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Summary 

Soltanian, S., R. Fallahi & M. S. Fereidouni, 2018. Effects of diazinon on some innate resis-
tance parameters in the Caspian pond turtle (Mauremys caspica caspica). Bulg. J. Vet. 
Med., 21, No 2, 212–223.  
 
Several experimental studies have been conducted to determine whether environmental stressors, 
including chemical pollutants, may have immunosuppressive effects and therefore, trigger disease 
emergence in exposed organisms. The present study aimed to evaluate the effect of diazinon (DZN), a 
worldwide used organophosphate pesticide, on some immune parameters of Caspian pond turtle 
(Mauremys caspica caspica). Twenty-four turtles (with a mean body weight of 182.6±10.8 g and 
mean age of 2 years) were randomly distributed in four groups. Three groups were intraperitoneally 
injected once with three different doses of DZN (1, 10, or 100 ng/g body mass), while one was main-
tained as control (1 mL olive oil injected). Blood samples were taken 1 and 2 weeks post-treatment. A 
positive correlation was found between diazinon (high dose) concentration and immunosuppressive 
effects at the 2nd week post exposure as evidenced by lowered serum complement maximum haemoly-
sis (MH%) (from 57.0% to 31.5%), diminished lysozyme activities (from 6.6 mg/L to 4.8 mg/L), 
increased heterophil/lymphocyte ratio (from 1.62 to 2.97), reduced leukcocyte counts (from 
4.46×109/L to 2.85×109/L) as well as phagocytic activity (from 28.16% to 19.0%). The data demon-
strated that turtles with high-dose diazinon exposure exhibited immunomodulation. 
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INTRODUCTION 

The organophosphorous pesticides (OPs) 
were introduced to replace the or-
ganochlorine pesticides after the tendency 
of DDT and its metabolites to bioaccumu-
late in ecosystems and to cause adverse 
health effects, particularly in top predators 

leading to the legal ban or restriction of 
their use in the 1970s (Galloway & Han-
dy, 2003). 

Diazinon (DZN) (O, O-diethyl-O-[2-
isopropyl-6-methyl-4-pyrimidinyl] phos-
phorothioate) is a broad range organo-
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phosphate insecticide, widely used 
throughout the world in agriculture and 
horticulture (Garfitt et al., 2002). It is the 
most commonly used organophosphate 
insecticide in the world after malathion 
(Ghafour-Rashidi et al., 2007). In addition 
to acetylcholinesterase inhibition, DZN 
can induce oxidative stress, which is im-
portant in its toxicity (Amirkabirian et al., 
2007; Shadnia et al., 2007). Diazinon is a 
moderately persistent toxic substance in 
the environment (Larkin et al., 2000; Baz-
rafshan et al., 2007), and has been de-
tected in significant amount in many 
coastal, deltaic and surface waters as well 
as in municipal wastewater treatment 
plants around the world, including Iran 
(Shayeghi et al., 2001; U.S.EPA, 2005). 
DZN enters into aquatic ecosystems in 
large amounts and affects non-target or-
ganisms (Burkepile, 2000; Maxwell & 
Dutta, 2005). 

Wildlife immunotoxicology is quite 
new, and studies examining reptiles have 
started only in the last decade (Keller et 
al., 2006). Recent studies have shown that 
some pesticides are immunotoxic, trigger-
ing disease emergence in exposed organ-
isms (Gray et al., 2009; Kerby & Storfer, 
2009; Kreutz et al., 2010; Chen et al., 
2011; Polakiewicz & Goodman, 2013; 
Carter & Goodman, 2015). 

Considering the acute toxicity of OPs 
on non-target wildlife species including 
birds, fish, terrestrial and aquatic verte-
brates, relatively little attention has been 
paid to their immunotoxicity in species 
other than higher vertebrates (Galloway & 
Handy, 2003). Not only are studies lim-
ited to species for which adequate immu-
nological testing methods are available, 
but large differences in species sensitivity 
to the toxic effects of OPs must be taken 
into account (Galloway & Handy, 2002). 

 

Various reports have been published 
with respect to DZN and its effects on 
biochemical and haematological parame-
ters of fish (Khoshbavar-Rostami et al., 
2006; Koprücü et al., 2006; Alhammaly, 
2013). Furthermore, diazinon has also 
been implicated in immunosuppression in 
fish and animal models e.g., laboratory 
rodents (Galloway & Handy, 2003; Girón-
Pérez et al., 2006; 2007; 2008; 2009; Al-
hammaly, 2013; Díaz-Resendiz et al., 
2015). However, no data were found in 
literature regarding immunotoxic effects 
of DZN in turtle species. This is surpris-
ing given that turtles have a widespread 
distribution and are highly aquatic, non-
migratory animals, use habitats near agri-
cultural areas, are carnivores or scaven-
gers, and with long life expectancy (Hop-
kins, 2000; Moll & Moll, 2004; Sparling 
et al., 2010). 

