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DIFFERENCES IN THE CONTENT OF METALLOTHINEIN IN RODENT BRAIN
UNDER POSTNATAL DEVELOPMENT AND CADMIUM INTOXICATION

Introduction. Metal-binding metallothionein genes are found in a vast population of organisms. These proteins
are non enzymatic and very rich in cysteine residues. The various metallothionein isoforms in different brain regions
arguably change over time.

The aim of the study — evaluating the distribution of metallothionein in different brain regions of gerbils and
Wistar rats at different stages of postnatal development (PND), under standard and low dose Cd-induced conditions.

Materials and Methods. 18 Mongolian gerbils and 36 Wistar rats were divided into 6 groups (n=6), by age and
condition of experiment: groups 1, 2, 3, 4 — 1, 30, 90 and 180-days old were exposed to standard conditions; group
5 and 6 — 180-days old+0.1 or 1.0 ugug Cd?* per animal everyday for 36 days. The metallothionein content in the
hippocampus, cerebellum, and thalamus were detected by the ELISA.

Results and Discussion. Obtained data was shown the dynamic of metallothionein distribution in different
brain regions of gerbils and Wistar rats depending on the stage of postnatal development and functional capacities.
The content of metallothionein in the hippocampus continually decreased in both animal types but the cerebella
metallothionein distribution pattern was different from that of the hippocampus, but identical in both rodents, rising
from day one before decreasing on day 30. The low levels of metallothionein under the influence of Cd were
proportional to the doses administered.

Conclusions. The level of metallothionein in the brain varies depending on the stage of development of the
functional capacities of the brain parts. The significant down-regulation of metallothionein in the investigated brain
regions under Cd influence suggests that a decrease in metallothionein levels depends on the dose of Cd and on

the time necessary for its accumulation.
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INTRODUCTION. Metallothionein (MT) is a
metal-binding, non-enzymatic protein found in many
organisms, including vertebrates, invertebrates,
higher plants, protozoa, yeasts, and some proka-
ryotes [1]. Since the first isolation of MTby Margo-
shes and Vallee in (1957) [2], many experimental
reports have subsequently illustrated the probable
locations and functional properties of its isoforms
in various parts of different organisms, such as in
the midgut gland of terrestrial snail Helix pomatia
[3], in Freshwater Mussel Anodontawoodiana [4],
and in many more [1].

In eukaryotes, MT genes are present in
multiple copies, while not every prokaryote is
capable of manifesting MT genes. Mammalian MT
consists of four isoforms; MT-I, MT-1l, MT-IIl, and
MT-IV. Humans have at least 16 MT genes clus-
tered on chromosome 16. 7 functional MT-I genes
(MT-IA, -B, -E, -F, -G, -H, and -X) and a single gene
encoding each of the other MT isoforms, namely
MT-II (the MT-1IA gene), MT-lll, and MT-IV cons-
© H. N. Shiyntum, G. O. Ushakova, 2017.

titute the MT genes that are tightly clustered in the
g13 region of chromosome 16 [5]. Most recent
findings have suggested that the first two members
of the mammalian MT isoforms are equally of
significant importance in the brain [6]. The exten-
sively studied MT gene structure in mice is much
simpler. Only one functional gene exists for each
isoform MT-I to MT-IV, and they are all located on
chromosome 8.

