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Summary

The aim of this study was to investigate the possible protective effects of caffeic acid phenethyl ester (CAPE), ellagic acid (EA),
sulforaphane (SFN) and curcumin (CUR) against the toxic effects of diazinon (DI). Sixty Sprague Dawley rats were randomly divided
into 10 groups. Five groups were allocated as control groups comprising unmedicated control, CAPE, EA, SFN and CUR control
groups. The remaining five groups were the study groups comprising DI, DI + CAPE, DI + EA, DI + SFN, and DI + CUR groups. The
animals were sacrified 24 h after drug administrations. DI caused a decrease in acetyl cholinesterase (AChE) activity (P<0.05) and
increases in y-glutamyltransferase (GGT) and amylase activities. It also damaged the kidney, liver, and lung tissues. The negative
effects of DI on these enzymes were confirmed histopathologically. Also, CAPE, EA, SFN and CUR reduced amylase and GGT activities
and caused an increase in the AChE activities that were increased due to the toxic effects of DI. Thus, it was determined bio-
chemically and histopathologically that these medication reduced the degenerative toxic effects created by DI in the lung, liver
and kidney tissues. These findings led us to believe that CAPE, EA, SFN and CUR may be used as protective medicines in acute DI
intoxication.
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Akut Toksisite Sican Modelinde Diazinonun Neden Oldugu
Akciger, Karaciger ve Bobrek Hasari Uzerine Kafeik Asit Fenetil
Ester, Elajik Asit, Sulforafan ve Kurkumin’in Etkileri

Ozet

Bu calismanin amaci kafeik asit fenetil ester (CAPE), elajik asit (EA), Sulforafan (SFN) ve Kurkumin (CURY)'in, diazinon (DI)'un toksik
etkilerine karsi muhtemel koruyucu etkilerini arastirmaktir. Calismada 60 adet Sprague Dawley sican esit sekilde ve rastgele 10 gruba
ayrildi. Kontrol gruplari; kontrol, CAPE, EA, SFN ve CUR gruplari olarak 5 gruba ayrildi. Geri kalan 5 grup ise calisma gruplari olarak;
DI, DI + CAPE, DI + EA, DI + SFN ve DI + CUR gruplarina ayrildi. Hayvanlar ila¢ uygulamalarindan 24 saat sonra sakrifiye edildi. DI,
asetil kolin esteraz (AChE) aktivitelerine azaltici (P<0.05) ve y-glutamiltransferaz (GGT) ile amilaz aktivitelerine artirici sekilde etkiye
neden oldu. Bu enzimler tzerine DI'un negatif etkileri, dokular lGizerine histopatolojik olarak da dogrulandi. Ayrica CAPE, EA, SFN
ve CUR, DIl'un toksik etkilerine karsi y-glutamiltransferaz (GGT) ile amilaz aktivitelerine azaltici ve asetil kolin esteraz (AChE)
aktivitelerine ise artici sekilde etkiye neden oldu. Bu sekilde, biyokimyasal ve histopatolojik olarak ilaglarin, DI'un neden oldugu
dejeneratif ve toksik etkileri azalttigi belirlendi. Bu bulgular, akut DI toksikasyonunda CAPE, EA, SFN ve CUR'in koruyucu amagla
kullanilabilecedi fikrini bize verdi.

Anahtar sozciikler: Diazinon, Elajik asit, Kafeik asit fenetil ester, Sulforafan, Kurkumin
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INTRODUCTION

Pesticides are used mostly in agriculture and world-
wide each year approximately 2.5 million tons of pesticides
are used. World Health Organization reports have stated
an annual rate of approximately 3 million cases of human
poisoning by pesticide and of those 220.000 are fatal 2.

Diazinon (O,0-diethyl-O-(2-isopropyl-4-methyl-6-
pyrimidinylphosphorothionate) is a commonly used
organophosphate (OP) pesticide to control a variety of
insects in agriculture and household environment. Despite
its low persistence in the environment, it is a nonspecific
insecticide and highly toxic to animals and humans. More-
over, the toxicity of OPs is increased by its break-down
products, which may be bioactivated within an organism
or trough exposure to the sunlight . Therefore, diazinon
(DI) was selected as the toxic material for this study.

