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Zinc Toxicity to Aminergic Neurotransmitters in Rat Brain
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ABSTRACT

The present study was aimed to evaluate zinc toxicity to aminergic system in different areas of the brain of male
albino rat, Rattus norvegicus. Zinc toxicity, evaluated as per Probit method was found to be 500 mg/kg body weight.
For acute-dose studies, rats were given a single lethal dose of zinc chloride for one day only and for chronic-dose
studies, the rats were administered with sub-lethal doses (1/10™ of lethal dose) of zinc chloride every day for 90
days continuously. Various constituents of the aminergic system viz. dopamine, norepinephrine, and epinephrine
and the catabolizing enzyme, monoamine oxidase (MAO) were determined in different regions of rat brain such
as olfactory lobe, hippocampus, cerebellum, and pons-medulla on selected time intervals/days under acute and
chronic treatment with zinc. The results revealed that while the levels of all aminergic neurotransmitters were
elevated differentially in the above mentioned areas of brain, MAO activity registered nonsignificant inhibition in
all brain regions under zinc toxicity. All these changes in the aminergic system were subsequently manifested in the
behavior of rat exhibiting the symptoms of mild tremors, reduced locomotor activity and emotions, restlessness
followed by lacrymation, salivation, etc. From these observations, it was obvious that zinc treatment caused severe
perturbations in the functions of the nervous system. Restoration of the aminergic system along with behavior to
the near normal levels under chronic treatment indicates the onset of detoxification mechanisms or development
of tolerance to zinc toxicity in the animal which was not probably so efficient under acute treatment.

Key words: Aminergic system, behavioral changes, rat brain, zinc chloride

DOI: 10.4103/0971-6580.72670

INTRODUCTION

Zinc is an important dietary constituent of all animals and
is known to act as a neuroprotective agent and also as a
modulator of the excitatory and inhibitory transmitters.!!
It is a part of at least 200 to 300 different metalloenzymes
which are involved in a number of intracellular processes, !
and acts as an essential requirement for proliferation of cells
and for the successful growth of many internal organs and
maturation of neurons'®! which are associated with general
health of animals.*! Liberation of intracellular zinc from
cultured neurons® and the existence of zinc-containing
pathways in telencephalon, hippocampus, brain stem,
cerebellum, and amygdalal®! supported a physiological role
for zinc in the mammalian Central Nervous System (CNS).
Recent findings have demonstrated that peroxynitrite-

induced neuronal apoptosis is mediated by intracellular
release of zinc.[”! Zinc translocation accelerates infraction
after mild transient focal ischemia,® brain injury,® and
ageing of brain.!" Identification of specific transporter
genes for zinc provides strong evidences that zinc has a
vital role in mammalian system.™!]

Zinc which is also a trace element is relatively nontoxic
to birds and mammals, and a wide margin of safety is
observed between normal intake and those likely to produce
deleterious effects. However, experimental evidences proved
that intake of higher concentration of zinc has a negative
effect causing retarded growth, anemia, anorexia, heavy
mortality,[*?! and a number of neurological diseases such as
Alzheimer’s disease, Picks disease, schizophrenia, epilepsy,
etc.['® Because zinc finds a wide range of commercial
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uses viz., paper industry, treating textiles, soldering, etc.,
prolonged exposure of human beings to zinc compounds
poses occupational hazards. In view of the above
observations in the present study, an attempt has been made
to evaluate the toxic effects of zinc on the aminergic system
in the brain of rat subjected to chronic and acute treatment,
and manifestation of these changes in the behavior of rat.

MATERIALS AND METHODS

Male albino rats, Rattus norvegicus, weighing 140 + 10 g,
obtained from Sri Venkateswara Enterprises, Bangalore,
were selected as experimental animals, and zinc chloride
(98%) from Loba Chemicals, Bombay, India was selected
as the toxicant. The rats were fed with food pellets (Lipton
Indian Ltd., Bangalore) and drinking water ad libitum.
The animals were maintained in the laboratory conditions
according to the instructions given by Behringer!** 15 days
before experimentation. Toxicity evaluation was done by
Probit method of Finney."*) Dopamine, norepinephrine,
and epinephrine were assayed as per Kari et al.,'°! and
monoamine oxidase (MAO) as per Green and Haughton.!”!