MT is remarkably rich in cysteine residues.
These residues manage the exchange and main-
tenance of zinc (Zn) and copper (Cu) under phy-
siological conditions, a function known as metal
homeostasis. Besides metal homeostasis, other
functions of MT in the central nervous system (CNS)
include transport of physiologically essential metals
(Cu, Zn), metal detoxification (Cd, mercury (Hg)),
the protection against oxidative stress, the main-
tenance of intracellular redox balances, the regula-
tion of cell proliferation and apoptosis, the protection
against neuronal injury and degeneration, and the
regulation of neuronal outgrowth [5].
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Cadmium (Cd) is one of toxic transition metal
of continuing occupational and environmental
concern, and its exposure leads to a variety of
adverse effects. The extremely long biological half-
life of Cd essentially makes it a cumulative toxin,
so long past exposures could still result in direct
toxic effects of the residual metal. Unfortunately,
there are no proven effective treatments for chronic
Cd intoxication. The metabolism of toxic metals
oftenis dictated by the essential elements they may
mimic. Cd appears to mimic Zn and to a lesser
extent calcium (Ca). The toxic effects of Cd often
stem from interference with various Zn mediated
metabolic processes, while Zn treatments frequently
reduce or abolish the adverse effects of Cd. The
various regulatory agencies have concluded that
there is adequate evidence that Cd is a human
carcinogen. This designation was largely prompted
by repeated findings of a link between occupational
Cd exposure and lung cancer, as well as very strong
data in rodents showing the pulmonary system as
a target site after Cd inhalation [7].

The objectives of our study were 1) the eva-
luation of quantitative distribution of MT in the differ
brain regions (hippocampus and cerebellum) of
gerbils and Wistar rats; 2) and, the effect of low
doses (0.1 and 1.0 pg) of Cd on the levels of MT in
the said brain regions of rodent.

MATERIALS AND METHODS. 18 gerbils
(Mongolian gerbils) and 36Wistar rats were divided
into 3 and 6 groups (n=6), by age and condition of
experiment: group 1 —newborns (1-day old);groups
2, 3,4 —30, 90 and 180-days old were exposed to
standard conditions; group 5—180-days old+0.1 ug
Cd? per animal everyday for 36 days and group
6 — 180-days old+1.0 pg Cd?* per animal everyday
for 36 days were used for the comparative expe-
riment. The rats were placed under standard
conditions with natural changing of lights and with
compliance to general emergency diet. All the
animals had free access to food and water. The
experiment was carried out in conformation with the
regulations on the use of animals in biochemical
research [8]. The administration of Cd was carried
out intragastrically through a sterile stainless steel
probe integrated with adjustable dispenser. The two
doses were prepared from high-purified CdClx2.5H,0
(Sigma, USA) with pure deionized water “Malyatko”
(Econiya, Ukraine) and administered daily.

At the end of the experiment, the rats were
decapitated under mild anesthesia (thiopental,
60 pg/kg). The hippocampus and cerebellum were
isolated, and used to produce soluble protein
fractions. The fractions were obtained by differential
centrifugation [9]. The output buffer contained
25 mM Tris (pH 7.4), 1.0 mM ethylenediaminetet-

raacetate (EDTA), 2.0 mM dithiothreitol, 0.2 mM
phenylmethylsulfonyl fluoride (PMSF), 0.01 % so-
dium nitride (NaN,), (indicated reagents were
purchased from Sigma, USA).

The MT content in the hippocampus and ce-
rebellum were determined by the method of solid-
phase enzyme-linked immunosorbent assay
(ELISA),using polyclonal monospecific antibodies
against the MT (Santa Cruz Biotechnology Inc.,
USA), purified MT-standard, and secondary anti-
bodies against rabbit IgG conjugated with horse-
radish peroxidase (Sigma, USA). The results were
obtained using ELISAreader Anthos 2010 (Finland)
at 492 nm. The amount of MT was expressed in
micrograms per 100 mg of tissue.

Statistical processing of the data was performed
using the Student’s t-test and the difference was
considered significant at p<0.05.

RESULTS AND DISCUSSION. The evaluation
for the quantitative distribution of MT in the hippo-
campus and cerebellum of gerbils and rats, at
different ages post birth, presented matching results
with respect to the patterns shown by both mam-
mals, but different results when the different brain
regions were compared to each other. The level of
MT in the hippocampus of the newborn was higher
than the level of MT in any other region at any other
stage. The hippocampal MT then decreased with
time in gerbils, dropping from 10.8+0.4 pg/100 mg of
tissue in the 1-day old gerbils to 9.9+1.6 pg/100 mg
of tissue in 30-days old gerbils, and significantly to
8.6+1.4 nug/100 mg of tissue in 90-days old gerbils
(Fig. 1). Similar effects were observed in rats during
the same time frame, with MT content registered at
15.3+0.6 pg/100 mg of tissue in 1-day old, leading
to largely more significant down-regulations;
7.3+1.6 pg/100 mg of tissue in 30-days old,
6.5£0.5 pg/100 mg of tissue in 90-days old, and
4.7+0.3 ng/100 mg of tissue in 180-days old.