Recent studies have revealed that CAPE >, SFN 1073,
CUR ™76, and EA "7 have antiflammatory, antioxidant,
immunmodulator, antimycotic and anticarcinogenic
characteristics. However, few studies about the eventual
protective effects of antioxidant agents against the acute
toxic effects induced by DI in lungs, liver and kidneys are
available. For this purpose, the aims of the present study
were to investigate the eventual protective effects of CAPE,
EA, SFN and CUR on Dl-induced tissue damage, and also
to compare these effects by the histopathological analysis
and the determination of serum AChE, amylase and
y-glutamyltransferase (GGT) activities in rats intoxicated
by DI.

MATERIAL and METHODS

The present study was conducted on 60 mature, female,
weighing approximately 200-250 g, Sprague Dawley rats.
The animals were kept under laboratory conditions
of 12 h light and dark at a room temperature (21°C£2°C).
The study was approved by Experimental Animals Ethics
Committee of Selcuk University (No: 2009/48).

The rats were randomly divided into 10 equal groups:
whereas the 5 first groups [group C: not treated rats; in
the 4 other groups, rats were treated with CAPE (10 umol/
kg, intraperitoneally) (group CAPE), EA (85 mg/kg, per os)
(group EA), SFN (0.5 mg/kg, per os) (group SFN) and CUR
(Curcuma longa, 1 g/kg, per os) (group CUR), respectively]
served as controls. Diazinon (DI) (200 mg/kg) was
administered per os to the rodents in the 5 other groups
simultaneously treated or not with the antioxidants (groups
DI/CAPE, DI/EA, DI/SFN, DI/CUR and DI, respectively). All
the antioxidants used were purchased from Sigma while DI
was provided by Basudin; Syngenta laboratories. Twenty
four hours after the drug administration, after anesthesia
with ketamine (85 mg/kg, intraperitoneally, Ketalar, Pfizer),
blood samples were collected by intracardiac puncture,

without anticoagulant. After clotting at room temperature
for 1 h and centrifugation (1.500 g, 10 min, 4°C), sera were
carefully harvested and stored at -20°C until analysis. After
blood sampling, animals were sacrified by decapitation.

Biochemical Parameters

The enzyme amylase, GGT and AChE activities in
serum were determined with Roche Cobas Integra 800
autoanalyser by enzymatic colorimetric method using
Roche brand commercial kits in 409/659 nm. The enzyme
activities were expressed as U/L. Measurement range of
the tests are 3-2.000 U/L (0.05-33.00 pkat/L) for amylase,
200-14.000 U/L (3.34-234.00 pkat/L) for AChE and 3-1.200
U/L (0.05-20.00 pkat/L) for GGT.

Statistical Evaluation

The normality of the distribution of the enzyme
activities was first investigated using the Kolmogorov-
Smirnov test. Independent sample t test was used
for parameters with a normal distribution, and Mann
Whitney U tests were performed when the distribution
was not normal to demonstrate the significance of the
experimental treatments. A value of P<0.05 was accepted
as statistically significant.

Histopathological Analysis

Immediately after death, the lung, liver and kidney
tissues in a 10% formaldehyde solution were processed in
cassette autotechnic tissue processing equipment (Leica
ASP 300). When the processing was completed, the tissues
were embedded in paraffin blocks and sections (5 mm
in thickness) taken by microtome instrument onto lysine
laminin. The preparations stained with haematoxylin and
eosin staining, were evaluated by Olympus BX51 microscope.

