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Abstract:

BACKGROUND: Uncontrolledapplicationof diazinon(DZN)
can cause environmental contamination and adverse health
effectsonhumansor animals. OBJECTIVES: Thisstudy aimedto
investigate the toxic effects and the level of DZN in serum and
tissues of rabbits following a sub acute dermal exposure to
toxicant. METHODS: Different dosesof DZN were applied daily
toNew Zeal andrabbitsthroughtheear skininincremental doses
for 4 weeks. Blood sampleswere collected at the beginning and
theend of each dose-week period. Tissuesampleswerecollected
frombrain, muscle, kidney andliver onday 28, after euthanizing
the rabbits. DZN contents of the blood and tissue sampleswere
measured using a reversed phase HPLC system. RESULTS:
Clinical observationsindicated signs of toxicity in the animals
exposedto DZN asshown by diarrheaand body weight lossfrom
day twenty. The level of DZN in the blood elevated with
enhancing exposuretimeand reached thehighest level at theend
of thefourth week (0.620+0.26ppm). The highest level of DZN
wasfoundinthebraintissue(0341+0.015ppm). CONCLUSIONS:
The results of this study revealed the tissue accumulation and
subsequent toxic effects of DZN following the subacute dermal
exposuretothetoxicant. It suggeststhat the determination of the
toxicant level inthe serum or tissue can be amonitoring method
for the detection of the contamination rate.

Introduction

Organophosphorus (OP) compoundsare phosphate
esters extensively used to control different pests,
parasites and fungi in veterinary medicine or to kill
weedsin agriculture. Diazinon (DZN) as an organo-
phosphorus compound was first developed as an
insecticide, acaricide, and nematicide, and is
currently used asawidespectrum contact pesticidein
many countries against insects and other parasites
living onthepets, farm animal s, cropsand ornament-
a plants(Cupta, 2006; Jeyaratham & Maroni, 1994).
Extensive and uncontrolled application of toxicants
may |eadtothecontamination of theenvironmentand
thus causes serious health problems. Noticeable
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accumulations of these compounds have been
detected in marine and non-marine organisms, soil,
fruitsand vegetablefield crops(Hayes, 1980; Larkin
etal., 2000).

Diazinon exertsitstoxic effects by theinhibition
of acetylcholinesterase (AChE), an enzyme neces-
sary for the function of the central and peripheral
nervous systems. It irreversibly binds to AChE and
inhibitsthe hydrolysis of the acetylcholine (ACh) in
cholinergic synapses and neuromuscular junctions.
Thiscan resultin the enhanced accumulation of ACh
at cholinergicreceptorsleading to overstimul ation of
nervesand muscles. Highlevel of DZN exposurecan
lead to neurotoxic effects manifested by broncho-
constriction, increased secretion, diarrhea, hypoten-
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sion, tachycardia, muscular twitching, cramping,
drowsiness, headaches, ataxia, seizure and respirat-
ory depression (Bean et al., 2005; Dahlgreen et al.,
2004, Garfittet al., 2002; Davies& Holub, 1983).
Diazinon, as an important compound, has been
chosenfor thisinvestigation becauseof itsworldwide
usageanditscontaminatinginfluenceontheenviron-
ment. It dissolves well in organic solvents and is
readily absorbed through different exposure routes
including inhalation, skin and oral administration.
Although the common route of DZN exposure is
through theingestion of contaminated food or drink-
ingwater, itsabsorptionviaother waysincludingskin
orinhalationisof major concerninanimalsor human
populations including farmers, workers, or com-
mercia applicators involved in manufacturing or
using toxicants (James et al., 1983; Lenhart &
Kawamoto, 1994; Williams et al., 1987). The DZN
absorption rate through epidermis depends on the
temperature of the place of contact, thewater content
of thedermisandtheintegrity of theskin (Ecobichon,
2001; Garcia-Repettoetal., 1994; Frank etal., 1991).
It isreadily absorbed in the body once exposed and
finds its ways through the blood-brain barriers into
the brain. High accumulation of DZN in high-fat
tissuessuch asbrainindicatesthelipophilic nature of
thiscompound (Ecobichon, 2001; Yang et al ., 2000).
Ingestion of foods or drinking water contaminated
withasmall amount of DZN isreportedto bethemost
important route of exposure for the general popul-
ation who are not dealing with the extensive ap-
plication of DZN. However, people living near the
agricultural areaswhere DZN isextensively used, or
the farmers and workersinvolved in the production,
distribution and marketing of DZN may be at an
increasing risk of exposure to a higher level of the
toxicant through other routes, including skin.
Diazinontoxicity viadermal contactsmay constitute
asmall number of the total exposures, but constant
dermal exposure may |lead to theaccumulation of the
toxicantindifferenttissues. Thiscanresultinchronic
toxicity and subsequent biochemical and physio-
logical dterations(Garfitt et al., 2002). However, the
data regarding the accumulation of the toxicant in
human or animal tissues and the consequent adverse
health effects associated with dermal contact are
limited. The current study was designed to examine
thetoxiceffectsof DZN and thelevel sof thistoxicant
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intheblood and different tissuesfoll owing asubacute
(28-day period) dermal (through ear skin) exposure
of rabbitstoincremental doses.

