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EFFECT OF NICKEL ADMINISTRATION ON SOME BIOCHEMICAL PARAMETERS AND
OVARIAN HORMONES IN FEMALE RABBITS
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‘\}"Nmﬂ" of ~Amimal _‘;‘prroduﬂi‘m avd b“rﬁﬁﬁn‘ Jnolmiwuion 0
Yaticoal Deeeareh Center  Dokki - Jairo Soupt -

ABTRACT

This study was designed to elanify the toxie effect of Tow and high doses of nickel en reproductive _mnclmns (zt munat'ure
tabbits teated wath PMSG with  tnals to restrict the harmful effects of nickel administration Thirty seven immatire te.malre]\cw
Zealand tabbuts were used for Uus purpose , divided mto five gronps Group 1, kept as control . group l'l,udxmm;'t.emd oral.y: l‘o“:
doses of mickel (200 ug/anuual) | group 11, were given high doses of nickel( 1000 ug/amimal) , group I\; . were gx\ml.I?\\ des‘c‘\ of
mekel with S0 ng manganese sulphate  The treatment with nickel and/or manganese were continued for 8 \\pcks , five times per
week Group V. not treated with PMSG and Kept as control All groups(except group Viwere treated \_\uh 200 l.U: ;_?n:gnanf mare
serum gonadotrophin (PMSG) betore decapitation of amnrals. The results showed that both mckel deses }millced mhibitory cl]ecl :\r:
the ovanan activity either 1n the ovarian weight or in the number of growing follicles and the total ovanan response Estradiol-170
was sigmficantly increased in both the plasma and ovarien tissues after treatment with low .d.uses of nickel and decreased
sigmficantly m the  ovarian tissue of high dose mckel group . Progesterone concentration was sigmficanty decrc..’asefi in the plasma
of all treated groups  and in the ovarian tissues of groups Il and [V only, compared with control group . jTl}Tch (T4) recorded a
signiticant decrease  in group Hlonly Fractionation of protein showed only elevation in gamma glohulm§ with 19\\-.4.1.0&: lc\'gls of
nickel , while other types of globulins were not affected . Regarding the blood picture , WBCs were affected significanty in all
experimental groups , while RBCs decreased after low mickel dose treatnent only A highly significant increase of nickel in the
plasma and ovarian tissues in group Il & I ,was recorded and manganese increased in groups I & IV .Copper [eyel was
significantly decreased in both plasma and ovarian tissues in groups [T and T . It 1s concluded that, nickel treatment nhibited the
ovarian activity and disturbed the ovarian steroid hormenes release and/or biosynthesis , and may have a stimulatorv effect on the
immune system in low doses .

organic compounds .Various workers have attempted to
describe different mechanisms of action of heavy metals
on gonads . Kumar and Pant® have attributed direct
effect of heavy metals on fish gonads , besides their

INTRODUCTION

Nickel enters ground water and surface water
from dissolution of rocks, soils ,metal plating plants

from biological cycles; from industrial processes and
walter disposable. Electroplating waste water contains
high levels of chromium, copper ,nickel and zinc®.
The toxicity of nickel compounds to aquatic organisms
is markedly influenced by the physico- chemical
properties of water . In soft waters with low calcium
concentrations, the lethal concentrations of nickel
compounds were decreased .

Studies of acute poisoning in workers and
experimental animals show that inhaled Ni (Co), vapor
is rapidly absorbed via the lung and enters erythrocytes,
where the compound undergoes conversion to Ni** and
carbon monooxide®. The alimentary absorption of Ni
averaged 27% of the dose ingested in water on
overnight fast @ | traces of Ni*" in hemodialysis fluid
are absorbed into the plasma compartment, owing to the

chelating action of plasma albumin

The mechanism of the toxic action of metals on fish
is variable . Most of the metals have great affinity for
amino acids and the SH groups of proteins , they act as
enzyme poisons . The toxicity of metals to fish is
significantly affected by the form in which they occur in
water . The ionic forms of metals or simple inorganic
compounds are more toxic than complex inorganic or

possible action through pituitary gland : Sangalang &
O'Halloran  ® have opined alterations in steroid
synthesis . Other investigators ' suggested inhibition of
the action of pituitary gonadotrophs and somatotrophs
.An over abundance of one trace elemenet can interfere
with the metabolic utilization of another element present
in normal or marginal concentrations ‘™ .