The histopathological evaluation of tissue damage
included the intensity of cellular hydropic degeneration, of
neutrophil and mononuclear cell infiltration, degenerative
lipoidosis, necrosis and fibrosis. For each considered
organs, the following grades were created . Briefly, the
liver damage was classified into 3 grades according to the
cell degeneration and to the intensity of inflammatory
infiltrates, necrosis and bleeding areas and fibrosis of the
parenchyma. For the kidneys, the occurrence of tubular
epithelium damage and accumulation of proteinous
mass in the tubular lumen due to the filtration failure
were examined and graded. In lungs, oedema, alveolar
congestion, perivascular and peribronchial infiltration,
parenchymal fibrosis and alveolar wall thickening were
observed. Each parameter was scored between 0 and 3 (0:
normal, 1: mild, 2: moderate and 3: severe) and according
to the point total, lesions were classified into 3 grades
(grade 1: 1-5 points, grade 2: 6-10 points and grade 3:
11-15 points). It was determined histopathologically that
the tissues of liver, kidney and lung intoxicated by DI
were significantly damaged (grade 3). However, it was



observed that these medication reduced the degenerative
toxic effects created by DI in the lung, liver and kidney
tissues (mostly grade 1, and rarely grade 2). As a result,
histopathologic results indicated that these medication
have not completely eliminated the toxic effects of DI, but
partially prevented and reduced the degenerative toxic
effects created by DI.

RESULTS

From a biochemical aspect, when the unmedicated
control group was compared with the CAPE control,
EA control, SFN control and CUR control, there was no
statistically significant difference between the groups in
terms of serum AChE, amylase and GGT activities (Table 1).

In a comparison of the unmedicated, CAPE, EA,
SFN and CUR control groups with the DI control group,
a significant decrease in AChE levels (P<0.05) and a
statistically significant increase in amylase and GGT levels
(P<0.05) was determined in the DI control group. That the
negative toxic effects of DI on serum enzymes originated
from the degenerative effect on the tissues was confirmed
histopathologically. In a comparison of the DI control
group with DI + CAPE, DI + EA, DI + SFN and DI + CUR
groups, it was observed that while CAPE, EA, SFN and CUR
were observed to cause a decrease in amylase and GGT
activities, there was an increase in AChE activities. That
the positive effects of the medications on the enzymes
originated from the decrease of the toxic degenerative
effects in the tissues created by DI was confirmed histo-
pathologically (Table 2, Fig. 1, Fig. 2, Fig. 3).
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DISCUSSION

Organophosphate poisoning leads to quite a serious
clinical table with such as the sudden onset of respiratory
failure which necessitates intensive care unit follow-
up 222, Negative effects on several systems are seen in
organophosphate poisoning, such as hepatotoxicity, neuro-
toxicity, genetic toxicity, embryotoxicity, immunotoxicity,
pancreatitis and orchitis 2?7,

DIl is an AChE inhibitor and classified as an organo-
phosphate insecticide (OPI) often causing human and
animal poisoning %. However, the effects of DI are not just
limited to the nervous system but may also be the reason
for defects in other tissues and systems under the control
of the central nervous system.

Previous studies have reported the use of AChE activity
as a marker in the definition of OPI poisoning. However,
the rate of reduction of AChE activity is important. It has
been accepted that at a rate of 20% AChE activity inhibition,
the effect of organophosphate pesticides remains visible %,
If inhibition occurs at levels of 50% or higher, there is a
life-threatening situation %. In the present study, when the
control group was compared with the DI control group,
DI created AChE inhibition at the rate of 64.38%. At this
rate, the animals to which DI had been administered were
struggling to survive. To investigate the efficiency of the
medications on this severe AChE inhibition created by DI, a
comparison was made between the unmedicated control,
CAPE control, SFN control, EA control, CUR control groups
and the DI control, DI + CAPE, DI + SFN, DI + EA, and DI +
CUR groups and it was determined that SFN, EA, CAPE and

Table 1. The effects of the medications on AChE, amylase and GGT enzymes in comparison with the control group

Tablo 1. Kontrol grubuna gére ilaglarin, AChE, amilaz ve GGT enzimleri (izerine etkileri

Enzyme Control CAPE Control EA Control SFN Control CUR Kontrol
(n=6) (n=6) (n=6) (n=6) (n=6)
AChE 1.21£0.14 1.35+£0.34 1.35+0.39 1.18+0.26 1.34+0.31
Amylase 523.83+116.89 504.83+49.10 524.83+57.91 456.20+£102.97 468.60+97.31
GGT (U/L) 6.16+0.75 9.00+3.52 7.66%+2.16 7.00+3.67 7.4+3.13

