SS

G↔
, G

SH
/G

SS
G↔

, G
R↔

, G
PD

H↔
33

Ra
ts,

 Al
bin

o
	–

CG
 (N

 =
 10

) –
 Cd

 (0
.4 

m
g/

kg
 b.

w.
 fo

r 3
0 d

ay
s)

	–
G1

 (N
 =

 10
) –

 Cd
 (0

.4 
m

g/
kg

 b.
w.

 fo
r 3

0 d
ay

s) 
an

d v
ita

m
in 

E (
5 m

g/
kg

 b.
w.

  
on

 al
te

rn
at

e d
ay

s f
or

 30
 da

ys
)

G1
 vs

. C
G

	–
ce

re
be

llu
m

: S
OD
↑,

 lip
of

us
cin
↓

	–
ce

re
br

al 
he

m
isp

he
re

s: 
SO

D↑
, li

po
fu

sci
n↓

	–
br

ain
 st

em
: S

OD
↑,

 lip
of

us
cin
↓

34
Br

oil
er

 ch
ick

s
	–

CG
 (N

 =
 7)

 –
 Cd

Cl 2 (2
.5 

m
g/

kg
 b.

w.
 fo

r 1
5 d

ay
s)

	–
G1

 (N
 =

 7)
 –

 Cd
Cl 2 (2

.5 
m

g/
kg

 b.
w.

 fo
r 1

5 d
ay

s) 
an

d v
ita

m
in 

E (
5 m

g/
kg

 b.
w.

 
fo

r 1
5 d

ay
s)

G1
 vs

. C
G

	–
se

ru
m

: T
3↑

, T
4↔

	–
liv

er
: 5

’D
-I↑

, L
PO
↓,

 SO
D↔

, C
AT
↔



R E V I E W  P A P E R      A. SITEK AND L. KOZŁOWSKA

IJOMEH 2022;35(4)374

35
Ja

pa
ne

se
 qu

ail
 

ch
ick

s
	–

CG
 (N

 =
 54

) –
 Cd

 (1
20

 m
g/

kg
 di

et
 fo

r 6
 w

ee
ks

)
	–

G1
 (N

 =
 54

) –
 Cd

 (1
20

 m
g/

kg
 di

et
 fo

r 6
 w

ee
ks

) a
nd

 vi
ta

m
in 

E (
25

0 m
g/

kg
 di

et
  

fo
r 6

 w
ee

ks
)

G1
 vs

. C
G

	–
liv

er
: C

d↓
	–

m
us

cle
: C

d↓
	–

m
or

ta
lit

y r
at

e: 
↓

	–
we

igh
t: 

bo
dy
↔

, g
ain
↔

36
Sm

ok
ing

 pa
tie

nt
s, 

m
ale

, 4
4–

55
 ye

ar
s

	–
CG

 (N
 =

 15
) –

 no
n s

m
ok

er
s

	–
G1

 (N
 =

 15
) –

 lig
ht

 sm
ok

er
s

	–
G2

 (N
 =

 15
) –

 m
od

er
at

e s
m

ok
er

s
	–

G3
 (N

 =
 15

) –
 he

av
y s

m
ok

er
s

G1
, G

2, 
G3

 vs
. C

G
	–

se
ru

m
: v

ita
m

in 
E↓

	–
blo

od
: C

d↑
	–

len
se

s: 
Cd
↑

	–
in 

G1
, G

2, 
G3

	–
vit

am
in 

E s
er

um
 le

ve
l a

nd
 bl

oo
d C

d c
on

ce
nt

ra
tio

n –
 ne

ga
tiv

e  
co

rre
lat

ion

37
Pe

op
le,

 ≥
20

 ye
ar

s
	–

G1
 (N

 =
 78

26
)

in 
G1 	–

blo
od

: c
ad

m
ium

 w
ith

 le
uk

oc
yt

e t
elo

m
er

e l
en

gt
h i

nv
er

se
 as

so
cia

te
d

	–
se

ru
m

: α
-to

co
ph

er
ol 

wi
th

 le
uk

oc
yt

e t
elo

m
er

e l
en

gt
h –

 m
ar

gin
all

y  
po

sit
ive

 as
so

cia
tio

n
	–

γ-
to

co
ph

er
ol 

wi
th

 le
uk

oc
yt

e t
elo

m
er

e l
en

gt
h –

 in
ve

rse
 as

so
cia

tio
n

17
β-

HS
D 

– 
17

β h
yd

ro
xy

ste
ro

id 
de

hy
dr

og
en

as
e; 

3β
-H

SD
 –

 3β
 hy

dr
ox

ys
te

ro
id 

de
hy

dr
og

en
as

e; 
5’D

-I 
– 

5’-
de

iod
ina

se
; A

CE
 –

 an
gio

te
ns

in-
co

nv
er

tin
g e

nz
ym

e; 
AC

hE
 –

 ac
et

ylo
ch

oli
ne

ste
ra

se
; 

Ac
P P –

 pr
os

ta
tic

 ac
id 

ph
os

ph
at

as
e; 

