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This study pertains to the role of carnosine against the toxic manifestations of
chronic cadmium exposure. The kidney is a recognized target organ for chronic
cadmium exposure, owing to the very long half-life of cadmium. Cadmium (as
Cadmium chloride®) in a dose of 3 mg/kg body weight was administered
subcutaneously for a total period of 14 weeks in male albino rats. This resulted
in a significant decrease in the rats’ terminal body weights, but the renal
function tests including serum levels of urea, creatinine and uric acid showed
a marked significant increase. This was further reflected on the morphological
appearance of the kidneys which was found to be markedly affected following
cadmium exposure. Carnosine (as Carnosine®) when supplemented orally in
a dose of 0.15 mg/kg body weight, concurrently with cadmium administration,
showed improvement in both body weight gain and renal biochemical function
as well as morphological architecture, but it was still below the initial control
values. In contrast to this, body weights as well as renal function and morphol-
ogy were more corrected and became near the control values on increasing the
dose of carnosine to 0.3 mg/kg. Furthermore, the level of cadmium in either
the blood or kidney tissue of animals which received cadmium simultaneously
with carnosine was also significantly lower than in those animals which re-
ceived cadmium alone. Moreover, the present study showed that the nephro-
toxic effects of cadmium could be correlated with a decreased body weight
and an increased kidney weight together with increased blood cadmium con-
centrations as well as renal function tests. Therefore, it is concluded that
protection from cadmium-induced nephrotoxicity is possible by continued co-
administration of carnosine.
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INTRODUCTION

Cadmium is a prevalent environmental pollutant in industrial countries
(Hinkle, Osborne, 1994), which is known only for its toxic effects
(Endo, Sha ikh, 1993). Persistence in the environment makes it a prob-
lem for hazardous waste cleanup (Wester et al, 1992). Furthermore, be-
cause body excretion of cadmium is so slow, half-lives of cadmium in the
body are correspondingly long (17 to 38 years). Therefore, cadmium accu-
mulation over time becomes critical (Agency for Toxic Substances and Dis-
case Registry, 1989).

Evidence of kidney damage after cadmium exposure was observed as early
as in 1948 by Friberg (Friberg, 1950), and was confirmed by other inves-
tigators in the following years (Kazantzis et al, 1963; Scott et al,
1976, 1978; Greenberg et al.,, 1986; Cardenas et al.,, 1991). Acute
exposure to inorganic cadmium produces hepatotoxicity (Shaikh et al.,
1995), but with chronic administration, the target organ of toxicity changes
from liver to kidney (Hochi et al, 1995; Nakashima etal., 1997).

The exact mechanism/s by which chronic exposure to cadmium produces
nephrotoxicity is not known (Dorian etal., 1992a, b). However, there are
presently two mechanisms explaining the pathogenesis of cadmium neph-
ropathy. One mechanism of cadmium nephrotoxicity is attributed to the pres-
ence of non-metallothionein-bound fractions of cadmium in the kidney as
cadmium increases in the kidney from reabsorption after glomerular filtration

(Nomiyama, Nomiyama, 1986). The second mechanism may involve
the extracellular cadmium metallothionein complex (Cd-MT ) itself which is
shown to be toxic (Liu et al., 1994). Two hypotheses are currently held to
explain the nephrotoxic effects of Cd-MT. One hypothesis attributes the
nephrotoxicity to the Cd-MT complex (Cherian etal, 1976). The complex
might damage the membranes of the proximal tubular cells as it is being
reabsorbed (Dorian et al., 1992a, b). Another hypothesis attributes the
nephrotoxicity of Cd-MT to the metal released intracellularly during lyso-
somal degradation of the reabsorbed complex (Nordberg etal, 1994). If
more cadmium is released in the kidney than can bind to renal metal-
lothionein, this excess cadmium may produce nephrotoxicity (Nomi-
yama, Nomiyama, 1986). In the cell, this excess cadmium may interact
with cell membranes, resulting in lipid peroxidation (Stacey €t al., 1980),
and/or may displace essential metals from metallothionein, depriving metal-
loenzymes of essential cofactors (Petering et al., 1984). Furthermore, the
toxic effects of cadmium may result from its ability to bind tightly to sulfhy-
dryl groups, its ability to replace calcium in calmodulin and other calcium-
binding proteins, and its ability to substitute for zinc in zinc-containing
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There are little studies — only one paper — dealing with the effects of
carnosine on copper toxicity, but — to the knowledge of the authors —, there
appears to be no data on the quantitative description of the protective effects
of carnosine against the toxicity of cadmium. Therefore, the purpose of the
present study was 10 investigate the toxicity of cadmium administered sub-
cutaneously to male albino rats at prolonged time-intervals to produce neph-
rotoxicity. Furthermore, the possible protective effect of carnosine on
cadmium-induced nephrotoxicity was also studied.