Biochemical estimations were done under acute and chronic
exposures. For acute exposures, the animals were sacrificed
at 3,12, and 24 hours intervals after treatment with a single
lethal dose of zinc chloride, and for chronic exposures, the
animals were sacrificed on the 10™, 20%, 30™, 60, and 90®
after treatment with sub-lethal doses of zinc chloride every
day up to 90 days. After cervical dislocation, the brain was
isolated quickly and placed in ice. Different areas of brain
such as olfactory lobe, hippocampus, cerebellum, and pons-
medulla were isolated by following standard anatomical
marks!"®l and were immediately homogenized in suitable
media for biochemical analysis. The results obtained were
analyzed statistically by following standard methods.

Observations on the overt behavior of rats treated with
both acute and chronic doses of zinc chloride were made
throughout the period of experimentation to coincide with
the time intervals of aminergic system against the controls
and used for correlation of the changes in aminergic systems
and behavior of rat.

RESULTS

Dopamine, norepinephrine, and epinephrine

The results [Figures 1 — 3 and Tables 1 — 3] clearly indicate
that zinc chloride has significantly altered the levels of
dopamine, norepinephrine, and epinephrine in all areas of
rat brain such as olfactory lobe, hippocampus, cerebellum,
and pons-medulla under both acute and chronic exposures.
Dopamine and norepinephrine registered a similar trend of
elevation in all brain areas of rat under acute and chronic
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Figure 1: Per cent change from control in the in vivo content of
dopamine (DA) in olfactory lobe (OL), hippocampus (HC), cerebellum
(Cb), and pons-medulla (Pm) of rat brain following treatment with acute
and chronic doses of zinc chloride
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Figure 2: Per cent change from control in the in vivo content of
norepinephrine (NEP) in olfactory lobe (OL), hippocampus (HC),
cerebellum (Cb), and pons-medulla (Pm) of rat brain following treatment
with acute and chronic doses of zinc chloride

oL Hc

Acute Chronic Acute Chronic

9% Change from control
55 Change from control

o

o
3h 12h 24h 10d 20 30d 60d  90d 3h 12h 24 tod 204 30d 6od 90d

Exposure period Exposure period

Cb Pm
Acute Chronic Acute Chroni c

% Change from control

cuza8R8BELY
4 Change from control

. . NN

s w 3 @ 8 H

3h 120 24 104 20d 30d  60d  90d 3h 12n 2ah 10d” 204 30d 60d  90d

Exposure period Exposure period

Figure 3: Per cent change from control in the in vivo content of
epinephrine (EP) in olfactory lobe (OL), hippocampus (HC), cerebellum
(Cb), and pons-medulla (Pm) of rat brain following treatment with acute
and chronic doses of zinc chloride

53 Toxicology International Jul-Dec 2010/ Vol-17 / Issue-2



Kumar, et al.: Zinc toxicity to rat brain

<
o)

e|Inpaw-suod - wd ‘wnj|agaJad - g7 ‘sndwedoddiy - JH ‘20| A10308}|0 - 7O ‘UoBBIASP piepuR]S - S QUBdLIUSIS I0NH ‘S00°0>d 18 92UBdYIUSIS 31edIpul,
T0°0>d 18 22UBIYIUSIS 31BIIPUL, . ‘TO0 0>d 1B JUBILIUSIS BB SAN|BA 4 4 (|043U0D WOLY S2SURYD JUD Jad d3edIpul SasayIUIed Ul SIN|BA ‘S|BWIUE XIS WOJ4 P3]00d SSNSSL WO YIS SUOLIBAIISHO XIS JO S F UBSW aJe sanjep

(9T°0€) (857z¢€) (zs°sg) (86°0¢€) (v6°€T) (€1°0¢€) (05°+2) (15722

8000F GS000F 9000F 8000F 8000F 6¢00F 6000F GO00F 6000F €I00F OTIOOF GO00F  [OOOF  LOOOF  9000%  SOOOF

LIE8T 9t LS9LT 819°C .0L9'T 065°C ,.028'T LE9T LITT'T SLST ,.058'T 8v9°C L7861 829°C ..0€0°C 079 wd
(¥6°9) (05°8) (zzor) (16%€) (£92) (zs'61) (0€°€2) (81°€2)

