
J. P6r ConL & Envbon ScL 6 (1): a9-6a (199E)

TOXICITY AND BIOCIIEMICAL EFF'ECTS OF

LEAI}, CADMTUM, ACETAMIPRID AND
TIIEIR NIDffURES ON MALE NIICE

By

Deifalla IL r\l-Ilajhi and Fikry I. El-Shahawi
Plant hotectim Department, college of Agriculture, King Saud university,

Riyadlu Saudi tuabia

ABSTRACT

The toxicity a:nd biochemical effects of lead (10 mg/kglday),

cadmium (l ngk{day), acetamiprid (34 & 68 ms/f!dda]9 and their

mixtures after 14 days of oral administration on male white albino mice

were investigated. Lead and cadmium treatments caused high percent

mortalities 55.6% and 66.1 7o respectivety, while acetamiprid at 67'9

rrrg/r.{dly caused I l.l % only. The mixtures of acetamiprid with lead and

cadmfurm decreased the percent mortalities of lead and cadrniurq this

meaffl tbat acetamiprict (cyanoimin group) had an antagonismic effect to

heavy retals. Furthernpre, we studied the effect of lead and cadmium

treatments on activity,rf &ALAD, AChE and GST enzym€s. Both caused

signiftantty decrease of the activity of &ALAD (52.12%&19.94%),

AChE (42.57% &28y'o) arrd GST (14.37% &34.329/o), while they caused

elevation of serumLDH level $A% &,46.67%), respectively. On the other

han4 the mixtures of acetamiprid with lead and cadmium decreased the

inhfoitory effect of lead and cadmium on &ALAD & AChE activity and

inhibited the elevation,rf serum LDH level. A correlation between toxicity

and changes of enzynnes activities as a resuh of lead, cadmium treatrnent

and their mixtgres with acetamiprid, was quite clear and demonstrated that

acetamiprid may act as a prota;tive agent against heavy metals intoxica-

tion.
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INTRODUCTION

r{etals are ubiquitous in the modern industrialized environrent.
Some metals 0ea4 cadmLium, mercury, etc.) have no beneficial role in
hurrrans and tlrere is rp known homeostasis mechanism for them In
contrast, other metals zuch. as chromium, copp€r, zinc, nunganese and iron
are essential for man However, these essential trace elements can also be
dangerous at high levels (Schumacher et. a1.,1994). Toxic effect of lead
on humaLrn has been known for centuries. Because lead is abundant,
nvrlleable and eas*y refined it has been employed since antiquity in
pigments, pipe for drinking water pipes and in sweetening and presewing
*'ine (wT{o, 1987). Recently, significant exposure has been observed
primarily in industry and in the use of leaded gasoline. Inhalation of
tetraethyl lead from gasoline, once considered to be a rnajor source of lead
contamination in the generial environment, has b€sa significant$ reduced in
recent years in countries phasurg out leaded gasoline (wHo, l98T). In
lead exposed workers, protein damage of red blood cell membranes has
been dernonstrated and may play a role in the pathogenesis of lead anemia
tead exposure also, causes changes in some heme biosynthetic pathway
parameters, such as inh,ibition of erythrocyte 6-a:ninolevuiinic acid
dehydratse (&ALAD) activity, followed by increase of'urinary excretion
of 6- aminolewlinic acid (ALA-LD (Tabuchi et. al.,l9s9). During the
past three decades, cadmium has attracted" substantial attentioq primarily
due to abundant evidence of effects on human health in industry and the
general em'ironment (Bernard and Lauwerys, 1984). whereas cadmium
metal is mainly employedi as an anticorrosive, cadmium compourds are
commonlly used as pigments in plastics. Mining and metals refining are
major industrial emission sources of cadmium- since only a very minor
proporticln of cadmium is recycled, it has been referred to as "the
dissipated elernent" (wHo, 1980). cadmium is transported via blood to
other parts of the body. It is predominantty bound to the low-molecular-
weight protein metailothionein is induced by cadmium and the highest
concentrations are found in rrhe kidneys and liver. Low excretion rates
Iead to very efficient ret,.-nti<ln in the body. Because of the exceptionally
long biological half-liies of r:admium in the liver and the kidneys, these
organs are the main sites o.f storage fritz and Kars4 1990). on the other
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hand, acetamiprid is a IFw insecticidal compound having cyanoamidine