* No statistically significant difference was determined on comparison of the medication groups with the control group (Kontrol grubu
ile ilag gruplan karsilastinildiginda, istatistiksel olarak aralarinda anlamli fark yoktur)

Table 2. The effects of the medications on AChE, amylase and GGT enzymes compared to Diazinon (DI) control

Tablo 2. Diazinon kontrole gére ilaglarin, AChE, amilaz ve GGT enzimleri lizerine etkileri

Enzyme C(on_trol DI Co_ntrol DI+C_APE DI+_CUR DH;EA DI+_SFN

n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
AChE 1.21£0.14* 0.43+0.05 0.75+0.07*% 0.69+0.05 0.67+0.05 0.63+0.50
Amylase 523.83+116.89* 769.24+48.29% 576.4+112.18% 579.00+179.46* 512.16+153.80* 599.2+34.098*
GGT (U/L) 6.16+0.75 15.33+1.32 9.2+2.59* 10+6.20* 9.83+1.47 10.8+3.49*
*vs DI control P<0.05

* a statistically significant difference was observed (P<0.05) (Istatistiksel olarak 6nemli bir fark saptanmustir [P<0.05])
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Fig 1. Liver histology in an unmedicated control rats (A), in only diazinon (DI)-intoxicated rats not treated with antioxidants (B) or simultaneously treated with
caffeic acid phenethyl ester (DI + CAPE) (C), ellagic acid (DI + EA) (D), sulforaphan (DI + SFN) (E) or curcumin (DI + CUR) (F). The damage grade (G) is seen on
the right of the image. Note the vacuolisation of hepatocytes in rats from the groups DI + CAPE, DI + EA and DI + CUR (G 1), the hypereosinophilic cytoplasm
of hepatocytes in rats from the groups DI + SFN and DI (G 2 and 3) and the severe necrosis and inflammatory infiltration in the rat from the group DI (G 3).
Haematoxylin and eosin staining, original magnifiaction X 200. (CV: Central vein). The arrows indicate the damaged areas.

Sekil 1. Gruplarin karaciger histolojisi. ilacsiz kontol grubu sicanlarin (A), antioksidanlar uygulanmamis ve yalnizca diazinon (DI) ile toksikasyona ugramis sicanlarin
(B), Dl ile birlikte sirasiyla; kafeik asit fenetil ester (CAPE) uygulanmis sicanlarin (DI + CAPE) (C), elajik asit (DI + EA) (D), sulforaphan (DI + SFN) (E) ve curcumin (DI
+ CUR) (F) olarak belirtilmistir. Resimlerin sag tarafinda histopatolojik hasar derecesi (G) gosterilmistir. DI + CAPE, DI + EA and DI + CUR gruplarindaki sicanlarin
hepatositlerinde vakualizasyon (G 1), DI + SFN ve DI gruplarinda ki sicanlarin hepatosit stoplazmalarinin hiperosinofilik gériinimu (G 2 ve 3). DI gruplarinda ki
sicanlarin hepatositlerinde ciddi nekroz, inflamasyon ve infiltrasyon (G 3) seklinde belirtilmistir. Hematoksilen ve eozin, orijinal buylitme X 200. Oklar hasarli
alanlar gostermektedir
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Fig 2. Kidney histology in an unmedicated control rats (A), in diazinon (Dl)-intoxicated rats not treated with antioxidants (B) or simultaneously treated with
caffeic acid phenethyl ester (DI+CAPE) (C), ellagic acid (DI+EA) (D), sulforaphan (DI+SFN) (E) or curcumin (DI+CUR) (F). The damage grade is seen on the right
of the image. Note the swelling of tubular cells and the presence of some epithelial cells into the tubule lumens in rats from the groups DI + CAPE, DI + SFN and
DI + CUR (G 1), the presence of proteinous masses in the lumens in rats from the groups DI + EA (G 2) and DI (G 3) and to the neutrophil and mononuclear cell
infiltrates in the interstitium in the rat from the group DI (G 3). Haematoxylin and eosin staining, original magnifiaction X 100. The arrows indicate the damaged
areas