MATERIAL AND METHODS
Experimental animals

Random-bred, male albino rats weighing approximately 107-145 g were
obtained form Animal House Laboratory, National Research Centre, Giza,
Egypt. Animals were evaluated prior to initiation of the study to ensure
a healthy condition and acclimation to the study environment. Clinically ac-
ceptable animals were randomly assigned into 6 groups (10 animals/group),
so that there were no statistically significant differences among group body
weight means.

Environmental conditions

A total of 60 rats were housed in stainless steel wire mesh cages on
a bedding of wood chips (maximum of five animals per cage). They were
kept in an ambient temperature of 25 + 3 °C, on a light/dark cycle of 12/12
hours, and supplied rat chow (The Egyptian Company for Oils and Soaps,
El-Badrashin Industry, Giza, Egypt) in stainless steel food containers, fresh
water was supplied ad libitum.

Test articles and treatments

Cadmium chloride® was purchased from Sigma Chemicals Company,
U.S.A. Solutions of CdClz in 0.9% saline —as a vehicle — were prepared on
the day of administration. The chemical was administered subcutaneously at
3 mg/kg (Chan et al., 1993), using a constant dosage volume of 1 ml/kg
(Group IV). The negative control animals (Group I) received an equivalent
volume of 0.9% saline by subcutaneous injection. This route of exposure
provides a suitable supply of Cd-MT to the systemic circulation, thus allow-
ing renal accumulation of cadmium and the development of renal tubular
dysfunction in a controlled way (Nordberg et al., 1975). The animals
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were dosed once daily for five consecutive days per week for a total of 14
weeks.

Car‘nosiner was purchased form Sigma Chemicals Company, U.S.A. It was
also dlssolved_m 0.9% saline solution, and was given once dai,ly th.rm.Jgh the
oral route using a gastric tube. The positive control groups of animals
(Groups II and.III) received an equivalent volume of 0.15 and 0.3 mg/kg bod
weight respectively. This dosing regimen is equivalent to half the n(c)magal '»mﬁ
the normal concentrations of carnosine present in human beings resl)ecli\:cl
Mecker; 1995). Groups V and VI received the same doses of carnosinz

respe%‘tively, si.multancously with the same previousiy-mentioned dose of
cadmium chloride.

Necropsies

The total dgratiop of the study was 98 days. On the day 99, the whole rats
were euthanatized for clinical chemistry and histology studies.

Clinical pathology

Blood was obtained by cardiac puncture from all rats for subsequent clini-
cal chemistry determinations.

Clinical chemistries
1) Determination of cadmium in both blood and kidneys

ABIood samples were digested with an equal volume of conc i itri
ZCIdd (6hS%). Rena(l) cortex tissue (50-100 mg) was dried at 1580"6(?[;:)1:(1)2 llll(l)ttjlrz
arclidascz((jl at 450‘ C for 24 .hourg. Ashed samples were dissolved in 1 M nitric
renai COnmlurlr{l concentrations in blood (Lauwerys et al., 1979), and in
e ﬂameex (d oels‘et al., 1983) were measured by atomic absorption in
“.Ophommn:o. & (P.erkm—E!.mer Model 5000 Zeeman atomic absorption spec-
i le er equipped with a Modgl 500 graphite furnace “GFAAS* or an
. ely coupled plasma atomic emission spectrometer “ICP-AES*

rmo Jarrell-Ash Model 61-975 for low or high concentrations of cad-

mium, respectively). The concentrati
; ; trations were expressed as Lg/d
for blood and kidneys, respectively. ’ nedland el

2 s )
) Estimation of renal function tests

Clo i
aspirattited blood samples were centrifuged and the serum was removed by
on for subsequent determination of urea (mg/dl) (Sampson et al.
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1980), creatinine (mg/dl) (Heinegard, Tiderstrom, 1973), and uric

acid (mg/dl) (Trivedi et al., 1978).