L000F  €I00F OT0O0F GSIOOF O9T00F GIOOF  8000F  LOOOF 0F ¥I00F  S000F  SI0O0F  6000F  ¥I0O0OF  ¢I0O0F  TIOOF

..0€9°0 LL90 LET9°0 0L9°0 ..909°0 SL9°0 ..8€9°0 ¥99°0 49590 ¥£9°0 74 250) 9490 ..025°0 890 ..0€5°0 069°0 9
(59°8T) (65°T2) (92°12) (e1°52) (9t°91) (ezer) (0€°22) (€£12)

€T00F  +000F  €I00F 8000F SIO0OF  [00OOF S8000F 6000F 8000F 6000F 8TOOF 9000F SIOOF  LOOOF  9I00F  +000F

..026°0 TET'T L1680 wrT'T ..0€8°0 6vT'T 6780 YET'T ..656°0 8yT'T L6670 9€T'T ..078°0 87T ,.988°0 TETT JH
(z672T) (v6°62) (£0°s€) (16°52) (tT°11) (81°6T) (8z°L2) (vt°91)

6Y00F  S000F OvOOF  GO000F  9000F 9TI00F SO00F  GO00OF  SO00F  LOOOF  [OOOF  LOOOF  SOO0OF  vOOOF  8000F  9000F

..L66°0 SYT'T ..928°0 6/T'T L0LL0 98T'T ..CS8°0 0ST'T LOv0'T 0LT'T .VE6°0 09T'T ..628°0 ovT'T ,.056°0 LET'T 10

P 06 J P09 ) pog ) p0¢ ) POt J CR74 J yect 9 ye 9
a1u04y9 Eilk)v]

e[|npaw-suod - wd ‘wnj|[agaJad -q) ‘sndwedoddiy - JH ‘@qo| A1030€4|0 - O ‘UOLBIABP piepue)s - S “JUedLIUSIS JON, ‘500" 0>d 1e dduedyIuSIs ajedlpul,,
"T0°0>d 1€ 92URdYIUSIS 31BJIPUL 4 "T00 0>d 1B JUBIYIUSIS 9JE SAN|BA 4 44 "[04IUOI WO S9BURYD JUDD Jad 91edIpUI SBsaYIULed Ul SaN|eA "S[EWIUR XIS WOJ) pajood Sanssi) WOy Yoea SUOLIBAIISHO XIS JO S F UBSW aJe Sanjep

Toxicology International Jul-Dec 2010/ Vol-17 / Issue-2

(92°22) (e€'g¢) (ve'1y) (8€'12) (v0'€T) (z8'sT) (52°81) (86°2)

6000F €000F €€00F  €000F  LOOOF 9000F  [LOOOF  ¢O00F  [LOOOF  ¢O00F  [LOOOF  €000F  LOOOF  SOO0F  LIOOF  SOOOF

#%6CC0 LTI€0 #+0TC0 STE0 ++€8T0 710 #x0SC°0 8T€E0 #0820 (4430 #x992°0 9T€E0 #x092°0 0z€0 #%887°0 €T€0 wd
(TesT) (91°92) (ss°0¢) (zsva) (9t°€1) (6€°0€) (ev°s€) (€8°91)

900'0F 900'0F ¥00'0F  8000F 900°0F 8000F  [LOOOF  LOOOF  LOOOF  9000F €000F €I00F  LOOOF  OIO0F  LOOOF  LIOOF

#+LLT°0 602°0 #%8ST°0 ¥12°0 #%0ST°0 912°0 #%09T°0 (44l #x08T°0 8070 #xCVT°0 ¥02°0 #+EET0 902°0 #%89T°0 2020 [Se]
(T¥'s€) (sz°6¢€) (st'ey) (st'Lg) (9€792) (s1792) (¥T°29) (£5°€€)

S000F  9000F 9000F 8000F  [O0OOF 8000F  [OOOF  €000F  LOOOF  8000F [OOOF  +O00OF  6000F  9000F  LOOOF  8000F

#+CLEOD 950 #+P7E0 1450 ++87€°0 0.5°0 *xVSE0 9950 #x0EV°0 ¥85°0 #xGTP°0 7950 #%892°0 095°0 #%0LE0 LSS0 JH
(zv'12) (60°%€) (c0'st) (00°s€) (v£92) (6t°52) (Lv'62) (0s°6)