Sekil 2. Gruplarin bébrek histolojisi. ilacsiz kontol grubu sicanlarin (A), antioksidanlar uygulanmamis ve yalnizca diazinon (D) ile toksikasyona ugramis sicanlarin
(B), Dl ile birlikte sirasiyla; kafeik asit fenetil ester (CAPE) uygulanmis sicanlarin (DI + CAPE) (C), elajik asit (DI + EA) (D), sulforaphan (DI + SFN) (E) ve curcumin (DI
+ CUR) (F) olarak belirtilmistir. Resimlerin sag tarafinda histopatolojik hasar derecesi (G) gosterilmistir. DI + CAPE, DI + SFN ve DI + CUR gruplarindaki sicanlarin
tubul lumenlerinde bazi epitelyal hiicrelerin varligi ve tubuler hiicrelerin sismesi (G 1), DI + EA (G 2) ve DI (G 3) gruplarindaki sicanlarin lumenlerinde protein
birikintilerinin varligi (G 2 ve G 3). DI gruplarindaki sicanlarin interstisiyumlarinda monontiklear ve nétrofil hiicre infiltrasyonu (G 3) seklinde belirtilmistir.
Hematoksilen ve eozin, orijinal buyltme X 100. Oklar hasarli alanlar gostermektedir
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Fig 3. Lung histology in an unmedicated control rat (A), in diazinon (DI) - intoxicated rats not treated with antioxidants (B) or simultaneously treated with caffeic
acid phenethyl ester (DI + CAPE) (C), ellagic acid (DI + EA) (D), sulforaphan (DI + SFN) (E) or curcumin (DI + CUR) (F). The damage grade (G) is seen on the right of
the image. Note the mild oedema and hyperhaemia in alveoli associated to perivascular infiltration in rats from the groups DI + CAPE, DI + EA, DI + SFN and DI +
CUR (G 1), and the severe oedema coupled to the alveolar wall thickening, strong peribronchial infiltrations and parenchymal fibrosis in the rat from the group DI
(G 3). Haematoxylin and eosin staining, original magnifiaction X 40. The arrows indicate the damaged areas
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Sekil 3. Gruplarin akciger histolojisi. ilacsiz kontol grubu sicanlarin (A), antioksidanlar uygulanmamis ve yalnizca diazinon (DI) ile toksikasyona ugramis sicanlarin
(B), Dl ile birlikte sirasiyla; kafeik asit fenetil ester (CAPE) uygulanmis sicanlarin (DI + CAPE) (C), elajik asit (DI + EA) (D), sulforaphan (DI + SFN) (E) ve curcumin (DI
+ CUR) (F) olarak belirtilmistir. Resimlerin sag tarafinda histopatolojik hasar derecesi (G) gosterilmistir. DI + CAPE, DI + EA, DI + SFN ve DI + CUR gruplarindaki
sicanlarin perivazkuler infiltrasyonla ilgili alveollerde hiperemi ve orta derecede 6dem varligi (G 1) ve DI grubundaki sicanlarda paransgimal fibrozis ve gicli
peribronsiyal infiltrasyon ve ayrica alveoler duvar kalinlagmasi ile birlikte ciddi 6dem varligi (G 3) seklinde belirtilmistir. Hematoksilen ve eozin, orijinal blyltme

X 40. Oklar hasarli alanlari gostermektedir

CUR had hindered the toxic effect of DI on AChE enzyme.

Another important enzyme in the diagnosis of liver,
lung and kidney damage is GGT (y-glutamyl transferase)
enzyme. GGT is a membrane enzyme and is found in the
liver ductal and canalicular cells, in the proximal renal
tubular epithelia and in pancreatic ductal and acinar cells.
Lee et al. reported that an increase in GGT concentration
has been regarded as a marker of alcohol consumption or
liver diseases such as viral hepatitis, liver cirrhosis, or liver
cancer®, Also, serum GGT activity has long been recognized
as an effective tool for diagnosing human liver disorders,
particularly intra and extra-hepatic biliary obstruction.
Thomas et al. reported that a-naphthylisothiocyanate
(ANIT) treatment increased serum GGT 3'. Paul has shown
that increased urinary GGT activity was noted after
treatment with aminoglycoside antibiotics, mercuric acetate
and mercuric trifluoroacetate and interpreted that the
measurement of urinary GGT can be used as an indicator
of acute nephrotoxicity 3.