Ac
P T –

 to
ta

l a
cid

 ph
os

ph
at

as
e; 

AL
P –

 al
ka

lin
e p

ho
sp

ha
ta

se
; A

IF 
– 

ap
op

to
sis

 in
du

cin
g f

ac
to

r; 
AL

T –
 al

an
ine

 am
ino

tra
ns

fer
as

e; 
AS

T –
 as

pa
rta

te
 am

ino
tra

ns
fer

as
e; 

Ba
x –

 Bc
l-2

 as
so

cia
te

d X
; B

cl-
2 –

 B-
ce

ll l
ym

ph
om

a 2
; B

UN
 –

 bl
oo

d u
re

a n
itr

og
en

; C
AT

 –
 ca

ta
las

e; 
Cd

 –
 ca

dm
ium

; C
D 

4 –
 cl

us
te

r o
f d

iff
er

en
tia

tio
n 4

-li
ke

; C
D 

8β
 –

 cl
us

te
r o

f d
iff

er
en

tia
tio

n 8
β; 

CG
 –

 co
nt

ro
l g

ro
up

; C
G1

 –
 co

nt
ro

l g
ro

up
 1;

 CG
2 –

 co
nt

ro
l g

ro
up

 2;
 Cu

/Z
n-

SO
D 

– 
co

pp
er

 zi
nc

 su
pe

ro
xid

e d
ism

ut
as

e; 
DN

A –
 de

ox
yr

ibo
nu

cle
ic 

ac
id;

 Fe
 –

 fe
rru

m
; G

1 –
 gr

ou
p 1

; G
2 –

 gr
ou

p 2
; G

3 –
 gr

ou
p 3

; 
GC

LC
 –

 gl
ut

am
ylc

ys
te

ine
 lig

as
e c

at
aly

tic
 su

bu
nit

; G
CL

M
 –

 gl
ut

am
at

e c
ys

te
inę

 lig
as

e m
od

ifi
er

 su
bu

nit
; G

FR
 –

 gl
om

er
ula

r fi
ltr

at
ion

 ra
te

; G
PD

H 
– 

glu
co

se
-6

-p
ho

sp
ha

te
 de

hy
dr

og
en

as
e; 

GP
x –

 gl
ut

at
hio

ne
 pe

ro
xid

as
e; 

GR
 –

 gl
ut

at
hio

ne
 re

du
cta

se
; G

rp
78

 –
 gl

uc
os

e-
re

gu
lat

ed
 pr

ot
ein

 78
; G

rp
94

 –
 gl

uc
os

e-
re

gu
lat

ed
 pr

ot
ein

 94
; G

SH
 –

 re
du

ce
d g

lut
at

hio
ne

; G
SH

-R
 –

 er
yt

hr
oc

yt
e g

lut
at

hio
ne

re
du

cta
se

; G
SS

G 
– 

ox
idi

ze
d g

lut
at

hio
ne

; 
GS

T –
 gl

ut
at

hio
ne

-S
-tr

an
sfe

ra
se

; H
b –

 ha
em

og
lob

in;
 H

O-
1 –

 he
m

e-
ox

yg
en

as
e-

1; 
Ht

c –
 ha

em
at

oc
rit

 va
lue

; L
DH

 –
 la

cta
te

 de
hy

dr
og

en
as

e; 
LP

O 
– 

lip
id 

pe
ro

xid
at

ion
; L

PP
 –

 lip
id 

pe
ro

xid
at

ion
 po

te
nt

ial
; 

LP
x –

 lip
id 

pe
ro

xid
as

e; 
M

CH
 –

 m
ea

n c
or

pu
sc

ula
r h

ae
m

og
lob

in;
 M

CH
C –

 m
ea

n c
or

pu
sc

ula
r h

em
og

lob
in 

co
nc

en
tra

tio
n;

 M
CV

 –
 m

ea
n c

or
pu

sc
ula

r v
olu

m
e; 

M
DA

 –
 m

alo
nd

ial
de

hy
de

; M
fn

 1 
– 

m
ito

fu
sin

 1;
 M

fn
 2 

– 
m

ito
fu

sin
 2;

 
M

n-
SO

D 
– 

m
an

ga
na

se
 su

pe
ro

xid
e d

ism
ut

as
e; 

m
RN

A –
 m

es
se

ng
er

 rib
on

uc
lei

c a
cid

; N
QO

-1
 –

 N
AD

PH
 qu

ini
ne

-o
xid

or
ed

uc
ta

se
-1

; N
rf2

 –
 nu

cle
ar

 fa
cto

r e
ry

th
ro

id 
2-

re
lat

ed
 fa

cto
r 2

; P
LT

 –
 pl

at
ele

ts;
 PO

D 
– 

pe
ro

xid
as

e; 
RB

C –
 re

d b
loo

d c
ell

s; 
SO

D 
– 

su
pe

ro
xid

e d
ism

ut
as

e; 
St

AR
 –

 st
er

oid
og

en
ic 

ac
ut

e r
eg

ula
to

ry
 pr

ot
ein

; T
3 –

 tr
iio

do
th

yro
nin

e; 
T4

 –
 th

yro
xin

e; 
T-A

OC
 –

 to
ta

l a
nt

iox
ida

nt
 ca

pa
cit

y; 
TB

AR
S –

 th
iob

ar
bit

ur
ic 

ac
id 

re
ac

tiv
e s

ub
sta

nc
es

; 
TE

C –
 to

ta
l e

ry
th

ro
cy

tic
 co

un
t; T

L –
 to

ta
l li

pid
s; 

