
I ran R ed C rescent M ed J . 2016 April; 18( 4) : e2807 6.

Pub lished online 2016 M arch 12.

d oi: 10.5812/ ircmj .2807 6.

Research Article

Stud y of the E� ects of D iaz inon on F etal L iv er in B AL B / c M ice

F atemeh Saraei, 1 M ehrangiz Sad oughi, 1 Gholamrez a K ak a, 2, * Seyed Homayoon Sad raie, 3 and M ohsen
F oad d od ini4

1 D epartment of B iology, I slamic Az ad U niv ersity, North T ehran B ranch, T ehran, I R I ran
2Neurosciences R esearch C enter, B aq iyatallah U niv ersity of M ed ical Sciences, T ehran, I R I ran
3 D epartment of Anatomy, B aq iyatallah U niv ersity of M ed ical Sciences, T ehran, I R I ran
4 D epartment of Physiology, B irj and U niv ersity of M ed ical Sciences, B irj and , I R I ran

* Corresponding author : Gholamrez a K ak a, Neurosciences R esearch C enter, B aq iyatallah U niv ersity of M ed ical Sciences, T ehran, I R I ran. T el/ F ax: + 9 8- 2126127 286, E- mail:
gh_ k ak a@ yahoo.com

Received 2015 F eb ruary 23; Revised 2015 J une 15; Accepted 2015 August 09 .

Abstract

Background: D iaz inon is an organophosphate that is b road ly used as a pesticid e to control insects and env ironmental pollutions.
T his toxic material is ab sorb ed v ia inhalation, contact, or d igestion and a� ects d i� erent tissues.
Objectives: T his research w as a histomorphometric and immunohistochemical stud y of the fetal liv er of mice after exposure to
D iaz inon.
Materials and Methods: T w enty- ® v e pregnant B AL B / c mice ( 25 - 30 gr) w ere d iv id ed into ® v e eq ual groups in the animal lab of B aq iy-
atallah U niv ersity of M ed ical Sciences, T ehran, I ran. T he normal group w as w ithout any interv ention, and tw o sham groups receiv ed
an emulsi® er as 0.52 and 5.2µ L / v olume ( 5000 cc in d esiccator) and tw o experimental groups receiv ed D iaz inon 1.3 and 13µ L / v olume
from the sev enth to eighteenth d ays of pregnancy ev ery other d ay v ia forty minutes of inhalation. T he pregnant mice w ere k illed
on the eighteenth d ay of gestation and their fetuses w ere remov ed and ev aluated for fetal grow th and liv er d ev elopment. F iv e ® xed
fetuses w ere d ehyd rated through a series of grad ed ethanol, emb ed d ed in para� n w ax and their w hole b od ies w ere sectioned sagit-
tally and stained v ia the hematoxylin- eosin method . Q uantitativ e computer- assisted morphometric stud ies w ere d one on the fetal
liv er tissues occupied b y hepatocytes, b lood island s, liv er sinusoid s, and apoptosis.
Results: T he mean crow n- rump of the fetuses and their mean w eight w ere increased in the experimental group as compared to
the sham and normal groups, b ut the d i� erences w ere not signi® cant. T he mean percentage of the hepatocyte area signi® cantly
increased in the experimental group as compared to the sham and control groups ( P < 0.0001) . How ev er, the mean sinusoid area
signi® cantly d ecreased in the experimental group as compared to the sham and control groups. T he mean percentage of the area
occupied b y apoptotic hepatocytes in the experimental group - 13µ L / v olume ( 8.6143± 1.009 45) and 1.3µ L / v olume ( 6.109 1±0.9 309 3)
- signi® cantly increased as compared to the normal and sham groups ( P < 0.0001) .
Conclusions: O ur d ata show ed that inhalation of D iaz inon d uring pregnancy increased the hepatocyte area and hepatocyte apop-
tosis w hile it d ecreased the sinusoid area of the fetal liv er.
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1. Background

O rganophosphate ( O P) pesticid es hav e b een w id ely
used in agriculture as a b road - spectrum pesticid e b ased
on its action as an inhib itor of acetylcholine esterase. Sev -
eral stud ies hav e ind icated w id espread exposure to O P pes-
ticid es among some susceptib le populations, includ ing
pregnant w omen and child ren ( 1, 2) . D iaz inon is one of
the most e� ectiv e organophosphorus insecticid es to con-
trol insects and agricultural prod ucts ( 3) .