Materialsand M ethods

Animals. Twelve white New Zeadand rabbits,
each oneweighing around 1800+100g, wereusedin
this study. The animals were kept in a room with a
temperature of 20+£3°C at regular light/dark cycles,
andthey hadfreeaccessto food andwater. They were
maintained under the standard conditionsand all the
procedures performed on animals followed the
institutional ethical guidesestablished by the Institu-
tional Care and Use of Laboratory Animal Commit-
tee.

Sudy Design: Therabbitswererandomly divid-
ed into two experimental groups including test and
control. The control animals were only solvent
treated, but theanimal sinthetest groupwereexposed
to DZN through derma route (ear skin) in an
accumul ating dose-week manner for four weeks. The
exposure was carried out by daily doses of 50, 100,
250 and 400 mg/kg of DZN on days 1, 8, 15 and 22
during four weeks(each dosethroughout aweek). All
the contacts with diazinon were made only through
the skin of one ear of the animals. The toxicant was
applied as spray and efforts were made to keep the
surface of other parts of the body free of contamin-
ation. One puff of sprayer was adjusted to supply 25
mg/kgdiazinononear skinandrepeated sprayingwas
performed to reach the proposed doses of the
toxicant. Continuous observations and physical
examinationsweremadeto assesstheanimal s health
conditions.

Sampling: The blood samples were collected at
different time intervals and the tissue samples were
collected at the end of the experiment. The blood
samples (3 mL) were drawn from each rabbit viaear
marginal veinsbeforeexposureto DNZ andat theend
of eachdose-week period (ondays0, 7,14, 21and 28).
Thebloodswere centrifuged; the serawere separated
and kept at -20°C until analysis. Tissue sampleswere
taken from the brain, liver, kidney and the muscle of
each rabbit on day 28. The animalswere euthanized
and tissue specimens were collected from liver,
kidney, muscleand brain, . Thetissueswerewrapped
in aluminum foils and were kept at -20°C until
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analysis.

Extraction and determination of DZN: The
extractionand HPL C proceduresused to measurethe
diazinon contents of the samples were based on the
method developed by Abou-Donia and Abu-Qare
(2001) with a few modifications. The serum was
thawed and theextractionwasstarted by dilutionof 1
mL seruminto 4 mL distilled water. Diluted samples
were passed through pre-conditioned Sep-Pak C18
cartridges with 5 mL acetonitrile plus 3 mL distilled
water. The cartridgewas eluted with 1 mL acetonitril
andthecollected elutionwasusedfor HPLC analysis
after filtering through 0.25 micron disk filters. The
freezed tissues were aso thawed and homogenized
using a standard homogenizer (KINEMATICA AG
Dispersing and Mixing Technology). Five hundred
mg homogenized tissue was suspended into a
solution containing 1 mL HCI and 2 mL acetonitrile.
The suspension was shaken for 30 minutesand then
dried at 40°C using incubation with nitrogen flow.
Thenext stepsof theextractionwerethesameasthose
performed on the serum samples using Sep-Pak C18
cartridges.