8000F <C000F 9000F €0COF 6000F €000F 9000F 9000F ¥00O0OF 8000F ¥000F TIOOF  €000F  LOOOF  9000%  €000F

+%60C°0 997°0 ++VLT°0 ¥92°0 #4710 7970 +%69T°0 092°0 #+68T°0 8570 ++06T°0 STT0 #+GTC0 L9T°0 #%8ET'0 €92°0 10

P 06 J P09 J pog ) p 02 ), p Ot J Yy R yct &) yge 9

s1u0Iyw apnoy




90d
0.404*
+0.012
(7.16)
0.606"
+0.010

0.377
+0.210
0.575
+0.013

60 d
0.412"
+0.011
(13.49)
0.608™
+0.011

0.363
+0.210
0.560
+0.009

30d
0.405™
+0.010
(19.82)
0.620™
+0.010

Chronic

0.338
+0.006
0.517
+0.012

20d
0.414™
+0.012
(18.96)
0.628"
+0.005

0.348
+0.007
0.536
+0.009

10d
0.410"
+0.009

(7.32)
0.623"
+0.006

0.382
+0.020
0.574
+0.017

24 h
0.400™
+0.013
(10.49)
0.605™
+0.011

0.362
+0.020
0.532
+0.016

12 h
0.413"
+0.011
(19.36)
0.616™
+0.015

Acute

0.346
+0.009
0.507
+0.010

3h
0.267"
+0.010
(12.74)
0.610"
+0.013

0.306
+0.005
0.524
+0.013

oL
HC

Kumar, et al.: Zinc toxicity to rat brain

o . e — exposures against the control. Maximum accumulation of
3238228 8|8 norepinephrine was noticed in pons-medulla (30.13%)
=] ~No ™o .
Con®cn )Y followed by hippocampus (27.30%), olfactory lobe
© (26.38%), and cerebellum (23.30%) at 24 hours during
o . .
38 28 & acute dose. Under chronic treatment also, all the brain
ss 3¢9 = areas showed significant elevation in norepinephrine
oo .
@ on 30™ day, in the order of pons-medulla>olfactory
—: oz: ox|8 lobe>hippocampus>cerebellum. Even though dopamine
N TN R od S . . R
moaIL2a|s levels under acute treatment registered maximum elevation
= o - 5 = . . .
eH =eH = at different times of exposure, under chronic exposure,
- » § maximum accumulation in all the brain areas was evident on
88 38 d 30™ day and then showed recovery through 60 and 90 days.
e} o ®
o o
" " = . S . L
S In control rat brain, the distribution of epinephrine in
SLN L SelE different areas was in the order of pons-medulla (0.700)
o R 423 alw . 5
gaco4d5ogd]|e hippocampus (0.524), olfactory lobe (0.306), and
8 cerebellum (0.229). In rats treated with acute doses of
@ © S zinc chloride, though significant elevation in epinephrine
x o 39 * © . . > .
= 2 S P = in different areas of brain was observed from 3 hours
© 4 © A 58 i i 9% i
onwards, maximum elevation of 47.53% in cerebellum at
s € >
S ¢ 12 hours; 32.67% in olfactory lobe at 3 hours; 21.49% in
= o —: 0 = : .
Sy Rgg R|ET  hippocampus at 12 hours; 20.79% in pons-medulla at 24
N No NN n | & . : :
S3923%2|%5E  hours was recorded, suggesting area specific effect of zinc
[ = . . . .
£ 5§  in rat brain. However, the onset of recovery in all brain
< = .
NS 23 o8&  arcaswas noticed at 24 hours.
ye Ge £e
o 3 O 9
e +l © +l g L.’ . . . . . . . .
85  Similarly, elevation in epinephrine was also noticed in
[ . . . .
e e s %4 all brain areas of rat treated with chronic doses of zinc
N o oam T = a .
Bwuo dRo |2 chloride from 10 day onwards. These changes were more
S50 B8|58 : h
H T O g8  pronounced after 20 days reaching peak levels on 30* day
v . .
££  in pons-medulla (22.98%), followed by hippocampus
~ — '
8S =3 g2 (19.92%), olfactory lobe (19.82%), and cerebellum
- 5 - 5 Q .~
S o2 £8 (15.83%). However, these changes showed recovery
w O
%~  tendency after 30 days.
T o
—~: O —=: N ==I> &
RS2 g8R|ug
283235 8|£€° Monoamineoxidase
c g
=2 Figure 4 and Table 4 show that while all the aminergic
w . . .
ng 28 €2  neurotransmitters recorded enhanced levels in various
[V e o = P
;s O o e >
© 5 © 5 8 %
52 oL He
— o — 1 o — 8."':; Acute Chronic Acute Chronic
[ [ ol Z 0 204 34 64 o I a2 104 204 304604 90d
: g g E % § 2 3‘2 3h 12h 24h 10d  20d 0d )d 0d o
SocnXTosnlEa i 3°
£ "1 g 10 g0
g e H £
& s 15 51
) — < Q 5 5 L
o 3 o 3 @ %D Exposure period Exposure period
22 cb Pm
g * Acute Chronic Acute Chronic
gL ~: o O N g 2 10d 204 304 604 90d g 120 10d 204 30d 604 90d
$93 5338|188 |, B}
S No s ho o o £ g
2 ow —cw —|&54 g §~|n
S o S
oy I H
o 5 &2
28 s& |[%5 =
NS NS S e Exposure period Exposure period
© 5 © 4 g?o
o Figure 4: Per cent change from control in the in vivo content of
© £ monoamine oxidase (MAO) in olfactory lobe (OL), hippocampus (HC),
o . .
o £ S35 cerebellum (Cb), and pons-medulla (Pm) of rat brain following treatment
S} o o £ . - . .
>k with acute and chronic doses of zinc chloride