Contrary to the distribution of MT in the hippo-
campus, that in the cerebellum was not continuously
decreasing. MT levels in this region of the gerbil
and rat brains in 1-day old were at the lowest;
4.8+1.04 pg/100 mg of tissue and 1.6+0.1 pg/100 mg
of tissue respectively, and seemed to gradually
increase with time. The levels in the 30-days old
rodents were higher; 7.6+£2.6 pg/100 mg of tissue in
gerbils and significantly higher; 5.5+1.9 pg/100 mg
of tissue in rats. However, the levels recorded in 90-
days old were down-regulated to 6.3+0.6 pg/100 mg
of tissue in gerbils and significantly down-regulated
to 2.840.6 pug/100 mg of tissue in rats, when
compared to 30 days old but still higher than their
respective 1-day olds (Fig. 1). Furthermore, the MT
content in 180-days rats increased on that of 90-
days old.
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Fig. 1. The level of MT in rodents’ brain under postnatal development.
Note. G Hip — gerbil hippocampus, R Hip —rat hippocampus, G Cer — gerbil cerebellum, R Cer —rat cerebellum; 1, 30, 90, 180 —
postnatal days; * — significant difference with respect to 1 pd, ** — significant difference with respect to all other groups; p<0.05; n=6.

In the hippocampus, as observed on Fig. 2, the
more the rats were exposed to cadmium, the more
significant the down-regulation in MT was observed.
The values recorded disclosed sharp reductions in
MT content; 3.4+0.08 ug/100 mg of tissue under
0.1 ug Cd effect and 2.7+£0.1 pg/100 mg of tissue
under 1.0 pg Cd effect, when compared to the
controlled experiment, 4.7+0.3 ug/100 mg of tissue.

The cerebella MT quantities equally dropped in
the Cd-induced animals but significantly only under
1.0 pg Cd concentration — 3.3+0.4 ug/100 mg of
tissue, when compared to control.

The results shown in figure 1 are speculative
projections of the regional distribution of MT in the
brain of rodents at different stages of their postnatal
existence. In this case, the quantitative expression
of MT is projected to be higher in new born rodents
than they are in adults. In earlier studies, MT iso-
forms in rodents have been reported to exist in
different quantities [10, 11] and have different func-
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Fig. 2. The level of MT in rats’ brain under cadmium effect.
Note. R — 180-days old rats; 0.1 Cd — 180 days old rats
exposed to 0.1 pg cadmium per animal everyday for 36 days;
1.0 Cd — exposed to 1.0 ug cadmium per animal everyday for
36 days; * — significant difference with respect to control rats,
**_ significant difference with respect to 0.1 ug Cd; p<0.05; n=6.

tions in their host organisms. According to Choudhuri
et al., the quantitative order of expression of MT is
MT-I>MT-HI>MT-II, with MT-Ill and MT-Il about 70 %
and 50 % that of MT-I, as expressed in the mouse
brain [10]. In Ono and Cherian’s investigation of the
regional brain distribution of MT in Sprague-Dawley
[SD] and Lewis rats before, no significant difference
was registered in the level of MT in the brains of
both types of rats. However, MT was more highly
expressed in the white matter than in other
examined regions in the SD rats. In contrast, MT
concentrations were highest in the cortex in the
Lewis rats. The MT levels in the cortex, corpus
striatum, hippocampus, and thalamus plus hypo-
thalamus were significantly lower in SD rats than
in Lewis rats [11]. In our work, the pattern of expres-
sion of MT was similar in both Wistar rats and gerbils
but the significant timely changes in the levels of
MT of the young rodents were more pronounced in
the Wistar rats than they were in the gerbils. The
favored area of distribution of MT in both cases,
however, being hippocampus>cerebellum.