structure. It was discovered and is now being developed byNippon Soda

co., L,td. Acetamiprid iwts on Acetylcholine receptors (AChRs) receptor

of insect central neryous sy$em as an agonist of .ACh (Matsuda and

Takahashi 1996). Tbe toxicity of lead and cadmium at rna,ximum limit

levels of exposure are ,*ell knowrU but a nrajor concern of today is ttre

possfoility tbat continual exposure to relativety high levels may entail

adverse heahh effect. Also, farm workers are exposed to synthetic

agdcutfural chemicals (i.e: acetamiprid) while working in the fields. Thus,

this study was done tro investigate the toxicity and some biochemical

effects of high doses of lead and cad'mium and sublethal doses of

acetamiprid and their mixnues on the nrale white albin6 mrce.

MAT'ERIALS AIYD METHODS

Animals:
Six to eight week old (23-31 gn) male white aibino mice were

used throughout tt1g situdy. Animals were housed in suspended stainless

steel cages and provitled with food and water ad lib. All animals were

maintained on a 12 hr. hght I 12fu. dark cycle at constant temperature (25

+1'C) and humidity (approx. 70 %) -

Chemicals:
Acetamiprid (,{cP) (iso propsed), 20 % sP formulation from

tNIppoN soDA CO. , Lm.) , ohtemachi chiyoda- KU Tokyo , JAPANI

was used . Leacl acetate and Cadmium acetate are prue gade chemical '

All the other chemigals were of the highest pudty grade available from

Sigmn , BDH and or Aldrjch chemical companies .'fhe preparations were

administered orally in the form aqueoues solution .

Experimental Protoc'ol :

The mice wer,e divided randomly into nine $oups of ten mice each

and orally injected daily for 14 days according to the following protocol :

Group l: Control treated with tap water. Group 2 : Treated with 1/20

LD50 ACP (i.e. 34 q; / kg I My). Group 3: Treated with l/10 LD,50 ACP
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(i"e. 68 rng / kg / duy). Group 4: Treated with l0 mg / kg / day lead

wetate. Group 5 : Treated with l/20 LD*'ACP + 10 mg lead acetate.
Group 6: Treated with 1/10 LD50 ACP + 10 mg lead acetate . Group 7:
Treated with I mg / ke; / day cadmium acetate. Group E: Treated with
l/20 LD,lo ACP + I mg cadmium acetate. Group 9: Treated with l/10
LD50 ACP + I mg cadnaium Ercetate . All enimals were weighed diaty (for
14 days) to ensure the ma,rimum dose effect . Percent mortaliby was
recorded during the experimental period. In all treatments, percentage
rurtalities were corrected by Abbott's formula (lg21).

Tissue Collection :

After 24 hr. from the last treatment three mice per group were
anesthetized with ether and sacrificed. The blood samples were collected
from each animal in 5 c.c r;itrated tubes containing 0.25 rnlof 3.8% sodium
citrate. The blood was mixed carefully to avoid the formatioa 6f f6rams,
then used fres,hly for delta-aminolevulinic acid dehydratase (&ALAD)
asrsay .Samples used for determining lactate dehydrogenase (LDH) were
collectecl in fubes that did ncrt ssnlain an anticoagulant. Brains and livers
were ob,taind from dissected animals, weighed and then stored at -20oc
rurtil biochemical assay were performed (within two weeks).

Biochemical Studies :

Serum preparation : Blood
Temperature (RT.) for 15--30

les were allowed to clott at Room
The clot was released from the walls
overnight at 4"C. Sera were pipetted

3000 rpm for l0 min to remove

measured in serum according to the
Na-pynrvate as a substiate and NADH

of the tube and allowed to
into clean tubes, centrifuged
erythrocytes , then used to LDH activity.

LDH assay : LDH activity
method of McComb (1983)
as a co-fhctor.

6-ALAI) : The erythrocyte activity was assayed according to the
method trf Joseph et al" (1971).
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Acetylchotinesterase (,AChE) preparation : The control and treated

brains of mice were weighted and homogenjzed in ten volumes (w/v) of
ice-cold of 0.1 M phcrsphate buffer pH 8 using Teknrar homogenizer for

30 seconds. The homogenate was then centrifuged at 8000 xg for 20 min

at 4oC using Beckmanr L5-75 ultracentrifugg type 40 rotor. Pellets were

discarded and supernatused as the enzyme source for,{ChE.