Thus, the purpose of the current study 
was to investigate the effects of DZN on 
the immune system of Caspian turtles (M. 
caspica caspica). This species is living in 
the eastern Mediterranean region from 
northwestern Saudi Arabia, Iraq, Bahrain, 
Turkey, Caucasus and Tbilisi to northern, 
central, and south western part of Iran 
(Vamberger et al., 2013). It is widely 
prevalent in different provinces of Iran, 
e.g., Mazandaran, Golestan, Guilan, Arda-
bil, Azerbaijan, Kurdistan, Fars, and Khu-
zestan (Iverson, 1994). 

In the current study, it was hypothe-
sised that exposure of M. caspica caspica 
to increasing concentrations of DZN 
would correlate with a decrease in host 
immunocompetence, reflected by several 
non-specific immune responses including 
heterophil/lymphocyte ratios, peripheral 
blood leukocyte counts and phagocytic 
activity, as well as in serum lysozyme and 
haemolytic complement activities. 
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MATERIALS AND METHODS 

Experimental design 

The experiment was performed on M. 
caspica caspica with a mean body weight 
of 192.6±10.8 g, a mean plastron length of 
9.6±2.4 cm and a mean age of 2±1 years. 
The age of the animals was calculated by 
counting the average folds in the shell of 
the turtles, an accepted method of turtle 
age calculation (Berry & Christopher, 
2001). The turtles were caught alive from 
the ponds of the Fars province and were 
transported to the laboratory of Aquatic 
Animal Health and Diseases Department, 
School of Veterinary Medicine, Shiraz 
University. They were acclimated to labo-
ratory conditions for at least a month. 

Turtles were randomly divided into  
60 L tanks (three turtles/tank) held at an 
average water temperature of 27±2 °C 
with a natural light cycle. Two replicate 
tanks were used per treatment. Basking 
platforms were provided in the tanks for 
the turtles. Water temperature was moni-
tored daily and turtles were fed pelleted 
rainbow trout feed three times a week. In 
these experiments, M. caspica caspica 
were allocated randomly into four equal 
experimental groups (n=6). Three of the 
groups were treated once with a single 
intraperitoneal injection of DZN (PESTA-
NAL analytical standard: C12H21N2O3PS, 
purity 99%, Sigma-Aldrich, Laborchemi-
kalien GmbH, Germany). The DZN con-
centrations employed were: treatment 1 
(DZN100) = 100 ng/g body mass, treat-
ment 2 (DZN10) = 10 ng/g, and treatment 
3 (DZN1) = 1 ng/g. As a negative control, 
the fourth group of turtles injected with 
vehicle (olive oil) only. 

Blood collection 

Blood from all turtles was sampled at the 
1st and 2nd weeks post-treatment. Samples 

were collected from the subcarapacial 
vein using a 2-mL syringe and a 24-G 
needle from all six turtles in each sample 
group. One sample of blood sample was 
collected into heparinised Eppendorf 
tubes (10 parts blood: 1 part 1 mg/mL 
heparin) while another was collected into 
a tube without anti-coagulant and allowed 
to clot for 2 h at room temperature. The 
clot was then cut with a glass rod and care 
taken to avoid haemolysis. The tubes were 
then placed at 4 °C overnight, centrifuged 
at 2500×g for 15 min, and the supernatant 
serum collected. Serum was stored at  
–20 °C until use. 

Blood leukocyte counts and ratios 

Blood samples from the heparinised tube 
were analysed for total leukocyte counts 
and evaluation of heterophil:lymphocyte 
ratio (HLR). Total number of leukocytes 
was counted using a Neubauer chamber. 
For this, an aliquot of whole blood was 
diluted 1:200 with 0.6% NaCl (w/v) solu-
tion (Siroski et al., 2016) that acts as a red 
cell lysing agent without interfering with 
leukocyte integrity. For the differential 
leukocyte counts, two smears on glass 
slides were prepared from each sample, 
air-dried, fixed with absolute methanol, 
and stained with May Grunwald-Giemsa 
solution. Heterophils and lymphocytes 
were differentiated out of 300 cells coun-
ted at a 1000× magnification/slide and the 
their ratio calculated for each turtle. 