Histology and kidney weights

Complete necropsies were performed on all rats. The kidneys were
weighed separately. Organ-to-body weight ratios were calculated. Samples of
the kidney were fixed in 10% neutral buffered formaldehyde for 48 hours and
then processed for standard light microscopy. Sections (5 Hm) of paraffin-
embedded tissue were mounted on glass slides, stained with haematoxylin
and eosin as well as Mallory Trichrome stains, and then examined with a light

microscope (Pearse, 1985).

Statistical analysis

The data were analyzed using IBM computer and SPSS-PC 4.1 Statistical
package. Both statistical analysis and tabulation were done according to
Knap and Miller (1992). We have used both the paired #-test and the
analysis of variance ANOVA to detect differences in the means between the
control groups and the other groups of animals. The Newman-Keuls was
applied in post-hoc analysis when needed. The correlation coefficient r be-
tween the different quantitative variables was calculated. The level of signifi-
cance was set at p < 0.05.

RESULTS
Body weight and kidney weights

There was a significant decrease in the body weights of cadmium-treated
rats when compared with the control groups (Tables I-11I and Fig. 13). Mean-
while, kidney weights showed a significant increase in cadmium-treated rats
more than those of the control groups, or those which were pretreated with
carnosine (Tables II and III). On the other hand, the addition of carnosine
significantly increased the body weights (Tables [-III and Fig. 13), but sig-
nificantly decreased the kidney weights (Tables II and IID) of cadmium-

treated rats.

Clinical chemistry

Both blood cadmium and kidney cadmium concentrations showed a sig-
nificant increase in cadmium-treated animals (Tables IV, V and Fig. 14). On
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[. Comparison between the initial and terminal body weights in all studied groups
o &

e Initial body Terminal body Mean S.D. .
weight (g) weight (g) difference | difference Pared ¢ P

Group | 129.60 | 7.95 | 292.30| 15.36 165.40 7.62 68.652 | < 0.001"
Group I | 127.70 | 9.52 [ 294.50 | 19.50 166.80 10.71 49.268 | < 0.001"
Group III | 127.90 | 14.12 | 295.80 | 22.83 167.90 9.21 57.668 | < 0.001"
Group IV | 126.60 8.46 |227.40 | 14.79 100.80 6.43 46.607 | < 0.001"
Group V| 127.00 | 11.62 |250.10 | 17.03 123.10 5.61 69.433 | < 0.001"
Group VI | 127.60 9.22 1291.20| 17.23 163.60 9.49 54.520 | < 0.001"