Toxicology International Jul-Dec 2010/ Vol-17 / Issue-2



Kumar, et al.: Zinc toxicity to rat brain

S, regions of brain under both acute and chronic treatments,
c2Rs ¥ g8 g8 8 |3 MAQO activity was inhibited by zinc. The changes in MAO
o 3% g d d d

T O W So m NO 0 o ~ o . .
Toi ot lan | were more pronounced in rats exposed to chronic doses
5 than acute dose. Under chronic exposure, maximum
Q . g e . .
I8 g8 s w8 & inhibition in MAO was recorded on 30™ day in olfactory
%S mo Jo gZo £ lobe (23.27%), followed by pons-medulla (22.10%
+ + + + @ . > A >
@ hippocampus (20.44%), and least in cerebellum (15.89%),
B L3S L@ BT LE S g whereas in acute dose maximum inhibition was at 24
o 0 O o — 0 o . . .

o d o . o 4 o g 0,

3 E S e § s i S 3 a =X hours in hippocampus (14.04%) and least in cerebellum

AdR R S B (7.42%). However, recovery was observed from 24

o . .
- - - ° S hours and after 30 days in acute and chronic exposures
Yo =] I o =] Y 1
s8 w8 &8 mn8 d respectively.
O < n - < = ~ = -
e o o . O ©
h +l « +l N +l o« +l =
c
£ Behavioral changes

n < ~N T O o o S| <
s8R ITHe a9 |a . e
o ég p gg i gg =2 gg <1 The behavioral changes exhibited by the rat exposed to acute
' Wt ~ ) ~ ) — H ~ = . . . .

N A dalddnlanlls and chronic doses of zinc recorded at selected time intervals
o= w
[ . . . . . .
£ 2 days included adipsia (lack of drinking), aphagia (lack of
o n [€) n [€) = . . . = .
38 1®8 98 €8 ¥ ©  cating), hypokinesia (reduced locomotor activity), mild
© < n = < = ~ = A . .
wnS e ~F oS ~_e~§ tremors, emotions, restlessness followed by lacrymation,
£y salivation, etc.
ot
IR T I - B Sl R
T 09 N N9 N OS99 mn o9 ~ £ o
o 5 S awe S92 g9 Glo.
) O — o — o N o £
N oehiZloanlaniloald ED?EZ DISCUSSION
<
© >
c =
~ ~ ¥} Y v . . .
588 RS 98 &S £%  Our observation in the present study emphasize that
< n = < = ~N = 5 . . . . . .
“nS ®Q &% =9 °8  zinc chloride has induced significant and varied levels of
[T . . . . . . .
28  elevation in dopamine, norepinephrine, and epinephrine and
2T L8 aL8 |82 inhibited MAO in various regions of rat brain under both