TL
C –

 to
ta

l le
uk

oc
yt

e c
ou

nt
; T

NF
-α

 –
 tu

m
or

 ne
cro

sis
 fa

cto
r α

; T
P –

 to
ta

l p
ro

te
in;

 W
BC

 –
 w

hit
e b

loo
d c

ell
s; 

Zn
 –

 zi
nc

.
↑–

 si
gn

ifi
ca

nt
 in

cre
as

e; 
↓–

 si
gn

ifi
ca

nt
 de

cre
as

e; 
↔

 –
 no

 si
gn

ifi
ca

nt
 ch

an
ge

s.

Ta
bl

e 1
. R

es
ult

s o
f s

tu
die

s i
n a

nim
al 

m
od

els
 w

ith
 ca

dm
ium

 (C
d)

 ex
po

su
re

 an
d v

ita
m

in 
E t

re
at

m
en

t a
nd

 re
lat

ion
sh

ip 
be

tw
ee

n C
d e

xp
os

ur
e a

nd
 vi

ta
m

in 
E i

n b
loo

d c
on

ce
nt

ra
tio

n i
n h

um
an

 st
ud

ies
, 

co
lle

cte
d o

n P
ub

M
ed

 in
 M

ay
 20

21
 –

 co
nt

.

Re
fer

en
ce

Re
se

ar
ch

 m
od

el
St

ud
y d

es
cri

pt
ion

M
ain

 re
su

lts



ANTIOXIDANT VITAMINS IN CD-INDUCED TOXICITY    R E V I E W  P A P E R

IJOMEH 2022;35(4) 375

ferent cell types in the seminiferous tubule was demon-
strated in a study conducted on rats exposed to Cd [26]. 
Additionally in the  study of Amanpour et  al.  [29] vita-
min E had a protective effect on the reproductive system 
of rats exposed to Cd by decreasing apoptosis in rat testes. 
The beneficial effect of vitamin E on the improvement of 
semen quality (an increase in sperm concentration and 
motility and a  decrease in the  number of dead and ab-
normal sperm) was shown in the study by El-Demerdash 
et al. [17].
The protective effect of vitamin E also included the blood 
system of animals exposed to Cd. In several studies, vita-
min E contributed to an improvement of hematological 
parameters, i.e., increase in red blood cell number, hemo-
globin and hematocrit concentrations in animals exposed 
to Cd [16,18]. In a study conducted on rats, an increase 
in vitamin E, vitamin  C and coenzyme Q10 concentra-
tions in plasma and additionally an increase in glutathi-
one concentration, an increase in SOD, CAT, GPx, GSH 
activity, and a decrease in lipid peroxidation in the eryth-
rocytes of rats were observed [18,30]. In a study by Choi 
et al. [21], vitamin E contributed to lower blood pressure 
and vitamin E reduced the rate of decrease in blood he-
moglobin concentration. However, it did not reduce Cd 
concentrations or cytotoxicity and immunotoxicity (no 
effect on the number of leukocytes and lysozyme content) 
in the blood of fish exposed to Cd [19]. But in a study on 
fish exposed to Cd, no effect of vitamin E on hemoglo-
bin concentration and number of red blood cell was ob-
served [14,19].
One of the studies concerned the protective effect of vita-
min E on spleen of animals exposed to Cd. A decrease in 
histological changes in this organ was observed. However, 
there was no decrease in Cd concentration, cytotoxicity and 
immunotoxicity in the spleen of fish exposed to Cd [23].
Vitamin  E can also help to reduce negative changes in 
the  organ of vision and the  nervous system. A  benefi-
cial effect of vitamin E on the organ of vision of animals 