AChE assay : AChE activity was assayed by the rnethod of Ellnran et. al.

(1961) using acetylthiocholine iodide as a substrate. Protein content was

assayed using the Lowe,ry rrrethod (1951).

Glutathione-S-transferase preparation (GST) : The control and treated

livers of mice, each was weight and homogenued in four volumes (i.e. 4

ml / g wet. tissue) of 0.1 M sodium phosphate buffer pH 7.5, in Temkar

homogenizer. The hom.ogenate was centrifuged for 60 min at 30000 xg at

4oC using Beckman L 5-75 ultracentrifuge tlpe 40 rotor, and the

supernatant was used as crude enzyme fraction (Asao et al., 1977) and

Takahashi (1977).

GST a*ray : GST activily was measured according ttre method of
Asaoka and Takafushi (1983) using o-dinitrobenzene as a substrate

.Protein content was assayed using the Lowery method (1951).

Analysis of data :

Data were analysed for statistical significance by Alt{OVA usrng

SAS statistical software .

RESUI,TS AITD DISCUSSION

Toxicity of the nine treatments on the male white albino mice and

their effects on the activities of (ALAD , LDH , AChE and GST) enzylnes

were recorded alter 14 days of exposure as illustrated in Tables I to 5.

The data in Tatrle (l) showed that cadmium aod lead treatments were

more toxic, since percent rnortalities were 66.7 & 55.6 % respectivety. On

the other han4 ACP at 67 .9 mg I kg I day (l/10 LD50) caused I 1.1% M.
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The Mixtures of lead and cadrnium with li20 & lll0 LD{' had percentage
nnrtalities between those of Pb & cd from side and l/10 LD5o in anther
side.

Table (1): Toxicity of acetamiprid , lead and cad.mium on the mate white
albino mice after 14 days of oral administratio lorL

Ilxperimental

Ciroups

No. o animals % Mortalitv Corrected

0 dav 14 davs (M) %M
Control

l/20 LD<,51{,ACP)
rl/10 t.D56 (ACP)

Pb

i'}b + li20 t-D59 (ACP)

Pb + 1ll0 t-D5g (ACP)

Cd

Cd + l/ 20 LD5s (ACP)

Cd + 1/ 10 LD56 (ACP)

l0
l0
l0
l0
l0
10

t0
t0
l0

9

9

8

4

6

7

3

5

7

10

l0
20

60

40

30

70

50

30

0

0

n.l
)).o
33.3
")) )
66.7

u.4
22.2

Matsuda and 'Iakahashi (1996) mentioned that no damages by
ACP at 53.2 mg I kg I day in the diet for male mice. we noticed that zub
letiul doses of ACP decreased the percent mortality of'cadmirun and lead
to animals. The above resuh may be refu::n to ACP (cyanoimin group) had
antigonismic effect to hea'qy metals.

Delta-Amino lrvulinic Acid dehydratase (&ALAD) activiry of
control and treated groups are pregented in Table (2). It is obvious from
the data that ail of the treatments had inhibitory eflbct on this enzyrne
except group 9. cd + 1/10 LDrn significantly increased the enryrn€
activity. Lead treatment (10 rng / kg I day) was more potent inhibitor
(52.12%) wbile the treatment of Cd 'r ll20 LDrn was less effective
(7.72%). we noticed ttu* the mixfures of leadandcadmiumwithAcp
were less effective than lead and cadmium alone ,esper:illay in tbe case of
cadmium mixtures. 6-AI-AD is a sulftrydryl enzlrn€ and is, therefore
inhibited by rnetals such a; copp€r , silver and lead (Tonrrio et a1.,1968).
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These data weparallel to that obtained f Masatoshi (1983) , who

fouod that administration ol' 500 ppm of lead rn drinking water to rats

produced 82.7% and 74% inhibitionof &ALAD activity after 18 atrd2l

days of gestation Kira ef a/. (1989) reported that treatment of rats with

500 ppn of lead in the drinking water for 6 weeks caused 82'78%

inhibition of rats erythrocytic &ALAD. Also,these data are paralleled to

the data obtained uv et-najtri (1993) who found that erythrocytic &ALAD

is significantty inhibited hy lead treatments. Dowla et al' (1996) found that

cadmium at 1.4x10-3 mM caused 50% inhibition &ALAD activity. Hallen

et al. (1995) found tturt 6-ALAD activity was decreased in neonates rats

which exposed to lead and irn exponential correlation befw-een blood lead

Table (?): Invivo effect of acetamiprid, lead and cadmium on 6 amino

levulinic acid dehydratase ( 6-ALAD ) activity after 14 days

of oral administration .