In a comparison of the DI control group with the
control group in the present study, there was observed to
be a statistically significant increase in the levels of serum
GGT. According to The histopathological examination
the reason for this rise in GGT levels originated from the
damage in the liver, lungs and kidneys caused by DI. Also,
in the groups given SFN, CUR, CAPE and EA after DI, the
decrease in DI damage to the liver, kidneys and lungs was

due to the decrease in GGT levels.

Another important enzyme in the diagnosis of OPI
poisoning is amylase. In two studies on dogs by Dressel
et al.®® Group | (n:8) were given DI + secretin, Group Il (n:8)
secretin only and Group Il (n:8) DI + secretin + atropine. A
significant increase in serum amylase levels was reported
in Group |, a non-significant increase in Group Ill and
no change in Group Il. However, Gokalp et al. reported
that high doses of DI significantly inhibit and decrease
serum amylase activity in rats **. In the present study, a
comparison of the control group and the DI control group
showed that DI had caused an increase in serum amylase
levels, contrary to the findings of Gokalp et al. In the present
study, the results of the histopathological examination
arrived at the conclusion that the reason for this was
that the damage created in the liver, lungs and kidneys
was dependent on the increase in serum amylase levels.
A comparison of the histopathological results showed a
decrease in the DI damage to lungs, liver and kidneys due
to the the serum amylase levels when SFN, CUR, CAPE and
EA were administered following DI, as they hindered the
toxic effect of DI thus lowering the serum amylase levels.

OPI poisoning causes damage of various tissues. It
has been reported that high dosage OPI poisoning causes
pulmonary dysfunction, bronchioconstriction of the
respiratory system, pulmonary oedema and paralysis
of the respiratory muscles. It has also been reported to
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destroy lung tissue epithelial cells and create widespread
lymphocyte infiltration and thickening of subepithelial
tissue. Similarly, in this study, while there was distinct
damage to the lungs in the DI group, the damage was
noticeably reduced in the groups which had been given
CAPE, EA, SFN and CUR, and these 4 substances were
observed to protect the lungs from the toxic effects of DI
in a similar way.

The tissues most damaged by pesticides are the liver
and kidneys. The liver is where pesticides undergo bio-
transformation and they are generally expelled by the
kidneys. Therefore, it can be said that compared to other
tissues, these two tissues suffer more damage 3. Yehia et
al. who examined sublethal concentrations of diazinon,
parathion and dimethoate have revealed histopathological
changes in the liver of sea bass 3. In the present study,
hepatocyte necrosis, degenerative changes and inflamed
cell infiltration were observed.

In a study by Kalender et al. investigating the nephro-
toxic effect of methyl parathion as an organophosphate
insecticide and the protective effects of Vitamin C and E,
vascular dilation and glomerular atrophy were determined
in the kidney tissue 4 weeks after the administration
of methyl parathion *’. Yehia et al. examined the histo-
pathological effect of DI on rabbit kidneys, and tubule
swelling, hyperplasia and cell infiltration were determined 3.
In the present study, it was determined that hydropic
degeneration, necrosis and cell infiltration observed in
the kidneys were due to the administration of DI and that
CAPE, EA, SFN and CUR reduced the damage.

As a result, CAPE, EA, SFN and CUR may prevent
significantly the toxic effects of DI, which are seen as
negative changes of the serum enzymes AChE, amylase and
GGT, and as a significant degree of damage to the lungs,
liver and kidneys. Also, histopathologic results indicated
that these medication haven't completely eliminated the
toxic effects of DI, but partially prevented and reduced
the degenerative toxic effects created by DI. This research
has led us to believe that CAPE, EA, SFN and CUR may be
protective medications in cases of acute diazinon toxicity.
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