Phagocytic activity ex vivo 

The ex vivo phagocytic activity of whole 
blood cells was analysed using commer-
cial baker’s yeast, Saccharomyces cere-
visiae, as an indicator according to Zhou 
et al. (2002). Dried live yeasts were incu-
bated in 2% sucrose solution (pH 3–4) for 
2 h at 30 °C and boiled for 30 min. The 
yeasts were then centrifuged and the pellet 
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washed twice and re-suspended in 0.85% 
saline at 2×108 cells/mL. An aliquot of 20 
μL of suspension as well as 40 μL hepari-
nised whole blood were then added to a 
0.1 mL Eppendorf tube and the mixture 
incubated at 30 °C for 30 min with gentle 
shaking. After this period, smears were 
prepared and the air-dried slides then 
stained with Wright-Giemsa stain. Phago-
cytic activity (PA) was determined by 
evaluating 100 phagocytes per slide using 
a light microscope. A minimum of three 
slides/turtle was evaluated. The mean PA 
was calculated as: 100% × (number of 
phagocytic cells with engulfed yeast 
cells/number of phagocytes counted). 

Serum lysozyme activity 

Serum lysozyme activity was determined 
using the methods described by Jian & 
Wu (2003). In brief, a suspension of an 
overnight grown Micrococcus lysodeikti-
cus was prepared by dissolving 20 mg M. 
lysodeikticus into 100 mL of 67 mM so-
dium phosphate buffer (pH 6.4). For the 
assay, 100 μL turtle serum was added to a 
3 mL suspension of M. lysodeikticus and 
the mixture incubated at 25 °C. At reac-
tion time-points of 0.5 and 4.5 min, the 
absorbance of the sample was measured at 
540 nm in a Biophotometer UV-visible 
spectrophotometer (Eppendorf, Steve-
nage, UK). A unit of lysozyme activity 
was defined as the amount of lysozyme 
producing a decrease in absorbance of 
0.001/min. Lysozyme concentrations were 
calculated using a standard curve of ly-
sozyme from chicken egg white (Sigma) 
concentrations. 

Serum haemolytic complement assay 

Serum complement activity was deter-
mined by the method of sheep red blood 
cells (SRBC) haemolysis following the 
protocol of Siroski et al. (2016). In brief, 

SRBC were obtained from heparinised 
whole blood collected from healthy sheep 
reared at the Veterinary School of Shiraz 
University. The blood was centrifuged at 
3000×g and the plasma discarded. The 
SRBC were re-suspended in phosphate-
buffered saline (PBS, pH 7.4) and centri-
fuged at 3000×g. The SRBC were then 
diluted to 2% (v/v) in PBS. Turtle serum 
was then incubated with an equal volume 
of 2% SRBC (v/v) for 30 min at 25 °C for 
5 min. Thereafter, the sample was centri-
fuged at 2500×g for 5 min and then 300 
µL of supernatant was recovered to permit 
measures of optical density in a Power 
Wave XS2 microplate reader at 540 nm 
(BioTek, Winooski, VT). As a positive 
control, 2 µL Triton X-100 was added to 
1 mL of a 1% SRBC suspension and re-
peatedly homogenised until complete hae-
molysis was achieved (maximum hae-
molysis, MH). The results of SRBC hae-
molysis in each experiment were divided 
by the absorbance of the positive control 
to obtain the maximum percentage of 
haemolysis (% MH) and results expressed 
as mean % MH. 

Statistical analysis 

Data are presented as means±SD. Immune 
parameters were analysed by one-way 
analysis of variance (ANOVA) and a 
Tukey’s multiple comparison range. All 
statistical analyses were tested at the 0.05 
level of probability using the SPSS 16.0 for 
Windows software (SPSS, Chicago, IL). 

RESULTS  

The total leukocyte analyses showed that 
control turtles had higher values than 
those exposed to the pesticide, but these 
differences were statistically significant 
only by the 2nd week with the animals 
from the DZN100 group (Fig. 1). Mean 
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values for the control turtles were respec-
tively 4.33 and 4.46 ×109/L at post treat-
ment weeks 1 and 2. None of the DZN 
treatments resulted in significantly chan-
ged counts one week post-exposure, but 
the DZN100 regimen induced a signifi-
cant reduction to 2.85×109/L by the 2nd 
week. Overall, there was a dose-depen-
dent trend for the outcomes. 

With regard to H/L indices, mean va-
lues for the control turtles were 1.76 and 
1.62 at post exposure weeks 1 and 2 (Fig. 
2). The DZN100 regimen induced a sig-

nificant increase to 2.44 and 2.97 at post 
exposure weeks 1 and 2, respectively. 
Despite the dose-dependent trend in out-
comes, the two other DZN doses had no 
significant effect on H/L ratios at either 
post-exposure time point. 