The common expression pattern in both the
young rodents let us to believe that this pattern
could be somewhat identical in most mammals, if
not exactly the same. A telling difference between
the two species lies in the degree of changes in the
MT content over time. With the exact reasons for
these changes not yet established, functional
constraints of the different brain regions and the
stages of development are the most we can
advance atthe moment, pending a deeper research.
Atsuch an early stage after birth, it is understandable
that functioning depends on the level of development
of the different brain compartments.

As regards to other functional constraints that
might account for the changes in the MT content,
it has been shown that only about half the neurons
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generated during development, after birth, survive
to function in the adult. Entire populations of neurons
are removed through apoptosis or programmed cell
death —which involves the normal loss of more than
half of brain neurons and synaptic exuberance and
pruning — in which there is massive excess pro-
duction of connections, initiated in the cells [12, 13].
Apoptosis is a process that induces high levels of
MT [15], and given that MT is able to regulate this
process, this may explain why postnatal MT is highly
expressed in the brain. The substantial decrease
in the levels of MT, especially in the hippocampus,
is characteristic of MT behavior during regulatory
processes.

Under cadmium induced stress, the down-
regulation of MT may perhaps be accounted for by
their presumed functional involvement in metal
regulation [6].Given that Cd has a long half-life when
bound to MT [7], itis clear to understand why levels
of MT significantly reduce upon intoxication by Cd.
MT plays a homeostatic role in the control and
detoxification of Cd [14].

Itis known that Cd uptake involves competition
with calcium (Ca), Fe and Zn and makes use of
their transport systems. Once taken up enterally,
Cdreachesthe liver where it binds to MT, glutathione
(GSH) and other proteins or peptides. MT induced
upon cadmium exposure can act in two ways. On
one hand MT binds to Cd, thereby detoxifying and
removing it from the cellular environment. On the
other hand, due to its thiol groups, MT can scavenge
ROS that are produced as a result of Cd-induced
oxidative stress. However, the latter results in Cd
dissociation from MT due to the corresponding
decreased metal binding stability [15]. Cd exposure
results in pathological conditions in the liver, testis,
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brain, and nervous system, kidney, spleen, and
bone marrow, locations that have been shown to
express MT upon induction. Its exposure can also
lead to apoptosis in testes of rat, mouse liver, and
human T-cells [16]. Having registered continuously
decreasing MT concentrations in the brain under
two different low doses of Cd, we observed that MT
plays a vital role in heavy metal regulation. Most of
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CONCLUSIONS. The brain parts of newborn
rodents definitely differ in their content of MT to
those of older organisms. In the postnatal develop-
ment, it is clear that MT distribution is characteristic
of the periods of maturation of the functional capa-
cities of different brain parts: in the hippocampus —
at the early stages after birth, in the cerebellum —
during the first month of life. After this point, the
content of MT in rodents, and presumably other
mammals, generally decrease with age and the sub-
sequent exposuresto conditions other than standard.

The intoxication of Wistar rats with small doses
of Cd, over time, causes the gradual exhaustion of
the levels of MT in the brain, depending on the dose
administered and the time required for the accu-
mulation of this metal.
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O. H. WWuiHTyMm, I O. YwakoBa
AHIMPOBCEKN HALJIOHA/IbHUW YHIBEPCUTET IMEH! O/IECH FTOHYAPA

BIIMIHHOCTI BMICTY METAJIOTIOHEIHIB Y MO3KY I'PU3YHIB
3A YMOB IIOCTHATAJIBHOT'O PO3BUTKY TA KAJIMIEBOI IHTOKCHUKAIIII

Pestome

Bcmyn. [eHu Memasi038’s13yBasibHUX Mema/iomioHeiHi8 micmsimbcsi 8 6inbuwill nonysyii opaaHiamis. Li 6inku
He € chepmeHmMamu i bazami Ha 3a/1ULWIKU yucmeiHy. Pi3Hi i30gbopMu MemasiomioHeiHi8 y pi3HUX Oi/IsiHKax 20/108-
HO20 MO3KY, MOX/IUBO, 3MIHIOIOMbCS 3 M/ITUHOM Yacy.