o un o~ o © o o T . . . o e

SRS uSSmmo ¥ o e |£§  acuteand chronic exposures to zinc chloride, substantiating
M 4 — M 4 — N H — N 4 — . . . . . .
g8  that zinc might be affecting various steps in the metabolic
< 2 . . .
© © " ~ £+  pathway of the synthesis of these neurotransmitters via
o o D o M o o o s . e . . . .
o %S BS $2 Eg g‘;{ end-product inhibition which is maximal when neuronal
R T £ 28 activity and transmitters release are low, there by leading to
L - . . . . .
2z high catecholamine concentration in tyrosine hydroxylase
¥ N~ ¥ ~N = ~N = ~N —~ > o .
S 23R 58828838758 (TH) accessible pool.
NropN,oopn’zo#v,orTE_o
M H — N 4 — N 4 — 0N 4 — = !
§5  Thesynthesis of aminergic neurotransmitters is regulated by
WS <2 o3 ng 25 abewildering variety of processes, many of which operate
o ()] < [} . . ..
© < 2 in P 3 S ~ 2 &2 via the rate-limiting enzyme TH. Some of the factors that
el . .
* * * * £3  regulate the synthesis of the neurotransmitters operate very
e E .o T 0o as  rapidly, thereby allowing cells to respond to short-term
4 o = 4 = i 7 .
a8 8382 8 3 < 2 S |58  needs. It should also be noted that studies on the control
-~ 9o =) {o N No a . .
MR TonZadanLonl E 2 of these neurotransmitters synthesis have used a number
3 ££&  of different model system, including adrenal medullary

~ X} n L < © 1

o238 88 88 =8 g < chromaffin cells, pheochromocytoma cells, sympathetic
*xS @l N9 =9 2 noradrenergic neurons, noradrenergic neurons of the locus
22 coeruleus, and nigrostriatal dopaminergic neurons.!
> ® . . . .
L8 sl 8515558 |gy Earlier reports demonstrating that zinc is a part of at least
= . . . .
A3y B3NS amdaw|eS 200 ro 300 different enzymes which are involved in a
- - - | =V . .
T e T A o £%  number of intracellular processes” further substantiate that
© . . . . .
© - - © 2 ¢  zinc might be modulating the key enzyme TH involved in
o < — n c . . . .
o §8 ® 8 0 3 ] s 8 the metabolism of these aminergic neurotransmitters. The
- O o i O o @© = . . .
R g s mammalian CNS contains an abundance of the transition
¢ 3 metal zinc which is highly localized in the neuronal
0w 8 . . . . .
” o 3 £ g3 par.ench}.fma. Zincis acpvely taken up and stored in synaptic
2% vesicles in nerve terminals and stimulation of nerve fiber

Toxicology International Jul-Dec 2010 / Vol-17 / Issue-2 56



Kumar, et al.: Zinc toxicity to rat brain

tracts that contain large amounts of zinc can induce its
release, and thus modulates transient outward current
gating in hippocampal neurons.?) Known interaction of
zinc with the major excitatory and inhibitory amino-acid
neurotransmitter receptors in the CNS further supports this
notion.?!l The movement and role of actively functioning
zing, i.e., vesicular zinc, in the amygdala revealed that zinc
is localized in the limbic system, which may correspond to
the regions with high densities of zinc-containing neuron
terminals, suggesting that vesicular zinc is essential to
the function of the amygdala, e.g., olfactory function.[®!
Accumulation and release of zinc from synaptic regions,?!
liberation of intracellular zinc from cultured neurons,®! the
existence of zinc-containing pathways in telencephalon,
hippocampus, brain stem, and cerebellum supported a
physiological role for zinc in the CNS. Identification of
specific transporter genes for zinc lends further support
to the important role assigned for zinc in mammalian
system.['!]