D iaz inon is a persistent and d angerous chemical com-
pound . O rganophosphates pesticid es are commonly used
as insecticid es and they are generally the most toxic pesti-
cid es for the animal species, especially v erteb rate animals
( 4) .

Some stud ies hav e reported increased exposure to pes-
ticid es on w omen and child ren and suggested an associa-
tion b etw een env ironmental exposure to certain agricul-
tural pesticid es, lik e organophosphorus ( O P) compound s,
and ad v erse reprod uctiv e outcomes in men and w omen
w ork ing on or liv ing near farms ( 5) . Stud ies reported an as-
sociation b etw een pesticid e exposure and changes in his-
tomorphological parameters and the spermatogenesis of
rat testes ( 6) .

T he toxicity of O P comb inations has b een show n in d if-
ferent organs, includ ing the safety and genitourinary sys-
tems. I t also causes b iochemical changes in the b lood ( 7 ) .

D uring the past few years, a good numb er of epid emi-
ological stud ies hav e b een cond ucted to show the e� ects
of exposure to O Ps and other compound s on pregnant
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w omen, b ut there is a paucity of literature on animal mod -
els concerning the e� ects of O Ps d uring d i� erent stages of
pregnancy ( 8) . Peiris- J ohn et al. suggested that high O P pes-
ticid e lev el might ad v ersely a� ect the d uration of gestation
( 5) . Some inv estigators also rev ealed ev id ence of the im-
pairment of fetal grow th and d ev elopment b rought ab out
b y prenatal exposure to O Ps. A similar e� ect w as noted
w ith Parathion ( 9 , 10) . T he d eleterious e� ects d ue to pre-
or post- conception exposure to O P pesticid es includ e men-
strual d isord ers, sterility, fetal toxicity, ab ortion, stillb irth,
and d ev elopmental d e® cits ( 11, 12) .

Esk enaz i reported that in utero exposure to O P pes-
ticid es may d ecrease fetal grow th, shortening the gesta-
tional period ( 13) , and C z eiz el also d emonstrated an in-
crease in congenital malformations after exposure to O P
( 14) . K alend er reported that D iaz inon exposure increased
lev els of aspartate aminotransferase ( AST ) , alanine amino-
transferase ( AL T ) , and alk aline phosphatase ( AL P) . I n ad d i-
tion, exposure of hepatocytes to D iaz inon accelerates hep-
atocyte apoptosis and loss of AT P ( 15) .

2. Objectives

Since d ata concerning the e� ects of O Ps, such as D i-
az inon, on fetal hepatic tissue hav e not b een show n, this
research w as carried out to stud y the histomorphometric
and immunohistochemical ev aluation of the fetal liv er of
mice after maternal exposure to D iaz inon.

3. Materials and Methods

3.1. Diazinon and Emulsifier Preparations

T his O P has 60% D iaz inon and 40% emulsi® ers as a sol-
v ent of D iaz inon preparation ( M ahan C o. L td , I ran) .

3.2. Animals and Diazinon Administration

All proced ures w ere approv ed b y the institutional re-
v iew b oard of our med ical school. T he transportation,
treatment and experimentation upon the animals w as car-
ried out in strict accord ance w ith the guid elines of the an-
imal care and use ethics committee of B aq iyatallah U ni-
v ersity of M ed ical Sciences ( T ehran, I ran) for experimental
stud y und er C od e 33 in 2014. T he animals w ere ob tained
from the animal b reed ing unit of B aq iyatallah U niv ersity
and the guid ing principles for the care and use of lab ora-
tory animals w ere strictly ad hered throughout the stud y.