A reversed-phase HPLC system was used to
measure the concentration of diazinon in serum and
tissue samples. The system was equipped withaC18
column (300x5mm, particle size: 5um), Wellchrom
K-1001 pump, Triathlon auto-sampler and Smartline
UV detector set at 254 nm (all from KNAUER,
Germany). The mobile phase consisted of amixture
of acetonitrile and water (78:22%) adjusted at pH=3
and theflow ratewas 1 mL/min. A fifty uL of eluted
sample prepared from extraction of tissue or blood
samplewasinjected into the HPL C pump.

Satistical analysis: All dataare expressed asthe
mean + SEM obtained from six animal stestedineach
group. Data were analyzed by one-way analysis of
variance (ANOVA) using SPSS software. The
significance of the differences between test and
control group wastested by Tukey post-hoctest. A p-
value less than 0.05 were considered statistically
significant.

Results
Toxic effects: Clinica signs indicated that

diazinon induced toxic effectsin the group exposed
to toxicant through ear skins. The toxic effects of

1IVM (2013), 7(3):213-219

Iranian Journal of Veterinary Medicine

DZN was shown by a significant decrease in body
weight (p<0.001) and the occurrence of diarrheain
theexposed animals. However, noneof theanimal sin
the control group showed weight loss or diarrhea.
While the animals in control group showed a
significant (p<0.01) weight gain at the end of
experiment (from 1550+ 73t0 1885+ 75), therewerea
significant weight loss (p<0.001) in DZN-exposed
animals (1580+74 to 1080+65).The occurrence of
diarrheaand subsequent weight lossstarted fromday
20 of the treatment and continued to the end of the
experiments.

DZN replaced by diazinon: Thetypica chrom-
atographs obtained from the analysis of the blank
sample, the standard solution and the serum of a
rabbit exposedtodiazinonisshowninfigurel. ltwas
foundthat theincreased concentrationsof DZN inthe
serum of exposed animals were dependent on both
timeand dose of theexposure. Thelevelsof diazinon
in the serum of exposed rabbits at different times of
sampling are summarized in table 1. As this table
shows, the highest concentrations of DZN (0.620+
0.265 ppm) were shown at the end of thefourth week
in which the rabbits were exposed to 400 ppm
diazinon. A gradual increase of thelevel of DZN in
the serum of the rabbits exposed to a sub acute (28

Tablel. Thelevel of diazinon (mean+SEM) detectedintheserum
of DZN-exposed rabbits exposed to toxicant through dermal
route (ear skin) in an accumulating dose-week manner for 4
weeks. SEM: Standard errorsof mean, ppm: Particleper million.

Samplingtime Mean diazinon SEM
(day) (PPm)
0 0 0
7 0.183 0.074
14 0.356 0.100
21 0.502 0.240
28 0.620 0.260

Table 2. The mean level of diazinon (Mean+SEM) detected in
different tissues of rabbits exposed to toxicant through ear skin
in an accumulating dose-week manner for 4 weeks. SEM:
Standard errorsof mean.

Tissuesample Mean of diazinon SEM (N=6)
(Hg/g of tissues)
Brain 0.341 0.015
Kidney 0.203 0.073
Liver 0.135 0.057
Muscle 0.050 0.007
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Figure 1. Typical chromatographs obtained from analysisof blank sample (A), standard solution of diazinon (B), and the serum of arabbit

exposed to diazinon (C). DZN = diazinon peak.

days period) dermal (ear skin) incremental doses of
toxicant isdepicted in figure 2. Thelevel of DZN in
the tissue samples collected from different organs
(brain, kidney, liver, muscle) isshownintable2. As
this table indicates the highest concentration of
diazinon residues was obtained in the brain (0.341+
0.015 ppm), but the lowest level was detected in the
muscles (0.050+0.007 ppm). The average levels of
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diazinon in the kidney and the liver were 0.203+
0.073, and 0.135+0.057 ppm, respectively.