£ ik
= significant

II. Mean values £ S.D.

of body as well as kidney weights in all studied groups

- Initial weight (g) Terminal weight (g)
mean S.D. mean S.D.
Group | 126.90 7.95 292.30 15.36
Group II 127.70 9.52 294.50 19.50
Group 11 127.90 14.12 295.80 22.83
Group IV 126.60 8.46 227.40 14.79
Group V 127.00 11.62 250.10 17.03
Group VI 127.60 9:22 291.20 17.23
12 0.0251 26.3134
i » 0.9997 < 0.001"
Group right kidney weight (g) left kidney weight (g)
mean S.D. mean S.D.
Group [ 0.88 0.03 0.87 0.03
Group 11 0.88 0.04 0.87 0.03
Group I 0.88 0.04 0.87 0.02
Group IV 1.29 0.28 1.27 0.25
Group v 1.09 0.16 1.08 041;1
Group VI 0.89 0.05 0.88 0.02
F 16.0406 19.7363
L P <0.001" <0.001"
= significant
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I[I.) Mean values i‘S.D.‘ of terminal body as well as kidney weights in all studied groups IV. Mean values  S.D. of blood as well as renal ¢ :
(Newman-Keuls post-hoc test) ell as renal cadmium levels in all studied groups
Groups Group 1 Group 11 | Group m | Group 1V | Group VvV | Group VI Groups Blood cadmium (jg/ml) Renal cadmium (pg/g)
Terminal body weight (g) - ;nlez: S.D. mean SD.
Mean J 291.200 T ’76'8‘7 18.06 24.20 13.24
Group 1 ) 0.0001* 0.8919 T ;8’70 15.41 17.88 675
Group 1l | 0.7857 0.0001" 0.0002" 09117 T 305';0 10,07 9.24 467
Group 11 0.9012 0.8724 0.0001 0.0001 0.9402 oe 94.63 231.80 10113
Group IV | 0.0002” 0.0001" 0.0068" | 0.0001" eranp v 196.10 78.23 . s 4;3
Group V 0.0001" 0.0002" 0.0001" 0.0068" 0.0001" SmuP b 45 12.07 16.15 g:87
Group VI | 0.8919 09117 0.9402 00001 | 0.0001" A 33,827
Right kidney weight (g) 4 - <0.001" <0.001"
0.890 = significant
Group 1 0.9995 0.9870 0.0001" | 00070° | 0.9957
Group 11 0.9995 0.9870 0.0002° | 0.0026" | 0.8438 I‘T’l-ar’:’llia“ values * S.D. of blood as well as renal cadmium levels i :
Group Il | 0.9870 0.9870 00001" | 0.0047" | 09750 i -0is post-hox test) evels in all studied groups (New-
Group 1V 00001’; o.ooozi 0.0001’; * 0.0021" 0.00011 Groups Group I | Group I | Group Iil | Group IV | Group V |
Group V 0.0070 0.0026 0.0047 0.0021 * * 0.0017 P E—— oup Group VI
Group VI 0.9957 0.8438 0.9750 0.0001 0.0017 Mean 31.750 26.870 18.200 305.600 196
Left kidney weight (g) Group I 0.9756 0.9351 00601* 2 ();)10(1 #7690
0890 Group II 0.9756 0.7079 0.0001" 0’008; o007
Group 1 09705 0.9999 00001° | 00015 | 09932 Group IIl | 0.9351 0.7079 0.0001" 0' 2, oo
Group 1l | 09705 0.9993 0.0001" | 0.0020" | 09989 Group IV | 0.0001" | 0.0001" | 0.0001" ‘ 0001 09107
Group Il | 0.9999 0.9993 0.0002" 0.0008" | 09115 Lo v 0.0001" 0.0002° 0.0001" 0.0001" o 0'0002*
Group IV | 00001 0.0001" | 00002" 0.0010° | 0.0001" Group VI | 0.8607 09718 0.9107 0‘0007* 0.0001" 0.0001
Group V 0.0015 0.0020" | 0.0008" 040010‘; * 0.0005" = Renal cadmium (1g/g) '
Group VI | 0.9932 0.9989 09115 0.0001 0.0005 | ga 24.200 17.880 9.240 231.800 | 135.700
* = significant gizzg i[ 07776 0.7776 0.9072 0.0001" 0‘6601* (1)69;5)2
. Group 111 0-9072 09204 0.0002" | 0.0001" | 09384
the other h.and. the 'addltl()n of carnosine signiﬁcantly decreased bgth the Group 1V 0' . 0'9204* 0.0001" 0.0001" e
blood cadmium and kidney cadmlum_ Coln.centrapons (Tat?les IV, V and Flg.‘ 14). Gro '0001* 0.0002 0.0001" 0.0002" .
Furthermore, there was also a significant increase in the serum levels of ey 0.0001 0.0001" 0.0001" a.u 0.0601
urea, creatinine and uric acid of cadmium-treated animals (Tables VI and Group VI 0.9306 0.9384 0.7575 l * 3 0.0002"
VII). On the other hand, carnosine significantly reversed these levels nearly = sionificant : 0001 0.0002

to the initial values of the control groups (Tables VI and VID).
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VI Mean values + S.D. of kidney function tests in all studied groups

Gronip Serum urea (mg/dl) Serum creatinine (mg/dl) | Serum uric acid (mg/dl)
mean S.D. mcanj S.D. mean S.D.

Group | 33.29 4.16 0.49 0.12 1.47 0.67

Group II 34.12 3.35 0.50 0.12 1.50 0.82

Group III 34.17 4.71 0.50 0.11 1.49 0.47

Group IV 64.55 5.10 1.13 0.25 3.05 1.49

Group V 51.35 5.07 091 0.26 2.39 1.33

Group VI 35.46 5.14 0.51 0.13 1.55 0.86

F 78.059 24.427 4.342

P <0.001" <0.001° 0.022°

* 5 o pe
= significant

There was an inverse correlation between blood cadmium concentrations
and body weights of animals (Table VIII), while this correlation was found
to be positive “direct’* between blood cadmium concentrations and kidney
weights (Table VIII), kidney cadmium concentrations (Table VIII and Fig.
15), serum urea (Table VIII and Fig. 16), serum creatinine (Table VIII and

Fig. 17), and serum uric acid (Table VIII and Fig. 13).