T he mice, w eighing 30 ± 5 gr, w ere maintained on a
12- hour light- d ark cycle. T he animals w ere housed at 21 ±
0.5° C w ith a relativ e humid ity of 50 ± 10% and w ere giv en
ad lib itum access to food and w ater. M ales w ere housed
ind iv id ually w ith estrous females for approximately 16

hours. M ating w as con® rmed b y the presence of a copu-
latory plug. T he d ay that the plug w as d etected w as con-
sid ered d ay 0 of pregnancy. T w enty- ® v e pregnant mice
w ere separated and then rand omly d iv id ed into ® v e eq ual
groups ( ® v e mice for each group) . 1, normal group, w ith-
out any interv ention; 2, sham group, receiv ing emulsi® er
as solv ent of D iaz inon of 0.52 and 5.2 µ L / v olume ( 5000 cc
in d esiccator) and then tw o experimental groups that re-
ceiv ed 1.3 and 13 µ L / v olume of D iaz inon respectiv ely ( M a-
han, T ehran chemical C o. L td ) for 40 minutes ev ery other
d ay b y inhalation from the sev enth to the eighteenth d ay
of pregnancy.

3.3. Macroscopic Assessments of Fetuses

All the pregnant mice on D ay 18 of gestation w ere sacri-
® ced v ia an ov erd ose of chloroform ( M erk C o.) . T he uter-
ine horns w ere cut and the fetuses and their placentas
w ere remov ed from the uteruses. T he fetuses, rand omly
selected from four to ® v e litters per group, w ere exam-
ined for congenital malformations using a stereomicro-
scope. F etal b od y w eights w ere assessed using lab oratory
b alance eq uipment ( Sartorius, J apan) and crow n– rump
lengths w ere measured using a d igital v ernier caliper ( Ger-
many) and record ed .

3.4. Tissue Preparation and Morphometric Studies

Each fetus w as ® xed ov ernight in 10% formalin and pro-
cessed in para� n for sectioning. T he para� n b lock s of the
w hole b od ies of the fetuses w ere sagittally sectioned at 5
µm thick ness and the sections w ere stained b y the hema-
toxylin and eosin method . T he surfaces of the sinusoid and
b lood island areas w ere d irectly measured using a M otic
hard w are and softw are system ( v ersion 1. 2) w ith a micro-
scopic magni® cation of 40×of the ob j ectiv e lens. F or each
section, three measurements w ere rand omly tak en from
non- ad j acent points of the fetal liv er. T w enty tissue sec-
tions w ere rand omly selected at pred etermined interv als
for each of the fetuses and histomorphometric stud ies and
cell counting w ere performed in the follow ing manner -
the percentage area that w as occupied b y hepatocytes per
unit area ( counting frame 23 × 20 µm eq ual to 460 µm2)
w as counted w ith the aid of a rectangular calib rated ocu-
lar micrometer using a 100 × ob j ectiv e lens. O nly hepato-
cytes that completely fell w ithin the counting frame w ere
counted . T hree v isual ® eld s w ere counted for each section.
T he percentage of the area occupied b y hepatocytes, b lood
island s, and liv er sinusoid s w as measured b y M otic soft-
w are.

3.5. Detection of Apoptotic Hepatocytes by TUNEL Assay

Apoptotic hepatocytes w ere d etected using the tech-
niq ue of terminal- transferased U T P Nick End L ab eling
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( T U NEL Apoptag plus peroxid ase in situ Apoptosis d etec-
tion k it, S7 101, C hemicon) . T he liv er of the fetuses w as col-
lected , ® xed in 10% formalin, and then processed and em-
b ed d ed in para� n. B lock s w ere sectioned at ® v e microns.
Sections w ere mounted on slid es and a proteinase k d iges-
tion ( 20 µg/ mL ) w as carried out for 15 minutes. End oge-
nous hyd rogen peroxid ase activ ity w as q uenched b y 3% hy-
d rogen peroxid e. T he nucleotid es contained in the R eac-
tion B u� er w ere enz ymatically ad d ed to the D NA b y termi-
nal d eoxynucleotid yl transferase ( T d T ) . T he incub ation w as
carried out for 60 minutes and the lab eled D NA w as d e-
tected using anti- d igoxigenin- peroxid ase for 30 minutes.
T he chromogen, d iaminob enz id ine tetra hyd rochlorid e
( D AB ) , resulted in a b row n reaction prod uct that w as ev al-
uated b y light microscopy and cells w ere counted . Positiv e
and negativ e controls w ere carried out on slid es from the
same b lock . I ncub ation w ithout T d T serv ed as the negativ e
control.