Large variety of data regarding toxic effects of nickel
on mammals have been reported . Nickel refinery
workers  had increased mortality from lung or sinonasal
cancers . In human populations exposed to Ni and
chromium compounds , chromosomal abberations have
been feponed. Biochemical as well as histopathological
alterations arising from Ni exposure in mammals have
also been documented ® | The chronic effects of
€xposures to Ni compounds primarily affect the immune
system and the respiratory tract "’.H}pcrgl\'caemia and
glucosurea develop following exposure to Ni(Co). .

~ The effect of nickel on repreduction system was
Sl.udned by many investigators.  Significant
hnstqpathological alterations were observed in the
ovanes of fish exposed 1o sublethal conicentration of
luckgl. The prominent changes were-occurrence of
atretic oocytes and increase in interfollicular spaces ¥,
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However, reduced reproduction has been found (o be a
mote sensitive measnre of heavy metal toxicity than
cnrvival ™M A eipnificant incrense in the frequency of
sperm micronucleus abnormalities afler exposure fo 6

days o 5 weeks treatment of nickel compounds e
Some  authers™  sugpested  that the low
developmental ability of pronuclear stage of rat cmbryos
may be mainly due to deleterious efTect of heavy metal
tons and hypoxanthine . Scanty data are available on the
efteet of nickel exposure on reproductive potentials of
female rabbits . therfore the aim of (he present work was
o investigate the eflect ol oral administration of
dilferent doses of nickel chloride on ovarian activity
ovatian steroid hormone patterns and some biochemical
and haematological changes . with {rials to study the
efteet of treatment with manganese sulphate {o clevale
or not the toxic effect of nickel on reprodutive function .

MATERIAL AND METHODS

Animals
Thirty seven virgin female white New Zealand rabbits
were used . Maintained in individual wire cages, given
limited food and water jreared in The Animal House
‘National Research Centre, Cairo
Experimental design ¢
The virgin does (immature female rabbits)were
andomly divided into 5 groups . cach of § animals for
groups LIL 111 and IV and § animals for group V. The
first proup was lefl as control , the sccond group
drenched low doses of nickel chloride (200 pg/ animal),
the third group (reated with high doses of nickel
chloride (1000 g/ animal). While the 4th group
drenched low doses of nickel chloride (200 pg) and
mangancse sulphate (50 ug/animal). The animals were
treated 5 times per week for 8 weeks . The fifth group
not treated with PMSG or HCG and kept as control .
All groups (except group V)were treated with 200
fu,  pregnant mare serum gonadotrophin  (PMSG,
“olligon”, Intervet, holland), in followed by injection of
200 iu.  Human chotionic gonadotrophin (HCG.
Pregnyl®. Organon, Holland), 48 hrs after initiation of
PMSG ftreatment or 2hrs afler mating (female accepted
male). then. 24-48 hrs later the animals were
decapitated, where the ovaries were collected, kept in
saline  (0.9%Nacl) weighted and examined for
determination of the total ovarian response (follicles,
corporn  haemorrhagica and corpora  lutea). Some
ovaries  were immediatly excised, trimed  from
connective tissues, weighed, minced and homogenized
in polytran homogenizer, diluted with distilled water.
The ovarian homogenates were centrifuged and the
supernatant was analyzed for  steroid hormones assay
and minerals . '
Blood samples :
Blood almmplc:s were collected during decapitation
of rabbits in 3 tubes containing cither EDTA (for

ytion), heparin (for separation of
(to separate blood serum fo,
clectrophoresis ) Aliquots of b]ood were collecteq
freshly on EDTA for hncm:xlologzgnl pictures (RBCs |
WiCs, Hb, HCT and MCV) using Cell Counter Serong
Diagnostic 190 T,

Blood plasma was collected in heparinized tubes
and kept at .20°C, until analysed for hormonal assay

and trace & heavy metals .

haematological examin
plasma) or whole blood

Progesteronc and estradiol-17[) were determined
using l‘.’lZli()illlXlll!llO:lSS(l)‘ according to the 11101!:9:)15 of
Abraham®? and  Allen &  Redshaw
Triiodothyroning (T3) was determined according to the
method of Eastman ct 2199 and Thyroxine (T4) was
measured in the plasma using RIA technique according

ot a]0?
to the method of Chopra et al” .
were

Electrophoretic  patierns mere
polyacrylamide gel clectrophoresis S H

Nickel, manganese, zinc and copper were dc_lcrmincd i'u
the plasma and ovanan {issues by wusing atomic

absorption spectrophotomelry

done using

Statistical analysis :

The data were analysed statistically according to
. . 21 '
Fallarida and Murray "

RESULTS AND DISCUSSION

Eftect of low and high doses of nickel on ovarian
activity @

In the present study , all virgin docs (except group
Vywere treated with 200 i pregnant marc scrum
gonadotrophin(PMSG) to augment the follicular growth,
followed by injection of Human chorionic
gonadotrophin  (HCG) 2 hrs after mating to induce
ovulation in virgin docs .