and broiler chicks exposed to Cd [11,15]. A reduction in 
creatinine in blood was also demonstrated in a study on 
fish exposed to Cd. However, there was no change in urea 
concentration in blood [14] and no decrease in cytotoxic-
ity in the kidney of fish exposed to Cd [19].
Vitamin E could potentially be an agent to help reduce Cd 
accumulation in the kidney, as observed in a study on rats 
exposed to Cd [6]. However, in a study on fish exposed 
to Cd, the effect of vitamin E on renal Cd concentration 
was not confirmed [19,23].
The protective role of vitamin  E in Cd-induced toxicity 
also affected the  reproductive system. In  a  study con-
ducted by Sen Gupta et al. [24] on rats exposed to Cd, an 
increase in steroidogenic acute regulatory protein (StAR) 
mRNA levels and activity of steroidogenic enzymes 
(17β-hydroxysteroid dehydrogenase, 3β-hydroxysteroid 
dehydrogenase) in the  testis and an increase in serum 
testosterone levels were demonstrated. A reduction in the 
severity of oxidative stress in the testis was observed in 
several studies [25,26]. The beneficial effect of vitamin E 
on the reproductive system of rats exposed to Cd involv-
ing also changes in the  activity of enzymatic (increase 
in the  activity of testicular SOD, CAT, GPx, glutathione 
reductase (GSH)) and non-enzymatic (glutathione, vita-
min  C, vitamin  E in testes) antioxidant defense system 
was demonstrated in the study by Ognjanović et al. [27].
An increase in the concentration of ascorbic acid in testes 
and a decrease in the percentage of sperm abnormality 
were observed  [25]. The  effect of vitamin  E on the  re-
productive function of rats exposed to Cd by increasing 
plasma testosterone concentration, daily sperm pro-
duction and efficiency, decreasing Cd concentration in 
plasma and testis, increasing final body weight of animals 
and zinc concentration in plasma was shown in the study 
of Jahan et al. [28]. A decrease in histological changes in 
seminiferous tubules, as well as an effect on morphomet-
ric results (improvement in the tubular diameter and epi-
thelial height of seminiferous tubules) and number of dif-
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Studies on animal models showed beneficial effect of vi-
tamin E in decreasing Cd-induced toxicity in gastrointes-
tinal, urinary, reproductive, circulatory, immune and re-
spiratory systems, in decreasing genotoxicity, cytotoxicity 
and decreasing Cd concentration in serum and tissues of 
animals exposed to Cd. These beneficial effects were ob-
served during different ways of administration (orally, 
intragastric, intraperitoneally, intramuscularly), differ-
ent time (for 3, 4, 15, 30 days, 2, 3, 4, 6, 12 or 20 weeks) 
and different doses of vitamin  E (1.5, 5, 10, 20, 50, 75, 
100, 150, 250, 300 mg/kg b.w./day; 0.4 IU/100 g b.w./day; 
20, 100 IU/kg b.w./day; 300 ppm in feed; 40, 150, 300, 
400 mg/kg diet) as well as Cd (time: for 30 days, for 3, 4, 6, 
12 weeks, doses: 2 mg; 0.05, 0.2, 0.4, 1, 2, 5, 15 mg/kg b.w., 
5, 20 µmol/kg b.w., 2.18 mM/kg b.w. 0.2 mg/100 g b.w.; 
100 ppm in fed; 50 ppm in drinking water, 1 g/l water; 
4.64 mg/l water; 50, 120 mg/kg diet).
Several studies show a neutral effect of vitamin E in ani-
mals exposed to cadmium. In 3 studies on fish, the ineffec-
tiveness of the use of vitamin E at a dose of 20 IU/kg b.w. 
for 4 days post Cd injection (20 µmol/kg b.w. single dose 
injected intraperitoneally) on the reduction of Cd concen-
tration in tissues and organs was confirmed, which could 
be caused by the time of vitamin E administration. Others 
studies carried out on fish did not indicate changes in as-
partate aminotransferase (AST) activity in the blood, he-
moglobin concentration and red blood cell count which 
may have been due to the long exposure to Cd (12 weeks). 
Moreover, vitamin E did not contribute to decrease in cy-
totoxicity and immunotoxicity of fish exposed to Cd and 
gene expression of tumor necrosis α and c-fos in rats ex-
posed to Cd. Application the various modes of adminis-
tration, exposure time and dose of vitamin E (injection, 
intragastrically, with diet, intramuscular; for 4 days or 
12 weeks; 20 µmol/kg b.w., 50 mg/100 g b.w., 50 mg/kg 
diet) and Cd (injection, intraperitoneally, cigarette smoke 
exposed; single dose, for 12 weeks; 20 µmol/kg b.w., 
50 mg/kg diet) may have influenced the obtained results. 