Histology

Sections of the kidney of either the negative control animals, i.e.
Group 1 (Figs. 1-2) or the positive control animals, i.e. Groups II and III
(Figs. 3-4) showed its normal histological structure.

However, cadmium-treated rats, i.e. Group IV, showed congestion of both
the cortical and medullary blood vessels (Fig. 5). Furthermore, interstatial
haemorrhages in both the cortex and medulla were also seen (Figs. 5-0).
Moreover, marked tubular degeneration affecting mainly the proximal con-
voluted tubules was also demonstrated (Figs. 6-8). In addition, interstatial
fibrosis and atrophic glomeruli were also observed (Figs. 7-8).

On the other hand, on addition of carnosine in the smaller dose, i.c.
Group V, few degenerated tubules together with interstatial fibrosis were still
demonstrated (Fig. 9). Furthermore, few atrophic glomeruli were also ob-
served (Fig. 10). On increasing the dose of carnosine, i.e. Group VI, marked
improvement in the kidney morphology occurred. Some sections showed
congestion of cortical blood vessels (Fig. 11), while other sections revealed
nearly that normal histological appearance of the kidney (Fig. 12).
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vII. Mean values = S.D. of kidney function tests in : i 3
i, in all studied groups (Newman-Keuls post-

T
L [ Sroup ) Group I | Group III | Group IV | Group V | Group VI

Serum urea (mg/dl)

Mean 33.290 34.120 34.170 64.550 51.350 35.460
Group I 0.6904 0.9056 0.0001" 0.0001" 0.7226
Group 11 0.6904 0.9809 0.0001" | 0.0002° | 0.7951
Group Il | 0.9056 0.9809 0.0002" | 0.0001" | 05363
Group IV | 0.0001° | 0.0001" | 0.0002° 0.0001" | 0.0001"
Group V 0.0001" 0.0002" 0.0001" 0.0001" 0.0001"
Group VI | 0.7226 0.7951 0.5363 0.0001" | 0.0001"

Serum creatinine (mg/dl)
Mean 0.491 0.503 0.504 1.125 0.908 0.513
Group 1 0.8791 0.9851 0.0001" 0.0002" | 0.9923
Group 11 0.8791 0.9900 0.0001" 0.0002" 0.9912
Group Il | 09851 0.9900 0.0002° | 0.0001" | 09092
Group IV | 0.0001" 0.0001" | 0.0002" 0.0079" | 0.0001"
Group V 0.0002° | 0.0002" | 0.0001" | 0.0079° 0.0001"
Group VI | 0.9923 0.9912 0.9092 0.0001" 0.0001"

Serum uric acid (mg/dl)
Mean 1.470 1.500 1.490 3.050 2.390 1.550
Group I 0.9976 0.9648 0.0113" | 0.2594 0.9980
Group 11 0.9976 0.9824 0.0061° | 0.1276 0.9120
Group 111 | 0.9648 0.9824 0.0090° | 0.2008 0.9903
Group IV | 0.0113" 0.0061" 0.0090" 0.1483" 0.0045"
Group V 0.2594 0.1276 0.2008 0.1483 0.0675
Group VI | 0.9980 0.9120 0.9903 0.0045" | 0.0675

*

= significant

DISCUSSION

ereﬁnglgg?ézsn;aa polluti_on with the nephrotoxic metal cadmium is consid-
Cadmium_indla dealth risk ff)r. the general population (Friis et al.,, 1998).
. uce nephrot(?xmty }Jsually occurs only after long-term chronic

o low levels of cadmium salts in experimental animal models
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1-4. Photomicrographs of sections in the kidneys of the control groups, i.e. Groups I, Il and I1I
showing:

1. Normal histological structure of the kidney of a rat in the negative control group “Group-1*
(Hx. & E. x 100)

2. Normal histological structure of the kidney of a rat in the negative control group “Group-I
(Mallory Trichrome x 100)

3. Normal histological structure of the kidney of a rat in the positive control group “Group-II
(Hx. & E. x 100) i

4. Normal histological structure of the kidney of a rat in the positive control group “Group-III*
(Mallory Trichrome x 100)

except in hamsters where nephropathy can occur acutely (Rehm,
Waalkes, 1990). After repeated injections of cadmium chloride, the move -
ment of cadmium from liver to kidney is observed only after weeks
(Dudl ey et al.,, 1985). Since the kidney is the main target organ for cad -
Mium, the generation of the products of lipid peroxidation due to accumula -
thI} of this toxic metal in the kidney may have importance in the mechanism
gf its nephrotoxicity (Oner et al., 1996). Furthermore, Herak-Kram-
tignrfiger et al. (1998), have conclpded that cadmium may impair acidifica -
theirF c.e1.1 organelles by (a) '(:au.sx‘n‘.g a loss. of.va'cuolar ATPase protein in