Mema docnidxeHHsI — rPoc/1ioKysamu po3rnoodi/IeHHs1 MemasiomioHelHIi8 y pi3HUX Bi0di/1ax MO3KY MilyaHoK i
wypis Ha pizHUX emariax rnocmHama/ibHo20 PO3BUMKY 3a HOPMa/IbHUX YMOB8 ma Ipu 8/1usi Masiux 003 KaoMito.

Memoou docnidxeHHs. TBapuH (18 MOH20/1bCbKUX niuyaHokK i 36 wypis AiHil Bicmap) 3a s8ikom ma ymMmosamu
ekcriepumeHmy 6y/10 Modi/ieHo Ha wicmsb 2pyr (n=6): 1-4 epynu— 1, 30, 90 i 180 OHi nocmHamasibHo20 PO3BUMKY
3a HopMa/lbHUX yMOB; 5-ma i 6-ma — 180 n1.0.+0,1 abo 1,0 mkz2 Cd?* Ha mBapuHy KOHO20 OHs1 Mpomsi2om 36 OHiB.
Kinibkicmb MemasiomioHelHIiB y 2irnokamri, MO304YKy | masiaMyci BU3Ha4a/u 3a 0ornoMo20K iMyHOhepMeHmMHo20
aHa/isy.

Pe3ynibmamu Ui 062080peHHs. OmpumMaHi 0aHi nokasasiu QuHamiKy po3noodi/IEHHS] MemMasI0mioHeEIHIB y PI3HUX
Bi0OI1aX MO3KY NilaHoK i Wypis /1iHii Bicmap 3as1exxHo 8I0 mepMiHy nocmHamasibHO20 PO3BUMKY ma hyHKUYIOHa b-
Hux moxsusocmel. PiseHb MemasiomioHeiHIB8 y 2ifokamri Mocmyrnoso 3HUXYBaBCs SIK Y MilyaHoK, mak i 8 Wypis,
modi sIK y MO30YKY BiH 36i/1blyBascsi 3 1-20 00 30-20 OHSI PO3BUMKY, & romim rocmyrnoso 3MeHLW)YBascs 8 YCixX
Mi0A0C/IiOHUX MBaPUH. 3HUWXEHHS Ki/lbKOCMI MemasiomioHeiHi8 y MO3KY 3a yMOB Br1/1usYy KaoMito 6y/10 nponopyitiHumM
3acmocosaHuM 003amM.

BucHosku. Kiibkicmb MemasiomioHelHiB y pisHUX Oi/ITHKax MO3KY MilaHoK i wypis 3aiexums g8id cmadil
1oCmHamasibHo20 Po38UMKY ma (hyHKUIOHa/IbHO20 HaBaHMAaXKEHHS. 3HauUMe 3HWXEHHS peaynsayii Memasiomio-
HeiHiB y 00c/ioxyBaHUX Bi0di/lax 20/10BHO20 MO3KY 1i0 BI/IUBOM KaoMito repedbadyae, o 3MEeHWEeHHS iX piBHS
3a71eXuUmb B8i0 003U KaOMito ma 4acy, HeobxioH020 0715 lio20 HaKOMUYEHHS.

K/TKOHOBI C/TOBA: MeTa/10TiOHETHU; MO30K; NMOCTHATa/IbHUIA PO3BUTOK; MilAHKW; LLYPU; KagMiid.