Discussion

Occupational exposures to DZN may occur via
dermal contact or inhalation in the workplace where
thetoxicantismanufactured or applied onanimalsor

1JVM (2013), 7(3):213-219



Arab, H.A.

1.00

0.80

0.60

0.40

0.20

plasma concentration of DZN (ppm)

0.00 T T
00 10 20 30 40 50
Time of exposure (week)

Figure 2. Gradually increasing thelevel of DZN inthe serum of
rabbitsexposed to asub acute (28 days period) dermal (ear skin)
incremental doses of toxicant.

field crops. Populationsliving within or near areasof
heavy DZN application would haveincreased risk of
exposure to large levels of the compound through
dermal contact with contaminated agents. The main
aim of the current study was to evaluate diazinon
toxicity and its levels in the serum and four main
tissues of rabbits following a sub acute (28 day
period) dermal (ear skin) exposures of rabbit to
incremental doses. Application of the toxicant to the
animals was in cumulative doses with gradua
elevation of dosing during four continuous weeks.
Thismeansthat during the period of the study adaily
exposureof rabbitsto DZN hasbeen performed with
astepwiseelevationin applied dosesof toxicant. Our
findings showed that a stepwise increase in the
applied doses of DZN was associated with agradual
increase in serum levels of the toxicant from 0.183
ppm (on day 7) to 0.620 ppm (on day 28). Traces of
DZN residuesin different tissue showed the highest
accumulation of the compound in the brain
(0.341+0.015 ppm), but itslevel in the serum of the
treated animals at the end of the experiment was
higher thanthetissues. Thetoxiceffectsof DZN were
shown by a significant decrease in the body weight
and diarrhea occurring on day 20 when the serum
level of thetoxicant was0.502ppm.

Theincreased accumulation of DZN in the blood
of the exposed animals showsthe readily absorption
of diazinonthrough dermisanditspotential to access
into different tissues. Increased time of exposurewas
associated with enhanced concentration of the
toxicantinthecirculation. Furthermore, the stepwise

1IVM (2013), 7(3):213-219

Iranian Journal of Veterinary Medicine

increasesintheexposuredosesthroughfour continu-
ous weeks lead to more absorption and higher
concentration of the toxicant in the blood. The high
concentration of DZN inthebrain could beduetothe
lipophilic property of the compound that permitsits
readily influx into the nervous system and causes
neurotoxic effects in animals (Garfitt et al., 2002;
Tomokuni et al., 1985; Wester et al., 1993; Wu et al.,
1996). Thekidney wasthesecondtissue(ingrade) for
toxicant accumulationwith thelevel of 0.203+0.073
ppm in the animals exposed to diazinon. The high
concentration of diazinon intherenal tissue samples
was predi ctabl e because of theincreased renal blood
flow, and being the main organ for excretion of DZN
anditsmetabolites. Theliver tissuehad thethird rank
in diazinon content (0.135+0.057 ppm) compared to
the brain and kidney. Muscle tissues with diazinon
content of 0.05+0.007 ppm had the lowest con-
centration rateof DZN compared to the other tissues,
which was also predictable because of the lowest
blood supply and lipid content of themuscles. These
findingsmay beimportant withregardtotheissuesof
toxicant residues in the meat of the food producing
animals.