exposed to cigarette smoke was observed including pre-
vention of pathological changes and limitation of iron 
accumulation in the  rat lenses. However, no changes in 
the concentration of Cd in the lens of the eye of animals 
exposed to cigarette smoke were observed [31]. In a study 
by Shukla et al. [32] on rats exposed to Cd, vitamin E re-
duced the adverse effects of Cd by affecting the increase 
in glutathione concentration and enzyme activity in dif-
ferent brain areas (cerebellum, cerebral hemispheres and 
brain stem). In another study on rats exposed to Cd, vi-
tamin E contributed to a decrease in lipofuscin concen-
tration in different brain regions (cerebellum, cerebral 
hemisphere and brain stem). An increase in SOD activity 
in the same brain regions was also observed [33].
Protective effect of vitamin E on thyroid of chickens ex-
posed to Cd by restored thyroid function (increase of tri-
iodothyronine concentration, restoration of 5’-monode-
iodinase activity) was demonstrated [34].
In a study conducted on Japanese quails exposed to Cd, 
vitamin E decreased mortality rate and Cd accumulation 
in the muscle and liver [35].
Two studies on the role of vitamin E in Cd-induced toxic-
ity have been conducted with humans environmentally 
exposed to Cd. A study with cataractous patients showed 
higher Cd concentration in blood and lenses and lower 
vitamin E concentration in serum in light, moderate and 
heavy smokers in comparison with non-smokers. More-
over, a  negative correlation between blood Cd concen-
tration and vitamin E concentration was observed in all 
groups of smokers (light, moderate and heavy). This rela-
tion was not significant in the group of non-smokers [36]. 
In  turn, a  study with participation of general US adult 
population demonstrated inverse association between 
γ-tocopherol and leukocyte telomere length (LTL) and 
positive association with α-tocopherol and LTL (mar-
ginally significant). However, serum vitamin  E concen-
tration (γ-tocopherol and α-tocopherol) did not modify 
blood Cd and LTL associations [37].
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vitamin C on the liver of animals exposed to Cd by inhib-
iting histological changes was demonstrated in studies on 
rats exposed to Cd [11,40]. Vitamin C also contributed to 
an increased mRNA expression of the hepatic antioxidant 
genes (metallothionein, glutathione S-transferase, GPx) 
and inhibition of toxicopathic lesions in fish exposed 
to Cd [41]. In contrast, a study by Tarasub et al. [42] did 
not show a protective effect of vitamin C on the liver of 
rats exposed to Cd. No reduction in lipid peroxidation 
level and oxidative stress was observed in experimental 
animals. Vitamin C did also have no significant effect in 
prevention against liver damages.
The protective effects of vitamin C also included urinary 
system of animals exposed to Cd. In a study conducted by 
Ali et al. [43], supplementation of vitamin C to animals 
exposed to Cd contributed to improvement of renal func-
tion parameters (reduction of creatinine, cystathion  C, 
uric acid levels, reduction of alkaline phosphatase activ-
ity). In a study on fish exposed to Cd, the effect of vita-
min C on lowering creatinine in blood was observed [14]. 
The improvement of kidney function parameters (reduc-
tion of creatinine and urea level in serum) and reduc-
tion of histopathological changes in this organ were also 
demonstrated in the study performed on guinea pigs [44] 
and rats exposed to Cd [11]. A reduction in histological 
changes in kidney was observed in a study by El-Rafaiy 
et al. [40]. On the other hand, in a study on fish exposed 
to Cd, there was a reduction in lipid peroxidation and oxi-
dative stress severity in the kidney as a result of vitamin C 
activity [39].
Another system that was affected by the beneficial effects 
of vitamin C in animals exposed to Cd was the reproduc-
tive system. In a study on mice and rats exposed to Cd, 
there was a reduction in oxidative stress [24,25], as well 
as an increase in ascorbic acid content in testes  [25]. 
Vitamin C also caused an increase in sperm count pro-
file and a decrease in the percentage of sperm abnormal-
ity  [25]. In  a  study by Sen Gupta et  al.  [24], vitamin  C 

The  type of animal model was also important. Most of 
the  studies that did not show a  beneficial effect of vita-
min E in exposed to Cd animals have looked at fish. This 
may be due to mechanisms of heavy metal excretion, de-
position and detoxification which in fish are not capable 
of handling heavy metals in short time frames. Heavy 
metals tend to accumulate specifically in metabolically 
active tissues and organs. Moreover metal accumulation 
rates in animals vary with species and among individuals 
in a population. They also depend upon the age, size, feed-
ing status and sex of the organism.
In turn, the  study with participation of cataractous pa-
tients demonstrated negative correlation between blood 
Cd concentration and vitamin E concentration in all ex-
amined groups of smokers. However, serum vitamin  E 
concentration did not modify blood Cd and LTL associa-
tions in the general US adult population.