3.6. Statistical Analysis

D ata are presented as mean± stand ard d ev iation ( SD ) .
R and omly selected animals ( n = 5) w ere used for d ata anal-
ysis. Statistical analyses w ere performed using SPSS 13 for
w ind ow s ( SPSS I nc., U SA) . D ata w ere tested for normal d is-
trib ution using the K olmogorov - Smirnov test. F or d ata
w ith normal d istrib ution, one- w ay ANO V A b y T uk ey’ s test
w as used to compare the groups. T he samples w ere ran-
d omly allocated to the stud y group b y a rand omiz ed b lock
proced ure of siz e ® v e. P < 0.05 are usually reported as sta-
tistically signi® cant.

4. Results

4.1. Fetal Body Weights, Crown-to-Rump Lengths

No signi® cant d i� erences in the ind icators of emb ryo
toxicity w ere found b etw een the sham and normal groups.
T he mean crow n- to- rump lengths of the fetuses in the ex-
perimental groups w ere not signi® cantly d i� erent as com-
pared to the normal and sham groups ( P < 0.9 24) . L ik e-
w ise, the mean b od y w eight of the fetuses increased in the
experimental groups as compared to the normal and sham
groups. How ev er, the d i� erence w as not statistically signif-
icant ( P < 0.803) ( T ab le 1) .

4.2. Morphometric Findings

T he mean percent- area occupied b y sinusoid s in the ex-
perimental groups [ d oses 1.3, ( 20.85 ± 8.7 2) and 13, ( 16.86
± 7 .55) ] signi® cantly d ecreased w hen compared w ith the
normal ( 37 .00± 16.7 9 ) and sham groups [ d oses 0.52, ( 35.38
± 7 .53) and 5.2, ( 36.12 ± 4.40) ] ( P < 0.0001) . O n the other
hand , the mean percent- area occupied b y b lood island s

increased in the experimental groups [ d oses 1.3, ( 25.47 ±
16.19 ) and 13( 27 .05 ± 13.02) ] as compared to the normal
( 22.80± 19 .9 5) and sham groups [ d oses 0.52, ( 25.36± 8.32)
and 5.2, ( 22.7 7 ± 5.88) ] . How ev er, the d i� erence w as not sta-
tistically signi® cant ( F igure 1) .

T he mean percent- area occupied b y hepatocytes in the
experimental groups at d oses of 1.3 ( 53.69 ± 17 .12) and 13
( 56.09 ± 14.9 0) µ L / v olume of D iaz inon signi® cantly in-
creased w hen compared to the normal ( 40.20 ± 4.7 6) and
sham groups [ d oses 0.52, ( 39 .26 ± 3.66) and 5.2, ( 41.11 ±
1.15) ] ( P < 0.0001) ( F igures 1 and 2) .

Table 1. F etal C row n- R ump L engths ( C rl) ( M m) and F etal W eights ( G) , Are Show n in
D i� erent Groups

Groups Crown-Rump Lengths
Fetuses (CRL)

Weight of Fetuses

Normal 20.7 6 ± 4.059 1.040 ± 0.458

Sham 0.52 20.602 ± 0.89 9 1.040 ± 0.105

Sham 5.2 20.65 ± 1.311 1.045 ± 0.080

Exp 1.3 20.49 ± 0.9 37 1.085 ± 0.07 5

Exp13 20.9 7 ± 1.9 08 1.09 2 ± 0.17 7

P-Value (between
groups)

0.9 24 0.803

4.3. Apoptotic Hepatocyte Results

T he mean numb er of apoptotic hepatocytes in the
experimental groups at d oses of 1.3( 6.109 ± 3.087 ) and
13( 8.614 ± 3.7 7 7 ) µ L / v olume of D iaz inon signi® cantly in-
creased w hen compared to the normal ( 2.9 7 0 ± 2.152) and
sham groups [ d oses 0.52, ( 3.100 ± 2.612) and 5.2 ( 3.300 ±
3.103) ] ( P < 0.0001) ( F igures 3 and 4) .