The percentage of phagocytic activity 
ex vivo was also affected by treatment of 
the turtles with the highest used dose of 
DZN (Fig. 3). Mean values for the control 
turtles were respectively 27.0% and 
28.16% at the 1 and 2 week post exposure 
time points. None of the DZN treatments 
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Fig. 1. Total leukocyte counts (× 109/L) in Caspian pond turtles injected intraperitoneally with dif-
ferent concentrations of diazinon (1 ng/g, 10 ng/g and 100 ng/g) on post treatment weeks 1 and 2.  
Data are presented as mean ± SD (n=6). Means with different letters over the bars are statistically 

significantly different (P<0.05). 
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Fig. 2. Heterophil-lymphocyte ratio (HLR) in Caspian pond turtles injected intraperitoneally with 

different concentrations of diazinon (1 ng/g, 10 ng/g and 100 ng/g) on post treatment weeks 1 and 2.  
Data are presented as mean ± SD (n=6). Means with different letters over the bars are statistically 

significantly different (P<0.05). 
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led to significant changes from these va-
lues by the first week.  

A similar pattern of effects was also 
noted with regard to lysozyme activity 
(Fig. 4) –  a significant reduction to 4.8 
mg/L by the end of the second week after 
the treatment. 

Unsensitised SRBC assay conducted 
to characterise the complement activity in 
M. caspica caspica exposed to different 
DZN concentrations showed mean values 
in control turtles of respectively 64.3 and 

57.0 at both time points (Fig. 5), along 
with a significant reduction to 31.5 after 2 
weeks in the group receiving the highest 
tested DZN dose. 

DISCUSSION 

Haematological investigations are impor-
tant to wildlife as they can exhibit the 
health condition of the populations 
(Gilbertson et al., 2003). In the current 
study, exposure to DZN induced a de-
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Fig. 3. Phagocytic activity (%) of the leukocytes of Caspian pond turtles injected intraperitoneally 
with different concentrations of diazinon (1 ng/g, 10 ng/g and 100 ng/g) on post treatment weeks  
1 and 2.  Data are presented as mean ± SD (n=6). Means with different letters over the bars are  

statistically significantly different (P<0.05). 
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Fig. 4. Serum lysozyme activity (mg/L) in Caspian pond turtles injected intraperitoneally with  

different concentrations of diazinon (1 ng/g, 10 ng/g and 100 ng/g) on post treatment weeks 1 and 2.   
Data are presented as mean ± SD (n=6). Means with different letters over the bars are statistically 

significantly different (P<0.05). 
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crease in the total leukocytes in turtles, 
with the lowest count observed after expo-
sure to the highest DZN concentration 
(DZN100 treatment). 

A similar decrease in leukocyte counts 
was observed in rodents intoxicated with 
other organophosphates, such as chlor-
pyrifos and monocrotophos (Janardhan & 
Sisodia, 1990; Elelaimy et al., 2012). 
Also, exposure to glyphosate (Roundup®) 
– an OP herbicide, induced a decrease in 
total leukocyte counts in newborn broad 
snouted caiman (Caiman latirostris) (Si-
roski et al., 2016). In a similar study in 
red eared slider turtles, total white blood 
cell (WBC) counts were negatively corre-
lated with concentrations of total poly-
chlorinated biphenyls (PCBs) and Aro-
chlor 1260 (Yu et al., 2012). Conversely, 
a study on loggerhead sea turtles reported 
that estimated WBC correlated positively 
with levels of total PCBs and total TCDD-
like PCBs (2, 3, 7, 8-tetrachlorodibenzo-
p-dioxin), respectively (Keller et al., 
2004). 

An increase in the heterophil/lympho-
cyte (H/L) index is a common response to 
stress caused by different factors, espe-

cially in birds and reptiles (Latorre et al., 
2013). In the present study, the H/L index 
was significantly higher in the animals 
from the group exposed to highest con-
centration of diazinon (DZN100 treat-
ment) compared to controls, suggesting 
that pesticide exposure induced a state of 
stress. Similar results were reported in 
newborn broad snouted caiman exposed 
to glyphosate (Latorre et al., 2013). Like-
wise, a positive correlation was found 
between H/L ratio and the concentration 
of total PCBs and total TCDD-like PCBs 
in loggerhead sea turtles (Keller et al., 
2004). Furthermore, green turtles (Chelo-
nia mydas) with fibro-papillomas showed 
a significant increase in H/L ratios that 
positively correlated with increases in 
their blood corticosterone levels (Aguirre 
et al., 1995), providing further evidence 
of the impact of chronic stress on reptilian 
immune parameters (Aguirre et al., 1995). 
Merchant et al. (2006) reported that the 
American alligator (Alligator mississip-
piensis) injected with bacterial lipopoly-
saccharides had increased H/L index va-
lues. 
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Fig. 5. Serum complement activity expressed as percentage of maximal sheep red blood cells  