Vitamin C
Vitamin C is another component with potential protec-
tive effects on Cd exposure. Table 2 shows the results of 
animal models studies and human studies that analyzed 
the effect of vitamin C in reducing Cd-induced toxicity.
The protective effect of vitamin C on the gastrointestinal 
tract of animals exposed to Cd including improvement of 
liver function parameters (reduction of AST, ALT, gamma 
glutamyl transferase, lactate dehydrogenase activity and 
bilirubin concentration) was demonstrated in the study 
by Mumtaz et al. [38]. Reduction of ALT activity in blood 
also occurred in a  study on fish exposed to  Cd. In  this 
study, however, no beneficial changes in other param-
eters describing liver function (AST, total protein, albu-
min) were noted in these animals [14]. In another study 
on fish exposed to Cd, a  decrease in lipid peroxidation 
(decrease in thiobarbituric acid reactive substances) 
and oxidative stress intensity (increase in CAT activity, 
decrease in SOD activity) in the  liver was observed as 
a result of vitamin C activity [39]. The beneficial effect of 
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increased testis StAR mRNA levels and activity of ste-
roidogenic enzymes (17β-hydroxysteroid dehydrogenase, 
3β-hydroxysteroid dehydrogenase). Increased serum tes-
tosterone levels were also observed. A protective effect of 
vitamin C including reduction of histological changes in 
the testis was observed in rats exposed to Cd [11,40].
Beneficial changes in biochemical and hematological pa-
rameters were also observed with Cd exposure and vita-
min C supplementation. A study by Ali et al. [45] showed 
beneficial effects of this vitamin including improvement 
in blood biochemical parameters (e.g., reduction in cho-
lesterol, troponin T and creatinine kinase levels and an 
increase in high-density lipoprotein levels). The positive 
effect of vitamin C on blood biochemical parameters was 
also demonstrated in a study on rabbits exposed to Cd. 
Vitamin C contributed to a decrease in triglycerides and 
an increase in serum hemoglobin, hematocrit, mean cor-
puscular hemoglobin concentration [46]. The effect of vi-
tamin C on hematological blood parameters (hemoglobin 
concentration, total erythrocytes and leukocytes) was not 
demonstrated in a study on fish exposed to Cd [14].
The protective effects of vitamin  C also included other 
tissues and systems of animals exposed to Cd. In a study 
conducted by Kubova et al. [47] on guinea pigs exposed 
to Cd, an increase in phagocytic activity of polymor-
phonuclear leucocytes was observed when vitamin  C 
was applied at a  dose of 100 mg/animal. However, this 
effect was not observed with a  lower dose of vitamin C 
(2 mg/animal).
In another study on rats exposed to Cd a  reduction in 
genotoxicity was demonstrated. Vitamin C caused an in-
creased DNA content and decreased chromosomal aber-
rations [40].
One study showed a  beneficial effect of vitamin  C on 
the respiratory system of rats exposed to Cd. A reduction 
in histopathological changes in the  lungs was observed, 
including no inflammatory cells and improvement of 
the bronchiole [40].51
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heavy smokers compared with non-smokers. Moreover, 
a negative correlation between blood Cd and vitamin C 
concentration at light and heavy smokers and a positive 
correlation between blood Cd and vitamin C concentra-
tion at moderate smokers was observed [36]. Higher Cd 
concentration in the  lenses in smokers in comparison 
with non-smokers was also shown in a  study conduct-
ed by Ramakrishnan et  al.  [51] involving cataractous 
patients in 3 age groups (40–50, 51–55, 56–58  years). 
An increase in Cd concentration in the blood of smok-
ers in comparison with non-smokers was also observed 
in 2  age groups (51–55 and 56–58 years). An increase 
in the  concentration of Cd in the  blood was not dem-
onstrated in the  group belonging to the  age range of 
40–50  years. There was also no change in vitamin  C 
concentration in the blood in any of the studied groups 
of patients with cataract. However, in patients without 
cataract, an increase in Cd concentration in the  blood 
was observed in smokers in comparison with non-
smokers, whereas no change in vitamin C concentration 
in the  blood was found. On the  other hand, in a  study 
conducted by Calabrese et al. [52] involving a population 
nonoccupationally exposed to Cd, it was shown that vita-
min C supplementation administered in different doses 
(500 mg/day and 1000 mg/day) had no effect on Cd con-
tent in human hair and blood. In a study conducted with 
pregnant women, a  negative association was observed 
between high vitamin  C intake and blood Cd levels in 
the third trimester of pregnancy [53].
Studies on the  role of vitamin  C in reducing Cd-in-
duced toxicity showed positive effects of this vitamin 
on the  gastrointestinal, genitourinary, circulatory, 
and immune systems, as well as reducing genotox-
icity and Cd accumulation in tissues and organs of 
animals exposed to Cd. The  beneficial effect was ob-
served regardless of the  method of administration 
(orally, intragastrically, intraperitoneally, subcutane-
ously), time of administration (for 3, 7, 10, 16, 21, 27, 