As shown in table (1) injection of PMSG | 4-5
days before decapitation of rabbits  stimulated the
ovarian growth and increase the ovarian weights (0.85+
0.08 gm/ ovary, p<0.01 ) compared with rabbits n
group V,which is not treated with PMSG & HCG (0 28
+ 0.02 gm / ovary wet weight) where the ovaries of this
control group did not show prominant follicular growth.
The treatment resulted also in an increase in the number
of growing follicles (38.9+ 2.28 follicle/ ovary). number
of ovulated follicles (17.642.37 C.H+ C.L/ ovary) and
in the total ovarian response (56.5 +4.1) . ‘

Administration of low doses of nickel chlonde
(group 11) over 8 weeks to female rabbits decreased
significantly the ovarian weights (0.448 +0.03 g vs. .85
+ 008 g/ ovary), number of growing follicles (18.08 =
1.77 follicle/ ovary, P < 0.01, number of CL. (0.8 %
039 CL./ovary, p < 001) and the total ovanan
response (31.5 2 0.75 F + CH + CL/ ovary) . This effect
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Propesteroncgig)
V15081000 1]
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2K A2 100024 L 0K AT 1262 4**

Progest (ng/pin)
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132006 146 W21 1.3

I3 (np/mlh)
| KH 10 36

22510100

| A11020* 2131029
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* P 0.05 "¢ P<(),01

Table(3) Protemn fractionation
and hiph doses of nickel or manganese

of serum on polyacrylamide of female rabbits treated with low

Fenctionntion of plasmn profein
Anlmnis Globuling Alhumin
Alphu (u) Mt ([3) Clnmmu ( y )
Controlth 6251192 13694449 VA2 204313 211
Low dose NitIh 11041205 RA241.30 106711 94% 1632473 66
Phgh dose Nicli1) 9.201) 21 11.77¢1 92 sl 24.3445.68
Low dose NytMn (proup IV) [ 9 43201 49 6,201 313 78172 16,0812 15

* P<0.05
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Table
and ovarian tssues of female

(5) Concentrations of nickel, manganese, 2106 and copper (umol/l) m the plasin,
rabbitd ey

soned o mckel freatments

|Levels of mmetalsumol/l)
Cioupe Pl Ovartan et
Ny | M| 7Zn ('n Mi Mn | 7Zn ('u

Control ooty |12 Iu6 | 366 | 639 703 1v10 | 319)
Girl 003 TN EUA L A i15% L rono |8 11.54

1210

U]
|onw w Lo e 1’171' i‘. e 1’/ e 11 12 ':4 no* i" "
:’;:’;‘1 :ml o TP BUREE VAV NS 12 47 | 1240
High Ny [ osre [ ator |22 V6 1" e L1095 | 949 1076 12;/;4,-
dose 00 |* 1) #9 i162 Voo |6 '
Gr il 6 e ) 89 a7 | %0
Low (.25 17200 | 2204 | 2397 | 92 1gur |y | 2unz
NitMn joo3 | 1245 L4073 | * 061 1° . IEK]
iy 1V 119/ 11,91 RY
Contiol(2) 0166 [ 065 2000 1 37.0 | 8Y | e cososse | sessase
(ir.V, 10.05 | 1007 L1008 1 4129 1074 | -
GrV  control rabbits not treated with PMSG

------- - Not determined

“p=0,05 **p<0.0]

Morcover administration of  high  dosen of

nickel 1o rabbits inhibited significantly the follicular
development (20.28 1 1.6 follicle / oviry , p = 0.01)
and the total ovarian response ( 18,85 1 2,98 fovary , p
< 0,01) with remarkable elevation in the ovulation rate
(47.79 %) than control group (3).15 %) .
Treatment  with Jow doses of  nickel
manpancse (proup 1V) , did not improve the condition
but aggrevate the inhibitory action on the ovarian
activity, tepresented by a decrease in the ovarian
weipht (0462 + 0,03 gm / ovary), number of
developed  follicles (157 4 2.02 follicle / ovary),
ovulation rate (7.1 11 1.2 Jovary) and in the total
ovanan tesponse (228 4 189, p < 0.0]) . The
addition of manganese solphate with low doscs of