Imiting membranes, (b) inhibiting the intrinsic vacuolar ATPase activ -
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5_8. Photomicrographs of sections in the kidneys of cadmium-treated rats, i.e_. Gfoup I\'/-SI;O}:»’lngi
% éongestion of both cortical and medullary blood vessels (c), together with interstitial hacm-
po i ichrome x 100)

age (h) in both cortex and medulla (Mallory Tric ' -
(f))mlz/?grbkc(:d) degeneration (d) affecting mainly the proximal convoluted tubules, together with

' iti i 100)

interstitial haemorrhages (h) (Mallory Trichrome x )
17n ?\/rlgarked interstitial fibrosis (f) with degenerated tubules (d) (Mallory Tuchrpme X 100?ll )
8‘ Markedly atrophic glomeruli (g) together with proximal tubular degeneration (d) (Mallory
Trichrome x 100)

ity, and (c) dissipating the trans—mem.brang pH gradiem.. This may 11r;h’1t:;
endocytosis of filtered proteins and impair Veswle-medxateq reC}kf)m gﬁw
some membrane transporters, thus contributing to the loss of reabsorp

i roximal tubules. o
Caplimttgeo[f)rtehs;i study, cadmium-treated animals showed more 151gré1.’!rlnc:?2;
weight loss or weight gain suppression than the control animals. kldi{;y
results were obtained by Karmaker et a@..(199.9). However, A 1%450le
weights of cadmium-treated rats showed a significant increase than t OL t ]
the control animals. Similar results were r.eportec} by. Card.enar sd o
(1992). Furthermore, significant elevations in relative liver welih{) an Kpa -
ticularly in kidney weight (93 % of Contfol) were documented DY o
maker et al. (1999) in mice that received 2.0 mg/kg body weight

e Wy
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9-12. Photomicrographs of sections in the kidneys of cadmium/carnosine-treated groups,
Group V (Figs. 9-10) and Group VI (Figs. 11-12) showing: )

9. Few degenerated tubules (d) with mild interstitial fibrosis (f) (Mallory Trichrome x 100)
10. Only two atrophic glomeruli (g) in the whole field (Hx. & E. x 100)

11. Congestion (c) of cortical blood vessels (Mallory Trichrome x 100)

12. Nearly normal histological architecture of the kidney (Hx. & E x 10)

cadmium chloride. On the other hand, the simultaneous addition of carnosine
to cadmium-treated rats resulted in a significant increase in their body
weights in a dose-dependent manner. Furthermore, the weight of the kidneys
Of. cadmium-treated rats was significantly reduced after the simultaneous ad -
mlnistration of carnosine in also a dose-dependent manner. Moreover, the
hlgher dose of carnosine brought both the total body weight and the kidney

Weight of cadmium-treated animals approximately to the initial control

values.

_The results of our study showed a significant increase in both blood cad -
Mum and renal cadmium concentrations in cadmium-treated animals. Fur -
Eh:rlr:}gfe, small concentr‘ations of cadrpium were found in either the bloqq or
- Ca]rnne'ys of. the; negative control animals. On the other' hand, the addition
L 0sine 31gn1.f1can§ly decreased both the blood cadm.lum and renal cad -

concentrations in an apparent dose-related fashion. Moreover, the
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(initial Weight ETerminal Weight |

Body Weight (g)

Group-1IT
Studied Groups

13. Mean initial as well as terminal body weights in all studied groups

Jinitial Weight S Terminal Weight |

I . P

Body Weight (g)

Group-11T  Group-1V Group-V  Group-V1
Studied Groups

Group-1  Group-Il

14. Mean blood as well as renal cadmium concentrations in all studied groups

higher dose of carnosine brought both the blood cadmium and the renal
cadmium concentrations of cadmium-treated rats approximately to the initial
values of the control groups. In accordance with our results, Janik and
Gawlik (1993), have discovered the presence of small quantities of cad-
mium in the kidneys and livers of normal rats. Furthermore, Goyer et al.
(1989), have concluded that renal toxicity has been observed when renal
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Renal Cadmium (ug/g)