In a study by Khan et al.  [46], vitamin C had beneficial 
effects on parameters related to pituitary-thyroid axis 
function (increased blood levels of triiodothyronine and 
thyroxine, and decreased thyroid-stimulating hormone 
levels) in rabbits exposed to Cd.
The protective effect of vitamin  C in animals exposed 
to Cd was also associated with reduction of Cd accumu-
lation in tissues and organs. In  the  study conducted by 
Grosicki [48], vitamin C contributed to a decrease in Cd 
concentration in liver, kidneys, testicles and muscles. 
Similar effects were shown in a study on fish – there was 
a reduction in Cd concentration in kidney, liver and gills, 
but no effect of vitamin C on Cd concentration in the mus-
cles of fish was noted [39]. In another study on fish, a re-
duction in Cd residues in fish bodies was observed [14]. 
In turn, a reduction in Cd levels in duodenum, jejunum-
ileum, and kidney was demonstrated in a study on Japa-
nese quails exposed to Cd [49]. A reduction in kidney Cd 
concentration was also confirmed in a  study on rabbits 
exposed to Cd  [43], while another study on rabbits ex-
posed to Cd showed an increase in kidney Cd concentra-
tion and a reduction in Cd concentration in heart, liver 
and lungs [46].
In a study conducted by Kadrabova et al. [50], the effect 
of vitamin C on zinc and copper concentrations in the tis-
sues and serum of guinea-pigs exposed to Cd was evalu-
ated. It was shown that vitamin C administered in high 
dose (100 mg/animal/day) can contribute to a  decrease 
in copper concentration in the testes, brain and serum of 
animals exposed to Cd. The effect of vitamin C on copper 
concentration in kidneys and heart as well as on zinc 
concentration in these organs and serum of guinea-pigs 
exposed to Cd was not observed.
Several studies on the protective role of vitamin C have 
been conducted with humans environmentally exposed 
to Cd. A  study involving cataractous patients showed 
higher Cd concentrations in blood and lenses and lower 
vitamin C concentrations in serum in light, moderate and 
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Vitamin C and vitamin E
Two studies investigated the  protective effect of vita-
mins E and C administered simultaneously on the repro-
ductive system (Table 3).
These vitamins contributed to reduction of adverse ef-
fects of Cd on body weight of animals exposed to Cd, 
improvement of semen parameters (among others sperm 
count, sperm viability and sperm motility), decrease of 
histopathological and apoptotic changes in testicular 
tissue and an increase in testosterone serum concen-
tration  [54]. In  a  study by Sen Gupta et al  [24], vita-
mins C and E had a beneficial effect on the reproductive 
system of rats exposed to Cd by increasing testis StAR 
mRNA levels and the  activity of steroidogenic enzymes 
(17β-hydroxysteroid dehydrogenase, 3β-hydroxysteroid 
dehydrogenase) in the testis. Increased serum testoster-
one levels and increased activity of testicular antioxidant 
enzymes – SOD, GPx in the testis were also observed.
In the  case of simultaneous supplementation of vita-
min  E and  C and exposure to Cd, the  beneficial effects 
were observed regardless of the administration protocol 
used. Vitamin C and vitamin E were administered orally, 
while Cd was orally or subcutaneously. Both the 21-day 
and the 3-day period and various doses of the vitamins 
in question (vitamin  E and vitamin  C combination 
200 mg/kg b.w.; vitamin  C in dose 500 mg/l drinking 
water and vitamin E in dose 150 mg/kg chow) reduced 
the adverse effects of Cd on animals.

Vitamin A
The effects of vitamin  A on reducing the  effects of Cd-
induced toxicity have been studied on animal models (in 
vivo) and human studies. For the animal model studies, 
different doses of vitamin A and varying exposure times 
to Cd were used. A summary of the results of the studies 
is presented in Table 4.
In a study by Sauer et al. [55], beneficial effects of vita-
min A on the liver of animals exposed to Cd were dem-