Experimental
Groups

Activity (p mole)

PBG/mYRBC/hr.

% change

of control

Control I

1/20 LDso(ACP) |

1/10 LDs0(ACP) 
I

Pb

Pb + 1/20 LDso (ACP)

L Pb + li 10 LDso(ACP)

lco
I ca * l/20 LDso(ACP)

I ca + li to LD.n(ACP)

72.45 r 0.88 b

63.82 t 3.25 d

54.95 !2.& f
34.69 r 0.97 h
50.70 10.00 g
52.02 t 1.98 g

58.00 + 2.28 e

66.86 t 1.16 c

81.31 t 0.00 a

r r.qit r I
24.1s ( J )
s2.12 (-L )
30.20 ( .f )
2s.20 ( .L )
1e.e4 ( I )
07.72 (I)
rz.n(l\

Each value is the mean of 3 replicates + S'D'

One enzyme unit = oD6o -oDo. ffi * blood dilution

blood vol. x 60 min

l^x 

-xz
0.030

Significantty different from control ar ( p < 0'05 ) '
Least Significant Difference ( LSD ):2'78
Means with the sarne letter are not significantty different '

| = lncreSse J : decrease

-55-



D.II Al-Rai lt F.L El-shahawi

concentration and 6-ALAD activity. Hayashi et. al. (1993) fourd that &,
ALAD activity in erlthr,ccytes in male wisax rats was lower at 20 days
after lead treatment. The effect of ACP on rhe activity of &ALAD may be

attributed to its rapid absorption and distribution into organs and tissues
vb blood fMatsuda and 'Iakabashi" 1996). By comparing the data
presented in this table *ith the toxicity in Table l, a good correlation
between toxicity and enzFme inhibition is quite clear. From the above data
wc can say that ACP nray act as a protective agent when mixed with the
studied metals, but fi.ulhel studies are needed to confirm these interactions.

Il-elative changes in the activity of LDH as a resuh of the nine
treatmenls after 14 days were recorded in Table (3). The enzyme activity is
sensitive to a relativetv high doses of lead and cadmium (46.67% and 40%
activation respectively) since lead and cadmium cause severe muscular
c<lntraction which may involve participation of LDH in order to convert
excess lactate produced into pymvate.

Table (3): In vivo effect of acetamiprid" lead and cadmium on serum lactate

LDm after 14 of oral administration .

Experimental
Groups

Activity
(IU/L)

o/o Increase

Control
U20 LD'$ (ACP)
l/i0 LDso(ACP)
Pb

Pb + i/20 LD5o (ACP)
Pb + 1/10 LDso(ACP)
Cd
cd + u20 LDso (ACP)
cd + 1/10 LDso (ACP)

447 .76 t .55 c
450.56 t 089.55 c
460.86 t 051.70 c
626.87 + 089.55 a

59?.01 + 136.79 a
537.31 + 089.55 a

656"72 + 051.70 a

507.46 + 051.70 b
477 .61 + 051.70 c

00.63
02.93

40.00

33.33
20.00

46.67

13.33

06.67
Each value is the mean of 3 replicates t S.D.
Serum[.DH=C-TlC--B x 1000 ITJ lL.
Significantty different frorn control at ( p < 0.05 ) .

Least Significant Difference ( LSD ): t26.12
Means with tbe same letter are not significantly different.
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TheSe results iry5;e1- with other reports sfudying tle same paran*-

ter. Lead administered at t0 mg / kg caused significant increase in activity

of LDH (Randbawa e,t a1.,1995). Madej et al.(1988) found that 600 ppm

lead acetate on alternative days over 6 weeks caused increas€d in LDH

activity. Also, Khandelwal el ct.(1991) found that increase in the activity

of LDH in rats receiving cadmium at I mg / kg. Denizeau and Marion

(1990) found that cells oflrainbow trout were mst sensitive to cadmium,

and LDH activity was increased. On the other hand, Eweis and Ibrahim

(1996) found that I md kg / day lead caused decreased in the activity of
LDH in different organs. In the present study, we found that ACP inhibits

the elevation of serum LDH level in lead and cadmium induced liver

injuries in mice.