5. Discussion

D iaz inon is a non- systemic insecticid e used in agri-
culture to control soil and foliage insects and pests on
a v ariety of fruit, v egetab les, nuts and ® eld crops ( 16) .
I n ad d ition, D iaz inon is one of the most applicab le
organophosphorus insecticid es to control insects and agri-
cultural prod ucts ( 3) . R eprod uctiv e ab normalities caused
b y organophosphates ( O P) hav e b een ob serv ed in many an-
imals ( 17 - 19 ) . J orsaraei show ed that D iaz inon had a signi® -
cant e� ect on the structure of rat testes ( 6) . D iaz inon in-
d uced lipid peroxid ation and increased oxygen free rad i-
cals in the reprod uctiv e tissues in b oth gend ers, so the go-
nad s in male and female rats w ere v ulnerab le to oxid ativ e
stress and its d amages, includ ing infertility ( 20) . Sargaz i
show ed that, consid ering the e� ect of oxid ativ e stress in
multiple physiological processes, from oocyte maturation
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Figure 1. T he M ean Percent- Area O ccupied b y Hepatocytes, Sinusoid s, and B lood I sland s in 18 D ay F etuses in D i� erent Groups

Figure 2. Photomicrographs of the L iv ers of 18 D ay F etuses

A, Normal; B : Exp 1.3 ( at d ose of 1.3 µ L / v olume of D iaz inon) ; C , Exp 13 ( at d ose of 13 µ L / v olume of D iaz inon) ; H, hepatocyte; S, sinusoid s; B I , b lood island s) ( H and E: 400 × )

to fertiliz ation, emb ryo d ev elopment, and the pathophysi-
ology of infertility, it can b e conclud ed that female rats are
more v ulnerab le to oxid ativ e stress and its conseq uences,
includ ing infertility. T herefore, it is necessary to prev ent
further toxin entry into the b od y w hich causes gonad al
d ysfunction ( 20) .

O ur results show ed a non- signi® cant increase in fetal
w eight after maternal exposure to D iaz inon. O ur ® nd ings
are in agreement w ith prev iously pub lished research ex-
amining prenatal d ev elopmental toxicity in pregnant rats
w hich w ere fed D iaz inon d oses up to 100 mg/ k g/ d ay d ur-
ing d ays six through ® fteen of gestation w hich show ed

4 I ran R ed C rescent M ed J . 2016; 18( 4) : e2807 6.

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Normal    Sham 0.52   Sham 5.2   Exp 1.3   Exp 13

Arch
ive

 of
 SID

Normal    Sham 0.52   Sham 5.2   Exp 1.3   Exp 13

Arch
ive

 of
 SID

T he M ean Percent- Area O ccupied b y Hepatocytes, Sinusoid s, and B lood I sland s in 18 D ay F etuses in D i� erent Groups

Arch
ive

 of
 SID

T he M ean Percent- Area O ccupied b y Hepatocytes, Sinusoid s, and B lood I sland s in 18 D ay F etuses in D i� erent Groups

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

Arch
ive

 of
 SID

www.SID.ir. 2016; 18( 4) : e2807 6.www.SID.ir. 2016; 18( 4) : e2807 6.

http://ijpsychiatrybs.com


Saraei F et al.

Normal       Sha m 0.52     Sha m 5 .2           Exp 1.3              Exp 13

Groups

Pe
rc

en
ta

ge
 o

f H
ep

at
oc

yt
e 

A
p

op
to

si
s

14

12

10

8

6

4

2

0

Figure 3. T he M ean Numb er of Apoptotic Hepatocytes in 18 D ay F etuses in D i� erent

fetal w eights increasing at the highest d ose. How ev er,
the numb er of liv e fetuses d ecreased and pre- and post-
implantation losses w ere increased at the highest d ose ( 21) .
I n contrast to our results, some researchers hav e show n
that if rat emb ryos are exposed to D iaz inon in culture,
the neonatal w eights of the experimental group signi® -
cantly d ecreased as compared to the control group ( 22) .
I t has b een show n that the teratogenic e� ects of a d rug
or chemical agents d irectly d epend on the amount or tim-
ing of d rug concentration in maternal plasma, b ut the
most important external factor concerning the impact of
the d rug on the fetus d epend s on the toxin concentration
and d uration of the fetal b od y ( 23, 24) . I n ad d ition, our
results d emonstrated that D iaz inon d ecreased sinusoid al
area w hile it increased hepatocyte and b lood island surface
area in the fetal liv er. O n the other hand , our ® nd ings also
rev ealed that the mean numb er of apoptotic hepatocytes
in the experimental groups signi® cantly increased w hen
compared to the normal and sham groups.