-50 50 150 250 350
Blood Cadmium (ug/dl)

15. Correlation study between bl . :
o y n blood (g/ml) and renal cadmium (ug/g) concentrations in all

Serum Urea (mg/dl)

20 . i |
0 100 T 2 i "\ Blood
200 300 400 s, Renal

Cadmium Concentration

16. Conelation study betwee € €
tween blood (pg/ml) as well i i
( : ) ! 0o as renal cadmium (ug/g) concentrations

cadmj 4
miclilnr:lclzr;lllsr()igcentra‘tlons were 200 pg/g following repeated injections of cad-
o in.z, tqs cogpared to 10-20 pg/g wet weight after cadmium-metal-
] (1993)Jhc ion(Nordberg, Nordberg, 1987). Moreover, Chan
e Wi;h_av; stated that the renal cadmium concentrations reached about
e in2to3 Weeks after the transplantation of livers from cadmium
rats, and remained almost constant until 47 days.
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rences from those of the
Cl'C’dSe

In the present study, the kidne}t/1 .of lam_ncl;lsdzrf;e
i i i stologl from :
ither biochemical, nor il o

shovi?senfomrol animals. On the other hand, thf:re \\fgs a s;%ln e

%gil rum levels of urea, creatinine and uric act ambergOf i

in the Se? Similar results were obtained by a large num Oy, Fur-

e r(;lts. t al., 1995; Jiang et al.,, 1996; Nortier etal,

(Yasuda etal, 3
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thermore, an increased overall mortality among residents with cadmium-
induced renal damage in cadmium-polluted areas at Japan has been reported
(Friberg et al., 1986). However, the simultaneous addition of carnosine —
in the present study — resulted in a significant improvement of the renal
function tests — in an apparent dose-related fashion — in cadmium-treated rats.
Moreover, the higher dose of carnosine has brought the mean values of these
tests approximately to the initial control ones.

In the present study, cadmium induced both numerous and marked altera-
tions in the morphology of the kidney. Congestion of both the cortical and
medullary blood vessels was shown. Furthermore, interstatial haemorrhages
in both the cortex and medulla were also seen. Moreover, marked tubular
degeneration affecting mainly the proximal convoluted tubules were also
demonstrated. In addition, interstatial fibrosis and atrophic glomeruli were
also observed. In accordance with our results, Webb, Etienne (1977)
and Fowler, Nordberg (1978), have reported that cadmium-induced
renal injury affected predominantly the proximal tubules of the kidney.
Dorian et al. (1992a), have further added that the first segments of these
tubules were more specifically affected. Furthermore, Liu et al. (1992),
have stated that renal dysfunction (glycosuria, low-molecular weight pro-
teinuria) and morphological changes (swelling, vacuolization, necrosis) were
consistently observed after long-term exposure to cadmium. Moreover,
Chan et al. (1993), have documented that the main morphological changes
observed in the kidney — with chronic exposure to cadmium — were proximal
tubular atrophy and degeneration, and in severe cases, interstetial fibrosis
(nephrosclerosis). In addition, further evidence that prolonged administration
of cadmium induced a glomerular injury in rats was provided by studies that
have shown a glomerular swelling in these animals (Aughey etal., 1984).
On the other hand, the simultaneous addition of carnosine — in the present
St.udy — resulted in marked improvement of the morphological changes of the
kidneys of cadmium-treated animals in an apparent dose-related fashion. Fur-
thermore, the higher dose of carnosine reversed the morphological changes
of the kidneys of cadmium-treated rats approximately to the morphological
architecture of the initial control animals.

In accordance with the results of our study, Goyer et al. (1984), have
COnCl}lded that in experimental studies with repeated injections of cadmium
Zlolilocrlde, c.hron.ic interstatial nephropathy occurred only when the cadmium
4 inif;tratlons in rer}al cortex reac_hed 'ab.out 200 pg/g, which coincided with

OWevease Of cadrnmm—metallothmnem in the plasma (Chan et al.,.1993.).
. er,fM 1tsu mori et al. (1998), dl.d not obs.erve any renal lesions in
Y prepseo rats receiving 40 ppm of C‘adm¥um chlorlde for 8 months, despite
nice of 91-183 pg/g of cadmium in their kidneys. These results thus
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toxicity would not be induced by treatment with mini-

suggested that renal
onger than 8 months, al-

mum amounts of cadmium chloride for periods |
though accumulation of cadmium might gradually progress.