28, 45, 90 days, 12 weeks) and dose of both vitamin C 
(10, 100, 150 mg/kg b.w., 150 µg/g b.w., 100 mg/kg diet, 
10 ppm in tank water, 0.5, 2 g/l water, 500 mg/kg diet, 
2, 100 mg/animal, 1.25 g/animal) as well as Cd (for 7, 9, 
21, 27, 28, 45, 90 days, 12 weeks, single dose; 1.0, 1.2, 1.5, 
5.0 mg/kg b.w., 0.2 mg/100 g b.w., 3.4 µCi/kg, 50 mg/kg 
diet 100 µCi/kg diet, 10 ppm in water, 5 mg/l drinking 
water, 1, 2, 3 mg/animal). Beneficial effects have been 
observed in various animal models (rabbits, fish, rats, 
guinea pigs, mice, Japanese quails).
In contrast, in a  study on fish and rats exposed to Cd, 
there was no beneficial effect of vitamin  C on the  liver, 
or on hematological parameters of blood of fish exposed 
to  Cd. Vitamin  C also failed to reduce the  accumula-
tion of Cd in the muscle of rats. However, in 1 study, an 
increase in kidney Cd concentration was observed in 
rabbits exposed to Cd. Lack of protective effect of vita-
min C in animals could be caused by long exposure to Cd 
(21 days, 27 days, 28 days and 12 weeks) as well as too 
low dose of vitamin C, method of administration (simul-
taneously in 3 studies and prior to Cd in one study) and 
the experimental model used.
The protective role of vitamin  C has also been demon-
strated in human studies. A  negative association be-
tween high intake of vitamin C and blood Cd levels was 
observed in pregnant women. Negative correlation be-
tween blood Cd and vitamin  C concentration was also 
observed in a study conducted with cataractous patients 
in light and heavy smokers. However, in a study involving 
3 age groups of cataractous patients divided into smokers 
and non-smokers as well as in patients without cataract, 
significant differences in blood Cd concentrations were 
found between the  analyzed groups, while vitamin  C 
concentrations in blood in the analyzed groups did not 
differ significantly. On the other hand, in population en-
vironmentally exposed to Cd it was shown that vitamin C 
supplementation did not influence Cd concentration in 
human hair and blood.
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onstrated, associated with a decrease in ALT activity and 
inhibition of inflammatory response and hepatocellu-
lar necrosis. In  addition, beneficial effects of vitamin  A 
were observed in other tissues, including an increase in 
metallothionein levels in the  liver and pancreatic cells. 
In  a  study performed on rats exposed to Cd, decreases 
in AST, ALT, acid phosphatase, and alkaline phosphatase 
activities were observed in the serum, heart, and liver of 
animals. Moreover the positive effect of vitamin A on be-
havioral and biochemical changes of animals exposed to 
Cd was demonstrated. Vitamin A increased spontaneous 
motor activity and rota-rod endurance time [56]. In con-
trast, a  study by Asagba et  al.  [57] showed a  decrease 
in vitamin  A concentration in the  eyes of rats exposed 
to Cd. In  addition, beneficial effects of vitamin  A were 
demonstrated in the  lungs (decreased inflammation), 
kidney (decreased histopathological changes) and testis 
(decreased damage within germinal epithelium) and de-
creased Cd concentration in these organs [55].
In turn, a  study involving a  group of women did not 
show any association between serum retinol and uri-
nary Cd concentrations. However, it was observed that 
serum retinol tended to be positively associated with 
bone mineral density (BMD). Moreover, BMD was higher 
among women with high serum retinol and low urinary 
Cd compared to the  reference category with low serum 
retinol and high urinary Cd and therefore the  authors 
suggest that adequate vitamin  A status may counteract 
the adverse association between Cd and BMD [58]. Posi-
tive association was observed between serum vitamin A 
and LTL. However, vitamin A did not affect the associa-
tion between Cd exposure (measurement as Cd concen-
tration in the  blood) and LTL in the  general US adult 
population [37].
In summary, the in vivo studies in a animal model have 
shown positive effects of vitamin A on the reduction of 
toxicity caused by Cd mainly by lowering Cd concentra-
tion and changes of biochemical parameters in tissues Ta
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The beneficial effects of β-carotene were also associated 
with improved hematological blood parameters, while 
the effects of this compound on the nervous system were 
due to a decrease in oxidative stress [59] and an increase 
in acetylcholinesterase activity in the brain [17].
A study conducted with cataractous patients showed 
higher Cd concentration in blood and lenses and lower 
β-carotene concentration in serum in light, moderate and 
heavy smokers compared to non-smokers. A  negative 
correlation between blood Cd concentration and serum 
β-carotene level was also observed in all groups of smok-
ers, but this relationship was not significant in heavy 
smokers [36]. In the general US adult population, a posi-
tive association of β-carotene with LTL was observed. 
However, β-carotene concentration did not modify 
the relationship between LTL and blood Cd [37]. In con-
trast, Zhuang et al.  [60] observed a positive association 
between peripheral arterial disease and urinary Cd and 
an inverse association between serum β-carotene and pe-
ripheral arterial disease. Moreover, an inverse association 
between urinary Cd and serum β-carotene concentration 
was observed.
In studies on animals exposed to Cd, the beneficial effects 
of β-carotene included the liver, reproductive, circulatory 
and nervous systems. The  beneficial effect in the  study 
on the rat model was observed regardless of the experi-
mental protocol. Beta-carotene was given orally in dose 
10 mg/kg b.w. or 250 IU/kg b.w. for 30 days or every other 
day for 6 weeks whereas Cd was given orally or intragas-
trically in dose 5 or 2 mg/kg b.w. simultaneously with 
β-carotene. The studies were carried out only on the rat 
model, therefore it is not known the effectiveness of caro-
tene in relation to other animal models.
In human studies, a  negative correlation of urinary Cd 
concentration with serum β-carotene concentration was 
observed in patients with peripheral arterial disease. 
A  negative correlation between blood Cd concentration 
and serum β-carotene concentration was observed in 

and organs, beneficial effects on lungs, kidney and testis, 
and effects on behavioral and biochemical changes of ani-
mals exposed to Cd. The benef﻿icial effect was observed re-
gardless of the method of administration, time of admin-
istration and dose both vitamin A (orally; for 7, 21 days, 
1 month; 75 mg/kg b.w./day, 500 IU/kg b.w./day) as well 
as Cd (injection, orally; single dose, 1 mg/kg b.w./day; 
1.0, 2.5–4.0 mg/kg b.w., 100 ppm in drinking water). 
The protective effect was observed both when administer-
ing vitamin A pretreatment and simultaneously with Cd. 
However, it is not known whether supplementation with 
this vitamin would be equally effective in studies in other 
animal models.
In human studies, there was no association of serum reti-
nol with urinary Cd concentration. This could be due to, 
the use of serum retinol as a marker of vitamin A status 
it may not necessarily reflect subtle variations in status or 
the status at the time period relevant for affecting the in-
tegrity of bone. The bone turnover markers are, in con-
trast to BMD, indicators of short-term bone metabolism 
and may be influenced by within-day and day-to-day-
variation. Moreover serum vitamin A concentration did 
not modify blood Cd and LTL associations in the general 
US adult population.

Beta-carotene
Several studies on animal models and human studies have 
investigated the potentially protective role of β-carotene 
in Cd-induced toxicity. The  results of these studies are 
presented in Table 5.
In a rat study, β-carotene supplementation decreased the 
levels of free radicals and increased glutathione S-trans
ferase and alkaline phosphatase activities in the  liver. 
In contrast, there were no changes in AST and ALT ac-
tivities or protein concentrations in the liver. The effects 
of β-carotene on the reproductive system included a sig-
nificant increase in semen quality [17] and a decrease in 
oxidative stress in the  testis of rats exposed to Cd  [59]. 
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