Some other stud ies hav e show n the ev acuation of
liv er tissues, cell in® ltration, irritation, v ein enlargement,
glomeruli d egeneration, glomeruli remov al, and compres-
sion b y D iaz inon in the treated group ( 25) . T heir results
are in agreement w ith our ® nd ings ab out fetal liv er tis-
sue. Since the liv er is one of the most complex and v ital or-
gans and its primary function is d etoxi® cation of ab sorb ed
sub stances from the d igestiv e system b efore their d istrib u-
tion into the systemic circulatory system ( 26) , D iaz inon’ s
in v itro and in v iv o d egrad ation rate of metab olites in the
liv er req uires further research ( 27 ) . T he exposure to O PC s
d uring pregnancy is an important factor b ecause it a� ects
tw o organisms - the mother and the fetus ( 28- 30) . M ore-
ov er, it has b een show n that D iaz inon can also act as a sub -

strata for glutathione peroxid ase ( GST ) and GPx enz ymes
that neutraliz e poisons ( 16, 31- 33) .

I n ad d ition, antioxid ants are scav engers that d etoxify
excessiv e R O S and hav e an important role in maintaining
oxid ant/ antioxid ant b alance in the b od y ( 34) .

O n the other hand , Y ilmaz reported that oxid ativ e
stress contrib utes to D iaz inon- ind uced b rain toxicity and
the v itamins E and C in comb ination may hav e a pro-
tectiv e e� ect against this toxicity ( 35) . K han et al. also
show ed that consumption of cypermetrine and malathion
b y d esert mice d ecreases liv er glutathione ( 36) . F uj ita and
colleagues ( 19 9 3) reported that the need for oxygen d ur-
ing hypothermia d ue to high liv er metab olism mak es the
liv er hepatocytes susceptib le to the negativ e e� ects of hy-
poxia and anoxy ( 37 ) . I t has b een show n that O P comb i-
nations cause toxicity in d i� erent organs, includ ing the
safety and genitourinary systems. I t also causes b iochem-
ical changes in the b lood ( 7 ) . Since most of the O P com-
pound s in the b od y are conv erted to the form of an ac-
tiv e metab olite through the hepatic cytochrome P450 sys-
tem and b y oxid ativ e d esulfuriz ation ( 38) and this comb i-
nation is rapid ly ab sorb ed ov er a few hours through the
intestine and conv erted to metab oliz ed d iaz oxon in liv er
( 39 ) , it seems the fetal liv er in our stud y w as a� ected b y D i-
az inon and su� ered apoptotic changes.

M any of these e� ects hav e no relation to the control of
the acetyl cholinesterase enz yme, b ut they are ind uced b y
other cell mechanisms ( 40, 41) . O ne of these mechanisms
is the prod uction of free rad icals and the d isord er of the an-
tioxid ant systems. Naturally, there is a b alance b etw een the
prod uction and remov al of free rad icals. An imb alance of
these processes causes oxid ativ e stress. I f this stress contin-
ues, it can prod uce serious cell d amage ( 42) . O ne strength
of our stud y w as that exposure of D iaz inon to pregnant
mice occurred v ia inhalation. Histomorphometric ev alu-
ations and immunohistochemical stud ies w ere also some
of the ad v antages of our research. I n contrast, one of the
limitations of our stud y w as that w e could not measure
how much of D iaz inon w as ab sorb ed into the b od ies of the
pregnant mice. Nor could monitor the function of the liv er
in new b orn mice.

I n conclusion, the d ata suggest that prenatal D iaz inon
exposure has toxic e� ects on fetal d ev elopment, as w ell as
increasing apoptosis in fetal hepatocytes.
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Figure 4. Photomicrographs

A, Normal; B , Exp 1.3 ( at d ose of 1.3 µ L / v olume of D iaz inon) ; C , Exp 13 ( at d ose of 13 µ L / v olume of D iaz inon) ; H, hepatocyte; AP, apoptosis) ( T unel: 1000× ) .
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