CONCLUSIONS AND RECOMMENDATIONS

nverse correlation between the

In conclusion, we found an evidence of an i
duced nephrotoxicity.

consumption of carnosine and the risk of cadmium-in
Treatment with carnosine produced a significantly greater reduction in both
blood cadmium and renal cadmium concentrations in albino rats. Further-
more, both the biochemical renal functions and the morphological architec-
ture of the kidney were approximately returned back to the normal control
figures on increasing the dose of carnosine. These results suggest that the
possibility that carnosine may be useful for the prevention of health hazards
resulting from cadmium-exposure in humans.

Carnosine preparations in composition of products of nutrition can be
offective for different system of prophylactice nutrition and dietotherapy
Supplemental histidine (to enhance carnosine levels) or carnitine can be
added to the diet of workers who are occupationally exposed to cadmium for
the aim of reducing the hazards of cadmium exposurc and subsequently

improving their survival time.

Future research work

Further studies on different time-intervals using different concentrations
of cadmium with/without carnosine, and different routes of administration
might be needed. Furthermore, more than one dose of carnosine could also
be used in such studies to achieve the best results.

If research data from clinical trial/s were to show promise for carnosine
and favourable detoxification metabolism, additional studies would be needed
to further characterize the role of carnosine in the area of diet and prophylaxis

against heavy metal intoxication.
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Ochrana karnosinem pred nefrotoxici

Lo itou i i

cii-albinii: biochemicka a histologicka stusg]emlanou kadmiem u potianich sam-
Scientia Agric. Bohem., 32, 2001: 53-77

Prace se zabyva roli i ‘i' A
. Ledvin)}ll ;OLOI;)OE,?;:)OVS:HU p{u L’oxw’kych’[)rojevech chronického vystaveni
W oo velin disuliéme anz’ Z,a cilovy organ chronického vystaveni kadmiu
odavano potkani Xtcaralhing o po dobu 14 tydni subkutinn&
?élesné hmtz)mo’a;rtlillgostix:negk'mx:’-all?1num. Mélo to za nasledek znaén§ pokles k&i?gg
B rectininy 2 kyselin , za 1:n<.c3 testy’na funkci ledvin, véetné hladin séra moco-
morfologickém vzhledu lcydgi]gc?(\t/ecrg)rk?kla@y :znaévny nz.irﬁst_ Projevilo se to také na
nosin (jako Carnosine®) podév;xny o)r/élgé :)’dlg\;l:;“oe g’i;"riﬂ ?leOZiCi kadmiv. Kar-
¢asné s kadmi PSS, oo e , g/kg télesné hmotnosti sou-
funkci spolu serrr?o\rll}f(i(lil)zzzlcjkaok grlruslek télesné hmotnosti, tak i rendlni bioch(e);t]licfsu
i ho%m)t u s.trukturou,’ ale tato struktura byla stdle jesté pod poca-
1 orfologi se 2lc §.z;ml.V"Nav rozdf ogltolxo t€lesnd hmotnost i funkce lcdviLn
L Larmosinn 1a AOV3 mp/;(y’;{llmz' se prlbhply kontrolnim hodnotam pfi zvySovani
st kadmiu;n : (g)1 % k vadma kgdmlﬂ]ak v krvi, tak ve tkani ledvin u zvifat
bylo podavino pouze kpadlifir:e s krlzﬂlmosmc;:m, byla zna¢né niz$i nez u zvifat, klerym!
kadmia by mohl souviset se ﬂnflilg- ato price také prokdzala, Ze nefrotoxicky vliv
spoletn se zvyenymi koncémr,ql?ou .tilcsno'u hmotpo.sti a zvySenou hmotnosti ledvin
Proto jsme dospéli k zavéru, 7 (L?ml adxvma v krvi, jakoZ i s testy na rendlni funkci
i [ a’ve,ru, Ze ochrana pred nefrotoxicitou zptisob . C.l'
2 husasnym poddvanim karnosin. zplisobenou kadmiem je

kadmij 5
i . .
m; nefrotoxicita; karnosin; samed&ci-albini

(Prekl et
ad abstraktu do Cestiny byl potizen v redakci ¢asopisu.)
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