Therisks of the absorption of diazinon through
dermal contacts, itsaccumulationin different tissues
including CNSand probably theincidenceof toxicity
can be an important way of exposure (Hayes et al.,
1980; Timchalk, 2001; Wester etal ., 1993). However,
there is limited information to show the feature of
toxicity induced through this way of exposure.
Obscurebut continuousexposureof many workersin
themarketing or distributing placescan bethesecond
form of exposureto thetoxicant. General population
may also be contaminated by DZN through con-
sumption or dermal exposure to materials being
contaminated withthetoxicant, includingmeat, dairy
products, vegetables, fruits and so on (Tomokuni et
a., 1985; Wu et al., 1996). Chronic toxicity may
occur dueto continuous contamination of the animal
through different routes of exposure including skin
contact (Atlanta, 1999). Thus, determination of
diazinon residues in serum or tissue samples (if
possible) of animals or people who are in the
continuousand close contact with thetoxicant can be
acritical assay for predicting or recognizing relative
toxicity.

The clinical signs of toxicity due to diazinon
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appeared after 20 days of dermal contacts with the
toxicant. Significant weight loss and incidence of
diarrhea was the most important signs of toxicity in
exposed animalsinthe present study. It seemsthat the
concentration 0.504+0.24ppm diazinon in serum of
rabbit wasadequatetoinducetoxicity inrabbits. This
level of DZN was detected at the third week of
exposure when the animals were exposed with a
cumulative dose of 50, 150 and 250 mg/kg toxicant.
The induction of toxicity by DZN depends on
different factors including absorption rate, animal
species, contact routesand timeof exposure. Thereis
evidence that therat is more sensitive than the other
mammalian species with an acute oral LD50 of 224
mg DZN/kg body weight (Eisler, 1986; Machinetal.,
1975), and mammals are shown to be more resistant
to DZN-induced acute oral toxicity compared to the
birds (Egyed, 1974, Eidler, 1986; Schafer et al.,
1983). Aninhalation-induced toxicity study showed
that 27.2 mg of diazinon/| of air caused 50% death in
rabbitsexposed to toxicant for 4 hours(Anon, 1972).

Diazinon-induced toxicity can occur in human or
animalsif they are dermally exposed to the toxicant
and thefeature of toxicity islargely dependent onthe
animal species, duration of exposure, differencesin
purity of formulation, type of solvent, and area of
exposed skin. In an experimental study in which the
DZN was applied to the shaved dermal areaof ratsof
both sexes, the L D50 valueswere 900 and 455 mg/kg
for males and females, respectively. The use of an
occlusive dressing after dermal application can
increase dermal toxicity because of enhanced
sweating and dermal absorption (Gaines, 1960).
Similarly, when 3 subsequent doses of 275, 550 and
1100 mg of DZN suspension were applied to the
guineapigsskin, it led to the animals deaths after 9
days. Furthermore, following the application of
ascending doses of 300 to 900 mg/kg DZN on the
shaved skin of therabbitsfor 7 weeks, thefirst signs
of toxicity appeared at 700 mg/kg and death occurred
at the dose of 900 mg/kg (EPA, 1990). In the present
study, we found that when the serum level of the
stepwise enhancement doses of DZN from 50 to 250
mg/kg reached 0.502+0.24 ppm, theclinical signsof
toxicity can be observed intheexposed animals. The
differencesin the results of these studies may be due
tothedifferent waysof dermal exposureto DZN, and
it seemsthat the application of DZN in spray formis
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actually closeer to the way of contamination in
occupational contact.

In conlusion, in a sub acute dermal exposure of
rabbit to incremental doses of diazinon, the toxic
effect occurred on day 20 when the level of toxicant
in the serum was 0.502+0.24 ppm. The highest
accumulationof DZN wasinthebrain, butitslevel in
the serum of the exposed animals at the end of the
study washigher than thetissuelevels. Theresultsof
thisstudy further documented thepossibility of DZN
accumulation and subsequent toxic effects through
chronic dermal exposure. It aso suggested that
plasma concentration of DZN can be an appropriate
method to evaluate the contamination rate and the
prediction of the likely toxic effects in the exposed
subject.
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