and

16

nickel did not improve the inhibitory actions of nickel
on ovarian activity ,and this may be due synergistic
action between nickel and mangancse on the ovarian
level, Many authors found that an over abundace of
one trace clement can interfere with the metabolic

wtilization of another clement present 1n normal of
marginal concentrations™.
Effect of nickel on  some hormonal levels

protein fractions :
The results in table (2) showed that the Jevel of
plasma estradiol-17f ss affected significantly with oW
dose nickel treastment, where it reached 280 572 63.69
pp /ml, p = 0.01, compared with control group 173 H
+ 2547 pg/ml, ‘The concentration of eatradiol-17) in

and
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ovinan tssue was

also increased (4692.09 +
pe/ml, p<003). A9+ 4433

| 4,\. h‘lghl,\' significam depletion of estradiol-17p
M ovnan tissue (93.32 4 12 85 pe/ ml p<0.01) was
rccor(_lcd after treatment with hi_gh d‘oscs olf nick'c'l
chloride, without significant changes in 1hc‘ plasma .

| lnt?rc:xscd levels of estradiol-f  in plasma and
oxl-an;m issues due to administration of low doses of
nickel may be due to changes in the steroid balance in
the follicular fluid or tissues @ of may be due to the
cffect of heavy metals on metabolic and enzymatic
activity (3 '
Plasma  progesterone  concentration  was
significantly decreased in animals in groups 11 (538 +
0.99 ng /ml , p <0.01); 111 (4.46 £1.4]1 ng/ml, p <
0.01) and TV (3.19 £ 0.53 ng/ ml. p <0.01) Whereas,
progesicrone concentration in the ovarian tissue
dcereased significantly in groups 3 and 4, wherc it
averaged 1289.52 +259.25 and 1082.41 +262.8 ng/
gm of tissues, p < 0.01, respectively . But with higher
doses of nickel a highly significant decrease in the
tissue level of estradiol and progesicrone was
observed, which can be attributed 1o the presence of
large numbers of atretic follicles ® or due to
alterations in steroid synthesis ) and can be returned
to stressful condition from nickel administration with
or/ without manganese which alter the pattern of
secretion of some reproductive hormones.

The level of triiodothyronine (T3) was not
varied significantly between the trcated and control
groups as shown in table (2) . whereas ,Tl.lyroxme
(T4) decreased significantly in animals received l‘ow
doses of nickle (1.41 £ 0.26. p <0.05) . This action
mav be due to the great affinity of heavy metals for

amino acids and SH groups of proteins .

At the moment ,no data are available on the
relationship betwecn the concentration 9( nickel 'in
biological media and the risk ot? rcproducuvg potential
and cancer. Biological monitonng o‘f mck.c] n.my
therefore not be of use asameans of risk cstimation
but only as an indicator of e.\'posurc_.

However, concentration of nickel in plas‘ma.or serum
have been successfully used as an mdlcal.or. of
poisoning, The state of nickel in blood are con'ﬂxcun.g_
there are three nickel fractions in blood: an amm(T acid
bound fraction which is mostly in the form of .mckc]-
L-histidine complex. nickel bound to albumin and

17
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nickel bound (o «-macroglobulin, exchange :n?d
transfer  of nickel between L-histidine and ulb.umm
appears (o be mediated by a ternary complc:f in the
form of albumin-nickel-L-histidime . This 15 l:zo‘\)w
nickel appears to be transported in blood in rabbits .

Fractionation of serum proteins were done
using polyacrylamide gel clectrophoresis , the rcsulls
are shown in table (3) . A non- significant clevations
in the level of a-globulin were recorded in treated

groups. Whereas, [} globulins showed a non-

significant decrease in all treated groups compared

with control group . A highly significant increasc n
the level of y -globulin was recorded in rabbits

exposed to low doses of nickel , it averaged 10.67 £
1.94 , p <0.05). These increascs in y-globulins may
be due to the effect on the immung systeni .

The chronic cffects of exposures to nickel
compounds primarily affect the immune systcm and
the rate of synthesis and volume of distribution of
many plasma proteins ®, altered by steroids , cither
endogenous or exogenous @ .

Effect of nickel on haematological picture :

As shown in table (4), the blood picture
revealed a highly significant elevation in WBCs
counts in all treated groups either received low and
high doses of nickel (15.38 +1.75x 10*and 15.1 +
1.71 x 10°, p< 0.01) or low nickel doses with
manganese (12.05 + 144 x 10° |, p < 0.03).
Sunderman ct al. ® reported that the chronic effects of
cxposures to nickel compounds primarily affect the
immune system.