Acetylcholinesterase (AChE) activity of confiol and other

experimental groups are presented in Table (4). It is obvious from the data

that all of the treatnrcnts had inhibitory effect on this enzyme. Lead

treatment has the highest effect (42.57%) then cadmium treatment (28%)'

Table (4): In vivo effect of acetamiprid, lead and cadmium on brain

Acetylcholinestrase (AChE ) activity after 14 days of oral

administration.

Each value is the neaa of 3 replietes + S.D.

Significantty different from control at ( p < 0.05 ) .

Least Significant Difirrence ( LSD \:2.03
Means with the sanie lette,r are not significantty different .
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Experirnental

Grouos

Specific activity
OD l" 

^,,1 
mg protein/hr.

% Inhibition

Control
t/20 LDro(ACP)
1/10 LDso (ACP)

Pb

Pb + l/20 LDso (ACP)

Pb + l/10 LDso (ACP)

Cd

cd + t/20 LD5o (ACP)

cd + 1/10 LD."(ACP)

28.A7 + 1.08 a

26.73 i 0.95 ab

23.161 1.52 cd

t6.12 t 0.47 f
23.39 r 0.51 d

25.60 r 1.38 bc

20.21! 1.06 e

22.36 r 0.93 d

24.24 t 1.89 bcd

oo.go

15.46

42.57

16.67

08.80
28.00
20.34
13.&
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whereas the two doses of ACP have weak effects 6.8% and 1s.46%,
respectivety. These data aire in agreement with other reports sfudying the
safile parameter. Lead administered at 500 ppm caus€d significant decrease
in activity of AChE (Al-R4ihr, 1993), w'hile, cadmium administered at 100
ppm caused slight effect on activity of AChE (Al-RajhL |ggz). Eweis and
Ibrahim (1996) found that lead at I mg /kg lday caused slightty effect on
brain AChE activity of nrale mice. on the other han4 cadmium at 64 g I
liter has no effect on AChE activity in Daphnia magna (Guilhermino er
a1.,1996). AJso, cadmium did not inhibit AChE in the d.ifferent marine
compartments (water, sediment and living mater) @ocquene et al., 1995)..
Also, we noticed the acetamiprid decreased the inhibition effect of lead and
cadmium on AChE activity.

Table (5) indicates the effect of ACP, lead and cadmium on GST
activity after 14 days of ,oral administration The data revealed that the
enzflne activity was significantly decreased in all treatments compared
with control. The treatments of Pb +l/10 LD.rn and Cd + l/l0lDrn ha.,e
high percent inhibition 35.75 and 35.51 respectively. while, the treatment
of ll20LD50 has lorry effect on activity of this enzyme (10.69 %). we
noticed that the treatment o,f mixtures had an inhibitory effect of activity of
this enzyme more than each treatment alone.

Glutathione-S-trarsferase is believed to play a phy.siological role in
the detoxification and elimination of toxic and undesirable foreign cor
porrrld including pesticides (Chasseau4 1973).

In the present sfucly, we found a reduction of GST activity after
exposure to acetamiprid, lead and cadmium. These results are in agreement
with those reported by Jordan and Bhatnagar (1990), *'ho found that 80
mg / kg lead acetate and 80 rng / kg cadmium chloride significant$
depressed GST activity in the pekin duck after 12 weeks.on the other
han4 Sidhu and Nath (1996) found that cadmium at25 mg / kg / day for
l0 weeks caused an inductir:n in GST activity in monkey liver.
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Table (5): In vrvo effect of acetarnipri4 lead and cadmium on liver

Glutathione-Si-transferase (GST) activity after 14 days of
oral administration

Each value is the rnean of 3 replicates + S.D.

Significantty different frc,m conhol at ( p < 0.05 ).
Least Significant Difference ( LSD ) = 0.43

Means with the same lettrr are not significantly different

It could be cgncluded that, toxicity of lead" cadmium and their

mixfures with ACP after 14 days of oral administration on male white

albino mice was paralleled with relative changes of enzymes activities of 6-

ALAD, AChE and LDI{. The above results may suggest that ACP

(cyanoimin g1oup) had an antigonismic effect or acts as a protective agent

against heavy metals irrteractions *'ith the anirnal bioklgical systems.
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