O. H. WuitHTymMm, I A. YwakoBa
AHETMNPOBCKUWN HAUNOHA/IbHBIV YHUBEPCUTET MEHW OJIECH TOHYAPA

oT/inyus COAEPXXAHVA META/IVZIOTUOHEVHOB B MO3I'Y I'PBI3YHOB
IMPU ITIOCTHATAJIBHOM PA3BUTUU 1 KAIMUEBOW MHTOKCUKAIIN

Pestome
BcmynneHue. [eHbl MeEMas1/10C853bIBAKUUX MEMa/I/TOMUOHEUHOB Haxo0simcsl 8 60/1bwel nonyisyuu op2a-
HU3MOB. Omu 6e/IKu He sB/Islomcsi (hepmeHmamu U 602ambl Ha ocmamku yucmeuHa. Pas/iuyHbie u3oghopMbl
Mema/1/IomUOHEUHOB B PasHbIX 06/1acmsix 20/108HO20 M032a, BO3MOXHO, USMEHSIOMCSI C MeYyeHUeM BpeMeHU.
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Lenb uccnedosaHusi — rpoc/edums pacripedesieHue Memasi/IlomuUuOHeUHo8 8 pa3Hbix omaoesiax Mo3aa fnec-
YaHOK U KpbIC Ha pasHbIX amarax rnocmdamasbHo20 pa3sumusi 8 HOPMasibHbIX YC/I0BUSAX U MPU BAUSHUU MaslbIX
003 Kaomus.

Memoods! uccniedosaHus1. XUBOMHbIX (18 MOH20/1bCKUX MecyaHoK U 36 KpbIC JIUHUU Bucmap) rno so3pacmy
U yC/1I0BUSIM 3KCiepuMeHma pasoesiu/iu Ha wecms 2pyn (n=6): 1—4 epynnel — 1, 30, 90 u 180 0HU nocmHamarsib-
HO20 passumusi 8 HOpMa/ibHbIX yc/08UsIX; 5-9 u 6-5 — 180 n.0.+0,1 unu 1,0 mk2 Cd?* Ha XXUBOMHOE eXXEeOHEBHO B
meyeHue 36 OHell. Kosiudecmaso Memasi/IomuoHEeUHO8 B 2urriokamrie, MO3Xedke u masiamyce orpeoesis/iu ¢ rno-
MOWbIO UMMYHOGHhEPMEHMHO20 aHa/u3a.

Pe3ynbmamai u o6¢yxxoeHue. [o/1y4yeHHble 0aHHbIE MoKa3a/iu OUHaMUKy pacrpedesieHusi Memasi/lIomuoHe-
UHOB B pa3Hbix omoesiax Mo3aa MecyaHoK U KpbIC JIUHUU Bucmap 8 3a8ucCUMOCMU OM CPOKa MocmHamasibHo20
passumusi U hyHKUUOHa/IbHbIX BO3MOXHOCMeU. YpoBeHb Memasi/IomuoHeUHos 8 2urnnokamre rnocmerneHHo CHu-
XKaJICS KakK y recyaHoK, mak U y KpbiC, mo20a Kak 8 MO3Xeuke OH ysesiuyusasicsi ¢ 1-20 0o 30 OHA pa3sumus, a
3amem rocmereHHo YMEHbWA/ICS Y BCEX MOOOIMbIMHbLIX XUBOMHbIX. CHUXEHUE Ko/ludecmsa Memasi/lomuoHeuHos
8 M032y npu 8030elicmauu Kaomusi 6b1/10 MPOMOPYUOHa/TLHO MPUMEHEHHbIM 003aM.

BbI800bI1. Kosludecmso Memasi/IomuoOHEeUHOB 8 pasHbIX 06/1acmsx Mo32a MecYaHoK U KpbIC 3asucum om
cmaouu rnocmHamasibHo20 pa3sumusi U hyHKUUOHa/IbHOU Hagpy3Ku. 3Ha4YUMOe CHUXEHUe peayisyuu Memarsisio-
MUOHEUHOB B Ucc/iedyeMblX 0moesiax 20/108HO20 M0O32a 100 B/IUSHUEM KaoMus rpedycMampusaem, Ymo YMeHb-
WieHuUe UX yposHs 3asucum om 003bl KaOMUSI U BpEMEHU, HEOBX0O0UMO20 0/11 €20 HaKOIM/IEHUS].

K/TIOYEBBIE C/IOBA: MeTas1/I0TUOHENHDI; MO3T; MOCTHaTa/IbHOE pasBUTUE; MeCHaHKW; KPbICbI; KagMUIA.
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