The inhibition in MAO indicates that zinc is blocking
its release in this enzyme, leading to accumulation of the
catecholamines at the nerve terminals. MAO is not only
present in noradrenergic and dopaminergic cells, but
also plays a central role in the metabolism of aminergic
neurotransmitters. Cloning studies have recently identified
the specific rat**! and human vesicular transporter protein
for noradrenergic, dopaminergic, and serotonergic cell
groups in the brain, indicating that this one protein is
probably responsible for accumulating all three amines in
synaptic vesicles.??]

Variable levels of elevation in these aminergic
neurotransmitters in different brain regions were due to
heterogeneous nature of the brain tissue and different
roles assigned to different neurotransmitters such as
norepinephrine and serotonin-motor hyperactivity.[2*!
Dopamine-complex stereotypy!?*! or due to the disturbances
in the cholinergic system.?l However, the effects of AChE
inhibitors on MAO levels in rat brain are confusing.*”]
In the present study, the mechanisms other than MAO-
mediated changes in catecholamine levels such as release
mechanisms, conversions mediated by other monoamine
enzymes such as COMT, etc. may be in operation during
long-term exposure of rats to zinc chloride. 2!

The areas of rat brain exhibiting changes in cholinergic
system are shown to exhibit the greatest changes in
noncholinergic system,/*”! thus indicating their possible
interdependence. Thus, it is conceived that the adaptive
changes underlying tolerance to anticholinesterase agents
involve alterations in other neurotransmitter system as well
in balance with the cholinergic system. The more recent
observations of Takeda et al.1*! on hippocampal mossy fibers
of rat demonstrated that the releases of zinc and glutamate
and calcium signaling are interlinked during excitation cells.

The behavioral changes such as adipsia, aphagia, hypokinesia,
etc. observed in rats under zinc toxicity revealed that zinc
might have caused lesions in the important regions of brain
like substantial nigra, hypothalamus, etc. These motor
deficits and motivational changes are closely associated
with some of the symptoms characteristic to Parkinson’s
disease. Our observations in the present study give clear
indications that continuous exposure to zinc compounds for
prolonged durations might increase the risk of Parkinson’s
disease among the working community in the industries.
The noradrenergic neurons, in the pons-medulla are
organized into three main clusters: the locus coeruleus
complex (LC), the lateral tegmental system, and a dorsal
medullary group. The LC, which is the most prominent
noradrenergic nucleus, projects rostrally to virtually all
regions of the telencephalon and diencephalons, dorsally to
the cerebellum, and caudally to the spinal cord modulating a
variety of important behavioral and physiological processes.
The earlier reports demonstrating the existence of zinc-
containing pathways in telencephalon, hippocampus, brain
stem, and cerebellum not only support a physiological role
for zinc in the CNS, but also give conclusive evidence that
zinc exerts toxic effects in rats on prolonged exposure and
disturbs the functions of the nervous system.

Furthermore, recovery tendency noticed in all aminergic
neurotransmitters and MAO in all brain regions of rat and
its behavior upon exposure to both acute and chronic doses
of zinc chloride indicate the operation of the detoxification
mechanisms and development of behavioral tolerance in
rat. It further reveals that the signs and symptoms of zinc
toxicity were not of cholinergic origin.

All trace elements exert toxic effects if ingested at sufficiently
high levels for long durations. Zinc, which is also a trace
clement, is relatively nontoxic to birds and mammals and
a wide margin of safety is observed between normal intake
and those likely to produce deleterious effects. Suh ez a/.13%
reported that neurons exposed to zinc exhibit activation
of poly (ADP-ribose) polymerase-1 (PARP-1), an enzyme
that normally participates in DNA repair but promotes cell
death when extensively activated. Besides this, intake of
higher concentration of zinc produces a number of negative
effects such as retarded growth, anemia, anorexia, and
heavy mortality,!'?! and a number of neurological diseases
such as Alzheimer’s disease, Picks disease, schizophrenia,
epilepsy, etc.[?!

All our observations in the present study provide conclusive
evidences that the aspect of zinc toxicity to human beings
need special attention from the environmentalist point
of view to suggest proper precautionary measures to be
implemented in places such as paper industry, treating
textiles, soldering, etc., because zinc finds a wide range of
commercial uses, and prolonged exposure of human beings
to zinc compounds poses higher risk of occupational hazards.
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