In addition. asignificant drop in the RBCs count was
obtained in animals received low doses of Ni (5.16 +
0.37 x 10° , p <0.05). No significant alterations in
the levels of Hb and HCT were recorded in all treated
groups , but MCV showed a highly significant
increase in rabbits treated with low doses of Ni (85.74
£ 397, p <0.01) . The experiments showed that
nickel carbonate is rapidly absorbed and enters the
RBCs, where the compound converts to Ni*" and Co®.
Levels of Nickel, manganese

»zinc and copper in
the plasma and ovarian tissues :

_ As shown in table (5) concentrations of nickel
"’) poth plasma and ovarian lissues are increased
significantly (p < 0.01} in low dose level of nickel
treated group Moreover, nickel increased significantly
(P < 0.001) in plasmy only at high dose le\I;l
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teatwenmt Reganding  manganose  an plasma, it
vcreasad wemificanmth (po 00D from L 251002
moeental Wwd T C 1 Sand 1227 2 A4S amal / hin
mecked ugh dose group { proup 1) and i low dose

and smangandse treatad grovp (eroap IV, espectively

On the othedund, manganese was tfound Lo
mcrease i low dose mokel treated group (p < 00%)
and st low dose mickel treated group with manganese
B WD Zine was tound o decrease tn plasma in
tow dose michel group (17 23 4127 umol /1, p <0 0D
andd 1 ovarian tsswe © 7071 s 4 umel /1 pe
0 08) e Low Jose treated group with manganese

Copper also  decreased sipnificantly i both
low and hgh doses of mckel i plasma and ovanan

pasnes (P < 0001 and in ovanan tissue only 1 group
IV(p=00%)

In the groups receivad low and high mchel
doses. there were sipnuficant elevations of mchel
At the same time
anid - copper

aeheentration 1 the  plasma
agaficant  reduction of
concentrations were also observed 1t is proposed that
tontcity of mickel  may be
with the normal

Jme

much of the known
ratonalizad By ats nterference
bochemieal and  physiologreal roles of o and
aoppet™™,

The trological role of zing is very extensive and
rapges from structural stabihization (e 2. of proteins),
to the control L pot only of communication between
cells but alo of the structure and nlegisity of

mdinadual  cells, 0 enayme activation, 1o the
regulanon of  many fundamental  intracellular
3.3m

ProCTsses

An important questton  thus arises whether
imtracellular  and  extracellular Ni'" levels reach
coneentrations high enough to compete with zinc or
copper -~ Sumilarly |, are the intercellular and especially
the nuclear levels of nickel attained of sufficient
magnimde fo make replacenment of zin¢ or copper . i
reahstic toxicological pathway - These metal ions are
especially important in replication, transcription |
translasion and reparr processes ¥

The replacement of Zn by nickel and Cu
appears o be associated with the deactivation of
critical  ensvme  and many tmportant  hydrolytic
ennmes including the DNA/RNA pely merases "It
is probable that the interactions  al low or high Ni
levels. interface with proteins | enzyme and metal
fons

Metal-metal interachions, espectally
wtemcuons with essential  elements are clearly a key

apect of metabolic Crcmopeneses This includes the

inliation of mickelanduced sarcomas by excessive

manganese “ or magnesivm 130

The results of the present study indicate thyy
probable detangement i ANEanese metabolism
It about by Mn supplementation can have 3
marked enhanciny elleet on redoction of Znand ('
levels — m o both plasma and  ovaries, My
mentation also decreased levels of Niin bot)

the
biouy

supple
plasma and ovaries

In conclusion , a8 mangancse played a role in
regatmng some of  the tested parameters when added
with low dose of nickel , this may raise the importance
of 1 oas cotrective of protective agent in nickel
posoning , and at the sane time since itis nol of
value in some others . Tns may shed light on the
importance of studying the other factors like offering
wmote e (o manganese 1o work cither on different
enzymes or metabolites involved in the process . On
the other hand, further studies are needed 10 give
chance to higher doses of Mn to show up what they

are poing o do .

It is hoped that the data presented here , will
help to eslablish a scientific basis for the development
of measures to minimize health hazards reluted to the
production and use of nickel and its compounds and
also, aid in future participation is preventive actions
against the potential health effects of environmental
pollutants .
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