haemolysis (% MH) of Caspian pond turtles injected intraperitoneally with different concentrations 
of diazinon (1 ng/g, 10 ng/g and 100 ng/g) on post treatment weeks 1 and 2.  Data are presented  

as mean ± SD (n=6). Means with different letters over the bars are statistically significantly  
different (P<0.05). 
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Phagocytosis and killing activity by 
macrophages is an important defense 
mechanism against pathogenic bacteria 
(Rao et al., 2006). In the present study, 
high-dose treatment with DZN signifi-
cantly impaired phagocytic activity. Like-
wise, the phagocytic index of mononu-
clear cells of Nile tilapia (Oreochromis 
niloticus) decreased after exposure to di-
azinon and chlorpyrifos (Girón-Pérez et 
al., 2006; 2009). It was suggested that 
phagocytic parameters were more sensi-
tive than haematological ones in assessing 
the toxicity of the insecticides (Giron-
Perez et al., 2006). 

Experiments on albino outbred rats 
showed that chronic poisoning with or-
ganophosphorus compounds (Russian 
VX, and sarin) resulted in reduction of 
functional activity of monocyte phago-
cytic system. This was stipulated by the 
stimulation of N-cholinergic receptors of 
these cells. These changes were accompa-
nied by a decrease in blood concentration 
of pro-inflammatory cytokines (TNF-α, 
IL-1β, and IL-6) (Zabrodskii et al., 2013). 

Various types of lysozyme have been 
isolated from several reptilian species 
(Zimmerman et al., 2010). Circulating 
lysozyme is a marker of pro-inflammatory 
responses, has antibacterial functions, and 
is a measure of innate immunity (Weeks et 
al., 1992; Burton et al., 2002). In the cur-
rent work, lysozyme activity was affected 
by diazinon exposure, and was signifi-
cantly reduced after DZN100 treatment. 
Although several studies have addressed 
the negative effects of diazinon on ly-
sozyme activity in fish species (Khoshba-
var-Rostami, 2006; Soltani & Pourg-
holam, 2007; Girón-Pérez et al., 2009; 
Ahmadi et al., 2014; Sharifian et al., 
2015), similar data, however, are limited 
in reptiles.  

In one study in loggerhead sea turtles 
(Caretta caretta), serum lysozyme activity 
was positively correlated with brevetoxin 
concentrations measured in the blood of 
rescued turtles that suffered through a red 
tide toxin exposure (Walsh et al., 2010). 
Conversely, in the same species, lysozyme 
activity was significantly but negatively 
correlated with whole blood concentra-
tions of organochlorine (OC). Although 
the mechanism of altered lysozyme acti-
vity is not understood, the data suggest 
that heterophil function might be affected 
in different ways after exposure to con-
taminants (Yu et al., 2012). 

In the present study, a positive correla-
tion was found between DZN concentra-
tion and inhibition of the complement 
activity in Caspian pond turtle. The high-
est concentration of herbicide (i.e., 
DZN100 treatment) resulted in the great-
est inhibition of SRBC haemolysis. A 
previous study showed that newborn 
broad snouted caimans (Caiman lati-
rostris) exposed to glyphosate exhibited a 
decrease in the responses of their com-
plement system activities (Siroski et al., 
2016). Previously, a deregulation at con-
centration and mRNA expression of C3 
complement molecule has been reported in 
anterior kidney, spleen, and plasma of 
common carps (C. carpio) exposed acutely 
to chlorpyrifos (Li et al., 2013).  

In a study, Casale et al. (1989) com-
pared several organophosphate com-
pounds for their ability to inhibit human 
serum complement-mediated lysis of 
sheep red blood cells (SRBCs). Therefore, 
activity of complement system could be 
used as an indicator of toxicities induced 
by pesticides and, potentially, by other 
environmental factors, but clearly a wide 
range of endpoints would still need to be 
evaluated to substantiate the characterisa-
tion of an agent as immunotoxic. 
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In conclusion, the fact that diazinon 
exposure was positively correlated with 
the extent of immunosuppression induced 
in Caspian pond turtles provides evidence 
that turtles with elevated diazinon expo-
sure undergo immunomodulation, and 
probably become more susceptible to in-
fection and increasing mortality in the 
wild. 
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